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Technical Program | Integrating Intelligent Trial and Error
into Industrial Ecology
Social Framework | Edward Woodhouse, Jack Swearengen,

_ _ . and Jeff Howard
Radical Reformism: Embedding Indus-

trial Ecology into Modernity Full paper available: Yes

Industrial Ecology (IE) scholar-practitioners
from engineering and the natural sciences tend
Full paper available: Yes to write as if clean production and greener de-
sign are largely matters of just making more sen-

_According to a specialised research aregy e choices. In contrast, social scientists expect
within environmental sociology - the ecologica ampant disagreement about what constitutes

modernlsatlon .theory - industrial ecology PraG-sensible,” count on institutional bottlenecks and
tices are constituents of a broader emergent 9w anizational dysfunction, and assume that un-
ciological phenomenon: the radicalisation ofejcome surprises and unanticipated side effects
modernity. The understanding of the fundamenyq inevitaple in any complex new activity. Ought

tals of such phenomenoniis, therefore, crucial fge 15y e petter account of social science thinking
both the practice and theorisation of industrig}, {hese regards? How?

ecology. This is the main reason for this paper gection | reviews recent IE literature to docu-

to approximate the disciplines of environmenta},ot what we see as the relative neglect of dis-
sociology and industrial ecology. By delving intQyqreement, organizational dynamics, and uncer-
the main sources of dynamism thoduced (4inyy Section 11 summarizes social science re-
modernity - the widespread trust in symbolic t0sg.5rch concerning a strategy of decision making
kens and expert systems, and the reflexive g0,y as Intelligent Trial and Error (ITE), which
propriation of knowledge - the paper argues thgkq mes that uncertainty and disagreement are
industrial ecology practices depend on the Crgye,jitaple and explains how to cope strategically
ation of new types oéxpert systems within yaier than trying to ignore or banish the prob-
organisational fields. The paper anchors its majBg via analysis. Section Il discusses how IE
arguments in the research conducted in the Exsearchers and practitioners might utilize ITE
ropean automobile industry - a socio-technicgl, ake their technical-managerial innovations

context undergoing ecological modemisationyore ropyst in the face of uncertainty and dis-
The main conclusions of the paper relate to N3greement.

ture of reform required for industrial ecology ~1pe analysis is illustrated with examples

practices to facilitate sustainable industrial degawn from manufacturing engineering, indus-
velopment. While radical technological innovaga| design, chemical engineering, and other are-
tions may be necessary, such radicalism in techs

X nas of technological practice.
nology may need, however, an incremental in-
stitutional reform of modern societies. Together,
radical technological innovations and incremenndystrial Ecology: The Discipline and
tal institutional reform constitute the concept o ts Relation to the Real World
radical reformism which is suggested for en-
hancement of the ecological modernisatioKjetil Rgine and Martina Keitsch
theory, as well as for the development of the nor- )
mative programmes encompassed by industrfat!l Paper available:Yes

ecology practices. Science and its different disciplines are about
understanding and interpreting the “real world.”
Despite the fact that scientists are actors in that
world and therefore contribute to the constitu-
tion and development of it, it is for analytical
reasons appropriate to distinguish between a dis-

Renato J. Orssatto
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ciplinary scheme, based on theory of science, aadd requirements in companies and administra-
a real world scheme, based on empirical eviion. The goal is to bridge the gap between the
dence. This paper proposes to sketch out adi$ciplinary and the non-academic self-percep-
connect these two schemes for the emerging diin.
cipline of industrial ecology. Literature

In the disciplinary scheme we intend to placEhrenfeld, J.R. 1995. Industrial ecology: A stra-
core literature of industrial ecology within a tegic framework for product policy and other
framework of theory of science. We will analyse sustainable practices. In Green Goods, edited
the contributions of Frosch & Gallopoulos by E. Rydén and J. Strahl.
(1989), Ehrenfeld (1995) and Graedel & Allenby Kretsloppsdelegationens rapport 1995:5.
(1995). The analysis bases on the tripartition of Stockholm.
ontology, epistemology and methodology, as orf&rosch, R. and N. Gallopoulos (1989). Strate-
way of characterising and structuring a discipline. gies for Manufacturing. Scientific American.
Ontology is defined as the theory of understand- 261 (3): 94 - 102.
ing the subject, i.e. what do we understand &iddens, A. 1984. The constitution of society.
the subject. Epistemology means the theory of Berkeley, CA, University of California Press
our understanding, i.e. how do we understar@raedel, T. and Allenby, B. 1995. Industrial Ecol-
the subject, while the methodology is knowledge ogy, Prentice Hall, Englewood Cliffs, NJ,
about the tools we use to interpret, express or USA
describe our understanding. The different ap-
proaches of industrial ecology mentioned above,

will be positioned in relation to each other in th@o Local Decision-Makers Ask for

analysis. Substance Flow Analysis?
The “real world” scheme will show how the ysis:

ideas of Frosch & Gallopoulos, Ehrenfeld anénnica Lindgvist and Mats Eklund
Graedel &Allenby on industrial ecology can b
located in an empirical framework of reality. Ou
empirical approach is based on the work of The framework of Industrial Ecology includes
Giddens (1984). Giddens's structuration theoryeveral tools (e.g. Material flow analysis (MFA),
describes the relations and mutual influence bgubstance flow analysis (SFA), Life Cycle
tween human actions and structures. Th&nalysis (LCA), Design for Environment (DFE))
structuration theory is our analytical instrumengat aim to be supportive to environmental deci-
for studying real world subjects. sion-making on different organisational levels,
Our case, the “real world” subject, will be thesuch as manufacturing companies, industrial net-
plastic packaging sector in Norway. The plastigorks and authorities. Seen from this perspec-
packaging sector in Norway is subject to thgve, this paper deals with the potential of SFAto
implementation of the environmental policy prinbe supportive to environmental decision-making
ciple, called extended producer responsibilityn local authorities.
The analysis will be on the company level in this  Being responsible for the overall planning of
sector. This concerns the description of how sg:g. waste-treatment and energy in the local ter-
lected companies adopted the implementation fifory, Swedish local authorities play a vital role
extended producer responsibility regarding theifi management of different substance, material
reaction and development to this governmentghd energy flows. Since this includes manage-
policy. The selected companies are in differeftent of complex societal systems that incorpo-
upstream phases of the life cycle and represestes a large number of different actors such as
some of the largest economical contributors fgltizens, industries and municipal owned com-
the EPR system. panies, they are most likely benefited from in-
The intention of this paper is to develop #ormation describing the overall interactions,
framework and a possible methodological todjoth within these systems, and between the sys-
for the combination of theory, methods and pragems and the environment. However, SFA, or
tice of industrial ecology and concrete problemgther flow-oriented approaches, are not yet com-

ull paper available: No
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monly used as tools for strategic environmentéhey have failed to combine this investigation
decision-making in Swedish local authoritieswith an analysis of the system’s economic driv-
Thus, one has to ask the question what informiarg forces. This paper introduces a method to
tion needs is actually identified for strategic encombine both aspects in a joint analysis. It is
vironmental decision-making by the local aubased on a Substance Flow Analysis, which in-
thorities, and does the tool of SFA respond teestigates material and energy flows in a func-
these needs. Furthermore, another question iginally defined sub-system of a regional
SFA generate an improved basis for decisioeconomy. A study of economic aspects is in-
making as compared to traditional environmereluded by additionally gathering data on money
tal monitoring used in local authorities. If notflows, which correspond to the flows of mate-
there is a risk of the methodology of SFA to berdal or energy. The processes of material trans-
come separated from the environmental decisioformation, transportation and storage are defined
making process, and thus not supportive for tted interpreted as social systems within their
policy-makers. institutional framework. The findings from both
The paper discusses results from interviewsaterial, energy and money flow analyses are
with officers at the environmental administracombined in a classification scheme according
tions and politicians on the local level in thre¢o their economic or ecological relevance.
structurally different municipalities in Sweden. This method is applied on the food produc-
With the aim of studying if there is a need fotion and consumption chain. It reveals two areas
the kind of information from flow-oriented stud-of improvement: (a) animal production and de-
ies like SFA, the interviewees were asked aborived products and (b) refrigerating/sub-zero stor-
i) their need for information about the environage and responsible products. Economic actors
mental situation ii) their need for informationin area (a) are very sensitive to changes because
about interactions between different actors in th@imal production and derived products domi-
system being managed iii) if they experience m@ate agricultural production as well as sales vol-
lack of information in environmental decision-umes in the food sector. Resource management
making of the local authority iv) the informationstrategies in area (b) will get much less attention
they required for prioritisation between differ4if they focus on technological improvements
ent environmental issues etc. The results frobrecause costs for cooling installations are com-
the interviews are then compared to the resujparatively low. But if the strategies focus on sales
from previously performed SFAin these municivolumes of refrigerated or deep frozen products
palities and the concept of SFA as described the reaction of economic actors will be stronger
literature. because they are likely to expect a continuing
market growth. Based on the first application in
the case study “food production and consump-
Theory in Substance Flow Analysis tion” we conclude that our method is a first step
towards a joint analysis of economic, technical
Integrating an Actor-Oriented Perspec- and natural parametersin amaterial management
tive into Regional Resource system. Further d(_evelopment will fc_)cus on the
money flow analysis and aims at a differentiated
Management analysis which is more closely linked to eco-

Susanne Kytzia, Mireille Faist, and nomic theory.
Peter Baccini

Full paper available: Yes Study on Development of Environmen-
In the last decades a variety of tools have be Indicators for Evaluation of Organic

developed to give an answer to the questidResource Cycle System

which environmental problems are associat . .

with which economic activity (e.g. Substanc oru Matsumoto and Hidefumi Imura

Flow Analysis or Life Cycle Assessment). Yetry|| paper available: Yes



Economic development in Japan after Worldst method starts with the EU-classification of
War Il has brought about a number of dramatioherent risks. The other method is based on the
changes in the lifestyle of the Japanese peoplecdompanies’ own risk labelling of products, ac-
relation to their dietary habits. These change®rding to the risk for chronic diseases. Major
have been associated with the changing produtazardous chemical product groups are petro-
tion and consumption patterns of food, and haveum based products with between 25 — 30 mil-
caused significant changes to the organic rBen tonnes per year, depending on method. Ma-
source cycle. This paper attempts to discuss tjoe groups are chemical products with cancero-
environmental indicators that effectively repregenic and health hazardous properties, mainly
sent the present organic-matter resource cycleptrol and diesel.
food origin. For this, material flow and environ-
mental load pertinent to the complete chain of
human activities related to food consumption ar@REAT—ER—A New Decision Support
production are analyzed for the case of Fukuo .
city, based on methodologies of Substance Flo ol for Ma”ageme_”t and Risk Assess'
Analysis (SFA) and Life Cycle Assessmenfnent of Chemicals in River Basins—
(LCA). Activities include the agricultural sec-Potential Applications for the EU Water
tor, food processing industry, food distributionFramework Directive
equipment for food storage and preparation, food. .
service, household activities of cooking and eaRiederik Schowanek and
ing, and management of the disposal and recfom C.J. Feijtel
cling of food and packaging waste. The param= paper available: No
eters that control the organic-matter resource
cycle were defined, and a sensitivity analysis of The GREAT-ER (Geo-referenced Regional
the environmental indicators at the time of inExposure Assessment Tool for European Rivers)
troducing countermeasures was performed. project team has developed and validated an ac-

curate aquatic chemical exposure prediction tool

for use within environmental risk assessment
Indicators for Chemical Product Input schemes. The software system GREAT-ER 1.0
in Different Sectors: Possibilities to calculates the distribution of predicted environ-
mental concentrations (PECs) of consumer
chemicals and industrial point sources in surface
waters, for individual river stretches as well as

Include Chemical Products in Environ-
mental Accounts

Viveka Palm and Kristina Jonsson for entire catchments. The system uses an ARC/
INFO - ArcView (TM-ESRI) based Geographi-
Full paper available: No cal Information System (GIS) for data storage

Environmental accounting is a system dea}nd visualization, combined with simple math-

signed to combine environmental and economft atical models for pred|ct|or_1 Of.Chem'CQI fate.
! present, the system contains information for

data. Due to the complexity of chemical use, da ) . ;
P Y " . “four catchments in Yorkshire, one catchment in

covering issues on toxicity are normally not in- ly, one in Belgium and three in Germany, while
cluded in the systems. We would like to sugge er river basins are being added. GREAT-ER

some broad chemical product indicators, adaptﬁ is currently being expanded with models for

to fit into environmental accounting. They giv . . : . .
a picture of the national consumption of chemf—he terrestrial (diffuse input), air and estuarine

cal products, divided between different branche Qmpartments to _become amulti-environmental
Depending on the choice of aggregation meth |S-based C*.‘ef.“'ca' exposure assessment tool.
and system boundary the magnitude of hazar he paper will illustrate a number of applica-

ous chemical products in Sweden lies betweé'lqns of the model in the context of chemical risk

30 and 40 million tonnes, approximately equiv a__lssessment and the EU Water Framework Direc-

lent to 3 or 4 tonnes/ capita and year. Two diffe ve.
ent aggregation methods are chosen. The broad-
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Thermodynamics However, emergy analysis does not consider the
impact of emissions.
Exergy, Emergy, and Life Cycle This presentation will discuss the relationship
Assessment between exergy and emergy, and show that they
. . are complementary properties. It will be shown
Bhavik R. Bakshi, Jorge L. Hau, and that emergy is thermodynamically equivalent to
Nandan U. Ukidwe the cumulative exergy of consumption calculated

all the way to solar energy. Traditionally, exergy
and cumulative exergy analysis consider all re-
Life Cycle Assessment (LCA) has emergedources to be similar in terms of their ecological
as an important tool for incorporating environinvestment. Consequently, these methods do not
mental considerations in engineering. It expand®nsider the ecological services required to cre-
the scope of typical engineering decision malate different natural resources. Emergy analysis
ing beyond the traditional process or equipmeshows that this assumption is flawed, since the
scale to the global scale. Before LCA, many teclecological investment in making a resource such
nigues have been developed for considering ess, coal can be significantly different from that
vironmental aspects of processes at the equfpr making limestone, wood or rain. Thus,
ment and process scale. These techniques areergy analysis can be used to extend exergy
useful for pollution prevention and for enhancanalysis beyond the scale of artificial (man-made)
ing process efficiency, and include, exergy analprocesses, all the way to the basic sources of
sis, energy integration, mass exchange networlksergy and their flow through the ecosystem. The
and pinch technology. Like other engineeringesulting approach can account for the fact that
methods, these methods are based on sound ptiite-ecological investment in natural resources can
ciples of thermodynamics. In contrast, methodsary significantly. The relationship between ter-
for analysis at a global scale such as, LCA lackminology used in emergy and exergy analysis
thermodynamic framework. Although severasuch as, transformity and cumulative degree of
researchers (Ayres et al., 1998; Connelly argkrfection will also be clarified. Establishing this
Koshland, 1997) have identified the relevancénk between exergy and emergy analysis allows
of thermodynamics to LCA and industrial ecolthe expansion of exergy based engineering ap-
ogy, a framework for thermodynamically basegroaches to include ecological products and ser-
analysis at the global scale is still missing.  vices. The resulting analysis is more complete
This presentation will propose a rigorous thetthan that by existing methods, since it accounts
modynamic framework for LCA and for includ-for all the hidden flows or externalities.
ing the contribution of ecological goods and ser- A thermodynamic framework for LCA can-
vices into engineering decision making. Thaot be complete without thermodynamic meth-
framework is based on combining the methodsds for assessing the impact of emissions. From
of exergy analysis, emergy analysis and life cycke thermodynamic point of view, the impact of
impact assessment. Exergy analysis is a popuinissions may be measured by the emergy re-
approach for the analysis of individual equipmerguired to absorb the impact or the exergy loss of
and processes, and has also been suggestethasmpacted system. For example, the impact
an approach for quantifying resource consumpf acid rain may be measured in terms of the
tion and the impact of emissions in LCA. Howemergy of the trees, forest, lakes, and organisms
ever, neither exergy analysis nor LCA accounhat are affected by the increase in acidity.
for the contribution of ecological products and The practical challenges in implementing the
services that are essential for any activity. Emergyoposed framework will be identified, and some
analysis is another thermodynamic approadpproaches for meeting the challenges will be
developed and used mainly by systems ecolpresented. Information about the exergy and
gists for analyzing ecosystems. Unlike exerggmergy of inputs may be obtained from life cycle
analysis and LCA, it accounts for the contribuinventory databases or from economic input-out-
tion of nature’s products and services such gt tables. Shortcomings of these approaches and
rain, wind, photosynthesis, soil, petroleum, et@enefits of using materials flow analysis at a

Full paper available: Yes
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sectoral level will be discussed. For thermodypassing through the process have been degraded.
namic impact assessment, practical methods fdegradation is to be understood in its physical
converting the results of an impact assessmantaning as loss of the ability to perform work.
method such as, Ecoindicator-99, into corréApplying an entropy balance to the inventory of
sponding emergy input will be presented. Finallgny given process facilitates the calculation of
illustrative case studies based on the industrighle internal entropy production, thereby reduc-
chlor-alkali process, and the life cycle of soying the large amount of data to a single number
bean oil will demonstrate the synergy betweegproportional to the overall resource use. When
exergy and emergy analysis, and the thermodgemparing the entropy production of all steps
namic approach for impact assessment. within a process chain, one can pinpoint the lo-
References cation with highest resource use, indicating a

Ayres, R. U., Ayres, K., Martinas, L. Exergyg°°d starting point for optimisation strategies.

waste accounting, and life-cycle analysis, Er{;omparing diﬁerent process alternatives, one can
ergy, 23, 355, 1998. identify the one with lower resource use, indi-

Connelly L., Koshland C. P., Two aspects of coﬁ;—"’lt_'l_nhg a Ie?rs]e(rjecfologtlcal m;p?ct. ing has b
sumption: Using an energy-based measure of € method of entropy balancing has been

degradation to advance the theory and impl pplied to case studies in the metallurgical sec-

mentation of industrial ecology o, f?ame'y primary and secondary copper pro-
. . uction. The processes that have been studied in
Resource Conservation and Recycling.19, 3, 199- ".
articular were the flash smelter, the converter,

217, 1997. . .

the anode furnace and the electrolytic refinery.

It could be shown that the main entropy produc-
tion during the production of one ton of refined
Entropy Production as a Measure for copper takes place in the flash smelting unit, fol-

Resource Use Applied to Metallurgical  lowed by the converter.

Processes. Nevertheless, comparing the entropy produc-
_ tion with the ‘service’ of the process at hand (i.e.
Stefan Goessling the increase in copper concentration), it was

found that the converter and the falsh smelter
also have the highest ‘entropic efficiency’. On
One of the main components of evaluatinthe contrary, anode furnace and electrolytic re-
industrial processes according to their ecologfinery contribute only little to the copper con-
cal impact is measuring their overall use of natgentration increase but have an entropy produc-
ral resources. According to the second law dibon of the same order of magnitude as the other
thermodynamics, ‘use’ or ‘consumption’ is retwo processes which makes them significantly
ally transformation of matter and energy to ess efficientin the sense of overall resource use.
physically less useful state. The physical me&urther investigating the main sources of entropy
sure for this transformation is the accompanyroduction resulted in the identification of pos-
ing production of entropy. Therefore an obviousible starting points for optimisation.
measure, although rarely used, for the resource Other key examples, like space heating and
use of a process is the associated entropy pesergy conversion, have been worked out. En-
duction. tropy balancing has been compared to similar
When streams of matter and energy pasgproaches which try to aggregate process in-
through an industrial process, they are transferrggéntories in order to yield a measure of resource
to a number of output streams, at least one g$e. These are cumulative energy consumption,
which is called a product. Considering a stead$he MIPS concept and exergy analysis. Compar-
state process, as are many industrial procesdag, results with the complementary method of
the total entropy content of the output streanexergy analysis yields good agreement.
has to be higher than that of the input streams.
The difference, the produced entropy, is a direct
measure of how much the matter and energy

Full paper available: Yes
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Thermodynamics Applied. Where? system or process maximally concentrates the
Why? investigated substance. The RSE is unity (1) if

dilution or emission maximally dissipates the
Gerard Hirs substance.

Today’s metal management is characterized
by the following RSE trends: Production of metal

In recent years thermodynamics has been gp-oducts with high purity (>99%) from ores (1-
plied in a number of new fields leading to %) decreases RSE-values from around 0.5 to
greater societal impact. The paper gives a s0.1. Manufacturing and fabrication of consumer
vey of these new fields and the reasons why thegeods increase entropy. Depending on the use
applications are important. In addition it is showpattern of the metal this increase can be moder-
that the number of fields could be even greatate to high (0.2<RSE<0.4). Installing goods in
in the future and could lead to savings in humghe infrastructure results in another entropy in-
effort, use of land and water and of energy aretease (0.4<RSE<0.6). Waste management can
natural resources. Achieving these savings isreduce the entropy again by concentrating met-
contribution to a sustainable society. als. It is shown that today this is not efficient
since recycling rates could be higher. However,
even the contribution of an optimized waste
management is limited. This is due to the fact
that the still growing stock in the infrastructure
serves as a buffer for waste management. Once

Full paper available: Yes

Entropy as a Quality Measure for
Industrial Metals Management

Helmut Rechberger the residence time of the stock has expired waste
. management will have to accept greater amounts
Full paper available: No of wastes. Then an optimized system can reduce

the RSE to levels below 0.2.

The_objective of establishing mat.erial bal- The overall trend in the RSE from ore extrac-
ances is to better understand industrial metatﬁ)

lism and to provide a basis for decision makin on to landfilling of wastes varies among differ-

in resource and environmental management. | nt metals. First results indicate that copper
9 'Brows a decreasing trend across its life cycle and

dustrial management of metals shows the follovy- y serve as a model for future metals manage-

ing pattern: meta_ls are exiracted from ores a ent. On the other hand zinc clearly shows an
concentrated, refined, and shaped through S?P%reasing trend marking non-sustainable man-

eral process steps. The resulting se_m|-f|n|sh ement. This is mainly due to dissipative use
products are used for the manufacturing and fap?

rication of a multitude of goods and products t
These goods are consumed, used, and instalr?
in infrastructure. Once they become ObSOIet?ncre
materials can be recycled, disposed of, or hiber-
nate in the infrastructure.

f zinc in products (chemicals, pharmaceuticals,
.) and galvanizing of steel. Also emissions
galvanized products have the potential to
ase entropy significantly.

Statistical entropy reinforces a better under-
Statistical entropy (SE) is introduced as standing of industrial metabolism. Material bal-

metric to evaluate the contribution of each pro-meS of complex systems are quantified by a

- sjngle metric. Hence scenarios and alternatives
cess (e.g., milling of ores) to the whole systemé

(e.g., Europe) overall metal management, Gegfher criteria optimized systems can be designed.

e_rall_y, S.E s & tool to quantify the variance of Fhe results show that entropy is a useful and ac-
distribution of a property of any system. It cag

an be easily compared. In combination with

be shown that a substance balance can be urate indicator for the quality of substance man-

fined by the properties “mass-flows of materi- Sement by any system.
als” and “substance concentrations”. Applying

SE to these properties yields a normalized met-

ric in the range between [0,1], the relative statis-

tical entropy (RSE). The RSE is zero (0) if the
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Theory in Corporate Integration more difficult to work with the organisational
issues connected to introducing industrial ecol-

ogy. One major challenge for all three compa-
nies has been to include proactive environmen-
tal thinking in production processes and strate-

Environmental Communication of
Japanese Industry

Midori Aoyagi-Usui gic actions. Handling environmental aspects is
) in general not seen as the core activity, and is
Full paper available: No often regarded as an extra burden instead of a

We investigated the Environmental commubPusiness opportunity. One explanation is that the

nication strategies of Japanese industry. Our fgWward systems of the companies are not stimu-

spondents are Japanese companies, who p[%i_ng environmental thinking to the extent nec-

lished or planned to publish “The environmenESSary in order to compete with other pressing

tal report”. We focus on the relationship betweeljterests. This might be a symptom indicating

stakeholders’ response and changing strategl@t green issues have not been integrated into
of companies’ environmental information disclotN® deeper levels of the organisational culture,
sure. We found the companies who received oflthough the environment holds a rather central
jections from stakeholders about their envirorR0Sition in the images these companies project

mental countermeasures are more likely to dil2 their markets. Our findings also indicate that
close their environmental information. we in all three companies find internal forces with

slightly different value systems and stronger
ambitions towards a proactive environmental

Organisational Challenges to Industrial strategy than the dominating positions. The ac-
Ecology—A Comparative Analysis of tual environmental performance of the compa-

Th s’ Eff Devel nies can thus be seen as the result of an ongoing
ree Companies orts to Develop negotiation between different meanings on core

Environmentally Responsible Corporate competence and strategic importance of environ-
Cultures mental issues in product development and mar-

Thomas Dahl, Jivind Hagen and Stig ket communication.

Larssaether

Full paper available: Yes Innovation Strategies — Impacts on

The concept of Industrial Ecology representsc0nomic, Ecological and Social Co-
a holistic view on industrial systems’ impact odManagement

the environment. At the same time there seems .

to be a trend in industry to expand the systefh@imund Schwendner
borders of prodgction units and_to view each ung|| paper available: Yes
as a part of a bigger value chain.

This paper presents a study of three manu- This paper will be dealing with the integra-
facturing companies’ efforts to develop their protion of technological and organizational innova-
duction-processes and marketing in line witlion strategies, creating a variety of processes,
principles of industrial ecology. The companiegstruments and quality criteria for economic,
represent a variety of product spectres and hageological and social co-development. These
their factories and sales offices in several coustrategies are expected to meet sharp manage-
tries, mostly Europe, but also the US. All havenent requirements for effective system integra-
their main quarters in Norway. tion and mutual learning. They have to support

The companies have been concerned witioth human resource and organizational devel-
finding methods for recycling and to integrat@pment.
their products into larger recycling loops. While  As a counterpart to incremental co-evolution,
technical solutions to problems in some of théheco-managemeraf economic, ecological and
recycling systems can easily be found, it seersscial development has to create and speed up
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“triple-win-strategies"”. They are designed to add text (circumstances) and supratext
high level value to economic development and (transformability) of innovation strategies,
to serve ecological and cultural diversity as welR) initiative management, and

This will affect a number of issues: 3) preventive risk and conflict management.

1) Evaluation of Economic Perspectives:
a) Comprehense “innovation-based value*
and “sustainable quality* Theory in Life Cycle Assessment
b) Redesign reward systems within peer

groups and organizational networks éowards a More Credible Handling of

c) Master heterogeneous problem solvin . ) 4
strategies nvironmental Values in LCA Studies.

2) Process of Ecological-Economic Goal Setvlagnus Bengtsson
ting: )
a) Analyse multi-focal effectors, indicatorsFull paper available: Yes

ambiguous factors and meta factors . L
. . Inmany life cycle studies, impact assessment
b) Implement mutual learning and negotia-

. . methods that include weighting between envi-
tion strategies

o - . . r{)nmental issues are used to make sense of the
c) Initiate interactive paradigm managemen

on both regional and organizational IevelgeSUItS of the inventory analysis. The way in
9 9 Which this value laden element of LCA is handled

3) Leadership capabilities: .. can be important for the credibility of the con-
a) Improve integrated leadership within orgsjons drawn, especially when these are com-
ganizational networks _ municated to people who have not been involved
b) Redesign network information and comy, the jife cycle study in question. The present
munication research study can be seen as a test of how the
¢) Link shareholder-, stakeholder- and susggits of some existing and widely used LCA
tainable value management weighting methods are received by different

Interactive innovation strategies are helpfulinds of actors (e.g. people working for envi-
to establish and link both economic and eCO'Ogionmenta| authorities, industrial Companiesy
cal sustainability, coping with a variety of sociaNGOs and fund managers). The research ap-
challenges. As a model, this may be helpful teroach is qualitative: reactions and discussions
improve economic, ecological and social co-deyf weighting and weighting methods are recorded
velopment in general. through group interviews. Issues dealt with in-

The paper will offer a variety of analyticalclude: the acceptance for weighting of different
and methodological procedures such as effeci®fivironmental changes as such, the parameters
analysis, mutual value analysis, interactive scgrcluded in (and not included in) different meth-
nario learning and multi-project management. Teds, the underlying principle of the methods,
meet the challenge of comprehensivehe outcome of different methods when these are
sustainability, such instruments have to bgpplied to product cases. Statistical significance
adapted to technological, organizational and rgs not the aim of this kind of studies. The pur-
gional utilization. They are useful to amalgampose is rather to investigate whether qualitatively
ate many-sided efforts of co-development. Igifferent “logics,” i.e. ways of thinking and rea-
order to gain excellent results, this approach wiloning about environmental weighting, can be
involve different styles of creativity and prob-iscerned. Knowledge of such mental or cultural
lem solving strategies. This includes corporafgatterns is important when life cycle studies are
as well as customer oriented coaching and nelrried out and when results are communicated
work-based ,self-controlling®. Further more, theo various actors. Hence, the study is expected
“trilogy of capability” will be of crucial impor-  to give enhanced understanding of how weight-
tance, including ing can be handled in a more credible manner in
1) the evaluation of relevant criteria which aréife cycle studies. These results will be useful

associated with the subtext (meaning), comboth for further methods development, for the
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work of LCA practitioners and for the variousgiven reduced emissions from power plants and

audiences for LCA results. residential fuel combustion. Quantification of
these benefits could assist in developing energy
codes that are socially optimal, considering both

Life Cycle Activity Analysis: An Opti- economic and environmental endpoints. Within

mizing Approach to Industrial Ecology this study, we construct a combine_d life cycle
assessment and risk assessment, with the goal of

Fausto Freire and Sten Thore estimating the public health benefits of increas-
ing residential insulation for new housing from
current practice to the latest International Energy
Life Cycle Activity Analysis (LCAA); a math- Conservation Code. We model state-by-state resi-
ematical programming decision support modélential energy savings and evaluate particulate
for the optimization of the entire life cycle ofmatter (PM2.5), NOx, and SO2 emission reduc-
products; is presented. LCAA is a new tool folions. To estimate public health benefits, we use
the mapping of hierarchical production and reegional dispersion models coupled with expo-
covery chains, their impact on the environmengure efficiency concepts to estimate exposure. We
and for a holistic evaluation of new technolodetermine concentration-response functions for
gies, environmental strategies or policies. LCARremature mortality and selected morbidity out-
involves three successive stages of analysis: if@mes using current epidemiological knowledge
description of all participating activities (processof effects of PM2.5 (primary and secondary). Our
ing, transport, use, recovery) as a product tragnalysis of the population risks associated with
els from its “cradle” to its “grave”, including thethe reduced end-use energy consumption shows
inventory of ancillary materials and energy Supihat the concentration reduction of air pollutants
plied to each activity, economic costs and envis not necessarily proportional to the health ben-
ronmental burdens; ii) the formulation and nugfits. One unit of pollutant concentration reduc-
merical solution of a linear or nonlinear mathtion is more effective in reducing health effects
ematical programming model and iii) the evaluin areas that are more densely populated than
ation of a set of environmental scenarios of iwhere there is less population density. As the next
terest to policy-makers or stake-holders. step, in order to assess the net benefits of this
The application of LCAA is illustrated usingpolicy decision, we consider three impact path-
case studies brought from the Portuguese an@ys in addition to the population risk reduction
European market for bottles, tires and plastféom the reduced end-use energy consumption;
components. The potential of LCAA, the typdl) a decrease in the processing of fuel sources,
of problems to be addressed, and its relevancdéading to a decrease in population and worker
environmental policy in the context of industriapxposure to air pollutants from the upstream pro-
ecology are further explored. cess chains of fuel source processing activities;
(2) an increase in the processing of insulation,
leading to an increase in population and worker

Risk Trade-off Analysis of Demand-side €XPosure to air pollutants from the upstream pro-
Management: Combining Life-Cycle cess chains of insulation manufacturing activi-

. ties; and (3) changes in indoor quality associ-
Assessment and Risk Assessment ated with increased insulation in the building

Yurika Nishioka, Jonathan I. Levy, envelope, leading to changes in exposure of oc-

Gregory A. Norris, Andrew Wilson cupants to indoor pollutants. For the analysis of
Patrick Ho.fstetter, and ' population risks associated with the upstream

impact pathways, we propose combining eco-
John D. Spengler nomic input-output LCA with exposure effi-
ciency concepts to estimate population risks.
Economic input-output LCA may be comple-
Increased residential insulation can potentialljnented by information from the process-based
provide environmental and public health benefit,CA to disaggregate sectors into sub-sectors that

Full paper available: Yes

Full paper available: No



13

produce more specific commodities. For the calvork for different mechanisms, which both shape
culation of risks to workers, we propose usingpportunities and create barriers to the develop-
industrial injury and fatality statistics within thement of industrial symbiosis will be presented
input-output LCA for the short-term occupationahnd discussed. Even if the Kalundborg symbio-
health effects. For the long-term health effectsis in many respects is quite particular, insights
to workers and home occupants, we propose us-this case should definitely be able to contrib-
ing epidemiological studies and estimates of prote with new dimensions to the planning of eco-
duction changes to estimate risks. By aggregatdustrial parks.
ing the health endpoints of each impact pathway
in terms of disability-adjusted life years (DALYS)
and the monetized values, these public healffelf-organization, Cooperation and
benefits are comp_ared. with th(_a cost 'mpl'cat"?r]ﬁdustrial Symbiosis
for homeowners (i.e., installation and operating
costs) to determine the influence of external codidarco A. Janssen and Frank Boons
on benefit-cost calculations. . )
Full paper available: Yes
Industrial symbiosis engages separate indus-
Spatial Economics tries in a collective approach to competitive ad-
vantage involving physical exchange of materi-
. . L als, energy, water and/or by-products (Chertow,
The Evolution of Industrial Symbiotic 2000). The concept of industrial symbiosis is
Networks - The Case of Kalundborg inspired from concrete realizations of eco-indus-
Noel Brings Jacobsen and trial parks, such as in Kalundborg, Denmark. The
few examples of success have been evolved spon-
Stefan Anderberg taneously. In various countries governmental
Full paper available: Yes p_olicy is focuses on cre_at_ing in_dustri_al symbio-
sis. However, these policies fail to stimulate re-
The concept of “industrial symbiosis” hagjuired long-term cooperation between firms. In
during the last decade attracted increasing attehis paper we will try to understand why current
tion in many countries in all parts of the worldpolicies are doomed to fail. To address this ques-
The eco-industrial park in Kalundborg is one dfion we will discuss recent concepts on self-or-
the most internationally well-known examplegianization and cooperation. This will provide
of a local network for exchanging waste prodinsights under which conditions cooperation can
ucts between industrial producers. It is an exmerge and persist. Furthermore, by translating
ample of a spontaneous network, which hawbese insights to industrial parks can extract sug-
evolved over a period of several decades. Inspirgdstions for improving policy.
by network theory, this paper presents an analy-
sis of the evolution of the Kalundborg symbio-
sis and discusses what can be learned from thiéaste Management Policies: An Ap-
case, that is of general value for the realizatiqulied General Equilibrium Analysis
of local industrial-symbiotic networks. The aim i
is to improve the understanding of the complex€leen Bartelings, Ekko C. van lerland,
local development dynamics behind industrizand Rob Dellink
symbiotic networks. The analysis includes physif
cal preconditions and possibilities as well local
economic and environmental effects of the real- Current waste management policies are not
izations, but focusses particularly here on idesufficient to obtain a significant reduction in
tifying central mechanisms, including technowaste generation of both industries and house-
logical, institutional, organizational, economicolds. Waste generation is too high due to cer-
and mental elements, behind the developmenttain characteristics of the waste market, for in-
the symbiotic network of Kalundborg. A frame-stance flat assessment pricing for treatment of

ull paper available: Yes
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solid waste and regulations that indirectly profechnical ngram I

mote the use of virgin materials in the waste
market. This paper presents an empirical model- . .
ing analysis of the efficiency of current wast ocial Framework 11
management policies and calculates the social
costs of waste generation. The goal of this pap&he Social and Political Context of
is to show that social costs of waste managemdntustrial Ecology: Extrapolations on
are inefficiently high and that these costs can ke Theory of Ecological Modernization
reduced by changing certain characteristics in the
waste market. Maurie J. Cohen

An applied general equilibrium model is de;
veloped to simulate the waste market. The mode
describes a national economy with three (ordi- The social and political theory of ecological
nary) production sectors, an extraction sector,maodernization seeks to situate industrial ecology
recycling sector, a municipality as collector ond current developments pertaining to the
solid waste, three waste treatment sectors (isphere of social-environmental reform within a
composting, incineration and landfilling) and twdoroader social scientific context. Theorists have
consumer sectors. Some attention will be givesought to use ecological modernization to un-
to the spatial aspects of waste treatment by iderstand new political configurations moving
troducing transportation costs for transportingnvironmental policymaking away from conven-
waste from the municipality to the waste treational reactive command-and-control regulatory
ment sector. The model is applied on the wasteeasures toward proactive engagement and a
market in The Netherlands. The results show thiatller appreciation of notions of sustainability.
the specific characteristics of the waste markBturing most of the past decade researchers have
cause a sub-optimal level of waste generation afatussed their attention primarily on the politi-
hence significantly higher social costs for wasteal and economic realignments that will be nec-
treatment. essary to facilitate ecological modernity and more

complete acceptance of the principles of indus-
trial ecology. This paper will provide a histori-

Recycling, International Trade and the cal overview of the theory of ecological mod-

H,I” paper available: Yes

Environment: An Empirical Analysis ernization and highlight recent attempts to ad-
dress the cultural underpinnings that are likely
Pieter J.H. van Beukering prerequisites for the enthusiastic embrace of in-

dustrial I d its allied fields.
Full paper available: Yes ustriat ecology and Its afied elcs

Over the last decades of thé"2@ntury a large
number of countries have experiences a substdteological Modernisation
tial increase in materials recycling. During the i
same period, the international trade of recyclablé@suhiko Hotta
mater_ials betwe_en developed countries and_qeun paper available: Yes
veloping countries has grown as well. A specific
trade pattern gas emerged: waste materials re-Along the development of environmental poli-
covered in developing countries are exported s school in 1990s, environmental political dis-
developing countries for recycling. course of Ecological Modernisation has become
This contribution will discuss the economicone of the most important focuses of study of
and environmental significance of the simulta@nvironmental politics in industrialised society.

neous increase in trade and recycling of recfzcological Modernisation represents the idea that
clable materials. economic growth and environmental protection

are essentially complementary (J. Dryzek, "The
Politics of the Earth”, Oxford: Oxford, 1997: 15).
And environmental problems are considered as
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opportunities rather than troubles to a restrudescribed in terms of technical, material, logis-
turing of the capitalist political economy alongic and economic aspects. The value of material
more environmentally sound lines (ibid.: 141)things, as one aspect of the system which sig-
From this point of view, industrial ecology is amificantly affects the consumption of products
expression of Ecological Modernisation whoseannot effectively be reduced to attributes of
main focus is on restructuring of industrial sysfunction, cost, availability, material flow. The
tem. value of things incorporates aspects of human
This paper tries to situate concept of indusehaviour and perception, opening up what
trial ecology in ecological modernisation diseconomists like to portray as the irrational within
course. At the same time, this paper argues thiaeé system. Attempts to deal with real systems
ecological modernisation initiatives includingchange have to engage with complex issues of
industrial ecology promotes the idea of eco-effiwhy things are consumed, invariably leading to
ciency and voluntary regulation to encourage theesearch for ‘underlying’ causes and the all too
active participation from private industrial seceasy simplification of ascribing outcomes to bio-
tor in environmental policy making. These iniphysical ‘needs’, or manipulated ‘wants’, or dis-
tiatives have a very similar character promoteglaced ‘desires’. This paper will examine some
transnationally. Domestic environmental initiacharacteristic examples of such thinking encoun-
tives are incorporated with transnational enviered in the context of approaches to systems
ronmental initiatives. This trend represents ehange. It proposes a broad framework to build
legitimisation process of shift of private indusup knowledge in this critical area, bringing to-
trial and corporate sector into playing a signifigether work in a number of areas/disciplines
cant role in a transnational political arena. Thiground a new ‘field’ referred to as Material Cul-
paper emphasizes the significant role of thisire, building on work from design studies.
legitimisation process by transnational discourse
coalitions among international organizations,
private business entities, network of academipostindustrial Ecology
national agencies and NGOs in transnational
environmental policy making. Gregory Unruh

Successful industrial ecology experiments and

. . o public policy efforts are creating interconnected
Material Culture — A Critical Missing technological systems that minimize currently
Dimension in Industrial Ecology recognized environmental disutilities. This pa-
hris R per argues, however, that combined institutional
Chris Ryan frameworks and technological systems are sub-

From the framework of Industrial Ecology thg€ect to numerous sources of “irreversibility”

critical (and productive) points to intervene invhich can lock-in these systems for extended
the current industrial eco-system seem clear. Rgriods of time. Designers of industrial ecosys-
the author’s research institution, four approaché&ms naturally focus on solving current problems
to changing current systems of production ar@hd, because of the complexity of the natural
consumption have been identified. These aptorld, are largely unaware of potential future
proaches do not define new systems, they reflggioblems these systems may create. There are
a mix of pragmatic and theoretical/conceptudlumerous historic examples of technological
starting points for system change. These aj$olutions” that solve one environmental prob-
proaches raise important questions about thm only to create another: the automobile as the
conceptualisation of the ‘system’ which is thdurn-of the-century solution to horse wastes be-
subject of analysis and action. This is particifg an infamous example. Recognition of this
larly clear when it comes to the issue of corfendency requires industrial ecologists and policy
sumption and most evident in those approache¥kers to design evolution, both technological
which seek to significantly reduce material flow&nd institutional, into their industrial ecosystems
by ‘dematerialisation’ (‘servicisation’ etc). It isand policies.
apparent that the ‘system’ cannot be adequately
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Corporate Integration in Practice tal disposal at GM plants that have implemented
RM to date has declined by more 50% as a result

of RM contracting. Similar results are expected
at other Midwest organizations that are pursuing
development of RM contracts, including the City

“Resource Management” (RM)
Contracting

Paul Ligon and Tom Votta of Omaha, ConAgra, Inc., West Des Moines
_ School District, and various others. Based on this
Full paper available: No experience.

Contracts are pervasive in the solid waste field BY changing the ways in which organizations
and directly influence the way in which approxidémand and incentivize integrated waste man-
mately two-thirds of the US waste stream is ma@dement services, RM has the potential to trans-
aged. In addition to municipal solid waste, hurf®r™ the waste disposal industry into an indus-
dreds of millions of tons of construction and'Y that profits from mutually beneficial resource
demolition, nonhazardous industrial waste, arfICIENCY gains, rather than ever increasing quan-
hazardous wastes are managed through contrdfiés of waste. Widespread diffusion of RM
tual arrangements. Although widespread, coRfOmises to be one of the single most important

tractual relationships have generally not bedifivers to source reduction, recycling, and recov-

viewed as a mechanism for advancing pollutio’y in the nextdecade.
prevention or “resource efficiency.” An emerg- The proposed presentation will address RM

ing concept called “resource management” (Rl\/r*)ontrz_icting practic_es and present RM_ results ar_1d

contracting seeks to address this issue. techniques from diverse demonstration organi-
Typical organizational disposal contracts serfAtions throughout the nation that are participat-

exactly the wrong economic signal to waste matid in the Tellus Institute’s national initiative to

agement contractors: more waste equals mdtdvance RM contracting.

profit. RM contracts cap disposal compensation

and provide direct financial incentives to con-:

tractors that identify and implement cost-eﬁecI-EnV'ronmentaI'Econom'C Supply Chain

tive, resource efficient source reduction and ré/anagement of Suppliers, Contract
covery options. Thus, if a contractor identifieManufacturers and Recyclers: The Big
new or improved markets for disposed materZhallenge of an Original Equipment
als, or options for preventing waste altogethexianufacturer (OEM)
they receive a portion of the savings resulting
from the innovation. This arrangement enhancé4enno Nagel
recovery of readily recyclable materials such
corrugated cardboard and wood pallets, while
producing tangible source reduction and market The supply chain of an OEM contains much
development for difficult to recover materialgdiversity. It contains semiconductors, printed
such as paint sludge and solvents. boards etc., but also recyclers and contract manu-
The concept of using contractual relationshiggcturers. The life cycle of products contains the
to reduce, not just handle, waste is a novel id€omponent Realization Process (CRP), Product
that is attracting increasing attention in both inRealization Process (PRP), Product Use Process
dustry and government. The General Motor®UP) and Product End-of-Life Process (PEP).
(GM) corporation, for example, a leader in th&rom a supply chain approach the CRP is man-
development and use of RM contracting, has raged with global applicable Environmental Per-
alized substantial benefits as a result of RM cofermance Tools, which generate a performance
tracting. One year after implementing RM conper supplier. Based on the performance suppli-
tracts at most of its North American Plants, GMrs can be ranked, compared, classified etc. and
realized a 20% reduction in overall waste gera proposed price reduction can be derived. The
eration (30,000 tons), a 65% increase in reclinkage and balance between a bad performance
cling (from 50,000 tons to over 82,000 tons), anaind a big proposed price reduction and vice versa
a 30% decrease in waste management costs. iEothe environmental-economic cornerstone in

Il paper available: No
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suppliers’ negotiations. This linkage transfersf our R&D-project STABIS. STABIS stands for
environmental quality into the scope of Total Coshe German term “Stoffstromanalyse-,
of Ownership (TCO). In this scope the result dBewertungs- und InformationsSystem”. This
a worldwide assessment of 25 printed board proteans that an integrated managerial information
duction facilities will be shown. Currently, thesystem based on the analysis of material flows
OEMs are outsourcing the product assembly &s well as on the economic and ecological as-
contract manufacturers. The contract manufasessment of clearly defined systems is to be de-
turers are a part of the PRP and should be mamloped. The objective of STABIS is to provide
aged from a supply chain approach. They aeetool that enables industry to achieve a holistic
service providers to the OEM. For the owninggnowledge-based environmental management
of the service the TCO-elements as product quapproach. First questions concerning the overall
ity, delivery and price have been integrated intaision and mission, the environmental objectives
the negotiations, but not the environmental peand targets of the company, existing legal and
formance of the assembly site. Other service prother requirements and restrictions, need to be
viders are recyclers, which are a part of the PEfswered. On the basis of this first analysis a
should be managed as well. For the owning efistomized configuration of STABIS can be un-
this service the TCO-elements as product masirtaken. A core function of this tool is to analyse
the material content and price are a part of thechnical-physical as well as economic data of
negotiations, but not the environmental perfoidentified critical processes or materials. It is cru-
mance of the recycler itself. In both supply chaingal that STABIS must not be a stand alone solu-
the ranking, comparison etc. from an envirortion.
mental perspective and the linkage to proposed Hence, data-gathering has to start in the ex-
price reductions is not investigated. This prolisting enterprise-resource-planning system (ERP)
lem is researched from the experience in the CRIPthe specific organization. Only data that is not
supply chain. This paper will outline the newcontained in the ERP has to be provided addi-
challenges from a strategic view. tionally, e.g. by manual data-entry or other ex-
isting stand alone applications. Data redundancy
in different information systems within the same
STABIS—An Integrated Environmental —organization should thus be avoided, data integ-

Management Tool rity and compatibility reached.
Concerning the possibilities for data-retrieval,
Alfred Posch the user interface has to support changing de-

mands without requiring modification of the en-
vironmental management tool. The database of
Environmental management is no longer 8TABIS has to be edited and processed in a way
voluntary minor matter but is rather becoming that different levels of analytical detail can eas-
critical executive function. Although many or-ily be required. While top management is likely
ganizations have already implemented an enup prefer highly aggregated information lower
ronmental management system (EMS) accorthanagement levels might have more detailed
ing to international standards, in particular theutput needs.
ISO 14000 series and the EMAS regulation, the The most critical success factor of develop-
integration of the EMS in their conventionaing STABIS is the transformation of the envi-
managerial decision support systems is usuallgnmental targets into a comprehensive set of
lacking. However, focussing only on monetarperformance measures that provides the frame-
objectives can easily lead to negative environvork for a continual environmental evaluation
mental impact while actions concentrating e»ef the organisation’s activities. Since STABIS
clusively on sustainability may lack acceptancelaims to be an integrated environmental man-
because of high costs or other negative econongigement tool it is crucial to combine environ-
consequences. In order to make economicaligental and economic performance measures in
and ecologically efficient decisions a common way that provides decision makers with an ap-
database is necessary. This is the starting-poptopriate set of measures.

Full paper available: No
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This integration in existing management ine Facility Siting
formation and decision support systems depends Facility Design
strongly on the tools applied in the specific or Facility Construction
ganization and can be reached for example oy Environmental Management System Imple-
extending any existing Balanced Scorecard Man- mentation
agement Program (Kaplan/Norton) or as part ®f Input output analysis using IE concepts
so-called benchmarking activities.  ldentifying aspects and impacts using IE con-
cepts
» Setting and carrying out goals

Case Study: “Green” Construction and
Environmental Management System .
Implementation at a Small Parts Manu-  Modeling
facturing Facility Using the Concepts of

Industrial Ecology Substance Flow Normalisation
James Russell and Walter H. Peters ~ Anders Grimvall and Erik Lofving
Full paper available: No Full paper available: No

During the last 400 years, human knowledge Substance flow analyses are normally carried

and the concurrent use of power have develop gtto d_etect or elucidate_long-term trends in the
exponentially. The fruits of this labor can b&Uman impact on the environment. However, the
summed up as modern life and modern convg‘:ita collected for such purposes can be strongly
niences in the developed world. However, theégﬂuenced by short_— a_nd medlum-term flu_c_tua-
conveniences have come at a cost. Human Si[)g_ns. Temporal variation in weather conditions
tems have grown so large that they are at risk %e,m cause spurious trends in substance fluxes in
overwhelming the biological systems in whict"® na‘FuraI environment, and produ<_:t|on and con-
they are embedded. As scientific knowledge aﬂﬁ“pt'."” levels vary with the busmes_s cycles.
understanding has increased, the realization t is raises the questllon of how cgm?ar!?ons(;)\t/)er
the earth is a complex system full of interaction¥"e OL_a((:jrosfs dpopu ations can be faci gate y
and interrelationships among the biota, land, atome kind of data pre-treatment aimed at sup-
mosphere, and oceans has developed along ssing irrelevant variation. In several sciences,
the realization that human activities are intiZ! erenthty_pes ofhnormlallzatll)on or stagda;:rmza-
mately tied into these systems. Even though th&gn Itec hnlqu_es ave long d_e_en u]:se - or de_x-
play an ever-increasing role in earth system@, ple, there Is a strong tradition of using indi-
human activities are currently not coordinateff€S 10 suppress irrelevant variation in economic
with or integrated into earth systems in a cohelime series of data. In the environmental sciences,
ent manner. This research intends to explore t re_zssmn-based normalization techniques pre-
interactions between industrial activities (includ-om'nate' Several authors have demonstrated

ing the built environment and manufacturinéhat a substantial part of the temporal fluctua-

activities) and earth systems in order to devi 'pns in the deposition of atmospheric pollutants

decision-making and design methodologies th§8" be explained by variation in wind direction,

help create solutions which bring industrial ad€MPerature and the amount of precipitation. A

tivity into coherence with earth systems. few scientists have normalized substance flows

This case study describes the process incld-a-riv_erS o a given wate_:r dis?hfﬂge- In this paper
ing necessary requirements and major probleti$ f|rs_t review thefrgajor pndncrl]ples of(?_ormal-_
associated with constructing and operating '5';9 time series of data, an tden we |sgussk|Jn
small parts manufacturing facility in the mid-" z(ijt_f_re(;spec:]s emstmg p(;oce u(ges nee hto e
lands of South Carolina using the concepts giodified to the meet the demands on such pro-

industrial ecology. Major areas of discussion incedures for the analysis of temporal trends in
clude: substance flows. More precisely, we show that
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the normalization techniques used in economity the books of Allenby, Graedel and others. It
and the environmental sciences have a comminseen by its advocates both as a mechanism to
theoretical framework that can be given a simpkupport sustainability in industry, and as a novel
probabilistic interpretation. Furthermore, we disparadigm or toolkit that will help to establish
cuss how normalization of substance flow datategrated complexes of industrial plants.
can be accomplished without violating funda- The ecology analogy not only involves com-
mental mass balances. The methods proposed pliex structures, however, but also the concept of
illustrated with empirical data regarding nitro-systems that incorporate mechanism that enable
gen fluxes in the biosphere and the technospheeffective response to a dynamic environment. In-
deed, in a number of infrastructures a major con-
cern is whether the relatively inflexible hardware
MFA Modelling in the infrastructure sectors can be adequately
designed and managed to keep up with increas-
Ruben Huele, Ester van der Voet, and  ing external dynamics. Liberalisation, market

René Kleijn forces, shifting regulation and new business strat-
) egy models have initiated changes in the com-
Full paper available: Yes panies and public bodies that own parts of these

The quantity of emissions from an economithfrastructures. At the same time vertical unbun-
system is determined by both the size of the flov#ing Of integrated companies is in progress,
involved and by the technological infrastructurdhilst new forms of horizontal bundling emerge
through which the materials are flowing. Emisthat lead to convergence of infrastructures. Per

sions can be reduced either by volume bas€@MPany, production and service activity port-
policies (?), which reduce the size of the flowd0lios are being reshuffled, separated, demerged
or by transforming the technological infrastruc®" outsourced. The new relationships established

ture, reducing the leakage from the system in{B the infrastru_ctqre ;ectors must been enabled
the environment. The distinction is reflected iy New and existing infrastructure hardware.
the mathematical representation of the techno- [N Our contribution, an overview is given on
logical infrastructure as a Markov chain and thif?® R&D into the application of Industrial Ecol-
flows as an initial state of the system. The a9y o infrastructure an‘aly5|s, design and man-
proach assumes a dynamic model, for which tﬁ)@emer_wt_that we label Infrastructur_e Ecology’.
static model is a special case. By standard line&p€ validity of the ecology analogy is tested for

algebra elegant measures can be derived to §g1Umber of important infrastructures. Some in-
scribe the system. frastructure developments identified by using the

Based on data from a simplified case of nihfrastructure Ecology analogy will be described.

trogen flows in the Netherlands, the method fin@lly, & set of issues to be addressed in Infra-
illustrated structure Ecology will be formulated as elements

of a research agenda.

Ecology provides a rich source of inspiration
for the elucidation of man-made systems, and
we give examples of he analogies largely fall into
G.P.J. Dijkema, J.R. Ehrenfeld, three classes.

E.V.Verhoef, and M.A. Reuter 1) the analogy in system structure between our
industrial society and nature (eco)-systems
provides a useful insight into the position of
Infrastructures represent a special class of in- infrastructures in our industrial system
tegrated complex systems. We conjecture th2} as an example in analogy of complex system
design and management of infrastructures can operation we addressed different modes of
greatly benefit from the concepts developed by competition.
industrial ecologists. 3) we addressed sustainability a desirable char-
Industrial Ecology is a newly emerged multi- acteristic of ecosystems desirable for indus-
disciplinary discipline, which launch was marked trial systems

Infrastructure Ecology

Full paper available: Yes
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As the body of knowledge of Ecology is vastof the panelists, rather than attempting to give
and the application to infrastructures appears tioese answers myself.
be limited, it is to early for a research agenda) In doing (bulk) material flow analysis for na-
other than one that says: explore the body-of- tional economies, have we by now arrived at
knowledge of ecology. Notably the notion of sound methods? Do national MFAs generate
Evolutionary Ecology, and the concepts devel- comparable results? Where are the key weak-
oped therein appear promising for some Infra- nesses of our methods? What are the most im-
structure Ecology, as extensive infrastructure portant, and the most promising directions of
systems evolve, largely in response to the regu- methodological improvements?
latory and market conditions prevailing. Thus b®) Do we operate with adequate concepts and
learning from the mechanisms and drivers of indicators? Do we properly understand their
evolution of populations and communities and meaning? Do we position these concepts
their interrelationships we may be able to learn within appropriate frameworks? (Frameworks
something useful to develop the proper condi- such as environmental impacts, green ac-
tions for stakeholders interaction that lead to sus- counting, physical scale of economies, modes
tainable infrastructure development. of subsistence and life styles, material inten-
sity and efficiency...)
3) Do we, with the help of our basic model and
MFA in National Economies | our i_ndicators,_ properly l_mderstand_ the dy-
namics of socio-economic metabolism, and
. . do we understand ongoing change? Can we
Key Questions to MFA for National deal with the role of tgechr?ologicgl change?
Economies Can we analyse problems of intragenerational
equity (such as North-South exchanges), and
problems of intergenerational equity? Ho well
Full paper available: No do we understand the metabolic impact of

For the first ti inthe f bl affluence and economic growth, and how well
orthe firsttime now we are in the favourable - 4, \ye ynderstand the impact of population

situation of seeing a large number of countries dynamics?

presenting their ‘material flow accounts” on a - are e able to provide actors with an appro-
national Ie\_/el, oft.en. for longer time series, don riate understanding of environmental risk and
on the be}S|s“of similar aCFO‘.J”“”‘%! methoqs. I sustainability problems? What relevant interven-
dicators I|_ke dlreqt materl’:':ll input (?Ml)' t0° tion strategies are we able to propose, and to
tal material requirement” (TMR), domest'CWhich actors? What are the major problems we

Marina Fischer-Kowalski

material consumption” (DMC) and “domeSt'Cshould be able to contribute in finding solutions?

material output” (DEO) have been calculated for I shall confine myself to options, to pros and
a number of countries, and have been related hs, how these questions could possibly be an-

population numbers and economic performancgwered and ho . :
L : , pe for the other panelists to pick

EUROSTAT, the European Statistical Office, hag,, some of them and contribute their own an-

recently issued guidelines on how to caIcuIadgqN

these indicators, and OECD has established a
workgroup for a similar purpose. It is now high
time for the scientists involved in this field t . .
critically review their achievements, to see wha he Role of MFA Indicators in the EU
substantive, methodological and political lesson@Ustainable Development Strategy
can be Iearr_led from this broad spectrum of N&ion Steuer
tional experiences.

My contribution shall serve as an introducAbstract unavailable
tory framework to this series of panels on “bulk
MFA”; this is why | will concentrate on posing
guestions that should invite answers from the part
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Material Flow Analysis for the Euro- report, what we call ‘White Paper’ since its 1992

pean Union and Beyond —Implications edition. Dissemination of an English edition of
for Statistics and Policy the report created the opportunities for European

MFA experts to involve Japan to international

Stefan Bringezu, collaborative efforts in this field.
) ) The main focus of international joint MFA
Full paper available: No studies, of which outcomes were published twice

The metabolism of the EU-15 was analyzefly WRI, was put on the development of indica-
to provide indicators on the volume and compdors and the comparison of their numbers/histori-
sition of total inputs and outputs, on the efficiencgal trends. The results were disseminated to
of resource use, and the balance of inputs aRtPader Japanese audiences through another
outputs was used to measure the physical growtigndated ‘White Paper’ on material cycles, of
of the economy. Three major results are of sp@hich first edition was just published in the sum-
cial concern for policy and future accountingner 2001. Akey phrase “mass-production, mass-
practices. (1) Resource requirements are incre&§nsumption and mass-disposal” is often used
ingly being shifted to foreign regions which lim-t0 characterize the society today with material-
its the value of pure (supra-)national accountitensive production-consumption pattern and
the use of Direct Material Input (DMI) as a proxyife-style. The nation- wide MFA meets the needs
for Total Material Requirement (TMR) will be t_o guantitatively describe the state of such situa-
discussed based on regression analysis. (2) Thi@é.
is a shift of outflows to the environment from Beside this mainstream of the nation-wide
deposition on land towards emission into the aMFA, there are considerable existing stock and
mosphere which reveals the limits of traditiondtiture potential of other inter-related studies;
waste accounting and policy. (3) The physicéhose on environmentally extended economic
growth of the technosphere represents an increfgut-output analysis, emission inventories of
ing threat to sustainability, and linkages are ré&reen house gases and other pollutants, waste
quired to land use accounts and managementPigvention and recycling indicators, consider-
all cases, results and interpretation critically détion of ‘hidden flows (or ecological rucksacks)’
pend on accounting conventions. Obstacles aMdthin life-cycle assessment, and so on.

possibilities for improved international harmo- However, there still remain many issues to be
nization will be discussed. solved. The most critical problem is data avail-

ability; in particular, poor availability for esti-
mating imported hidden flows. Institutional/sta-
tistical backing for data gathering and compila-

Lessons from Japanese MFA I . ;
tion is not sufficient. To meet the policy needs

Yuichi Moriguchi for MFA from waste prevention and recycling,
_ _ many detailed technical issues have to be dis-
Full paper available: No cussed. Disaggregation of MFA by industrial

Japan highly depends on imported natural réectors and by type of materials is another chal-
sources, which are often accompanied by envenging research subject, in order to link indica-
ronmental significance. Intensive import of tim{ors and policy measures for improving environ-
bers harvested from tropical rainforest has be#apental efficiency of industrial activities. If this
a typical issue. Japan’s participation to adisaggregation of MFAis made consistently with
OECD's pilot study on natural resource accoungéconomic input-output tables, it will provide us
ing in the beginning of 1990s was driven by suchith further opportunity of integrated analysis
context. On the other hand, material flow analyf material cycles and the economy. We may
sis/accounting (MFA) was studied mainly to realso have to learn from the experiences of analo-
spond to the domestic issues of increasing soli@us studies at more microscopic levels, such as
wastes. A schematic chart describing Japarigaterial flow cost accounting at a corporate level,
macroscopic material flow balance has been putaterial flow analysis within the Zero-Emission
lished on the annual ‘Quality of the Environmentinitiative.
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Industrial Symbiosis | biosis effective, which will propagate the eco-
logical benefits of partnership development

Building Partnerships for Sustainable

Development

- Sustainability in an Eco-Industrial Park
Phillip E. Barnes

_ Jane Powell
Full paper available: No

I L _ Full paper available: Yes
A model for symbiotic partnerships is built

through utilizing a geographic information sys- Lifecycle assessment has traditionally been
tem (GIS) database to design an ecological alry;:.ed to determine the environmental impacts of
proach to economic development. Based on RFPducts, but there has been a move to expand
open systems concept where organisms interd@tS concept to services such as waste manage-
with their environment and change according t&€nt. This paper will examine if it is feasible
external events or stimuli, planned economi@nd appropriate to extend the LCA concept even
development can be better controlled by utiliZHrther to assess the environmental consequences
ing tools that provide organizational leaders witAf @n eco-industrial park. This will also involve
information to measure the influence of thesgPNCepts such as eco-design, industrial ecology
events or stimuli on their ecosystems. and materials flow analysis. _

As living ecosystems, all organizations: gov- An eco-industrial park is a group of indus-
ernment, industry, NGOs, municipalities, interlries th_at_ sgek to maximise their use of_ resources
act in a dynamic environment. The organizgind minimise their impact on the environment.
tions feed, (input) produce waste (output) multThis is achieved thrOL_Jgh collabora_n_on and in-
ply (through expansion and growth) and diéer-company partnering. In addition to the
(mergers, takeovers, failing) Through sustainabfBinimisation of individual uses of energy and
planning and partnerships, the organization, Suepp\terlal_ resources, collaboration between the
as an industrial site or company operating withiZompanies can lead to closed loops of material
a community, can utilize technologies tgnd energy use. Whereapar'glcularwaste stream
strengthen partnership information flows, whicifloes not have a re-use value it may be used as an
enhance sustainable growth and developmen€n€rgy resource, recovering both heat and elec-

The GIS database model presented in thidCIty. .
paper demonstrates the effectiveness of partner-1his paper will introduce a new EC funded
ships in the development of waste exchangd¥0ject; to design an integrated industrial sys-
brownfield inventories, resource requirement$em for the optimisation of energy and materials
entrepreneurial development, and organize@" & néw eco-industrial park in Langhe, North-
communication flows. Shown on various scaled™ ltaly. The project includes the layout and
of networks, the database builds a foundation frilding design, the use of alternative building
decision-making that will benefit economic dematerials, the development of an integrated in-
velopment efforts within a defined area, e.gformation system, and the use of LCA and re-
municipality, county, state, region, etc. Iate_d methodologies to establish the environmen-

The GIS database model will accomplish thré@l impacts resource and energy flows and the
main objectives for sustainable development inflesign of alternative technologies.
tiatives: The main topic of this paper is if and how
1) Provide information necessary for proper suCA, and other related techniques, can be used

tainable development planning within identil" such a broad, hphstlc stu_dy. Can the various

fied areas assessment techniques be integrated and used to
2) Enhance entrepreneurial activity in regard tgetermine if an eco-industrial park can truly meet
abandon site redevelopment through busine$ mandate of sustainability?

incubators based on sustainable business de-

sign
3) Establish networks intended to create a sym-
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Building a New Eco-Park in Santa Closing the Loop

Perpétua de Mogoda (Catalonia)

System Modelling for Decision Support
in Industrial Ecology

Roland Clift, Warren Mellor, Elizabeth
_ _ Williams, Adisa Azapagic, and
In_dus_trlal ecosystems are theoretlcglly an a@ary Stevens
tractive idea, although not many practical cases
have been developed. This communication cohull paper available: Yes
siders the prerequisites to successfully transform __ . _ .
a already existing industrial estate into a This paperywll presen'@modellmg approa_wh
ecopark. Santa Perpétua de Mogoda is a city eveloped to inform decisions over the routing

cated near Barcelona that has several industrﬁglm‘.’ite”als thrOUQh asequence of different eco-
estates. In December 1998 the Municipality cofomic applications, over logistic systems for dis-
bution and collection, and hence over supply-

sidered the conversion of two of them (Can Rod . . .
and Urvassa) into an ecopark. During two year% an reIatlonghlps needed for the devglopment
an interdisciplinary scientific group from theOf the Industrial Ecology. The modelling ap-

UAB has been preparing the strategic steps 6°aCh - CHAi_n Ma_nagement of Products:
follow to achieve such change. The study h HAMP — combines L'fef Cycle Assessment and
two different parts: diagnosis and planning phasg©c€SS System Analysis. It has been developed

In the diagnosis, a forum in which the firms palj_n collaboration with a group of industrial com-
nies representing all parts of the supply chain

ticipated, and the educational target actiod¥ res .
played an important role. At this moment, th _nd potential industrial ecology for thermoplas-

elected politicians are evaluating the study ppolymers, from polymer perUCFIOﬂ throu.gh
decide its total implementation. ifferent products to end-of-first-life material

Some of the characteristic of this industridi"@nagement and recovery. .
estates are: at the present moment more than 1 _&HAMP .h‘?‘s been formulated so that it ap-
enterprises are installed there; most of them halees to individual materials, components an_d
less than 50 workers; the industrial sectors af@mplete p.rOdl.JCtS' The properties of a material
diverse; there are no major firms; the c:ooperé‘—t any point in the mdustrlal_ ecology are
tion and the knowledge among them are ve aracterlsed_l_ay a set of technical charac'ge_rls-
poor. So, at the beginning, it seems that these s termed utilities. The elements of the utility

not the best one conditions to apply the induector include intrinsic and extrinsic material
trial ecology. properties such as (for polymers) impact strength,

The intention of this communication is todensity and hardness. They also include geo-

present the methodology followed, the obstacl@taphical location; this enables distribution and

found, the relationships between the dif‘fererﬁﬁ”eCt('jOT ]Eo be 'nCIEded within the same over-
decision-makers, and to show that industrial ecg-~ model framework as processing operations.

logical principles can also be used with mediu ach actﬁvity within a system modelleq uging
and small enterprises. CHAMP is described by the changes it brings

about in the utility set of materials passing
through the operation and by its costs of opera-
tions and its environmental interventions or im-
pacts. The environmental effects are treated on
a life cycle basis by including the complete sup-
ply chains of energy and materials used by the
activity.

Routing of materials through the network
making up the industrial ecology is controlled
by acceptance gates which check whether a ma-

Xavier Gabarrell Durany and
Teresa Vicent Huguet

Full paper available: Yes
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terial is suitable for entry into any specific activimodel of waste treatment. Using the WIO we
ity or for routing to a possible subsequent activcan evaluate impacts of alternative product life-
ity. Where the material properties are unacceptycle strategies on the emission of waste includ-
able, it can be routed to another activity eithéng carbon dioxide, landfill consumption, and
by the investigator or automatically by the modetconomic activity such as sectoral output and em-
software. In this way a full model of the posployment.
sible industrial ecology can be built up to inves- The first life-cycle strategy we consider is the
tigate, for example, alternative scenarios, the efpen loop “material recycling” of the type rep-
fect of new processes or applications, angsented by the home appliances recycling law
whether specific processes or additives shut dffat was put into effect in Japan this spring. The
possible avenues for recovery and re-use.  second refers to “reuse” strategy where parts of
The CHAMP methodology has been used hyiscarded appliance (plastics) are reused in the
the industrial participants, and has led to redesanufacturing of new appliances, subject to the
sign of some products — and, in one case, deviatiplementation of design for disassembly
opment of a new product — and of a major logigbFD). The major difference between the two
tics system for recovery and re-use of contaistrategies consists in the way recovered plastics
ers. The combination of material processing arade used, and in the efficiency of disassembling
logistics within a common framework has provegrocesses. Under the recycling strategy, the re-
to be particularly valuable. covered plastics are mixed and of law quality
The approach is now being extended to thehich could be used as reduction agents in steel
most widely-used metals. Essentially the sarmeaking, but not as materials for appliances. The
framework is used, but with some differences duhird strategy is concerned with the extension of
to the longer service lives of metals in applicggroducts life by increased maintenance and up-
tions other than packaging. dating efforts. We find that both the reuse and
maintenance & updating strategies outperform
the recycling strategy in terms of environmental

Evaluating Alternative Life-Cycle impacts (carbon dioxide and landfill consump-

Strategies for Electrical Appliances by tion), whereas the latter could have significant
Waste Input-Output Model negative impacts on the economy conditional on

the relationship between the reduction in the de-

Shinichiro Nakamura and mand for new products and the increase in the

Yasushi Kondo demand for maintenance service. Reuse turned
out to be effective in reducing both landfill con-

Full paper available: Yes sumption and CO2 emission without significant

Impacts of three alternative life-cycle strate Ve effects on the economy.

gies for electrical home appliances on economiReferences:

activity, waste emission, and landfill consumpl) Nakamura, Shinichiro: Input-Output Analy-
tion are analyzed by use of the Waste Input Out- Sis of Waste Cycles, First International Sym-
put Model (WIO) [1]. The WIO table (the data- POsium on Environmentally Conscious De-
base for WIO model) is an accounting system sign and Inverse Manufacturing, Proceedings,
that integrates the conventional Economic Input- |IEEE Computer Society, Los Alamitos, 1999,
Output (EIO) table with the inter-sectoral flow PP-475-480.

of waste via emission, treatment, recycling, and

final disposal. The current research is based on a

WIO table for Japan for 1995 that comprises ofhe Economics of Downcycling

80 industrial sectors, 30 waste types, and 3 waste )

treatment processes. While the WIO model @anilo Pelletiere

similar to the EIO model in many respects, th . )

former is fundamentally different from the IatterEUII paper available: Yes
in its observation of material balance of waste, The downcycling of goods, materials and en-
and in the integration of engineering systerargy from their highest to lowest use after pro-
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duction and prior to disposal is an important elvork and Implementation, by B.R. Allenby
ement of industrial ecology. There appear to H@rentice Hall, 1999). This is augmented as nec-
many instances where what no longer has valessary by articles from journals, magazines, and
to one consumer or process has value to anothewspapers.
It is the belief that such transfers can be carried While Industrial Ecology has only been given
out economically as they occur in natural ecaver the last three years, it is based on integra-
systems that drives much of the research in itien of academic areas with a much longer de-
dustrial ecology and related fields. What can ecwelopment at Delft University. These include: risk
nomics tell us about downcycling? How doeanalysis; science, technology and society stud-
economics explain why downcycling that mightes (STS); didactics; and sustainable technology.
appear “economical” does not occur? This pdhe first three have been developing for 25 years
per will provide a basic review of the economicer more at Delft. Risk analysis is largely techni-
of downcycling and how it might explain thecal; STS-studies stress critical examination of
apparent failure of economically efficient econosocietal basics, like institutions and worldviews.
mies to be resource efficient. The first part dDidactic studies stress good teaching methods.
the paper provides a treetops overview progresEie last area, sustainable technology, goes back
ing from a discussion of how downcycling doesnly four years. While it also incorporates ele-
not occur under orthodox economic assumptiomsents of the first three areas, it concentrates on
through the various types of market distortionsustainable design - what this is and how to
in which it might emerge, including transportaachieve it.
tion costs, spatially heterogeneous factor distri- The organisation and content of the course
butions, imperfect information, the presence dbllows largely from Allenby’s book. But, as
distortionary policies, and fundamentally differnoted above, this is augmented firstly with lec-
ent perceptions of human behavior. The secomtates and literature critical to the concept of In-
part of the paper provides an illustration of howlustrial Ecology, or certain applications (e.g.
these factors come into play in the internation&arth-scale engineering) and, secondly, by more
trade in used automobiles. This paper is basddtailed literature when deemed necessary (e.g.
on on-going dissertation research. external costs; risk; complexity). Important to
note is that, with the exception of some intro-
ductory lectures, the students give the lectures
: themselves and direct the group activities per
Tecnmcal ngram "I sitting. Students wind up the course with a short
essay applying the principles of Industrial Ecol-

Education ogy to a practical problem, like automotive trans-
port. Student-teacher interaction is intense and

Practical Experience in Teaching occurs largely as between equals.

Industrial Ecology to International We have good experience in teaching Indus-

. trial Ecology this way. Our engineering students
Students at a European Technological find the basic concepts of Industrial Ecology, as

University presented by Allenby, easy to understand, even
Saul M. Lemkowitz, Geert H. Lameris,  though they find the book challenging to read
and Gijsbert Korevaar (being non-native speakers reading a book writ-
ten by an American lawyer). More importantly,
Full paper available: Yes they become enthusiastic about their own study
by grasping that Industrial Ecology integrates
Industrial Ecology has been taught annualljheir technical discipline (e.g. chemical or civil
at Delft University of Technology as a separat@ngineering) into a ‘holistic’ approach for achiev-
introductory course since 1999. Itis a small (2-Bg a more sustainable world - this without pre-
credit points) elective course given in English tgenting a trivialised picture of technology as, in
international under- and graduate students usirgself, the great techno-saviour of humanity.
as basic text, Industrial Ecology: Policy Frame- But problems remain. Chief amongst these is
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that while students find the principles easy teponses. Ecologically desirable transformations
understand, applying them to a practical examphaight cause material and as well as social con-
is anything but simple. Good case studies woufticts. To manage those difficulties “structural
greatly facilitate teaching. ecologisation” provides a corresponding plan to
Based on our experience, we discuss effeeeological modernisation. It acts upon a macro
tive and critical teaching of an introductorylevel within fields like economy, sciences, poli-
course on Industrial Ecology to university stutics and education, bases on the idea to modify
dents from different engineering disciplines, inthe perceptions and the interpretations of envi-
cluding plans for improvement. ronmental values in general, and works broadly
and enduringly problem preventing. The two
domains represent the fields of industrial ecol-

Industrial Ecology Curriculum at ogy as well as industrial ecology invite research-

NTNU - An Interdisciplinary Approach ~ €rsto combine projects from natural sciences and
technologies on one hand with projects from

Martina Maria Keitsch humanities and social sciences on the other.
Industrial Ecology is implemented on differ-
ent education and research levels - from the be-

The Norwegian University of Science andjinners’ phase up to Ph.D. studies and Post-doc-
Technology is the second largest university itoral inquiries. The PhD. Course: “Industrial
Norway with 18.000 students. For the main prd=cology - theoretical and methodological ap-
file is technological higher education and reproach to multi-disciplinary research” considers
search, NTNU intends, however, to be a univethat students, working with sustainability and
sity of technological and societal correspornindustrial ecology, often come from different dis-
dence. Thus, particular programmes are dediplines. In their PhD thesis the students are asked
cated to interactions between technology and integrate theories, ideas and methods from
natural science on the one hand and humanitiesveral areas in their work. The course shall make
and social sciences on the other hand. The fiive students capable to understand, analyse and
dustrial Ecology Programme is one of the maicombine those unlike perspectives, while they
concepts to realise multi- and interdisciplinaritfocus on their particular case. The course should
at NTNU. It started in 1993 supported by Norskirstly give support to develop an individual re-
Hydro and in fellowship with MIT and was for-search design for the students’ concrete case.
mally launched in August 1998, as a comprehe8econdly, it should advance the interaction be-
sive and long-term interdisciplinary programmetween the “Two cultures” -a goal which is inher-

Characterising the industrial ecology curricuently tied to the concept of industrial ecology.
lum and research at NTNU can be illustrated by
sketching out two domains. The first called “eco-
logical modernisation” concentrate on the micr

: "CT'® nvironmental Issues in Manufacturing
and meso level - it seeks to order and optimi

e . .
operations on specific sectors like for exampl%?r Engineers: An Interdisciplinary
product design, product use, cleaner productiofrourse at Northeastern University
sust_amable energy use, waste minimisation aﬁgcqueline Isaacs

environmental management. However, ecologi-
cal modernisation marks not an isolated strategy,|| paper available: No

but acts in a wider frame. Itis influenced by ques-

tions such as: “How to satisfy the needs of the Incorporation of interdisciplinary courses that
present without depleting the achievement of thgldress environmental and economic issues in
needs of future generations?” The answers poifiaterials processing into an engineering curricu-
straight to social issues, as companies and cdum brings a necessary component for fostering
sumers actions and clearly implicate prescriptivigroader perspectives for students. Students must
and normative dimensions instead of merelge given opportunities to develop skill sets (e.g.,
empirical, technological or economical reeffective communication, critical thinking, infor-

Full paper available: Yes
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mation literacy and interpersonal skills) thaand the development of decision analysis tools
stimulate life long learning, especially with reto weigh the tradeoffs in technical, economic and
gard to the new ABET 2000 accreditation criteenvironmental performance. To stimulate class
ria. These skill sets become enhanced for udiscussion, visiting lecturers from industry give
dergraduate and graduate students who partioiverviews of issues as seen from their perspec-
pate in courses that involve active learning itive. During the course, students assess alterna-
teams and case studies. tive materials used for beverage can manufac-

Case methodology in research has long bearre, using technical cost models and LCA com-
lauded as an effective method for rigorously agharisons. Difficulties associated with environ-
dressing research hypotheses. Application afentalimpact assessments, and the development
these methods in teaching encourages studeotglecision analysis tools to weigh the tradeoffs
to ask how” and “why” questions on their ownin technical, economic and environmental per-
By addressing these questions using a case-bak®dhance are discussed.
method of instruction, students must apply and On overview of the course will be presented,
hone their critical thinking skills, e.g. definingalong with an assessment of the past four offer-
issues, using sound reasoning, and making deitigs of the course. Students in mechanical, in-
sions. Interactive interdisciplinary courses offedustrial, civil and chemical engineering have
an essential route to fostering and raising thgarticipated in the course, offering interesting
environmental literacy of undergraduate angerspectives to discussions. Group presentations,
graduate engineering students. class participation, quizzes and written reports

Environmental issues are not usually “cut angrovide means for student assessment.
dry” problems with simple answers; rather, these
issues are interconnected with many other as-
pects, including technological and economic coeducation: Industrial Ecology through
straints. An opportunity to debate these issuafe ens of Product Design
exchanging knowledge and points-of-view on the
repercussions of various engineering technolé&nn Thorpe
gies and design choices, is a valuable addition
the engineering curriculum.

The course, entitled “Economic and Environ- We've often heard it said that a product de-
mental Issues in Product Manufacturing”, is ofsigner shouldn’t have to become an environmen-
fered both as an upper-class technical electival scientist. Rather, the designer must be able to
and as a graduate course in the Departmentayk the right questions. This paper argues that in
Mechanical, Industrial and Manufacturing Enerder to contribute to industrial ecology, a de-
gineering. In this course, students explore enwigner does in fact need to become an environ-
ronmental and economic aspects of differemhental scientist, in the same way that product
materials used in a product throughout the lifdesigners must become ergonomic specialists,
cycle and are introduced to concepts of indusaarketers/psychologists, manufacturing engi-
trial ecology, life cycle analysis and technical costeers and artists. These latter four are the tradi-
modeling. Students, working in teams, analyz#nal areas of knowledge for product design. We
case studies of specific products fabricated useed to add a fifth area of knowledge:
ing metals, ceramics, polymers and paper. Bustainability.
these case studies, students compare cost, energBy “knowledge of sustainability” we mean
resources used and emissions generated throagghunderstanding of three inter-related systems—
the mining, refining, manufacture, use and disyatural, cultural and economic. The paper argues
posal stages of the product life cycle. Studentisat designers need this framework as a basis for
debate issues in legislation — manufacturer takenderstanding and then contributing to industrial
back, packaging, ecolabeling - and issues in diseology.
posal strategies - landfill, incineration, reuse and The paper profiles two case studies that illus-
recycling. They also examine difficulties assotrate how this framework can be integrated into
ciated with environmental impact assessmentsesign education. The first case documents how

IE%II paper available: Yes
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sustainable design can be put into a “speciahd estimation systems which provide planning
event” class within a traditional industrial desigralternatives to cover wide range of urban man-
curriculum in the US context. In this case thagement tools such as spatial management, en-
students were not asked to become environmeargy supply management, transportation manage-
tal scientists. The second case documents timent, and material resource management, as well
current and ongoing effort to integrate this news provide objective estimation indicators for
area of knowledge throughout the curriculum inrban utility and environmental impacts.
a BA (Hons) product design course in the UK, After various planning concepts and imple-
where students are asked to learn principles wfentations are surveyed such as compact city
environmental science and use scientific conceptgeory, sustainable development and its applica-
to develop and evaluate sustainable design ptn for urban management, planning alternatives
posals. for a century- long urban environment manage-
The paper explores the possible role for derent are firstly proposed. Alternative planning
signers with respect to industrial ecology, sugptions for a long-run urban management are
gesting that young designers who are currenttiiscussed organized. They constitute of those in
being educated could have more leverage givepatial management business-as-usual type spa-
the proper tools. In addition, the paper addressta control which allow sprawl development in
issues of assessment, teaching tools, and theripheral areas, mono-centric compact city type
problem of finding the right expertise to buildcontrol, and multi-central compact city type con-
the class or curriculum. trol schedules. Practicality and conditions to
implement those options are also discussed.
Other option categories include those for energy
Sustainable Cities/Tourism supply system, transportation system, and mate-
rial resource management system, namely re-
cycle centers for building wastes. Relationships
among different management options are inves-
) i tigated and combination of management options
Sustainable City are brought as the strategic management sce-
Tsuyoshi Fuijita and Tohru Morioka nar?os. Indicato_rs to compare the different sce-
narios and options are discussed and eco-effi-
Full paper available: Yes ciency estimation process is proposed scoping

. . n carbon dioxide and solid wastes as primar
The relationship between urban form an P y

tainability | f1h ; ¢ ctors for environmental impacts.
Eufhafma Ibl y |s|one N edmos - urgen (;olnceirns Secondly, land use patterns for Osaka City are
oth forurban planners and environmental poll rojects for one hundred years from 2000 based
makers. Decades of growing urbanization in t

20th cent hich h bled Ve ind the existing locational data of buildings and
Vth century, which have enabled massIve NAUga;r gy ration period functions and environmen-
trial accumulation as well as continual intra an

| impacts for different scenarios and options

Integrated Urban Planning and Estima-
tion System for Recycle Oriented

gible an(_j _intangible environmental costs n(_)t Onlé(nd solid waste recycling are improved by stra-
for the cities themselves but the surrounding 'gic down zoning in suburb areas (2) This sys-
gions as well as the nation and the global enyls, .5 pe applied to future urban environmen-

ronments. tal planning such as estimating environmental
While several plans and concepts have be rastructure’s efficiency or comparing land de-
proposed such as growth management, Susm\'/%]oping alternatives.
able planning, compact city, or industrial sym-
biosis, those concepts need to be defined from
implementational planning and policy perspec-
tives in order to identify the appropriate urban
management strategies for a long run. In this

paper, authors attempt to establish the planning
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Tourism and Environmental Impacts: A  tal improvement, and the extent to which large-
Look at Sustainability scale implementation of these strategies would
affect the industry as a whole, both environmen-

Christine Ng, Katie Bergman, Caroline  tally and financially.
Graham-Brown, Rodolfo Farber, and
Arpad Horvath
Urban Energy Metabolism: Framework
and Case Study

This paper looks at several of the environmen- ) ]
tal impacts that tourism has on the environmer¥larc Melaina and Gregory A. Keoleian
As thg definitior_1 of tourism is n_on—triyigl, we paper available: Yes
examine the various ways that this definition has
been addressed, enabling us to distinguish be-a comprehensive framework for measuring
tween several different types of tourism. Aftethe energy metabolism of an urban community
formulating our definition, we apply it to ouris developed using tools of industrial ecology.
analysis of tourism in the U.S. and the Europeamergy flow analysis, material flow analysis and
Union. We then determine the dimensions affe cycle energy analysis are used to construct
tourism’s impacts, focusing mainly on the iman integrated model for measuring energy me-
pacts on infrastructure. Data are obtained frombolism. While previous models have captured
various sources and applied to the hotel, restatie inputs of energy resources in the form of com-
rant, and transportation sectors. Conclusions affercial fuels, they tend to disregard the embod-
drawn based on an analysis of four categorieigd energy associated with goods and services
energy use, water consumption, emissions, apgbssing community boundaries. The embodied
waste generation. However, the scope of thiwergy of goods and services imported by a com-
paper is to understand the implications and linunity accounts for the material production and
its of sustainable tourism through the deV8|Opnanufacturing energy requirements that often
ment of a detailed model using specific data fro@ccur outside the boundaries of the community.
the four categories. Life cycle energy analysis can be used to mea-

The aim is to arrive at a set of criteria that cagure this upstream energy consumption. The
reduce the impact of tourism on the environmerftamework accounts for the embodied energy for
and hence improve the sustainability of the inmaterials as well as the total fuel cycle of energy
dustry. We evaluate tourism’s contribution to toresources imported by a community, including
tal energy use, water consumption, emissiongxtraction, processing and distribution processes.
and waste generation in the U.S. and the E.Ujodeling challenges discussed include system
and we compare this to its contribution to thBoundary definitions and allocation rules. This
economy, measured by the gross domestic pragamework is also compared with more general
uct (GDP). Even having limited our analysis t@netabolism studies from systems ecology as well
primarily the lodging and transportation sectorss other studies of urban metabolisms.
we find that both U.S. and European tourism are The case study characterizes major energy
responsible for a greater share of domestic Wiows through Ann Arbor, Michigan, a city of
ter consumption than their share of their respegi14,000 residents in the United States. Four
tive country GDP. Our analysis serves as a lowefajor energy flows through the city are quanti-
bound estimate of environmental impacts, arfied for the year 2000: transportation fuels, elec-
water consumption stands out as the most sigicity, natural gas and locally produced renew-
nificant problem. While tourism’s energy useable fuels. These flows contribute, respectively,
emissions, and waste generation do not demag-approximately 29%, 35%, 36% and 0.2% of
strate a disproportionately large share of the teptal primary energy use associated with the city
tal, inclusion of more recreational and travel agf Ann Arbor. These flows sum to approximately
tivities is required to make this analysis conclugs.4 PJ (peta = 19 of primary energy per per-
sive. This paper includes a discussion of the towon. The flows support six major energy sectors:
ism industry’s current approaches to environmef-ansportation, commercial, residential, indus-

Full paper available: No
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trial, municipal government and the Universitysystem changes as often advocated by the field
of Michigan. These sectors contribute, respeof Industrial Ecology.
tively, to approximately 35%, 21%, 25%, 6%, Inthe Netherlands a new concepts has recently
4% and 9% of energy use within the city. come up in policy discussions. Itis called ‘Tran-
This study also examines energy use assosition Management’. Transition management
ated with several major material flows, includaims to support a transition from one dynamic
ing automobiles, construction materials, foocgquilibrium to another. The transition is the re-
and water. While data availability for embodiedult of several coupled technologic, economic,
energy of goods and services is limited, an ereologic en social processes. Examples of po-
isting mass flow analysis for the city is used ttential transitions are the shift to sustainable en-
estimate the significance of this component relargy systems, the shift to sustainable production
tive to fuel and electricity consumption. For exand consumption systems, and the shift to sus-
ample, a recent life cycle assessment for the Ut8inable agriculture in The Netherlands.
food system by the Center for Sustainable Sys- The basic ideas behind transition management
tems indicated that the average primary energg/that long term thinking will be used to influ-
consumption is 42 GJ/capita/year. This valuence short term decisions, it is focused on creat-
encompasses agricultural production, transpang learning processes, the aim is to reach sys-
tation of raw and processed products, food preem changes (innovations, steering is done in
cessing, packaging materials, food retail, conterms of multi-level and multi-actor networks, it
mercial food service and household storage aaims to keep the playing field open to prevent
preparation. It was assumed that the energy udedk in of sub-optimal technologies.
for food retail, commercial food service and At Utrecht University we have studied this
household storage and preparation occurs withébstract concept and translated it into specific,
the community. According to this energy allocadown to earth roles that governmental and inter-
tion, the embodied energy of the food crossingediary organisations can play in order to be
the Ann Arbor city limits is 2.8 PJ, which is eighteffective in transition management.
percent of total primary energy consumption as- In our paper we will explain this concept fur-
sociated with fuels. ther, state the roles that governmental and inter-
Total energy use for the Ann Arbor metabomediary roles can play and we will explain how
lism is analyzed in terms of greenhouse gas pritvis concept may influence environmental policy
duction and energy use per capita income. Theaking.
results of this urban metabolism study are com-
pared with regional and national energy use pat-
terns as well as other studies of urban energyansition Management
metabolisms from around the world.
Derk Loorbach and Jan Rotmans

General Policy Issues Full paper available: No
In our modern society we are confronted with
“Transition Management” in The complex and structural problems. Especially in
Netherlands the field of environmental and ecological issues,
) this complexity is manifest. Because traditional
Marko Hekkert, Ruud Smits, and political and scientific approaches towards these
Harro van Lente complex issues fail to address all facets of this

complexity, we have to find new and interdisci-
plinary ways to define and address these prob-
To reach desired environmental goals, londems. Based on the concept of transitions as so-
term environmental policy is needed. The prolzietal transformation processes with determin-
lem with most environmental policy efforts isable characteristics, the concept of transition
that they are strongly focused on the short terrmanagement provides a framework for policy-
This type of policy is often not effective to reacimakers as well as societal actors in which they

Full paper available: No
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can work together towards possible solutions.tice of policy-making that it would be undemo-

In the view of globalisation and increasingratic and that there is no ground for legitimiz-
interdependencies amongst societal actors wey of the interactive policy-making practiced,
have to address complex issues from far example, by the European Commission.
multidisciplinary point of view and be aware of
the interrelations that exist between, for example,
the fields of economy and ecology. On a Sma"‘ffong—term Energy Efficiency Agree-
scale, this multidisciplinary approach also pre-

supposes the interaction between economicgl‘ents Between Dutch Industry and

ecological, societal and political actors. Thuszovernment

policy-making in general has to consider thes?on van Dril and Leon van der Palen
features of modern society. Our proposed con-

cept of transition management as a policy-ofull paper available: No

tion to address structural and complex problems

is primarily based upon the notion of multi-ac- With the start (.)f a new round of Ion_g_term
tor, multi-domain and multi-level interac:tions."’Igreements with industry on energy efficiency,

We state that because of these interactions polié e Dutch government has introduced the option

makers have to develop policies in collaboratio ! Improving energy efficiency in prpductlor)
with the relevant societal actors. chains. Companies can now be credited for in-

novations that save energy elsewhere, outside

The recent agricultural crises and the grow-I t limits. Th . i includ terial
ing concern with the (over)use of energy rliantimits. 1NESE innovations inciude materia

sources in modern society are triggers for strugffiCienCy and sub_stitution, energy 56?‘"”95 in Fhe
tural societal transformation processes and op Re phase of their produqt, exte_ndlng the_hfe-
up options for policy-makers that were until no me of components and improving recygllng._
unrecognised. We argue that by constructing i his research on pr_esent experiences with this
terdisciplinary networks we can formulate IongfEype of energy chain [management focuses on
term goals from which we derive short-term aCl_mpIe_me_ntatlon within - the company
tions. In order to really manage such transitioﬂrgamsaﬂon' Resgarch has been done on the pa-
processes diverse tools have been developed sBSﬁand mete}l cha_ln. LTA-efforts up to now have
rong engineering focus on energy equipment

as network- and actor analysis, the facilitatiof} >
ySIS, thin the company. A broader scope of energy
iciency in production chains requires specific

of interactive and participative processes, the u‘%ﬁ
2 orts from sales, purchases and design depatrt-

of scenario’s and models and so on. The pap
rgfents, and a firm commitment from company

will specifically address these policy-options o
transition management and thus the relevanc g
g ymanagement. The findings are that there are sur-

LT;E?nn:rigﬁ Egglﬁ)g;lcy—makmg inthe field of en_prisingly few technological barriers for imple-

The focus of the research presented in tﬁgentation, but a firm poli_cyir_wen_tive ar_ld know-
paper is on the concept of transition managemeﬁfj.ge of energy accounting is still lacking.
The main objective of this research however is
to make these ideas applicable to the practice [f
policy making. Based on the transition concepﬁfe CUCIE Assessment Cases
we have to change the way in which we define
societal problems and the way in which we conFhe Ecological Footprint of a Mobile
struct solutions for these problems. By combirPhone
ing different observations and options, linked to ) ) .
everyday policy-making (interactionism, multi-Sibylle Frey, David J. Harrison and Eric
level governance) we can construct a theoretiddl Billett
framework which allows us to structure and or: . .

. ) : Full paper available: No

ganize policy-making processes. The thus struc-
tured, goal-oriented and multi-actor transition The Ecological Footprint (EF) is a conserva-
process overcomes criticism on the current prative estimate of human pressure on global eco-
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systems and has often been suggested a8 Wackernagel, M., Callejas, A. Deumling, D.
sustainability indicator for the human impacton (2000). World of EF-1996-sumaries-
Earth [1]. The EF represents the total productive WWF.xls. http://www.rprogress.ag/ef/
area of land and water ecosystems required to LPR2000/. Redefining Progress, USA; Cen-
sustain the resources, wastes, and emissions of dre for Sustainability Studies, Mexico.
population wherever that land may be located. Frey, S.D,. Harrison, D.J,. Billett, E. (2000).
The world’s EF changes proportionally with glo- Environmental assessment of electronic prod-
bal population size, per capita consumption, and ucts using LCA and ecological footprint. In:
intensity of the used resource technologies [2]. Joint International Congress and Exhibition.
Traditionally, the EF has been applied to global Electronics goes green 2000, Berlin, Ger-
or other geographic levels. many, 11-13 September 2000. 253-258.

In this paper, we will discuss how the EF can
be applied to electronic products. Based on life
cycle energy assessment methodology, we usgfleening of the lvory Tower
a bottom-up approach to estimate the
bioproductive space needed to appropriate tidomas Gloria and Greg Norris
resources and emissions of a mobile phone. For : .
the direct land use, the methodology inF():Iudes e'gy" paper available: Yes
timates from the density of materials, size of ore Purchases by US colleges and universities
bodies, overburden, and biomass accumulaticexceed $60 billion annually. This research dem-
As electronic products contain a wide range afnstrates the capability to identify which of the
materials including precious and rare earth matearly 500 categories of college and university
als, we have made statistical estimates regagirchasing activities reported by the US Bureau
ing the energy and overburden arising from exf Economic Analysis (BEA) carry the greatest
traction and processing. For indirect land usehare of direct and upstream environmental life-
fuel specific carbon sequestration by forests amgcle burdens related to climate change for the
estimates for the oceans’ carbon absorption caverage US university, and for specific universi-
pacity were included. We also use area as a singjiss on a case-by-case basis.
indicator to make our results comparable to the The contribution of emissions from upstream
world-average bioproductive space of 1.92 hegbroduction activities can be enormous. In a re-
ares per person based on 1996 data or 1.89 heet investigation of the nearly 500 sectors of
ares without sea space [3]. The results will givilae US economy the following surprising results
a snapshot of a mobile phone’s demand for ecaere found:
system services. Our previous estimates [4] sug- for a majority of sectors, upstream emissions
gested that the EF of a PC is about 9 per cent ofexceed direct emissions;
the terrestrial area of a world-average citizem, for many sectors upstream emission are 5-10
which is probably underestimated. Although the times direct emissions; and,
results of this case study are a crude approxinra-the largest sector in terms of upstream emis-
tion, they indicate the magnitude of human ap- sions is the construction sector with upstream
propriation of ecosystems by a single product. emissions 5 times its direct emissions.
References: This effort is an initial step to build collabo-

1 Wackernagel, M., Lewan, L. BorgstdmrationamonguniversitiestocoIIectivermeasure

Hansson, C. (1999). Evaluating the use Jipeir environmental burdens. The approach will
natural cr;lpital with the ecological footprint.a”c’w universities to determine a comprehensive

Royal Swedish Academy of Sciences. Ambid’€nchmark to measure improvements over time,
28 (7) 604-12. critical in the process to prioritize long-term strat-

2 WWE- World WildLife Fund For Nature €9i€s. Further, the results of this method would

(2000). Living Planet Reporthttp:// assist universities in establishing purchasing pri-

anda.aw/livinaplanet/loroo/download. cfm orities to e_ffectlvely reduce enwronm_enta! harm.
panca.qgilvingplaneliprobrcownioad.cl There is an urgent need for universities to

educate future generations of environmental lead-
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ers that will affect policy decisions on climaténg, discrepancies that cannot be explained by
change. The path to learning and civic engagtte uncertainty connected to assessing an emerg-
ment begins with keeping your own house iimg technology alone. These discrepancies affect
order. Professional and personal commitment the affordability and eco-effectiveness of FCV.
higher education will be motivated by first han®ur analysis suggests that a more careful assess-
understanding of environmental issues in eachent especially of the hydrogen production is
institution’s decision-making. By fostering stew+equired. Even using the most optimistic num-
ardship and transparency, institutions of highdrers in the literature, however, a fuel cell based
learning are better equipped to lead and inspit@nsportation system will not bring the required
others. reduction in CO2 emissions to compensate for
increasing demand unless a CO2-free source of
hydrogen is employed. CO2 capture in fossil fuel

Hydrogen Production and Fuel Cell based systems and electrolysis powered by re-

Cars: A Life-Cycle Assessment newable electricity are two options investigated,
but both are resource intensive. Significant in-

Edgar Hertwich and Anders Stromman  creases in the material intensity and the energy

intensity of the infrastructure, both of the vehicles

and the fuel supply, suggest that a fuel cell/hy-
Fuel cells promise clean energy conversiofifogen transportation system is not the silver

for small scale power plants and mobile systemullet promised by some. Local air pollution,

They are more efficient than combustion engindgimarily particulates, NOx and VOC, will con-

or turbines and avoid generating combustion by’nue to be the main drivers for the introduction

products such as PM2.5, hydrocarbons, and théf-fuel cell cars as “zero emissions vehicles.” Our

mal NOXx. Their fuel, hydrogen, does not conanalysis suggests that fuel cell cars are indeed

tain sulfur or heavy metals. The hydrogen fowvorthwhile pursuing. Their environmental ben-

fuel cells can be produced through a range 6fit, however, may not be as large as advertised.

processes, including steam reforming of foss@ther strategies, aimed at reducing mobility and

fuels and electrolysis of water. Hydrogen can b#hifting demand to collective transport, need to

produced on-board from gasoline, natural gakg pursued in parallel.

or methanol, or in stationary plants. We have

conducted a preliminary assessment of fuel-cell

vehicles (FCV) and compared it to gasoline-powndicators

ered internal combustion engine vehicles (ICEV).

We included only direct hydrogen FCV becauslﬁ

Full paper available: No

the literature shows that methanol or gasoli ustainability Spaces: A New Concept to

FCV have a lower energy efficiency. Because ¢valuate Development Using Indicator
this lower efficiency and the emissions of COBYstems

and other pollutants, methanol or gasoline FC&Iaudia Binder. Arnim Wiek and
offer no clear environmental benefits over cu !

ting edge ICEV. tl\/larcus Fenchel

Our assessment based on published data )| paper available: Yes
dicates that hydrogen-powered fuel cell cars are
indeed environmentally advantageous, primarily This paper develops the concept of
because of the reduction of air pollution in highlysustainability space” based on indicator systems
populated areas. Cost projections, although uier evaluating development within defined sec-
certain and contingent on some technologictdrs. Currently, to assess development, indica-
breakthroughs, suggest that these pollution rers are collected and evaluated individually and
ductions increase the cost of driving somewhapymmarized in indicator lists, divided into eco-
but they are affordable. We have found signifilogical, economic and social aspects. Indicators
cant discrepancies in published data for botften interfere with each other, leading possibly
hydrogen production and fuel cell manufactutto contradictory results. That is, while one indi-
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cator reflects a positive development, anothéndicators for Eco-efficiency in Recy-
might mirror a negative one at the same time. fing Systems

simple example is increasing economic growth

and decreasing environmental quality durindrne Eik, Helge Brattebo, Bernt
certain periods of economic growth. Not conSaugen, Havard Solem, and

sidering the relationship among indicators coulgplveig Steinmo

lead to a long-term degradation of the stability

of the anthroposphere (defined here as the sph&tél paper available: Yes

of human-environment interactions, covering |, order to obtain an industrial ecological flow
ecological, social and economic aspects). It & material and energy in societies recycling of
thus questionable whether the current pracligeq products and materials is an important strat-
of gathering data to monitor these indicators 'Qe‘gy. However, to justify a further growth in the
dividually is sufficient and appropriate t0 SUPtecycling rate for some materials and products

port decision making to reach sustainable devehere is a need for improved environmental- and

opment. ) " economical performance in recycling chains.
To achieve sustainable development, itis nec- o concept of eco-efficiency was introduced

essary to consider the effects of one indicator @y the \World Business Councils on Sustainable
the others; i.e., applying a systemic perspectivgeejopment (WBCSD) in 1992. Since then it
Indicator systems, in contrast to indicator list§,,¢ pheen widely adopted among companies to
pursue this goal. Based on the understanding gk asyre and improve the value added per prod-
the dynamic interrelationships within groups of,.t or service while progressively reducing the
indicators, we identify the type of interferenceynyironmental influence per product or service
among indicators, classifying itinto neutral, Syng, the market. However, emphasise has until now
ergistic and antagonistic. Note that the type ﬁﬁainly been put on the main production stage
interference is likely to change overtime. 5.4 5 some extent the user stage of products or
Based on these indicator systems we inf@gices not on the end-of-life stage where re-
duce the concept of "sustainability space”. 4y cling is one important option. In this paper,
sustainability space” is developed by identifyiyhich is a result of the case-study “Eco-effi-

ing “sustainability ranges” for_each indi_ca_tor irbiency in recycling systems for plastic packag-
dependency of the other indicators within thg, ,» within the Norwegian research program
system. The ranges are estimated with a varigi,q,ctivity 2005-Industrial ecology, we have
of methods including inter-, and transd|SC|pllne_lr}gevemped three categories of indicators that
methods, for example the concept of ecologicglqid be applied by decision-makers to evalu-
threshold, expert interviews, system dynamicgse and improve the eco-efficiency of recycling
etc. The “sustainability space” shows the effedy stems. The general applicable indicators
of one indicator on the other indicators withi GAls), which we have developed to be total net
the system. Thus, it permits to assess trade-o Ssts, amount of material recycled, CO2-emis-

of development strategies. Taking the simplg,ns and energy consumption in the defined
example mentioned above, it might be appropr;

h ) iod ¥stem, can be used to measure the eco-efficiency
ate to overuse the environment over a period gf 5| kinds of recycling systems. In addition, if
time to increase income, which, in turn, coul

; . . ) eeded, the system specific indicators (SSIs)
be and often is used for improving environmery, |4 e developed for the particularly system
tal quality. First, income is traded against envisnaysed. GAIls and SSls are the overall system
ronmental quality and then vice versa. Thg,gicators for evaluating the eco-efficiency per-
s_u_stalnablllty space” is a tool for early recodzqrmance of the whole recycling system. The
nizing these trade-offs and therefore could sutqr specified indicators (ASIs) should thereaf-
port the designing of policies for sustainable defér be developed for each of the most involved
velopm(_ent. . ctor in the actual system to identify their con-
_In this paper we will apply the concept Ok tion potential to the performance of the over-
sustainability space” to the case of agriculturey system indicators. We have developed indi-

cators within the three categories and applied
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them to measure the eco-efficiency of the recyieed to be able to say something about less count-
cling system for plastic packaging from houseable phenomenon, phenomenon of a more quali-
holds in the municipality of Trondheim, Norway.tative nature. Such phenomenon are often de-
Due to steadily improved sorting in householdscribed and evaluated by text and therefor re-
and at the central sorting plant the eco-efficiengyorted in less absolute terms than countable phe-
has increased from 1999 to 2001. However, ttomenon. An example of a qualitative indicator
compete with the option of incineration withfor a company’s environmental profile could be
energy recovery we have shown that there istlle employees’ attitude toward environmental
need for further technological and organisationésues.
improvements in the recycling chain. We have With the risk of being too categorical, we will
developed three recycling scenarios with differargue that the quantitative-qualitative dichotomy
ent technological and organizational options and reflected in the tripartition of sustainable de-
thereafter evaluated the eco-efficiency of theseelopment. Environmental and economic issues
scenarios. The evaluations show that recycliraye mostly reported in and measured along quan-
of the plastic packaging from households in cititative scales. Social issues could also be evalu-
ies is a future solution from both an economicakted along quantitative scales (like e.g. systems
and environmental point of view. for employees’ participation, number of accidents
and pension benefits), but qualitative aspects (like
e.g. identity with corporate environmental policy,
Challenges in Making and Using Social job-satisfaction and commitment) are more im-

Indicators for Sustainable Development portant for this dimension than the other two. In
other words, a discussion on social indicators will

@ivind Hagen also include qualitative issues, while a discus-
sion on environmental and economic indicators
is limited to quantitative issues.

It is common to divide the concept sustain- Having in mind the recent popularity of con-
able development into three different aspects; &8pts like industrial ecology, corporate social re-
environmentglaneconomiand asocialdimen-  sponsibility and extended producer responsibil-
sion. While the environmental dimension is cority, we ask what role social indicators can play
nected to the wellbeing of ecological systems ari@ move societies, companies and individuals
human impacts on these systems, the econorfgevards sustainability. Important questions to be
dimension is related to creation of wealth baseliscussed are: What is the state of the art on so-
on natural resources and how to state the valuigl indicators for sustainable development?
of this. The social dimension is about how wealtWhat are the pitfalls and challenges for making
is distributed and what human wellbeing is abougnd using social indicators? What is the relation-
Indicators for sustainable development are usghip between economic, environmental and so-
ally based on this tripartition of the concept angial indicators? And not the least, what are good
reported along these dimensions. social indicators for companies efforts towards

The use of indicators and measurement, agtistainable business practices?
the belief in it as a catalyst for changes has its
roots within a positivistic scientific tradition and
statistics. The focus has most of all beerj.on im(!:ﬂ in National Economies Il
sues and phenomenon that can be quantified an

counted, i.e. phenomenon that can be describﬁfi thodological E . f
and evaluated with quantitative scientific meth- ethodological Experiences irom

odologies often being reported in numbers. EXAdVising the Generation of National
amples of quantifiable indicators for a companyMaterial Flow Analysis’ in Developing
environmental effort could be litres of spill fromCountries

the production process or the amount of moneé/ .

invested in pollution preventing initiatives. How-Christof Amann

ever, indicators for sustainable development algg| paper available: Yes

Full paper available: Yes
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Since the early 1990s, the instrument ofiding data on a national level.
economy-wide or national material flow analy- Finally, we will discuss further research
sis (NMFA) is widely accepted as one major toaieeded and suggestions for an internationally har-
to operationalize sustainable development. Naionized method of NMFA. This includes the
tional MFAs were provided for a large numbedevelopment of new indicators and their relation
of industrial and developing countries, e.g. Auge modes of subsistence.
tria, Brazil, China, Denmark, Finland, Germany,
Japan, Sweden, The Netherlands, United King-
dom, U_nited St_ates, Venezuela._Due toa Certa’i"ésting the Kuznets Environmental
lack of international comparability large efforts . S
towards harmonizing methodology were madgurve in the Input of Materials in
by the European Commission (ConAccounfeconomy

project) and the Statistical Office of the EuroPaqu Ferrao, Pedro Conceico and

pean Union (EUROSTAT). Most recently, z

EUROSTAT published guidelines for “economy-Angela Canas

wide MFA™. _Full paper available: Yes

These guidelines are the result of a long dis-
cussion processes of a great number of scientific Material flows sustain national economies:
and statistical institutions dealing with NMFA. raw materials enter the economies to be used for

We used the EUROSTAT guideline for theproduction, materials leave the economies as
generation of NMFA of two developing coun-pollution. Both extraction of raw materials and
tries, Brazil and Venezuela. This work was capollution affect the natural environment and both
ried out in a project on “Sustainable Developare linked with each other, given the Mass Con-
ment of Amazonia”, funded by the Europeaservation Principle. The input side of the materi-
Commission. Trying to use the guideline as stricils flow into the economy has been gaining much
as possible, we found that methodology is applittention, essentially because controlling the in-
cable in general, but that there are some difficybut of materials is seen as a solution to some
ties in detail questions. These problems concepnoblems, such as controlling pollution and
the following topics: It is still not clear where towaste. Most importantly, material flows are seen
set the border between direct input (into thas key for sustainable development. In this con-
socio-economic system) and hidden flows, esext it has been advocated the need to limit the
pecially for materials like natural gas, crude oiinput of materials leading to calls for demateri-
and iron ore. We found that on the one hand tladization.
underlying system borders are different in some Many studies have focused on the quantifica-
of these material categories, and that for sontien of the input side of material flows into the
of the materials data are normally not availableconomy using the technigue of Material Flow
in the necessary form. Accounting. However the insights provided by

Another problematic task is biomass, espghose studies have generally been limited. In this
cially grazing, where official statistics are rarelypaper, the validity of a popular hypothesis in the
available, and where methods for estimations afield of pollution studies - the Environmental
necessary. In most cases, this material fracti®tuznets Curve (EKC) - is tested in the context
is one of the largest and therefore a lot more éfr which the levels Direct Material Input (DMI)
fort should be put in finding international com{per capita (a common indicator of the input of
parable estimation processes. Another importamtaterials in national economies) are mapped
task is the clarification of dealing wirth subsisagainst Gross Domestic Product (GDP) per
tence economies, more or less negligible icapita. The quadratic (evolution in inverted-U)
highly industrialized countries, but very impor-and cubic (evolution in N) versions of the EKC
tant in developing countries. Here, standardizexte tested in a econometric study of DMI panel
methods for calculations are highly needed. Wata ranging from 1960 to 1998 for 16
will discuss the usefulness of regional and locéddustrialised countries. Both the inverted-U and
material flow analysis (RMFA, LMFA) for pro- N shaped EKC are tested in models considering
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GDP per capita as the only explanatory variabfleow through the economy, is proposed herein.
and DMI per capita as the dependent variabl€his work will show the total construction ag-
Country and year fixed and random effects modyegate requirements, materials intensity and ef-
els are used, and corrections for non-spheridadiency in Taiwan. Furthermore, these experi-
disturbances are made. mental results are compared with developed
The results indicate a quite strong and robusbuntries including USA, Japan and Germany.
support for an EKC evolution in the form of anrhis study also serves as a model for the mate-
N shaped curve in all the models tested. The irial flow system on construction aggregates in
verted-U curve is supported only in the fixedaiwan. An interdisciplinary study was con-
and random effects models. Overall, the statistiucted to understand the system and propose fea-
cally stronger models are the quadratic and csible solutions that allow for continued economic
bic with country random effects, on the one handrowth with minimal environmental impacts. As
and the cubic with country and year fixed efthe flow of physical resources impacts both eco-
fects, on the other. Within-country DMI pernomic growth and environmental quality, this
capita variation seem to be best accounted witvork is an essential component to ensuring sus-
a cubic (N-shaped) model on income per capit@inable development in the Republic of China.
Autocorrelation correction performed to a sub-
set of observations for pooled and country ef-

fects models confirms these qualitative reSUltMeasuring Sustainability Through
Between-country DMI per capita variation is nOMateriaIS Flow Analysis of Industrial
well described either by a quadratic or cubic fun

tion of GDP per capita. These results suggest t%YStems In Antarctica
other factors not captured by GDP per capitiy j K|ee

specific to each country, are relevant to explain

the DM per capita evolution. Also, time episodeBull paper available: Yes
seem to influence this indicator, suggesting that

the EKC evolution is may not be an aUtomatiﬁ]dltr;;trr?sss{ggilgtthse [Jesclesaig ((ajri]se rglsziegfs r?ng':::iglgr
evolution caused by GDP per capita stimulus. y'S P .
affects our planet in ways that are detrimental to

our long-term survival. However, we currently

. . have limited means of quantifying this sinking
Analyzing Material Flows—A Necessary feeling. This research approaches such quantifi-

Condition Towards Sustainable Devel-  cation by studying one of the few industrial sys-

opment in Taiwan: The Case of Con- tems on the planet where systematic measure-
struction Aggregates ment is possible, namely the scientific research
. stations in Antarctica.
Teng Yuan Hsiao, Yue Hwa Yu and Most people equate the word “Antarctica”
Iddo K.Wernick with an otherworldly land of ice and snow, full
of penguins, seals, whales and the occasional sci-
entist. However, there is another side of Antarc-
Spurred by economic and industrial developtica that few care to notice. A collection of in-
ment, construction in Taiwan has grown rapidldustrial centers has been built to support the sci-
over the last 20 years. Resulting shortages in tbatific researchers who take the photographs of
domestic supply of construction aggregates hattee penguins, measure the extent of the ozone
forced the Taiwanese government to account fhole, and observe the melting of the ice cap.
existing reserves and identify options to satisffhere are currently 80 such industrial installa-
future requirements. To guide this activity, aions spread throughout the continent, operated
method, which is based on the Industrial Ecoby 29 different countries. In response to the po-
ogy model, which advocates a systematic sourt@ntial hazards of placing an industrial center
view and industrial material sinks, as well as thigght next to a penguin colony, the countries that
web of economic enterprises that influence theprerform research in Antarctica signed the 1991

Full paper available: Yes
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Protocol for Environmental Protection to thef@echnical ngram IV

Antarctic Treaty (the Protocol). In doing so, the
signatory nations . .
agreed to make the preservation of the natl]]dus':"al ECOIOQU. The metaphor
ral laboratory of Antarctica a “fundamental con-
sideration” in all their activities in Antarctica.Industrial Ecology’s Hidden Philosophy
As a result of the Protocol, each of the 29 couf Nature: Fundamental Underpinning
tries that conduct scientific research in Antarqo Use Nature as Model
tica must keep accurate records of the materials
they bring onto and remove from the continenRRalf Isenmann
and they must have plans in place for the ha
dling and management of these materials.
Furthermore, this and any other informationGoal and Scope:
on a country’s Antarctic activity must be made |n this contribution a fundamental underpin-
freely available to all interested parties, in thﬁmg for industrial eco|ogy’s use of nature as
name of science and peaceful coexistence on f#@del is presented. The underpinning provides
ice. Antarctica is arguably one of the few placegn impressive battery of philosophical arguments
on our planet that has systematic, non-proprietayinging to bear against the sort of probably
data regarding the flows of materials into anghjsed fallacies and facile proclaimed critics by
out of its industrial centers. The continent of Antsceptics who often overlook industrial ecology’s
arctica thus serves as a unique “petri-dish” istimulating role towards sustainability.
which to study the movement and eventual fate |n industrial ecology nature is interpreted as
of materials in industrial society. model in order to gain fruitful insights for deal-
| am collecting and analyzing industrial maing with natural resources and services for a more
terial flow data for the years 1995-2000 frOl’T@ﬂ‘icient use of matter, energy, waste, by-prod-
fourteen countries that operate industrial centefigts, time, space, etc., meeting ecological con-
(i.e. scientific research stations) in Antarctica. M¥traints. However, in contrast to its intuitive ap-
research offers the unique opportunity to obseryral, industrial ecology lacks of efforts to un-
and quantify multi-national environmental phiderpin and conceptualise this non-mainstream
losophies, management tools, and implementaterpretation of nature. Hence there is urgent
tion programs focused around a common proBeed for research on industrial ecology’s under-
lem of operating an industrial center in Antarclying philosophical assumptions.
tica. I will present industrial material flow data  The tangible object is: firstly, as a larger goal,
for the Antarctic stations of New Zealand, theg make philosophical thinking quite accessible
United Kingdom, and perhaps other countriegg industrial ecologists while its content is of in-
and | will discuss the potential SUStainab“it){erest to professiona| phi|osophers; Second|y,
measurements that will be applied to this dat@ore precisely, the contribution aims (i) to pro-
and used to compare each country’s industriglct “nature as model” against inflationary use
activity. of biological analogies as merely rhetoric, (ii) to
shield industrial ecology from sceptics, and (iii)
to avoid it against obvious shortcomings.
Methods:

According to the above-mentioned goal and
scope, basic epistemological and ethical aspects
are situated in the centre. Four major philosophi-
cal methods are applied: (i) classification-frame-
work to specify the interpretation of nature; (ii)
dialectic principle of thesis, antithesis, and syn-
thesis to settle the dispute between sceptics’ and
protagonists’ viewpoints concerning nature as
model; (iii) basics of anthropology to explain

Rull paper available: Yes
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how it is even possible to understand nature blye literature on the theme. Others understand
science and to look to nature for a model by ré& as a paradigm, as a metaphor and as a new
flexive manner; (iv) epistemologically-based arway to construct our basic world view. There-
chitecture of industrial ecology science to denfere, industrial ecology is understood as a nor-
onstrate that the reflexive interpretation of namative source for sustainability. Others adopt IE
ture as model represents a paradigm servingiasa more practical sense. In this shape of the
helpful heuristic and influencing industrialconcept, metrics, tools, policy and management
ecology’s research and practice. instruments are developed. These are used to
Results and Conclusions: trace, monitor, and calculate the flows of matter
Itis possible to elucidate industrial ecology’@&nd energy within the societal and industrial sys-
hidden philosophy of nature by reflexive mantems, and more importantly, between the soci-
ner. An impressive battery of philosophical aretal system and the natural ecosystem. Sugges-
guments are presented to underpin industrii®ns for action are presented for reducing the
ecology’s interpretation of nature as model. Cofgnvironmental burden of products, processes or
sequently it seems plausible to learn from natufé systems of these.
i.e. industrial ecologists may selectively apply In this paper, the metaphoric aspect of IE in-
nature’s smart solutions, evolutionary strategiegludes the four ecosystem principles of roundput
and ecological principles for balancing ecosy$1), diversity (2), interdependency (3) and local-
tems and industrial systems. The keynote is t# (4). It is argued that by using the ecosystem
be aware of nature’s hypothetical status. Natu@é @ source for a sustainability metaphor, these
as model provides a minimum that can be cogharacteristics of a sustainable system can be
sidered but it does not represent an all-inclusiliscussed in an unsustainable system. Such dis-
checklist that guarantees sustainability or ethgussion can benefit the current societal and in-
cal fairness itself. dustrial systems that seem to be within an un-
Metaphorically, nature as model provide§ustainable paradigm. If the most commonly used
valuable insights as eye-catcher. From this rhetd= principle of closed loops or roundput is un-
ric sense we can learn by gaining inspiration arfterstood as recycling of matter and cascading of
encouraging creativity to derive ecological inenergy, it can be argued that this has already been
novations. However, additionally to linguisticrelatively familiar within the unsustainable para-
aspects, nature as model can also serve as p&igm of modernity. When integrated with the
digm from an epistemologically-based perspe€haracteristics of diversity, interdependency and
tive. This paradigmatic sense includes rhetorlecality, the industrial ecology metaphor may
use as metaphor but broadens the interpretati#i@ve toward a more sustainable paradigm.
as smart biological analogy and exceeds the con-The material and energy flow model of an
notation as picturesque note by far. Nature £§0system is used in an industrial system for the
model is seen as “regulative idea” that providd¥actical aspect of industrial ecology. The flows
a helpful heuristic guiding industrial ecology’sof matter (biomass) (1), base cation nutrients (2),
research programme. Such a regulative idea pl&Rergy (3) and carbon (4) are considered by fo-
a dominating role that is i) to arrange our way ¢fusing on material cycles and energy cascades
thinking, ii) to organise our imagination of pheas they happen in an ecosystem and in compari-

nomena, and iii) to govern our decision-making0n to an industrial system. It can be beneficial
to adopt this kind of a practical focus on the

roundput principle in a complementarity relation
Industrial Ecology — A Paradigmatic with the more metaphoric and paradigmatic as-

. . ... pect of industrial ecology, which can include also
and a Practical Source for Sustainability the principles of diversity, interdependency and

Jouni Korhonen locality.
Full paper available: No

The concept of industrial ecology (IE) has
been interpreted with different perspectives in
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Production Systems in Industry and is clear that recycling and reuse are an integral

Ecology: Some Comparisons Relevant partof ecological systems in a way they can never
to Industrial Ecology be for an output driven industrial system.

Stephen Levine
Industrial Ecology: The Biosphere -
Technosphere Analogy

Industrial ecology looks to ecosystems for
both descriptive and prescriptive models. DeEster van der Voet, Ruben Huele and
scriptively, the ecosystem represents aRuud Stevers
archetypical complex system, containing many o .
interactions between system components, inter- AYres (1989) first introduced the biosphere-
actions that are largely the result of the flows dechnosphere analogy as a useful image to de-
energy and materials that characterize both edglopin h|s_descr|pt|on of Industrial Metabollsm.
logical and industrial systems. These flows givi® Short, this amounts to the following:
rise to a hierarchical structure, referred to &s Inthe biosphere, evolution has resulted in ef-
trophic levels in ecological systems and produc- ficient and problem-free use of materials and
tion stages in industrial systems. Prescriptively, €nergy in processes to create biomass
industrial ecology proposes ecosystems as*a In the technosphere, where we create
model of how industrial systems should ideally technomass, “evolution” is still in its earliest
function. This proposal is based on the beliefs stages
that (1) ecosystems display desirable character- By learning from the biosphere, society may
istics regarding the recycling and reuse of mate- design its technical processes in a more sus-
rials, (2) it would be desirable if industrial sys- tainable manner.
tems had these characteristics as well, and (3) itAyres has given us a powerful image with
is possible and practical to imbue industrial sy$bvious usefulness. We can think in many ways
tems with these characteristics. It is this proposabout the 3 evolutionary invention and its
and the supporting beliefs that are examined &fuivalents for society, in fact that is what In-
this paper. dustrial Ecology in its present days is mostly

In particular, the evolutionary histories of ecoabout: closing cycles, use waste as resource, cre-
logical and industrial systems are very differen@ite industrial ecosystems etc.. This type of re-
and, more specifically, the underlying forces th&earch and design is very important and will re-
have shaped those histories are different. Eo®ain the core of IE for years to come. In the
logical systems are input driven. The availabilneantime it may be interesting to explore the
ity of energy in the form of sunlight makes th&iosphere-technosphere analogy a bit further.
major part of the organic world possible, begin- In the first place, there are some obvious pit-
ning with an autotrophic level and subsequentfglls in the analogy:
adding autotrophic levels. Each trophic level is Evolution has had 4 billion years, society must
itself input driven. Herbivores evolved due to the do it much faster, we can't leave it to time.
availability of energy in the form of plant biom-* Evolution is at odds with any type of moral-
ass; the resulting availability of biomass in the ity: there is no such thing as a “good” process
form of herbivores drove the development of design orway of living. Designs have to prove
carnivores. Detritivores too arose due to the avail- themselves in the real world: survival of the
ability of energy in the form of organic material. fittest.
By contrast, industrial systems are output drivef. Nature represents a dynamic equilibrium: spe-
Final demand for products provides the overall cies appear and disappear, populations are
impetus, and each industry exists because of adecimated and multiply again. Major disas-
demand for its output, not because the raw ma- ters lead to new chances on the evolutionary
terials it uses happen to be available. How does road. In society we don’t want dynamics, we
this evolutionary difference impact the prescrip- want statics: disaster-free, risk-free, damage
tive value of the ecosystem model? For starts it free lives

Full paper available: Yes
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We should be aware of these differences &isn systems, which support decision making for
well when we look for lessons from nature. internal optimisation. There is a lack of infor-

In the second place, there may be some nemation systems, which allow them to co-ordi-
lessons to learn from the analogy: nate their strategies.

* New in this field, but already out there: the The TU Delft is investigating the Dutch con-
evolutionary design of processes. This typstruction material household with an MFA model.
of design has only been possible since timdFA models provide useful information about
can be compressed by using computers. Ittise physical context of the stakeholders field of
based on random trial-and error and leads &xtion. The effects of different measures can be
remarkable products. tested with scenarios. This allows different stake-

» Also new in this field is the use of naturaholder groups to co-ordinate their strategies.
processes instead of modelling processes af- First results of the MFA model reveal the im-
ter nature. Examples are agrification and biggortance of the construction inventory. The dy-
technology. Such processes have been usmhmics of the construction inventory determine
for a long time, but have not been a concemesource consumption and waste production. The
for Industrial Ecology until recently. This addsconstruction inventory can be regarded as the
a new dimension: not only the use and disnotor of the construction material household. In
persal of mass and energy, but also of genetiontrary to the forest inventory, there is hardly
information may become problematical. Nevany knowledge neither about the dynamics nor
tools, including ways to assess informatioabout the composition of the construction inven-
dispersal and its risks, are needed to deal witiory.

» Evolution discards species but keeps charac- The use of the model is being tested for inter-
teristics: all evolved basic characteristics argectoral decision making.
still there, sometimes only in remote corners
of the world. Such a storage of options to be
kept alive enables reaction to changing coiBiological Metabolism and the Material
ditions. This storage occurs mainly in microFlow Balances of the Food Flux
organisms, which can react quickly and effi- . L L .
ciently. Can we think of an analogy for socillmo Maenpaa, Helmi Risku-Norja,
ety? Kauko Koikkalainen, Pasi Rikkonen,

Pekka Vanhala

' i in Nati Full ilable: Yi
Material Flow Analysis in National Ul paper avallable: Yes

Economies IlI In this paper a materials flow model between
nature and the food chain part of the economy is

) o ] outlined, and the calculation method and prelimi-
Multi-stakeholder Decision Supportin  nary material flow balances for the food chain

Long-term Construction Material are presented. The calculations are based on the
Chain Management: A Dutch Case data on the agricultural production in Finland in
Study Using an MFA Model 1995. _ , ,

_ The material flows of the food chain comprise
Daniel Mueller four mutually linked loops: 1) the plant produc-

tion 2) the livestock husbandry, 3) the food pro-
cessing industry and 4) the human consumption.
The construction material household is influThe plant production of agriculture amounts to
enced and shaped by decisions of many diffet3 millions tons. About 70 % of the plant pro-
ent stakeholders in government, industry andlction is used for feeding the livestock to pro-
NGOs, including forestry, forest industry, min-duce the animal products, meat, milk and eggs.
ing, construction industry, owners and managh considerable residue from the livestock pro-
ers of constructions and waste managemeiiuction is the manure used as fertiliser in plant
Most of these sectors have their own informgsroduction. Part of the products of plant cultiva-

Full paper available: Yes
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tion and almost all of the products of livestockines how meaningful national accounts can be
husbandry are further processed within the foambnstructed using existing data, and supplemen-
industry to final foodstuffs. The residues of théary estimation methodologies.
food processing industry are mostly returned This paper builds on the work of the World
back to agriculture as livestock feeds. The hiResources Institute, as represented in their re-
mans consume the foodstuffs, and in prepariqpprt “The Weight of Nations,” to show how
food part of the foodstuffs is lost as wastes. Thghysical accounts containing both macro (aggre-
metabolic wastes of the consumed foodstuffs egadted) material flow indicators and detailed sub-
up largely into the sewer systems, from whichccounts can be developed. The aggregated ac-
the dry matter is recovered as sewage sludgedaunts provide a strategic picture of the chang-
be used as fertiliser in landscaping and, to sorirg scale of physical flows, and the sub-accounts
extent, also in agriculture. can be structured such that they create an inter-
The system boundary between the econonfigce with tactical substance flow analyses. A dis-
and nature is defined in such a way that the phaussion of methods for aggregating material flow
tosynthetic activity responsible for the plansub-accounts, based on mode of release, quality
growth is considered as the phenomenon of naf the flow, and transit time in the economy is
ture, while the biological metabolism of the live-also provided.
stock and humans occurs within the economy. Selecting the flows for inclusion in the ac-
For exact balancing the metabolic material flowgounts requires criteria which assure that the ac-
it is necessary to integrate the flows of the nutréounts are meaningful, but not overly detailed,
tional materials, feed and food, with those ddind lacking in transparency. The accounts should
water and of respiration (oxygen in, carbon diprovide information on all important commod-
oxide out). Based on the energy approach of titg flows, and transformations of the landscape,
metabolism, preliminary calculation method fooccurring in the process of resource extraction,
the different livestock species and for humarend in the creation of the built infrastructure, in
will be presented in the paper. The total metaddition to those flows classified as pollutants.
bolic material flow balances for the food chaitunderstanding, and managing the activities of a
with the four interlinking loops will be estimatedcountry, using economic accounts alone, ob-
for Finland in 1995. scures the physical reality of these activities.
The study is a part of the project “The MatePeveloping, and incorporating, a system of na-
rial Flows of Agriculture, Ecoefficiency and thetional physical accounts is a major step towards
Sustainable Compatibility of the Food Producevercoming this deficiency.
tion” carried out in collaboration between the
MTT - Agrifood Research Finland and the Thule
Institute at the University of Oulu. The resultyvaterial Inputs in the Portuguese
will also be contrlpute to the ove_rall deV_e|9pEconomy: The DMI approach
ment of the material flow accounting statistics,
as they are used in compilation of the FinnisRaulo Ferrdo, Pedro Concei¢ao, and

physical input-output tables. Angela Canas

Full paper available: Yes

Creating National Physical Material The Dematerialization debate, fuelled by con-

Flow Accounts cerns about sustainable development, and the
subsequent setting of international goals for re-

Donald Rogich source productivity increase, such as the Factor

2 and 4, have risen the importance of indicators
of input of materials in the national economies
The potential to create a system of nationarovided by Material Flow Analysis. One of the
physical accounts, an analog to national ecoiost popular is Total Material Requirement
nomic accounts, is a reality. Using the Unite@TMR) which accounts the material aggregate
States as representative model, this paper otltat enters national economies, measured in

Full paper available: Yes
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tones, with or without economic value. This inGDP per capita. When considering employment
dicator has been selected as a key indicatoritnwas found that DMI per employer has in-
the European Union and in United Nationsreased.
Organisation, but is of complex calculation due
the general lack of information available on the
quantities of not economl_cally valued matgnalsl;olicg Cases in Industrial Ecology
A simpler and more easily calculated indicator
accounting only the materials with economic o
value that enter national economies — the Diretf€€ Riding in Voluntary Programs:
Material Input (DMI) — can be used as a first he Case of the USEPA WasteWise
approach to assess the evolution of the inputsBfogram
materials, providing at the same time base infor- i
mation for a posterior calculation of TMR.  Magali Delmas and Arturo Keller
_ Most _of the DMI calculations relying on na-g | paper available: Yes
tional official data have been performed for coun-
tries with similar economic developmentinterms Since the 1990s, more and more Voluntary
of Gross Domestic Product (GDP) per capitéigreements (VAs) involving regulatory agencies
such as United States of America, Japan aadd firms have been formed to develop techno-
Germany. In this paper the results of the DMbgical innovation or to reduce pollution. Our
calculation for Portugal are presented, for th&tudy focuses on understanding free-riding be-
period from 1960 to 1998, following the meth-haviors. Our research question is: What are the
odology presented by Adriaanse et al. in the 199Tcentives that drive organizations to disclose in-
study Resource Flows: The Material Basis oformation on environmental performance?
Industrial EconomiesThese results help the We use the case of the US EPA Wastewise
broadening of the DMI data to lower levers oprogram, which is a voluntary program estab-
GDP per capita, which is important due to thished in 1994 as a non-regulatory means of pro-
frequent comparison between material input imnoting reduction of municipal solid waste and
dicators and GDP. Additionally the variation oforevent pollution. The program is designed to
the DMI is submitted to a decomposition analyprovide its members with cost-effective solutions
sis to allocate the variation of the DMI to thdor waste reduction. In 1999 there were more than
variation of several factors such as GDP p@&00 organizations in the programs and only 20%
capita, the material intensity of GDP (DMI/GDP)f these were actually reporting their progress to
and employment. the EPA. This paper is based on 106 responses
The results indicates a level of DMI in 19980 a questionnaire sent to Wastewise members.
of 174 million tones, nearly 18 tons in a per capita Previous research in the economics literature
basis, a level of DMI similar with those for Jahas shown that information disclosure decreases
pan and Germany. Nearly 70% of the DMI comesith the cost of disclosure. We build on this lit-
from the natural environment, being the mosdrature to show that disclosure will increase when
important categories of materials coming fronit provides potential benefits such as improved
the domestic environment the categories of Rodlgputation. This will depend on how strategic is
Clay and Sand (74%) and Biomass (25%). Whamvironmental performance for the firm and the
considering the evolution one finds that DMI haeverall reputation of the program. Our survey
been increasing since 1960 (particularly afténdicates that firms will report their environmen-
1987) being this evolution found driven mainlytal performance when enhancing their reputation
by the Rock, Clay and Sand category, that héstheir primary incentive to enter the Wastewise
increased more than 2000% since 1960. Frogpnogram and when upper management is in-
the decomposition analysis, some periods of deslved. We also show that later entrants report
creasing material intensity of GDP before 198kss than first entrants. The lax enforcement of
are detected, although these are not able to tratie reporting requirements for first entrants may
late in overall reduction of DMI due to the in-impact the behavior of later entrants. This may
creasing DMI effect because of the increase be reinforced by the difficulty to monitor a grow-
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ing number of free riders by the EPA. In a first step, the quantities of polymers, lu-
Our paper has important policy implicationsbricants, solvents and surfactants currently pro-
Although firms are seeking help from the reguduced from RRM in the EU were established.
latory agency to promote their environmentdllext, the expected production volumes by the
efforts, certainty of the rules and their enforcerear 2010 were estimated. Finally, the savings
ment is a key component to avoid free rideref GHG emission relative to comparable prod-
Furthermore, the involvement of the upper mamcts based on petrochemical raw materials were
agement in such voluntary programs decreasestimated. A distinction was made between
the amount of free riding. firstly, directemission reduction due to a lower
GHG impact mainly in thproduction and waste
management stagend secondlyindirect emis-

Renewables as Chemical Feedstocks — Sion reduction, enabled mainly by lower energy
An Assessment Prepared Under the use in theuse phas&f the respective product

European Climate Change Programme  S°ntaining RRM-based materials.
The main findings were:

M. Patel, C. Bastioli, K. Doutlik, J. » ThedirectGHG emission reduction potential
Ehrenberg, D. Johansson, H. K&b, and amounts to approx. 2% to 4.7% of the total
J. Klumpers CO, emissions from the chemical industry

(range: without resp. with P&Ms in place).
Full paper available: No This means that, in the short term, the in-
creased use of RRM offers only a limited
emission reduction potential.
Theindirect GHG emission reductions could
be considerably larger (by an order of magni-
tude) than thalirect GHG emission reduc-
tions. Examples are the use of starch as filler
for car tyres and vegetable based motor oil
(reduced friction).

In the long term, by making use of biotech-
nology, large reductions of C@missions
could be achieved by producing bulk chemi-
cals from biomass feedstocks. Additionally,
due to their bio-degradability, substances
based on RRMs have the potential to contrib-
ute to the reduction of various health and en-
vironmental risks by reducing contamination

Between spring 2000 and summer 2001, the
European Commission organised its “European
Climate Change Programme” (ECCP), aimed at
developing a set of policies and measures
(P&Ms) for the EU to achieve its commitments
under the Kyoto Protocol. One of the objectives
of the ECCP was to obtain a comprehensive over-
view of the reduction potentials for greenhousge
gases in all sectors. Another was to evaluate, in
a broad stakeholder dialogue, the feasibility and
effectiveness of proposed policies and measures.
A new feature in the climate policy field was the
establishment of a subgroup under the Working
Group Industry entirely devoted to the use of re-
newable raw materials (RRM) as a chemical
feedstock. This is in contrast to renewable en- .
ergy sources which have been on the policy of soil and water. . _
agenda for several years already and for Whi%b The RRM group prepared a list of possible

; - Ms which would support an accelerated in-
policy targets have been established. No Suﬁl’s@uction of RRMs in each of the four product

targets have as yet been established for the .
groups studied.

of biomass as a chemical feedstock in the Eur
pean Union.
Four groups of products, which can be manu-
factured from RRM, were studied, namely polyTechno-economic Life Cycle Modeling
mers, lubricants, solvents and surfactants. This i L ) .
selection comprises mature products which aRolf Gielen and Yuichi Moriguchi
ready have considerable market volumes andgy paper available: Yes
the same time have a potential for increased
shares of RRM feedstocks (mainly for surfac- Industrial ecology poses a framework for
tants) and in some cases rapidly expanding pragiany research topics. This presentation focuses
uct groups (e.g. plastics based on RRM). on national and international environmental poli-
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cies regarding bulk commodities. grated techno-economic modeling on different
Bulk commodities are part of economicspatial scale levels for petrochemicals, iron and
policy, national security, agricultural policy orsteel and agriculture.
environmental policy. Contrary to environmen-
tal policies for substances, environmental com-
modity policies are much more complex becausécodesign in the EU: Can We Hope for
costs and benefits are uncertain. Transformati@yctor X?
of bulk commodities constitutes a major part of
the total economic activities (mining, agriculturéArnold Tukker
and industry). As a consequence a change of bllJ_J
commodity flows can have major economic im-
pacts. As a support to the development of an Inte-
Commodity policies in the past were largelygrated Product Policy (IPP) in the EU, five lead-
driven by strategic concerns regarding the ladkg institutes (TNO, Vito, econcept, CfSD, VDI)
of adequate future supply of raw materialdn the field of sustainable product development
amongst others driven by such messages frq@®PD) have analysed the state of the art in Eu-
the scientific community. The European agriculrope. For each EU member state, four elements
tural policy is still based on the principle of foodeflecting the demand and supply side of SPD
self-sufficiency. Environmental concerns pose were analysed. It concermzthod development,
relatively new policy incentive. For example thelissemination, and educatiqsupply side ori-
interest in energy policies can be explained ynted) andoractical application(demand side
the oil price increase during the 70s and 80s, anflented). A structured, qualitative indicator sys-
the emergence of the global warming problemem (based on so called ‘maturity profiles’) was
in the 90s developed that were used to obtain a judgement
In fact prices of most commodities have fallenf a set of (inter)national experts per country on
during the last century. Moreover economistsach element. To get additional insight in practi-
have been arguing that natural resources candz application, additionally an inquiry to the
substituted, and technological development batortune 500 companies was performed.
ances resource exhaustion. This has lead to theThe results showed that the EU countries can
widespread belief that the resource scarcity proksughly de developed in three groups: ‘front run-
lems are in fact not severe, which has resultedniers’, who set the scene for about 10 years with
a declining policy interest in resource policiesegard to method development and dissemina-
This trend is in marked contrast with the emetion; ‘intermediates’, who have been setting up
gence of industrial ecology as a policy field. Thisheir programmes for some 5 years now; and
raises the question: are scientists mistaken or &reactives’, where SPD only in individual cases
policy makers misinformed? This question wills practised. It was striking, though, that even in
be discussed on the basis of studies regardith@g front runner countries practical application
the welfare effects of bulk materials policies. was still quite limited. Even there ecodesign is
The international trade of commodities is inmainly practised by several dozen of ‘champion’
creasing rapidly. Moreover the scale of envirorfirms, and mainly concentrating on incremental
mental problems is increasing. This poses nemprovements rather than re-design or system
challenges for environmental research. The rianovations. The front runners are mainly ad-
cent problems regarding the Kyoto protocol showanced with regard to method development and
the problems regarding international environto some extend dissemination and education. The
mental policies with potentially significant eco-conclusions are straightforward. Concerning
nomic consequences. As a consequence it is ratethod development, dissemination of knowl-
ommended to include more elements of the esege should take place from front runners to other
tablished economics and policy sciences into ti#J countries. New method development should
industrial ecology field. In order to illustrate themainly concentrate on issues still new for them
relevance of such studies some examples will fe.g. methods aimed at functional innovation).
discussed regarding our recent work on intd®issemination should have more emphasis.

EII paper available: Yes
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Above all, it should be analysed how the demanin Approach to Dynamic Environmen-

side of SPD can be strengthened. tal Life-cycle Assessment by Evaluating

Note: this lecture will be an adapted versiog-Jt ;
; ructural Economic Sequences
of the talk held during the conference Towards q

Sustainable Product Design 5. Due to the timEhomas Gloria
pressure | used an old summary for this abstract. ) _
| feel that even in its original form the messagEUll Paper available: Yes

is still new and interesting for IE practitioners, This paper presents an approach to dynamic
and for SPD practitioners from the US, but inyironmental life-cycle assessment based on the
order to have a different story I'll put some mor@hjlosophy of Structural Economics and the con-
emphaSiS on the conditions that are neededéﬁucts of tempora| economic |nput_0utput in-
come to widespread dissemination and applicgsrindustry modeling. Structural Economics pro-
tion of SPD/ecodesign. vides a framework that integrates ecological eco-
nomic and environmental engineering concerns
in a system-wide perspective that is suitable for
Structural Change and Economics comparing the implications of alternative future
courses of action. The Structural Economic phi-
. losophy is realized using a Sequential Interin-
Exergy anq Work: Accounting for the dustEy l)\//lodel (SIM) appro%ch. SI?\/I considers the
Solow Residual time consuming nature of the production process
R.U. Ayres and the corresponding timing of ind_ustry input.
In essence, SIM unravels the “whirlpools” of
It has long been obvious that a feedback printerindustry relationships, providing an empiri-
cess involving energy (exergy) consumptiogal approach to investigate transient behavior of
plays an important role in economic growthfinite economic activities. The methodology is
Since the first industrial revolution, animal andiemonstrated via a case study examining the
human labor have been increasingly replaced byivironmental implications of introducing Fuel
mechanical work, powered by fossil fuel com€ell Electric Vehicles into the U.S Economy over
bustion. Lower costs lead to lower prices, which period of twenty years. Scenarios developed
encourage increased consumption, which coimthe case study embrace the constructs of ex-
tributes to learning-by-doing and economies gferimental design, achieving rigorous results.
scale, resulting in lower costs, etc. Yet conven-
tional economic growth theory does not explic-
itly recognize this mechanism, merely i”trOdUCAssessing the Dynamics of Industrial
ing a time dependent multiplier (the Solow reEcosyStemS
sidual) called ‘technical progress’. We show that
most technical progress in the US economy duyiatthias Ruth
ing the period 1900-1998 can be explained in )
terms of increasing thermodynamic efficiency iff Ul Paper available: Yes

converting primary exergy to mechanical work |ndustrial ecology borrows concepts and tools

or thermal quasi-work. Some implications fofrom engineering and economics in efforts to

energy (exergy) conservation and the so-callggentify optimal materials and energy use, and

‘rebound effect’ are discussed. to reduce environmental impact of production
and consumption activities. As a result of their
choice of concepts and tools, analyses are often
static or comparative static in nature, tend to in-
adequately represent the behavior of decision
makers and thus fall short of their full potential
impact in environmental investment and policy
making.
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This paper argues for the application of dywork of operations including collection, trans-
namic approaches in industrial ecology to assgsartation and storage, together with combinations
materials and energy use, technology change, asfddisassembly, bulk recycling and disposal of a
emissions. Three case studies of industrial epertion of the product by landfill or incineration.
ergy use in the USA are presented — one each Tdre economics of the overall recycling network
the iron and steel, pulp and paper, and ethyleigeoften dominated by the costs of collection and
industry. The dynamic models of these industorage because of the relatively low value of
tries are used to investigate alternative carboacovered materials. In addition decisions of the
emissions and investment-led policies. The ré&est combination of disassembly and bulk recy-
sults clearly point towards the need for differercling may be necessary, along with other deci-
tiated policy approaches which take industrysions concerning the batching of products for
specific features into account, in order to effegrocessing and so orDetermination of the most
tively influence, over time, industrial fuel mixeffective arrangement for a recycling network
and carbon emissions. involves consideration of the various steps in the

process. This paper outlines models for determi-
nation of best operating conditions for different

Structural Decomposition of the Iron, stages in the overall process. Included are mod-

Steel and Plastic Flows in the Dutch els for collection logistics, product analysis for

Economy, 1990-1997 disassembly, _analy5|s of materials separation and
overall recycling networks.

Rutger Hoekstra and Models representing some of the lowest lev-

Jereon van den Bergh els of the collection problem have been proposed
and these allow an analysis of the operations of

Full paper available: Yes a truck collecting material from a variety of

Physical input-output tables of the iron, stegjourees. The trUCk'S'.ng problem has been pre-
ented as a constrained news vendor problem,

and plastic product flows for the Netherlands alse.th th i ilable for pickub being th
presented for 1990 and 1997. The relationsh ] € amount available for pickup being the
between these flows and the economic structuf@Ste material, "’?r!d the_ constraints representing
is analyzed using structural decomposition. Thige bin (truck partition) sizes. In addition, a model

method decomposes the sources of physid Fegrating the mat_erial recovery, disassembly,
flows changes into different changes in the mo lIsposal and collection has also been formulated.

etary and physical input-output tables. Techno- Models for determining the best separation

logical, trade, consumption and sector shift ef.S44eNces for material mixtures produced by

fects can be distinguished using this method. Falijredding during bulk recycling have been de-

the technological change the substitution of met\é?k)ped' These are used in combination with a

and plastics will be highlighted. Conclusio reviously dgveloped analysis tool for disassem-
about the main driving forces of the metal an ly and environmental assessment. Bulk recy-

plastic use change over this period will be draw !lng of the product rest fraction at any stage of
isassembly has been analyzed using the mate-

rial separation analysis procedures described
above. This analysis confirms the general find-

€Eco-Design | ing that small products do not release sufficient
material value to overcome the labor costs of
Models and Tools for End-of-Life disassembly. However, bulk recycling of such
Product Management products can possibly result in sufficient recov-
ered value to outweigh the costs of processing.
Manbir Sodhi and Winston Knight The software tool for determining appropriate

separation sequences for material mixtures has

been used to investigate general problems of the
At end-of-life products must be processed fdprocessing of batches of different products that

disposal and/or recycling. This involves a netesult in different material mixtures. The

Full paper available: No



48

batching problem is one of selection of groupsus criteria to test the robustness of the design.
of products to be processed together, i.e. &mally the design is evaluated in the assessment
batches, for separation by bulk recycling metlphase, from which it can go on to the next level
ods. Since different products result in differemf detail. Of course, the steps are repeated fre-
material mixtures the benefits or disadvantagegiently throughout this whole scheme.
from processing the mixtures together or sepa- From the perspective of sustainability, there
rately can be determined. are some specific demands to a desigh method-
ology. First, there must be a well-defined link
between the problem definition phase and the

Methodology for the Design of Sustain- analysis phase. Therefore we focus on methods

able Chemical Processes for the definition of the design problem and the
trade off in the analysis phase. Secondly, syn-
Gijsbert Korevaar, G. Jan Harmsen, thesis tools have to be developed, so that the gen-
and Saul M. Lemkowitz eration of alternatives can be done constructively
. towards sustainability considerations. Further on,
Full paper available: Yes sustainability asks for a broader definition of the

Sustainable Development deals with larg@Ngineering practice; by this we mean that in a
time and spatial scales. This implies many ufustainable design the process engineer must
certainties, for which robust chemical plants with@ve insight into the whole product and process
rather long lives have to be designed. Moreovéffé cycle and also must have the openness to
design, including design of sustainable process#rk with societal issues during the design.
occurs amidst competing societal, economic, ang Based on this, our research approach consists
environmental constraints. The process desigrérthe following three parts.
can not influence most of these, although thE Translating vague and broad societal consid-
concept of sustainable development presupposeserations into concretely defined engineering
that these constraints are integrated into every criteria. These criteria concern important is-
step of the innovation process. sues of the sustainable development debate

It is therefore necessary to develop a meth- that should be understood and applied by pro-
odology which, firstly, enables engineers to ef- cess designers.
fectively incorporate the complex and ofter2) Secondly, the design methodology is con-
vague concept of sustainable development into structed using knowledge from both general
design and, secondly, reduces complexity to a design theories and existing chemical engi-
workable level without neglecting essential neering practice. The framework
sustainability criteria. In our case we mean with conceptualises and structures the approach of
design the conceptual process design phase,the design problem and locates appropriate
which results in the construction of a flowsheet design methods. The design methods solve
together with mass and heat balances. Based orspecific problems and generate alternative
this, estimations can be made on the cost perfor- solutions.
mance and the environmental benignity of th8) Developing new tools and guides applicable
process. to specific aspects of sustainable design, such

Just like any other design, the conceptual pro- as using insight into exergy for choosing op-
cess design of chemical process consists of four timal chemical synthesis route.
stages. First, setting the problem definition right We present a short overview of our design
considering the goal, constraints, and necessamgthodology illustrating every step by examples.
domain knowledge. Then optimally combiningn the problem definition phase, stakeholder as-
the solutions in the synthesis part, guided by tleessment and scenario building are mentioned.
creative and knowledge-based thinking of thim the synthesis phase, route selection is impor-
designer. In the analysis of possible solutions,tant as well as the use of guidelines based on
procedure of reiteration occurs to determinkindamental insights, like irreversible thermo-
whether the design is the best available solutiatynamics, and thinking in terms of task instead
to the given problem; this includes applying varief unit operation. In the analysis phase, a forum
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discussion is helpful to assay the final desighe xerographic process used in most copiers and
concept against the stakeholders needs. some large printers. The conventional method
of toner production is a process by which par-
ticles are mechanically broken down to the de-
Industrial Ecology and sired size distribution. The manufacturing pro-
Green Chemistry cesses for toner production, however, are also
progressing as the industry advances. This is
Rebecca Lankey and Paul Anastas good for researchers and scientists working on
future technology, but what does this mean for
the environment? Are the new technologies nec-

Over the past decade industrial ecology h&ssarily better? What are the costs (or the ben-
become a well-developed concept. The negfits) associated with the new technologies? To
stage in evolution of industrial ecology will re-€valuate future technologies, the current technol-
quire innovative technologies to further advancegy must be evaluated as a baseline.
the goals and ideas set forth by the industrial ecol- This presentation reports on a lifecycle assess-
ogy community. Green chemistry and engineefaent (LCA) that is being performed on a con-
ing provides a fundamental approach towardgntional toner manufacturing process. The goal
designing products and processes to prevent @ra life cycle assessment (LCA) is to examine
eliminate pollution and waste. Green chemistie environmental effects related to a process or
research and technologies offer methods Ipyoduct from the initial point where raw materi-
which industry can make tangible environmerg@ls are gathered to the point where all the residu-
tal improvements while also maintaining or imals are recycled, reused, or returned to the earth.
proving its economic viability. This talk will It is an evaluation tool that can be used to show
describe the relationship between industrial ecdreas of improvement within a process, or com-
ogy and green chemistry and will provide speépare the environmental performance of similar
cific examples of how green chemistry and erprocesses. LCA's consist of four main phases:
gineering technologies are providing solutiongcoping, inventory, impact, and improvement.
to the challenges set forth by the industrial ecoPuring scoping, the problem, objectives, and
ogy and sustainable development concepts. Tpcedures are defined. The life cycle inventory
presentation will also describe how the envilCl) phase is critical and accounts for all the
ronmental benefits of green chemistry technoldnaterial and energy flows in the processes. The
gies can be analyzed with qualitative and quaBystem boundaries are also defined during the
titative metrics and with the tool of life cycleLCl. The impact phase consists of analysis of

assessment, and LCA case studies of selectb@ data obtained in the LCI to determine indi-
technologies will be presented. vidual steps within each process that have the

greatest environmental impact. Finally, improve-

ments are suggested and implemented to opti-

Lifecycle Assessment of Toner Particles ™Mize the process. ,

Initial findings suggest that the onsite manu-
Anahita Ahmadi, Brendan Williamson,  facturing process is nearly optimized for mass
Thomas L. Theis and Susan E. Powers flows (97% material yield) but does require large
) energy inputs, especially in the grinding process.

Full paper available: No The system boundaries have been extended both

The xerographic industry has seen remarkadip- @nd down-stream beyond the onsite process.
advances in speed and quality of prints in tHginal results, problems encountered, and sugges-
past few decades. This technology is still infions for future LCAs, are the focus of the pre-

proving today with many companies competin§éntation.
for the future in copy and print technology. One
of the main components in the xerographic pro-
cess is the marking material, or toner. Toner is
dry ink that creates the image on paper during

Full paper available: Yes
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Closing the Loop: Soft Barriers a) internal recycling and external recycling,
b) external recycling before and after consump-

tion, and, finally,
C) exogenous aneNDOGENOUSEXTERNAL RECY-
Maria Alexandra Aragéo CLING BEFORE CONSUMPTION
Only this last category can be exempt from
the application of the waste legislation (namely
The new ring-shaped economy aimseauc-  rules on waste movements) without impairing the
ING, REUSING andRecycLinG the material flows fundamental ecological purposes of European
between the social and the environment&laste Law.
spheres. Industrial ecology is one of the more
feasible and effective ways tbose the circle

accomplishing the thirdr. Overcoming Opposition to Using

Ecological association between companigge . cled Materials: Industrial Ecology
(calledinbusTrIAL EcoLocY When carried out be- .
i@ Manchester

tween industrial undertakings) depends on t
matching of theiwaste energgutputs anavaste |gn Douglas and Nigel Lawson
materialoutputs on one hand, to their energy and
material inputs on the other hand. Full paper available: No

In the right background conditions (estab-

Industrial Symbiosis: No Time to Waste

Full paper available: Yes

lished by economic. fiscal and planning rules Many communities base their environmental
y ’ P 9 eoncerns on the visible elements of pollution and

these secondary energy and material flo ntamination. In Greater Manchester fears of

.erger?(.a flromdsptorllt_aneolustﬁpnvergences betw%%‘xins and other toxic materials from incinera-
industrial undertakings. In this case we haie tor chimneys generally has inhibited the treat-

BIOTIC INDUSTRIES. However, public authorities can . .+ o municipal solid waste (MSW) by incin-
also unllatgrally Impose enterprise assoclationg, i The smoke emerging from chimneys that
for ecological reasons, when authorizing th% easily seen concerns people more than any hid-

project of a new mdustn_/. In tha_t case we h_av&en leachates that may be escaping underground
PARASITICAL INDUSTRIES This situation is benefi-

ol at least f f the industries invol from landfills. Similar concerns over evident
clal at leas o.r,one of the INAUSIres INVOIVEQ,, ticles such as fragments of syringes and small
but, above all, it's beneficial for the society as

hol atteries in soil forming materials manufactured
whole. from MSW causes regulatory authorities to deny

Nevertheless, besides all the ecological beg'ermission for its use as a soil improver on

efits, one.of the mai_n reasons for thg import_an ffownfield sites which are being planted with
of ecological associations between industries Ses or other vegetation

to refine the European conceptwbTe as stated As much as 220,000 tons per annum of

n af{rt'de 1a) Otf the 75/442/EEtC framework OII'Greater Manchester’s MSW could potentially be
rective on waste management. recycled as such soil forming material and be

| A]I‘tgr atn_alyzm% 'Fhethcorlwtep: g waste |nCth ed as part of the remediation of contaminated
€gal doctrin€ and In the 1atest =uropean LOoYG, 4 5nq o1d landfill sites in lieu of requiring dis-
decisions, we will conclude that in some condi:

i labl terials reintroduceds lposal in “new” sites. In Greater Manchester 900
lons, recyclable materals re'(? rot_ UCEXBS (- 1nsed landfill sites and 3217 ha of derelict land
OEDAT&( EAW MAlTEg'A('j‘ f'n a tphro uction tpr(f)cesstwith potential for redevelopment, but which need
_srhgu | € e'I)I(ClIJI e thror;_ t'e ;:pncgapt Of WaSt&yditional soil material for successful plant

IS also witl allow the distinction betweee- growth, still await reclamation. Trials are cur-
cycling facilitiesandwaste treatment facilities rently being undertaken to enhance the accept-

The core question IS. when can we ConSIdera"i])ility of this soil forming material reclaimed
secondary raw material not to be waste?

T th i have to disti .Sfé())m MSW as a means of improving the organic
betV\(/)lerlfwer € questionwe have 1o diStNgUIR, et of surfaces of reclaimed sites.
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Concerns over the character and consistency Norwegian municipalities have a great deal
of the appearance of reclaimed materials andofautonomy concerning their waste collection
perception that all secondary products are infstrategies. Today more than half (250) of some
rior may also restrict the use of building prodfour hundred municipalities have introduced
ucts made from recycled aggregates derived frosnpurce separation and recycling systems for plas-
construction and demolition waste (C&D waste}ic packaging. One of them is Trondheim, situ-
A survey of businesses involved in the differerdted by one of the fjords 500km north of the capi-
stages of demolition, treatment and reuse of C&fal Oslo.
waste is seeking to identify the contrasts between In 1997 Trondheim municipality introduced
real barriers and perceived problems in this ag-source sorting system based on four separate
pect of industrial ecology. This study of busiwaste bins at the curbside. The intention was to
ness strategies will complement a scientifi,educe the amount of waste going to the incin-
evaluation and risk assessment of recycling coarator and landfill, and to increase the potential
taminated C&D wastes. Initial results alreadfor recycling. The local source sorting system
demonstrate that total background levels of soneentains three normal-sized bins: The one for
potential pollutants exceed current guideline levPaper and hard paper ‘ together with the one for
els even in supposedly uncontaminated materigtnvironmental Waste' are both designed for
Issues of risks associated with end uses androéterials recycling, while the purpose of the last
mobility of pollutants have to be addressedne, ‘Residuals’, is energy recovery. In addition
These studies demonstrate the need to combaemall container for hazardous waste is kept at
robust science with a better understanding of thige household. The concern of our study is the
concerns of the wider population in order to gaibin labeled ‘Environmental waste’.
acceptance of recycling possibilities and enhance Instructions regarding the interior of this par-
the human ecology of old industrial landscapescular bin have varied over time, a source of frus-

tration in the populace. Throughout the period,

however, ‘Environmental waste’ has included a
Policy Design For Material Recovery various set of sources. Today plastics, metal and
Systems: A Case Study of Policy and  drinking beveragesi(ikkekartong are collected
Technology Based Obstacles for Eco- ~ here, often resulting in unclean fractions unsuit-
efficiency in the Recycling System of ~ able for material recovery.

. . . Now, four years after the introduction of the
Plastic Ffackagmg from Households in source separation system, only 9% of the total
Trondheim, Norway

amount of the plastic packaging waste from the

Hilde Ngsen Opoku and Arne Eik households are recycled into new plastic prod-
ucts. Our hypothesis is that these rather disap-
Full paper available: Yes pointing results lies in poor policy design due to

Previous studies undertaken separately by tEbSUﬁiCiem will and understanding of the prob-

two authors have identified obstacles in the pla %?uﬁitnbc};hiﬁgggcila?ggegﬁmglsg;%irlgve'S’
tic recovery system in Trondheim — the third IargI- 9 d . Lo
Traditionally, as far as Industrial Ecology is

est city in Norway -, at the political and admin-__ . ; o ;
istrative levels and in terms of technology bas anifested in a ”ad'“or.“ advocates of Ind_ustnal
cology from the technical and natural sciences

solutions. The intention of this paper is to com: 4 . )
bine and elaborate on these findings. end to focus_on economic and techmca_l barriers

Last year 22% of the national consumed pla hen analyzmg the efﬂmenc_y_of recy_cllng Sys-
tic packaging was recycled in Norway. From th £ms. The Importance of sufficient policy design
total annual consumption of 100.000 tons plaé‘—nd |mplemer_1tat|0n IS _often overlooked. On the
tic packaging, 55.000 tons comes from the hous ontrary, Social scientists have a hard time as-
holds. Ultimately then, 55.000 tons plastic padéeisl:nognéruesi;erfg?r?;?% t;s[m?e\lj:r?'?é (ra_:gr'g%g_p
aging should be collected and redistributed, alo gntp

national guidelines, for further treatment at thggctxgoglerroii‘;?spﬂgn'ir;rhltsosél\'llgilczc;nrgbm:e
municipality level. pp ping
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shortcomings in our analysis of the plastic pack- For some businesses, the task of cleaning up
aging recovery system in Trondheim. and doing what it takes to comply represents an
Our data is based on an extensive analysisinurmountable problem due to the size of op-
the policy designed for the source sorting sygrations and lack of knowledge for overhauling
tem and its implementation in a particular city large business operation for compliance with
area. Secondly, statistics of the recycling rate fgovernment regulations.
that particular area in 1999, 2000 and 2001 will While some companies may have chosen to
be analysed in comparison with the developmesihut down under these circumstances, one auto-
at the policy level. Finally an LCA analysis idenimobile recycling company in Seattle, WA chose
tifying where in the life cycle loss of materialto seek technical assistance from a qualified non-
occurs will be carried out, to support suggestionsofit environmental technical assistance orga-
for improvements in the system. The goal is tnization chartered for providing free services to
bridge empirical knowledge from traditionallyindustry. The Environmental Coalition of South
two separated scientific cultures and give a moBeattle (ECOSS) is a local organization with a
profound problem description of a recycling sysdnique position within the community, and a
tem. reputation for providing such qualified services
to businesses in all industrial sectors. This paper
describes some of the work by ECOSS staff to

Unique Non-profit Assists Auto Recycler assist Affordable Auto Wrecking in correcting

with Environmental Compliance and/or improving their facility for required com-
pliance with environmental regulations in the
Jack W. Scannell media of air and stormwater. These activities also

included the development and implementation

of comprehensive plans for both source and struc-
Historically, in a similar way as municipaltural controls for pollution prevention in various

landfills, automobile recycling businesses werareas of the facility. As a result, Affordable Auto

often established in less favorable, sparsely popd&recking was able to continue full business op-

lated geographical areas of little interest to thgrations as an improved environmental steward

average person unless a used car part was nee@@d. partner in the community.

Given such isolation and low visibility to the

general public and regulatory agencies, these op-

erations were left alone for many years to dpechnical Program U

business and manage their part of the envirom

ment at their discretion. Due to the nature :

their business and a general hands-off polic ,oc““ Framework 1l

most developed into a visual eyesore and seri-

ous potential source of pollution. Solving New Environmental Problems
As land use needs and environmental regulby Going Beyond Regulation and

tions changed over the years, some automobfesponse

recycling companies suddenly found themselves

scrutinized by different federal, state and loc&Flinton Andrews

regulatory agencies. On-site investigations qyu

agency inspectors frequently confirmed the se-

riousness of the problems. The issues are var-This paper describes the popular conception

ied, ranging from clearly identified land, air andf an environmental problem-solving system that

water pollution to complex environmental jus+elies on government regulation and industry re-

tice concerns for nearby multicultural residensponse, and then shows how it fails to address

tial neighborhoods. Consequently, these typ#mportant new environmental threats. It identi-

of companies have often been given an ultimfies alternative pathways for solving environmen-

tum: clean up and comply, or shut down. tal problems that focus much more on individual

Full paper available: Yes

Il paper available: Yes
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choices in a variety of social contexts, drawing By examining environmental regulation as if
on the experience of the recently completed Neitwvere a coherent social problem solving activ-
Jersey Comparative Risk Project. ity, we gain a better understanding of why it

The paper begins by arguing that environmesometimes is not. We know that much social, po-
tal policymaking in post-industrial countries muslitical, and economic activity in fact ignores en-
change to reflect the rise of “second generationironmental problems rather than addressing
environmental problems. “First generation” enthem in a timely manner. By integrating and ex-
vironmental problems included belching smoke&ending previous work on risk perception, pub-
stacks, mountainous garbage dumps, and ottieropinion, regulatory policy, and impact analy-
obvious insults. For these problems, a scientifiis, this paper presents a unified view of the
consensus existed regarding root causes and pdwole process of environmental improvement,
tential solutions. In recent years, first generaticaind it shows how the process itself might be
problems have been supplanted by second gémproved.
eration issues such as tailpipe emissions and sub-New data are available to illustrate the themes
urban lawn runoff that are subtler and more disutlined above. The author is one of the princi-
persed. Accompanying these newer problems grals of the New Jersey Comparative Risk Project,
diffused responsibility and rampant scientifi@ multi-year effort to characterize and then rank
uncertainty, which conspire to paralyze existinthe state’s environmental problems. Funded by
policymaking processes. the US Environmental Protection Agency and the

The paper then maps the current governmeNew Jersey Department of Environmental Pro-
tal regulatory system, which is supposed to wottection, this project blends scientific knowledge
as follows: adverse environmental conditionand stakeholder values in an elaborate process
should affect public perceptions, which shoulihvolving dozens of experts, repeated interactions
influence government policies, which shouldvith stakeholders and public officials, and out-
modify the behavior of firms and other offend+each to the general public. For 75 environmen-
ers, which should improve environmental cortal problems spanning 11 major categories, sci-
ditions. This “problem-solving” conception isentists have prepared peer-reviewed analyses of
embedded in the civic dialogue about the enviheir impacts on human health, ecological qual-
ronment, and it represents an optimistic, ratigty, and socioeconomic concerns. This paper will
nalist vision of the processes by which enviroruse illustrative results of this project as a spring-
mental information affects environmental outboard for investigating broader questions about
comes. the social framework of industrial ecology.

Next the paper dissects the problem-solving
model of environmental policymaking, showing
that other factors often drown out the weak sigtakeholder Involvement in Life-Cycle
nals being transmitted from scientists, to citizengsgessment
to government, to polluters. While acknowledg-
ing that the model has some descriptive and prigobert Anex
scriptive value, the paper argues that it nee
drastic re-thinking. The paper offers a better a
proach based on three central tenets. First, Recognition of the contingent and social na-
policymakers must concentrate on measuringre of human interpretation of the environmen-
what matters, as the indicators movement advgi impacts and environmental risks created by
cates. Second, it must reflect the decentralizg@th public and private decisions has led to an
nature of real environmental decision-makinghcreased appreciation of the importance of in-
and support both bottom-up and top-down iniyolving stakeholders in the assessment of these
tiatives, as the devolution and green consumggks and impacts. Human responses to environ-
movements do. Third, environmental policynental change represent risk management strat-
making must concentrate on reconciling compeggies reflecting complex judgments about envi-
ing civic objectives, as the sustainable developsnmental and economic risks which are in-turn
ment paradigm attempts to do. derived from more subtle social-cultural-psycho-

s .
g_ull paper available: Yes
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logical judgments anchored in ethical and hige.g., some consumers are also managers, all
toric beliefs about nature and humans’ relationmmanagers are also consumers, and no one is only
ship with it. In order for analysis to capture the@ manager and a consumer). In addition, the pros-
full complexity of human responses to environpects for institutional changes that can strengthen
mental change, stakeholders should be involvedtak decision makers, like the emergence of an
in the process. environmental movement that influences group
In risk assessment the need to involve stakbehavior or the creation of non-governmental,
holders in evaluating and prioritizing risks fomot-for-profit organizations in the public inter-
policy attention is becoming accepted generallgst like Public Citizen, the U.S. organization that
Arguments for stakeholder involvement in envilitigates on behalf of all consumers, are as sig-
ronmental assessments can be situated comfanificant as those for technological change. This
ably in the National Research Council's (NRCpaper explores the set of actors and the possi-
1996 prescription that reconceptualizes risk abilities and constraints they face. | go on to sug-
sessment as a recursive analytic-deliberative pigest directions for broadening the social land-
cess, instead of the strictly top-down sciencaeape of Industrial Ecology in a way that is based
driven process. The 1996 NRC report identifieth social theory that relates categories of deci-
two challenges in implementing the analytic-desion makers to the flows of energy and materials
liberative process. The first of these concernexbsociated with the activities that follow upon
the substance of risk-based decision-makinthe kinds of decisions they make on both a rou-
how to get the science right and how to get thae and an exceptional basis.
right science. The second concerned the process
of risk-based decision-making: how to get stake-
holder participation right and how to get the rightmplementing Industrial Ecology — A

stakeholder participation. In this paper, a ris'@olicy Science Exercise?
based LCA framework is proposed that recom-

mends stakeholder participation strategies dé+rnold Tukker
signed to meet these challenges and enhance ﬁ lable: N

effectiveness of policy-driven analyses such il paper avaiiable: No

LCA, based on the level of trust that stakehold- |,qystrial Ecology (IE) typically focuses on

ers have of various policy participants. greening of major parts of our societal systems,
usually asking for rather radical changes com-
pared with the current situation on longer term.
Individuals, Social Groups, and Institu-  Metaphors used are ‘Factor X, ‘transitions’, and
tions: An Examination of the Locus of ‘system innovations’. IE seems to have its roots

Decision Making with Major Impact on predominantly in natural science oriented re-

the Environment search: a typical issue of the Journal of Indus-
trial Ecology mainly contains papers on mass
Faye Duchin flow analyses, LCAs, input-output analyses, etc.

There is of course nothing wrong with that.
Analytical tools can certainly help to give guid-

Industrial Ecology focuses on 2 categories @nce into which direction the required systems
decision makers, corporate managers and gdihanges have to take place. However, when it
ernment policy makers, and their control ove¢omes down to implementing the ideas of such
material and energy flows. Society of course ifRatural science based IE research, a number of
cludes a wider set of decision makers, but théypical problems is encountered. These problems
are physically more dispersed, they are assum@i@ mainly based in the fact that IE deals with
to be more passive, and their impact is consitirge societal subsystems and hence a lot of ac-
ered more incremental and indirect. The key efers, and environmental problems that are inher-
ample of such “weak” decision makers is corently complex:
sumers. However, the social landscape is corb- Often, there is no such thing as one single view
plex because of the extensive overlap of roles onwhat is the problem, and the solution. There

Full paper available: Yes
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might be different paradigms or frames thatl quality is becoming increasingly important

different actors related to the IE system and the “green” behaviour of many companies

stake adhere to. is also a result of consumer demand for environ-
2. Often, there is no clear dominant problemmentally-friendly products. These issues must be

owner or decision taker either. It is the neteonsidered at the product design stage.

work of actors, working together (or not), that Green Quality Function Deployment (GQFD)

lets things happen. is a recently proposed tool, providing an efficient

Two examples will be given of such problemghethodology to face such problems.

One is the problem of diffuse emissions leading Quality Function Deployment (QFD) is a sys-

to polluted sediments in the Netherlands, askiifgm for translating customer requirements into

for an integrated, EU wide IE approach to thappropriate company requirements at each stage
related compounds — but where in fact EU regiffom research and product development to engi-
lation of free trade blocks all initiatives, supneering and manufacturing to market and distri-
ported by those who do not like such a sourddition. Life Cycle Assessment (LCA) assesses
oriented |IE approach_ The second examp|e is tﬂ@ environmental impacts for all activities tak-
debate on the use of a number of toxic substand@g place over a product's full life cycle, “from

in products, where the balance of power in thgradle to grave”.

production-consumption chain actually deter- Environmental conscious manufacturing can

mines if a risk-based management approach (i implemented by integrating LCA (and LCC)

ing the substances and keeping their producti#ifo QFD matrixes.

infrastructure intact) or a precautionary manage- This paper presents a critical review of this

ment approach (phasing large production syster¢thodology and an attempt to point out new

of chemicals out) is applied. The conclusion igdvancements.

straightforward. Implementing Industrial Ecol-

ogy implies:

1. Dealing with an analysing the views of thé\dvances in Design for Environment at
stakeholders that have key position in the Iotorola: 5 Years of Lessons Learned
system at stake; ) ) )

2. Designing processes, based on the notion 6atrin Mueller, Michael Riess, Markus
network management, that can overcome ofptutz, Doreen Schnecke, Siegfried
posing views or other institutional barriersPongratz, W.F. Hoffman 1lI, lon

and create arrangements that lead to actionNjcolaescu, Steve Scheifers, and
Which means asking policy science to COMByp Pfahl

to rescue.
Full paper available: No

. We first described the processes and methods
ECO'DCSIQH I Motorola was using to implement Design for
Environment in the Winter 1997 JIE. Many of
The GQFD as a Methodology of Envi-  those methods survive today but many aspects
ronmentally-Conscious Manufacturing  of DfE have also changed. The intervening five
. . . years have also seen considerable change in the
Andrea Raggi, Luigia Petti, and competitiveness of environmental issues. It is
Lorella Mercuri no longer just regulation and environmental ac-
tivists setting the pace of environmental innova-
tion, companies are beginning to compete based
In today’s globally competitive market, de-on the environmental attributes of their products.
sign and manufacturing of products that medtew initiatives have also been implemented to
customer requirements and environmental comeet the needs of management of portfolios of
straints has become the goal for most manufgaroducts and the engineering design process. Yet
turing organizations. The concept of environmenmany issues remain. External regulations still

Full paper available: No
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loom, banning specific materials and demandaase study of nitrogen metabolism in the Swed-
ing the design of recyclable products. This pash municipality of Vasterds. Two situations
per will describe how time and experience hawghere regional MFA is proposed to be useful will
modified our initial Design for Environment ini- be investigated: priority setting and follow-up
tiatives and what new directions are being takeaspectively. Priority setting is investigated by
to implement DfE within Motorola. analysing data uncertainties for different flows
and their mutual relation within one year, 1995
or 1998. Following up is looked upon by

Regional Material Flow Analysis analysing the change of particular flows between
the two years 1995 and 1998.
On MFA and Policy-Making, or What if When the nitrogen flows are analysed with-

out consideration of data uncertainties, it appears

inti i 2 . .
Data Uncertainties Were Considered® that certain conclusions can be drawn concern-

Fredrik Burstrom and Lena Danius ing relative importance for the total load on the
. environment. But when data uncertainty is con-
Full paper available: Yes sidered, the conclusions are not so given. In the

Regional material flow analysis/accountingSituation when MFA is used as a tool for priority

(MFA) has been proposed as an analytical togfting the following can happen: Two flows that
to be used in various environmental managemétft'ier seemed to be of the same importance, can

decision-making situations, for example as a to] €XIreme situations vary so that any one of the

for early recognition of major problem flows orfWO flows are twice as large as the compared
low. Flows that initially seemed to be of differ-

stocks, priority setting, effective policy and goai _ ;
making, follow-up/analysing trends, and screergt Size may turn out to be of equal size. In the
ing (Burstrom, 1999, Hendrike. al, 2000, Udo situation when MFA is used as a tool for follow-

de Haest al, 1998). However, data uncertainid Up the following can happen: For flows re-

ties in MFA, as in other environmental systerfiorded from data with high uncertainty, the
analysis tools such as LCA, are very often ¢iange is no longer certain. Only when the data
varying standard. This leads to questions lik&2Ve Very low uncertainty a change remains even
How reliable are the results? How big recordeffen data uncertainty is considered.
difference between flows is necessary to guar- " @ll, our study indicates in both cases that
antee that one is larger than the other? Has the conS|derat|on_of data uncert_alntles makes the
improvement really occurred from one year ta_f)_esults less cert_aln and the policy recommenda-
another? For LCA there exist a number of met/ions more ambiguous. Based on the analysis of
ods to deal with data uncertainties (Bjorklungd@t@ uncertainty in relation to the case study pre-
2000). Data uncertainties connected with MFRENted in this paper, it is concluded that to use
studies are however mostly not dealt with. Thi¥FA @s a tool for priority setting and follow-up
usual way of handling these questions is to CO},?_assomate_d WI.'[h considerable d|ff|cult|es: How-
clude that, in spite of the unknown uncertair€Ve"» MFAis still a useful tool for screening in
ties, the result is good enough and that the c&tder to identify areas for further and more de-
rect order of magnitude of the different flows arf2iled investigation.
accounted for. References

Aiming to raise the awareness on the gendsjorklund, A.E. (2000) Survey of approaches to
ally neglected but very important issue of dataimprove reliability in LCA Manuscript sub-
uncertainties in MFA, the paper analyses howmitted tolInternational Journal of Life Cycle
data uncertainties affect the results in an MFAAssessment
study and the possibilities to give policy recomBurstréom, F. (1999) Materials accounting and
mendations for related to environmental policy environmental management in municipalities
and management. A newly developed model taJournal of Environmental Assessment Policy
determine, present and calculate data uncertairend Managementl(3): 297-327.
ties in MFA studies (Hedbrandt & S6rme, 2001panius, L. & Burstrém, F. (2001)
is modified and applied on data from an earlierKvavemetabolism i Vasteras kommun 1995 och
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1998 (The nitrogen metabolism of Vasterasmodeling.

1995 and 1998)Technical Report 2001:1. The material flows are linked to the economic
Royal Institute of Technology, Division of In- activities on the local/regional scale to determine
dustrial Ecology. Stockholm. the effects of the local activities.

Hedbrant, J. & Sérme, L. (2001) Data vague- The project results are used in the consider-
ness and uncertainties in urban heavy-metations of local/regional actors and stakeholders
data collectionWater, Air and Soil Pollution to determine their future implementation strate-
(in print) gies for “sustainable development”.

Hendriks, C.et al (2000) Material flow analy-  The quantitative linkage of ecological and
sis: a tool to support environmental policy deeconomic effects using a bottom-up allows first
cision-making. Case studies on the city ofteps inthe direction of a material-flow economy
Vienna and the Swiss lowland®cal Environ- on the local and regional scale.
ment 5(3): 311-328. This work is sponsored by the German Fed-

Udo de Haes, H., Huppes G. & de Snoo, Gral Ministry for Education and Research
(1998) Analytical Tools for Chain Management(BMBF) under the program “Regional
Chapter 5 inManaging a Material World: Per- sustainability”.
spectives in Industrial Ecologyellinga, P., Detailed results can be found on the project
Berkhout, F. & Gupta, J., eds., Kluwer Acawebsite http://www.oeko.de/service/cities/
demic Publications. Dordrecht.

A System to Optimize Regional Material
Linking Energy, Material and Economic  and Energy Flow for Designing Recy-
Flows on the Local and Regional Level: cling Society
First Steps Towards a Material-flow
Economy

Uwe R. Fritsche

Naohiro Goto, Koichi Fujie and
Tomotaka Usui

Full paper available: Yes

Full paper available: Yes To maintain sustainable development, it is

The sustainability of local and regional derequired to establish new society with low envi-
velopments on the level of two new inner-cityonmental load and low resource/energy con-
neighborhoods (city quarters) in the German cisumption, i.e. recycling society. A method to
ies of Neuruppin (Eastern Germany), andesign the recycling society is to raise effective-
Freiburg (South-West Germany), is quantitaaess of resource/energy utilization and recycle
tively analyzed with respect to ecological andf waste.
economic impacts, while social indicators are Material balance of manufacturing process is
included qualitatively. composed of raw material input, product output

Based on this analysis, the linkages betweamd waste generation. Ratio of the input to the
the ecological and economic impacts of variousutput could be interpreted as effectiveness of
local and regional activities and strategies te@source/energy utilization. Rise of this ratio is
achieve a more sustainable neighborhood a@increase the effectiveness. Recycle of waste
determined, and “win-win” options identified. also plays an important role. The recycle makes

The analysis of the real-world examples ofvaste disposal and virgin resource/energy con-
local activities considers their full life-cycle im-sumption reduce. This makes ratio of virgin in-
pacts, and differentiates between local, regionplit to output raise and brings the effectiveness
and national/global impacts. increase. In order to establish the recycle soci-

The linking of micro-economic impacts withety, it is required to optimize theses material
meso-scale (regional) effects uses a proced$bws.
chain (“bottom-up”) approach, while the national The objective of this research is to develop
and global economic impacts are determined lmgethodology to optimize regional material flow,
macro-economic input-output (“top-down”)i.e. to maximize effectiveness of resource/energy
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and recycle of waste for recycling society. Prahe reorganization, the database on recycle tech-
cedure is described as follow. First is to analyza®logy is referred.
regional material and energy flow. Second is to
design waste utilization among industries, “in-
dustrial network”. Last is to minimize environ-Improved Environmental Performance
mental load and energy/resource consumptiopy Means of System Innovation and
We have developed a computer system for thigetworking: Case of a Regional Energy
procedure. Itis composed of four compartmentgupmy System
analysis of regional material flow, design of in-
dustrial network, optimization of the materiakjrsi Hamalainen and Hanne Siikavirta
flow and some databases for the system.
1) Analysis of regional material flow Full paper available: Yes

There are two approaches for regional mate- A tudv about ional |
rial flow analysis. One method uses input output case study about a regional energy supply

ystem of Jyvaskyla, Finland is presented. The

table and estimates material flow among indud> .
energy supply system is based on a network of

trial sectors. The input output table shows rela . o T
ompanies and organizations operating in the

tionship among industrial sectors in cash flow, . A . :
Then the cash flow should be converted to mat&- < 9 generation and transmission fields in

rial flow by setting conversion factor. Though yvaskyla. The case of the energy generation

this is the best to comprehend profile of regiongysetsirt?nm tgretn(élrtg:;nngﬂZ?)éEtleﬁvgivﬁ%erﬁg}l-
material flow easily, it cannot investigate detaif? gp .

, . }gl performance and eco-efficiency by network-
material flow. Another method uses questionnait

and investigates material flow among individua : o
factories. Though this method is most accurawom order to illustrate the suitability of the net-

) . : . rk co-operation for enhancing environmental
to analyze, it cannot investigate all regional ma- P 9

. rformance and eco-efficiency, a comparison is
terial flows. These two approaches complemeﬁf3 y P

each other. By using same method water aI%OVided by generating a model of an_alterna—
energy balance could be estimated. tive energy supply system. The comparison sys-

. . . tem is assumed to be based on companies and
2) Design of industrial network

i , i sites producing energy separately instead of co-
When regional material flow is analyzed, régperation. In the comparison system wood resi-

gional elemental flow could be also analyzed by, ;a5 from the neighboring industrial plants and
setting eIemental_ composition of products_. If elrocessed chips from forest harvesting would not
emental composition of waste from one indugse sed as a fuel as in the current system. In ad-

try is similar to that of products from other inition “the district heat distributed to the rural
dustry, industrial network between the two inz a5¢ surrounding the city of Jyvaskyla and the
dustries can be connected. process steam consumed by a local paper mill
3) Optimization of regional material flow and by a local paper machine producer would be
In designing industrial network a lot of in-generated in separate boilers instead of the power
dustrial network candidates could be found. Thlants belonging currently to the system. More-
network to minimize final disposal of wastepyer, the ash produced by the power plants in
should be selected. This kind of optimization Iﬁ']e System and the heat extracted Currenﬂy from
applied to all industrial sectors, and industrighe condensing water of the paper mill and from
networks with maximum waste disposal redughe district heating waters returning from the city
tion show optimized regional material flow.  would not be utilized in the comparison system.
4) Database The fuel consumption and the environmental
There are some databases for this system. Qoads related to the current system and to the
is on material balance in factory. It includes wastomparison system as well as the investments
generation or waste recycle per each producised for building up the systems are compared.
Another is on recycle technology. When one inconsequently, the eco-efficiency of the systems
dustrial network is selected, it should be recogs compared. The data used for modeling the sys-
nized whether the network is feasible or not. Items is acquired directly from the companies
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operating in the energy generation and transmiggrporate Integration - ICT
sion fields in Jyvaskyla. In addition to this site-

specific data, secondary data gathered from Szonomic and Environmental Implica-

tistics and publications is used. . . e )
If the energy generation system of Jyvaskyllé?gégf Online Retailing in the United

were not based on the network co-operation li
fon and the emvironmental loads of the syster; SCCt Matthews and

would increase. The carbon dioxide (§&mis- Chris T. Hendrickson

sions generated by the system would be abdgtill paper available: Yes

30% higher than in the current system. More- , o .
over, the particle emissions would be nearly 209 E-commerce is revolutionizing product dis-
higher than the emissions generated by the cifiPution and other business functions. Imple-
rent system. In addition to the environmentd['€nting E-commerce is heavily dependent on
loads related to the current system, the invedt0th constructed and digital infrastructure. How-
ments needed for building up the system woufg/€": the implications of E-commerce for envi-
be higher without co-operation. Thus, in the cufonmental quality, infrastructure requirements,
rent system the energy produced in the Jyvaskfigonomic impact and sustainability have_not been
area is generated with lower primary energy COﬁyster_natlcally assessed. Our re_sea_rch is focused
sumption and lower emission and investme/i1 @ lifé cycle approach to estimating the eco-

rates than in the comparison system, which doB@Mic and environmental implications as well
not rely on network co-operation. as sustainability of the Internet, specifically of

The environmental performance and eco-eE-commerce, compared with traditional logistics
ficiency of the energy generation system 4nhd manufacturing systems. For example, a case

Jyvaskyla has increased alongside with the n&tudy of book publishing compares the traditional

work co-operation. In the Rauhalahti Powel€t@il System to electronic ordering (e.g. using

Plant, which causes most of the environmentﬁfzazon'com’ amajorhAmerlc%n on(I]:ne re;aﬂgr),k
loads related to the system, the specific emi@ld to @ new system that would produce the boo

sion rates have decreased by 25% to 80% in Ig4the time and place where the customer orders

ten years. At the same time, the primary eneréty We_ WiII_ generalize from our case stu_dies to
consumption of the power plant has increaség@Mmine impacts for transport congestion and
by more than 30%. This illustrates that the growtrastructure needs from product delivery, in-
in energy generation and thus, in the primaggdmg energy and transport mfragtructures. At
energy consumption has not been harmful for t e level, E-commerce may SUbSt'_IUte for more
environment. On the contrary, the growth ha%ostly catalog or retail outlet mar.ketlng channels.
enabled the energy companies belonging to t will use our Internet basgd I!fe—cycle assess-
energy supply system of Jyvaskyla to invest iment model (EIO-LCA) which is based on an

advanced environmental protection technologidaPut-output framework of the U.S. economy
and to environmentally more benign local fuel@ugmented with the most current environmental
and resource use data.

The traditional logistics system starts with
product manufacture and then distributes the
product through regional warehouses, a retalil
store, and finally delivery to the consumer. This
system is expensive and resource intensive. First,
for almost every product, too much or too little
is produced since the product demand is uncer-
tain. Second, the product moves much further
than from the manufacturer to the consumer.
Third, the transport and storage require the prod-
uct to stay in the system for a long time, which
expends resources and provides many opportu-
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nities for damage or theft. While this system takes We are also considering the implications of
advantage of economies of scale in productiadvanced technologies such as on-demand manu-
and freight shipping, resources are used and pacturing, where a product is only manufactured
lution generated by the additional shipping anghen it is demanded. For book publishing, this
excess production. E-commerce systems subssi-print on demand’, which allows low-volume
tute “warehouses in the sky” with Federal Exbooks to be printed at a local bookstore. This is
press and UPS providing rapid delivery from thaccomplished by digitally providing the elec-
manufacturer’s warehouse or for products madeonic contents of the book to a printer. One of
to order. However, packaging, airfreight antdhe primary benefits of such a system is reduc-
home delivery also use resources and pollute ity ‘unsold inventory’.
is not obvious which of the two systems results We are also analyzing the environmental and
in less overall resource use and pollution. A fusustainability implications of the Internet infra-
ther step is producing to order, to eliminate irstructure in the United States. Our research in-
ventories. A possible future step would be “manwwolves large system descriptions of the Internet
facture to order” at the customer’s location wheim terms of computers, hubs, and tele-
the order is placed. Visionaries focus on what sommunciations links needed to direct Internet
or might be technically possible. Total costs, reraffic throughout the country. Our work will lead
source use, and environmental discharges dosestimates of the ‘overhead’ of Internet use, e.g.
rarely considered but are critical issues. the energy and environmental impacts of send-

An initial discussion of these general pointing e-mail or web surfing. Once found, these ef-
was made by Matthews (2000), suggesting thigcts can be added to the logistics impacts cited
online retail systems depend on traditional labove for an overall assessment of the
gistics carriers in the U.S. (UPS and FedEx) faustainability implications of e-commerce sys-
fulfillment. A primary concern of this paper wasems.
that the additional packaging and overnight air In summary, we will present results summa-
shipping present significant environmental chatizing our work to date on the comparative ef-
lenges. For example, shipments of books to treects of online retailing in the United States. This
ditional retalil stores typically are in bulk boxesesearch uses life cycle assessment as a tool to
containing 10-30 books, while online shipmenterganize impacts during the manufacture and
to customers typically contain only 1-3 bookslelivery of products. The effects compared in-
per box. A subsequent paper by the authoctude costs, energy use, releases of conventional
(Hendrickson 2001) compared traditional versysollutants and greenhouse gases, and hazardous
online retail shopping models and found scewaste. Finally, we will extend our research on
narios by which e-commerce systems could abeok publishing to other products, and note the
tually cause 5-30% less environmental effectiifferent results generated by sensitivity analy-
compared to traditional systems. sis of the inputs of our model.

As with any model, the comparisons betweefieferences

different retail and logistics models are sensitivgjendrickson 2001] Chris T. Hendrickson, H.

to the inputs used. For example, the distance frongcott Matthews, and Denise L. Soh, “Economic
a consumer’s home to a traditional bookstore is;nd Environmental Implications of E-com-

significant. The distance from the online retailer merce: Case Study on Book Publishing,” Pro-

warehouse to the consumer is also significant. ceedings of the 80th Annual Transportation Re-
_ However, the most important input variable search Board Conference, January 7-11, 2001,
is th_e amount of unsold product. _In the bOOKWashington, DC.

publishing industry, unsold product is called ‘re[Matthews 2000] H. Scott Matthews, Chris T.

mainders’ and averages 35% for best seller hardyengrickson, and Lester Lave, “Harry Potter
back books. This implies that 35% more productang the Health of the Environment”, IEEE

was manufactured than was sold. In the publishgpectrum, November 2000.
ing industry, wasted production leads to many

tons of pollutant releases that could have been

avoided if manufacturing systems were opti-

mized to demand (as is done for other products).
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The Environmental Benefits and Costs  sionals, etc.) interested in the environmental im-

of Telework plications of telecommuting to make more envi-
ronmentally sound decisions while understand-

Erasmia Kitou, Arpad Horvath and ing the complexity of the system.

Eric Masanet Are air emissions indeed reduced as a result

of telecommuting, or have the emissions and
exposures simply shifted to other providers, prod-

A substantial portion of the U.S. labor forceUCtS Or services in the supply chain? Using the

estimated at 30 percent, now works from homtgol, a decision-maker should be able to decide
at least part of the time. An estimated two milvhen telecommuting is a more environmentally

lion are full-time employees who otherwis®€nign option.

would commute daily to an office or other work-

place. With traffic congestion bordering on un- ] ]

bearable, and the reduction of air pollution conlVill Industrial Ecology Give Way to
tinuing to be one of the most important publiService Ecology? : A Critical Review of
policy goals in many metropolitan areas, workideas and Research on “Sustainable

ing at home, commuting only to neighborhoogproduct) Service Systems”
telework centers, or cutting weekly commute

entirely or by at least a day or two may bringksana Mont and Chris Ryan
environmental benefits. Telecommuting is be,i I ilable: Vi
coming popular, and due to its scale and potenEJ paper avarable. Yes
tial, telework’s environmental impacts have come As the long-term focus for change in produc-
to the forefront of interest of decision-makers.tion and product systems has moved from (eas-
We present a comprehensive systems frami) achievable technical changes able to deliver
work that includes the multitude of direct andfactor 4” reductions in environmental impact,
induced effects of telecommuting in order thab larger systems realignment for “factor 10"
the environmental analysis accurately capturehanges, the idea of a shift from “product ecolo-
all factors relative to the status quo, nongies” to “service ecologies” has gown in policy
telecommuting. Both environmental and ecaand industry research. Although these ideas take
nomic factors are included as economic infola number of forms, they all propose that signifi-
mation complements environmental assessmegént gains in environmental improvement can be
while environmental emissions (through their fulachieved from an approach, which would see
social costs) have economic implications. Thisconomic and business activity move from prod-
research quantifies the systemwide operatingt sales to selling services (including the ser-
effects of telecommuting by assessing the energices of the utilisation of a product). Such think-
consumption and the resulting air emissions rérg has been boosted by the recognition of vari-
lated to transportation, office and home spaceus consumption effects, which severely limit the
and electronic equipment use. Telework’s effectsyerall societal gains from realised improvement
on these components include estimation of thetechnology, materials and product design. This
emissions associated with rebound effects suchn be illustrated by the situation where energy
as latent demand, or increased demand for otfsavings by improved car engines are frequently
activities such as increased number of shoppitigaten up” by bigger and an increased numbers
trips, pleasure travel, etc. The external costs of cars, faster cars or longer distances driven.
air pollution are converted into dollar terms us- Although the sustainable services approach
ing full cost accounting methods. continues to be an active focus for research in
We have developed a comprehensive, wethe EU and a new dimension for policy formula-
based decision support tool that is available tion (for instance in Integrated Product Policy)
the public domain. The tool is designed to helthere is reason to be concerned that knowledge,
individuals, company managers, regulators, @sncepts, terminology and practical development
well as other stakeholders (such as the geneighot developing in a critical and coherent way.
public, environmental health and safety profesfet already some core issues seem to be clear

Full paper available: No
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and the simplistic assumptions that have beenal groups of barriers that hinder a broader use
characteristic of much of the writing and projectsf ASPs: technical, cultural, knowledge, eco-
to date can now be refute. nomic and legal barriers that can be addressed
by different actors. Companies can overcome
some of those barriers, but the issues of property
and privacy right protection, anti-trust legisla-
tion, standardisation and infrastructure develop-
ment have to be addressed by government.

Software Renting — A Platform for
Sustainable IT Sector?

Andrius Plepys

Full paper available: Yes Industrial Symbiosis Il
The Information and Communication Tech-

”0(]"093’ (ICT) seclor dozs not °r|"y create ,halequiIIing Taiwan’s Aspiration of Be-
ardous waste problem, but it is also surprising . P o "
highly resource-intensive. The data about t é%i?&g% ?nigﬁglsét(;?:gljland

environmental impacts for electronics is grad
ally being co_IIected and a_nalysed in gfew I'fEAIIen H. Hu and K. Y. Chong
cycle analysis (LCA) studies. Some life cycle
stages such as material extraction and compey|| paper available: Yes
nent manufacturing are highly material and en-
ergy intensive and hazardous waste is being gen-Several scholars had pessimistically predicted
erated along most of their life cycle stages. that humanity had just fifty years left. While those
Rapid technology development has tremempredictions may be exaggerated and unrealistic,
dously increased functionality of electronic prodgiven that one-quarter of the world’s population
ucts. Unfortunately, the development has causeginains in severe poverty and more than 100
faster product rotation and growing consumptiomillion people survive on less than US$ 1 per
due to increased affordability. Therefore, thday, as well as the irreversible environmental
environmental gains are often reduced or negatddmage being caused by human activities, in-
by the rebound effect of consumption. cluding global warming, ozone layer depletion,
In this light improving resource efficiency ofthe proliferation of toxic and hazardous wastes,
ICT sector is a vital goal, which could be reachedesertification, deforestation and the loss of
through product dematerialisation. The sector hagdiversity, the above scenario seems at least
enormous potential for substituting a physicgilausible. To overcome the devastating problems
product by its functionality or servicizing. Suc-mentioned above, the international community
cessful combination of ICT products and servicdsas developed some solutions, and proposed the
into new competitive systems reduces resourse-called “Agenda 21" during the 1992 Earth
consumption, offers a larger variety of betteBummit. Although there appears to have been
guality services for consumers and generate mdiitle progress since the Earth Summit, people
added-value for less resources. Unfortunatelgre gradually realizing that we need to examine
today such potential of the ICT sector is eitheyur way of life and seek a solution from Mother
under-utilised or has led to rebound effects iNature, that is to close the loop, maximize the
consumption. use of materials and energy, and utilize natural
The article analyzes a business model of Apraterials. These actions are the essence of in-
plication Service Provider (ASP) as an examplaustrial ecology (IE).
of ICT product dematerialisation - a less mate- Although enjoying unprecedented wealth and
rial intensive alternative to traditional computprosperity in recent decades, Taiwan has also
ing. The paper describes the benefits of ASP \&uffered unprecedented costs from environmen-
traditional computing looking from environmen-tal damage. The government was quick to real-
tal, economic and consumer perspectives aim this problem, and initiated various environ-
drivers and barriers for ASP business are analysexntal protection programs from the late 80’,
here. The conclusions show that there are sdmeluding pollution control, waste minimization,
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environmental management, pollution prevenices of recycle-oriented industrial complex
tion, cleaner production, and more recently, pravhich utilizes by-products or wastes from dif-
moting eco-industrial parks. These measurdsrent industrial sectors as inputs to production
have significantly improved Taiwan’s environ-activities. First three types of societal demon-
mental situation. Last spring, the opposition DP§tration sites of recycle-oriented complex are
party finally broke the KMT’s long hold on investigated and their management plans from a
power and pledged to establish Taiwan as a Gresandpoints of material and product chain man-
Silicon Island (GSI), emphasizing that environagement as well as spatial metabolism manage-
mental protection policies had joined the pursuihent. Three demonstration sites include indus-
of economic growth in the political mainstreamtrial collaboration complex, recycle conscious
This study aims to discuss how to apply IE téood supply and retail chain, and sustainable ur-
Taiwan and thus realize the above vision. Usingan renewal projects. Secondly, integrated plan-
existing infrastructure and the theory of indusaing and estimation models are presented based
trial ecology as a foundation, a system has been implementational analysis on three demon-
developed. This system has a hierarchical asttation sites. Estimation indicators for eco-effi-
interrelated framework, comprising the lowestiency and environmental soundness are pro-
waste exchange information system to resourpesed. Thirdly, network type eco-industrial park
recovery system, corporate waste minimizatioprojects are planned and their environmental
synergy system, eco-industrial parks (EIPs), arighpacts and effects are estimated as a case study
virtual EIPs. Five IE scenarios, namely thé Osaka Metropolitan Region, Japan.
baseline of waste exchange, waste minimization
and pollution prevention, pollution prevention
plus industrial symbiosis, physical EIPs and thdustrial Symbiosis as Economic
virtual EIPs, were analyzed regarding their pdevelopment
tential economic and environmental benefits. .
Furthermore, the economic, environmental, regf/arian R. Chertow
latory and technological infrastructures were also Traditionally, economic development has

reviewed. . o
Results in this study demonstrate that the Caggen done on the basis of exploiting key geo-

study of the National Waste Exchange Informﬁraph'c’ economic, or |nst|tut|0.nal condltlons_ O.f
> . a region as a means of attracting and sustaining
tion Center can be used to expand into a phy

. - %‘évelopment. Industrial ecologists have theo-
cal EIP or even a virtual EIP by providing regu-

latory incentives. The Corporate Synergy Sy rized about a different type of locational advan-

tems positively contributes to small and mediu%age’ known in the literature as "industrial sym-

enterprises in efforts to enhance their compe (LOSIS- This part of industrial ecology consid-

tiveness by developing waste minimization pr ers material and energy flows among groups of

' P'% sinesses and industrial operations. This paper
grams. Changes to current regulatory and incep:- .
4 . .~ ~argues both theoretically and through a case study
tive mechanisms that are necessary for Taiwan:, . . N ;

at industrial symbiosis should be considered a

to bec(:jorr]ne a Green Silicon Island are also suﬁ'vel, environmentally conscious tool for eco-
gested herein. nomic development.
Industrial symbiosis has been previously de-

i i fined as engaging “traditionally separate indus-
Construction of Cycle-oriented Indus-  (ries in a collective approach to competitive ad-
trial Complex Systems: Strategies for vantage involving physical exchange of materi-
Planning and Estimation als, energy, water, and by-products” (Chertow,
. . 2001). The keys to industrial symbiosis are col-
Tohru Morioka, Noboru Yoshida, and laboration and the synergistic possibilities offered
Hiroyuki Fujimura by geographic proximity. The industrial district
at Kalundborg, Denmark has become an arche-
type of industrial ecology illustrating high lev-
The author describes the concept and pragls of environmental and economic efficiency.

Full paper available: Yes
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The primary partners in Kalundborg, an oil rewith ecoefficiency information as decision sup-
finery, power station, gypsum board facilityport adjusted to each person’s decision needs.
pharmaceutical plant, and the City ofThis information may represent the aggregate
Kalundborg, share water, steam, and electricitgerformance of all companies within an Ecopark
and also exchange a variety of wastes that b@-the performance of an individual company
come feedstocks in other processes. within the park. Based on empiric information
In a project conducted in the winter and springathered from the Ora Ecopark in Norway, it has
of 2001, Yale researchers were invited to offdyeen established that a time series of the usual
environmental and technical advice for the deecoefficiency indicators (expressed as value
velopment of New Haven Harbor based on thedded in some form : relevant environmental
lessons of industrial ecology and experience impact) may not be valid indicators to represent
researching industrial symbiosis. The resultingpmpany performance. The reason being that
studies, examined here, revealed industrial symhanges to a product mix with different environ-
biosis to be a powerful analytic tool both for sugmental impact lifecycle characteristics may have
gested revitalization of existing businesses &&en introduced or the rate of process capacity
well as for identifying new development thautilisation may have been radically changed. In
could be brought in to exploit synergistic opporaddition, if the ecoefficiency indicator is ex-
tunities pressed in monetary terms, radical and periodic
changes in market prices may upset the repre-
sentativeness of such an indicator. A series of
Evaluation and Monitoring of case-examples from the Ora Ecopark will be

Ecoefficiency in Ecoparks: A Case given in the paper to show and explain this situ-

; ation. Furthermore, different principles and con-
Study from the Ora Ecopark in Norway cepts for establishing functional ecoefficiency

Johan Thoresen indicators have been developed and will be ad-
dressed in the paper. Adjusted time series repre-
Full paper available: No senting aggregate and individual climate gas

emissions rates and development of energy effi-

The monitoring and evaluation of aggregat iency of the Ora companies will also be shown.

and individual environmental performance o

companies in Ecoparks will become extremely

important in the next few years. One reason !éuhstance Flow ﬂnalgsis Cases
the requirements which have been put forwar

by national and cross-national governments, e_ﬁ. ic A lation in Efficient R
to decrease the rate climate gas emissions (t @XIC Accumulation In efncient Recy-

Kyoto Protocol) and future focus on the improve€ling — Societal Cadmium Dynamics and
ment of energy efficiency in industry. AnotheiRecycling of Phosphorus
reason is the need for an “eye-opener” to sh
the considerable environmental improvement
potential from systematic Ecopark co-operationohn Holmberg
to authori_ti(.as, to t.he_public and to industry itselfz | paper available: Yes

Ecoefficiency indicators may be used in a set
of different planning and decision situations Phosphorus is an essential nutrient for all life
within companies, within ecoparks or betweeand it is one of the major nutrient inputs to food
external stakeholders and industrial companiggroduction. Since the reserves of phosphorus are
The required format of the relevant ecoefficienclmited there is a need to use these resources care-
information will differ strongly between the dif- fully. A more resource efficient management of
ferent external stakeholders and company intgehosphorus is therefore a key question in order
nal decision makers at various organisation lete secure the increasing and long-term demand
els. However, irrespective of the different forfor food, bio-energy and other materials based
mats for any one type of impact, such indicato@ biomass.
must all provide the relevant decision makers

redrik Fredrikson, Sten Karlsson, and
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Transfer of phosphorus from agriculture tdn its processes. The derived quantitative cycles
society will be an increasingly important loss obf four crucial natural materials, carbon, nitro-
phosphorus and it is therefore important to reten, sulfur, and phosphorus, are termed the
cycle the phosphorus back to agriculture. Orfgrand nutrient cycles”, and have been well char-
problem with this is that the flows of phosphoacterized.
rus in society are contaminated due to societal Historically, there has been minimal overlap
use of different toxic substances. Contaminatidsetween the cycles dominated by natural pro-
of sewage sludge with cadmium is one such egesses (sulfur, for example) and those dominated
ample that is getting a lot of attention. by technological processes (tin, for example). In

Cadmium is also transferred to agriculturathe case of elements widely used by our techno-
soils as a contaminant in phosphorus fertilizelogical society, we might term their cycles the
Since a growing part of the population lives ifigrand technological nutrient cycles”. The tech-
cities it is important to evaluate in what way th@ological cycles are poorly quantified, however,
use of cadmium could be consistent with re-ciand it is not very clear how important technol-
culation of phosphorus. Is the societal use of cadgy may be to many of the global cycles. Where
mium restricting a long term resource efficienéxtensive studies have been made (for nitrogen,
recycling of phosphorus or not? for example), it is apparent that strong anthro-

In this study we have evaluated different pogogenic influences exist for at least some of the
sible long-term scenarios for cadmium transfeglements whose cycles were once wholly con-
to agricultural soils in Sweden. One importartrolled by natural processes.
feature of the study is that we focus on the dy- For purposes of industrial development and
namics in the societal metabolism of cadmiurpotential environmental impact, it is important
and its possible constraints on an efficient recye know, at least approximately, what quantified
cling of phosphorus. One important dynamics isycle information is available and to what ex-
the limited resources of cadmium. Together wittent natural, technological, or mixed dominance
the scenarios we also look on different indicaaccurs. In this connection, we have reviewed the
tors for the system. We also makes a historicaVailable information on the cycles of the entire
scenario about what would the situation look likperiodic table of the elements. Many elements
if we had used sewage sludge in the agricultuhave not yet been studied from this perspective,
since the introduction of sewage plants. and a number of cycles remain to be derived.

The study shows that the dynamics in the s@Where information is extant, however, it appears
cietal use of cadmium (intentionally and uninthat human activities dominate the cycles of most
tentionally use) is very important and that it musif the Group Illa-VIll and Ib-Vb elements and
be taken into account for policy makers in ordehat natural activities dominate the cycles of most
to avoid future large-scale lock-ins that may resf the Groups la, lla, VIb, Vb, and 0 elements,
strict a resource efficient use of phosphorus. dominance being measured by the ratio between
anthropogenic and natural flows. In several in-
stances, neither anthropogenic nor natural pro-
cesses dominate. We will present several ex-
amples, and discuss explanations for the patterns
that emerge.

Grand Technological Nutrient Cycles: A
Survey and Status Report

T.E. Graedel and R.J. Klee

Full paper available: Yes The Contemporary European Copper

The modern technological society uses a vefyycle: One Year Stocks and Flows
large number of materials. These substances are, . .
derived from rocks, sediments, and other natgabrIna Spatari, Thomas E. Graedel,
ral repositories, and most undergo transformAjarlen Bertram and
tion prior to use. A large fraction of the materialsielmut Rechberger
is eventually returned to the environment. Th

- ._Full paper available: Yes
natural world also mobilizes and uses materials pap
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Substance flow budgets can provide a picture the system (2600 Gg/yr) is represented by the
of resource uses and losses through a geograpstimrage of goods in the use phase— in infrastruc-
region. By tracking specific substances, such agre, buildings, industry, private households, and
copper, through its various life cycle transforether uses.
mations, we can assess our approach to regionalThe presence of pure copper in product ap-
resource management and estimate gross erplications suggests a strong potential for recy-
ronmental impacts associated with the coppeling of the metal. Alloys too, have a high re-
cycle. This paper traces the flow of copper asdbvery potential. Unlike other metals like zinc
enters and leaves the European economy owerd cadmium, the pattern of copper use is less
one year. We examine the major flows of comissipative. The different use categories identi-
per from ore, as it is extracted from the eartffied in this model show that most of the copper
transformed through intermediate forms — tprocessed during the last decade is still in soci-
product, as it is manufactured and used — to pasty
sible resource, as copper products are retired then
recovered from waste management. A regional
material flow model was developed to estimat8ustainable Metals Flow Management —

patterns of copper use in the early 1990s in spirst Steps in the Region of Hamburg
lect western European countries. Successive

mass balance calculations were used to determfglim von Gleich
copper flows, including the amount of metal th . .

. . ull paper available: Yes
enters stocks in waste reservoirs and products,
within the system boundary. A database, which Metals are not regenerative resources but their
emphasizes temporal and spatial boundary issugtgemo-physical properties would in principle
and data quality, was developed for continentallow long lasting circulation of these materials
substance flow analysis. All data were collecteid the technosphere. In reality however, we are
from statistical reports, periodicals, and publi€ar from this goal. In every product life cycle we
databases made available by government agésese about 1/3 of the metals by corrosion, waste
cies, industry trade associations, and industand dissipation. Additionally we lower the qual-
contacts. ity of recycled metals (e.g. iron & steel and alu-

The one-year European copper budget is chaninium) by accumulating impurities like cop-
acterized by a high import of processed and rper. Actually this problem is ‘solved’ by diluting
fined resources. A significant amount of coppehe impurities in pure fresh material.
is mined, smelted, and refined outside of Europe. According to the first law of thermodynam-
A total of 1900 Gg/yr of copper is imported intdcs (energy and matter conservation within closed
Europe. About 40% of cathode copper producesystems) there is no sustainability problem. The
within the system is recovered from secondaiyroblem appears in the form of materials and en-
resources. Within fabrication and manufacturingrgy availability and use (second law). We can
processes, approximately 950 Gg/yr of new arfdnd we do) decrease and even ruin the useful-
old scrap are recycled and, together with primaness of energy and materials within the, at least
production plus import, roughly 3500 Gg/yr ofenergetically, open system earth. This seems to
copper is made into finished products. The mée a central problem of sustainability. Regard-
jority of copper in finished products is containedhg this aspect we can learn a lot from ecosys-
in pure form (77%), the remainder in alloy formtems. They show us how to build sustainable
Post-consumer waste contains about 920 Gghtructures and systems (far from thermodynamic
of copper. Waste management processes recogquilibrium) with an even growing level of ‘or-
about 30 % of this copper from waste streamder’ fed only by the exergy stream from the sun.
Copper from post-consumer waste is roughly five Using the method of entropy balancing (see
times higher than waste from copper productioabstract Stefan Goessling), it is possible to mea-
This ratio would decrease if we consider prosure the thermodynamic expenditures of manu-
duction wastes generated outside of the Eurfacturing a certain amount of metal - for instance
pean system boundary. The fastest growing stogkiminium - or a certain product made out of
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this metal. Of course, this can be done more fgsues in Academics —Plenary
less efficient. But the next step is still more in-

teresting: How are we going to use this high Py Education in Industrial Ecology
rity, light-weight metal? We can imagine a
‘tendencial (thermodynamic or sustainable) anHelge Brattebo
ortization’ of the definitely high construction )
phase inputs of aluminium products during th@bstract unavailable
use phase and the following recycling cycles. If

ever we would be able to handle the product an . o .
the material in a sustainable way! Lﬁjtrecht University’s New Education

This is the general approach we follow at thErogram on Natural Sciences and
University of Applied Sciences Hamburg, Deplnnovation Management
of Mechanical Engineering and Production in
research project. The project is funded since 19&@,arko Hekkert
by the German Ministry of Research and is co- At Utrecht University a new educational pro-
operating with the University of Hamburg, Depgram is started on Natural Sciences and Innova-
of Informatics, the Okopol Institute of Hamburgtion Management. In this program the students
the consulting engineers from SumBi, the localre offered courses in both natural and social sci-
Environmental Authority of Hamburg, the enterences. Special attention is paid to the subject of
prises Norddeutsche Affinerie (Europes biggeginovation. Students learn on understand why
copper smelter), Hamburger Stahlwerke (elegrew technologies often have difficulties to get
tric steel), Jungheinrich AG (fork lifters) and sevimplemented succesfully and they learn strate-
eral smaller machinery producers. gies to effectively manage a successful innova-

We work on three levels with different timetion process.
scales: On the first level, with short time range, In their second year, the students may choose
we are realising efficiency gains in high leveh study trajectory. One of the three themes that
recycling of grinding sludges and metal beads offered is the trajectory on Energy and Mate-
from surface blasting (transformation into metajals. Here the students are trained in a wide va-
foams) and by introduction of the use of miniriety of subjects in the energy and materials field.
mum cooling lubricants in metal processing witiSubjects included are: energy analysis, environ-
several partners (efficiency gains by more thanental technology, materials efficiency, sustain-
factor 1000!). On the second level, with mediurable energy, life cycle analysis, several other re-
time range, we are trying to optimise metal flowsearch methods, risk analysis, grand cycles and
along the different phases of the product lifapplied thermodynamics / energy conversion.
cycle. We are modelling and managing materighe total period that the students focus on en-
flows with focus on the avoidance of the accuergy and material issues is two complete years.
mulation of copper in the iron&steel flows and The strong side of this study trajectory is that
with focus on the collection and treatment of eleghe students learn much specific insights in the
tric and electronic wastes by organizing commuproblem field of energy and material production
nication between different actors. Another imand use, combined with specific knowledge on
portant issue on this level is product design antbw to speed up (sustainable) innovation. We
product use with focus on modularisation anthink that this gives them a very strong position
platform strategy, leasing and rebuild of useih the job market and will hopefully lead to more

parts and machinery. sustainable innovations in industry.

On the third level, with long time range, we are In this paper we will give more insight in the
developing strategies and scenarios using the experiences with this educational program. We
approach of backcasting from the year 2050, would like to use this paper to exchange infor-

assuming the metal flows of the economy then =~ mation on our program to other universities and
consist of 90% recycling materials, that means ~ COmpanies to increase (international) coopera-

only 10% of additional fresh material per tion in this area, for example by means of stu-
circle. dent exchange programs.
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Professional Identity and Sustain This?: Environmental Manage-
Interdisciplinarity at The Industrial ment Program at the Stuart School of
Ecology Programme at NTNU: A Fight Business

Between Disciplines and Perspectives George P. Nassos and John Paul Kusz

Marglt_Hermundsgard, Stig Larsseether, The Environmental Management Program
and Elin Mathiassen contains traditional courses that reflect a model

The Industrial Ecology Programme (IndEcolpf compliance with a “command and control”
at the Norwegian University of Science and Tectiegulatory framework. These courses include
nology (NTNU) has since the start in 1998, déﬁnV|ronmen'Fal Law and Compliance, Air and
veloped into a rather extensive institution. Witf{vater Pollution Control, and Hazardous Waste
more than 15 PhD students, 8 graduate studef@nagement. The authors have engaged in an
and approximately 40 undergraduates foIIowin@ﬁort to shift the curr_lcula from one that soI_er
a multidisciplinary study programme, there is presents these tradmo_nal courses to a qurrlcula
rather urgent need for developing and maintaiﬁ_bat mclude_s the creative and_ proactlve_lntegra-
ing a common denominator and to some exteﬁ'l‘?”. of enwronmental_ consciousness _|nt0 the
a common professional identity. business model. The initial focus.of this effort

The interdisciplinary character of the IndEcol’@S been the development and refinement of two
Programme is reflecting an adaptation to thegPurses, “Industrial Ecology” and “The Sustain-
complex, systematic nature of environment&Ple Enterprise”. o
challenges confronting industry today, while si- Projects and exercises in both courses center
multaneously being one of the first arenas whef# the often overlooked question, “Why sustain
the multidisciplinary ambitions of NTNU is putthis?” By exploring both the systems and the
into practice. This mandate gives us opportunfl€Works that support a product, students develop
ties to have a wider perspective than within trfd" understanding of the elements that influence
traditional discipline borders, but also creatgdroduct choices from the perspective of multiple
challenges connected to a larger diversity of pr§takeholders. They are asked to employ the learn-
fessional backgrounds and ambitions on behad and philosophy from the course work in
of the IndEcol Programme. The development oProduct-centered” exercises and projects. The
a certain degree of a common identity has thg&udent experience includes examination of the
become important because of th@roduct as f[he as a means to meeting a “need”;
interdisciplinarity. We need to set some border§nderstanding what needs, and whose needs, are
But how wide should the borders be? Who shouRfing met; exploring the many forces that shape
decide which disciplines are allowed to makie product, including systems and networks; and
contributions to the field? How common mustin@lly, proposing viable alternatives that are
the common identity be? designed to reduce or eliminate negative envi-

In this paper we want to focus on how PhPhmental consequences. _ _
and undergraduate students experience the Product-centered” exercises and projects will
interdisciplinarity at IndEcol and how it related®® Presented with discussion of the results. Ex-
to the forming of their own professional iden_{;\mples of student team projects will be included
tity. Based on interviews with both groups wd? the paper and presentation.
want to focus on the balance between the indus- 1 he paper will discuss how these two courses
trial ecology perspective and the different discivere developed and how they work together to
plines that constitute their formal background@€!P the students develop an appreciation of the
when they enter the IndEcol programme at dif¢conomic, environmental and societal conse-
ferent stages in their professional careers. Is th&fgences related to the development and deploy-
afight or a symbiotic relationship between themPent of a product.

Which level of discipline specialisation com-
pared to industrial ecology perspectives is per-
ceived to be appropriate, and how is this ex-
pressed in student projects at different levels?
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Poster Abstracts considered are particularly sensitive to the elec-
tricity-to-fuel price ratio and the C@missions

from the electricity grid (since Net G@missions
are considered). An important issue is the choice

Process Integration in Industry for

Cost—effective Greenhouse Gas of system boundary, and how the choice affects
Reduction the results.
Anders Adahl

anders.adahl@hpt.chalmers.se Dynamic Life-Cycle Assessment for

Simon Harvey Product Comparison
Thore Berntsson Robert P. Anex

Dept of Heat and Power Technology, Chalmenpanex@ou.edu
University of Technology, 412 96 Géteborg, 100 East Boyd St
Sweden. Room 510 v
Tel: +46 31 7728533

) Norman, OK
Fax: +46 31 821928 73019-0628, USA

Combustion of fuel for heat and/or power pro- . )
duction is often the largest contributor of green'fUII paper available: Yes
house gas (GHG) emissions from a process in- This paper develops a method for comparing
dustry. To reduce these emissions, improvemernts life-cycle environmental impacts of systems
in the plant’s energy system and fuel switchinthat have time-dependent emission profiles. LCA
are the only economically feasible options tostudies are beset by several sources of uncertainty
day. With process integration methods and tooland variability, such as parameter uncertainty,
attractive measures for energy cost savings inodel uncertainty, spatial variability and tem-
process industries can be identified. Possibfmral variability. A different situation occurs
options for accomplishing such savings in awhen the system under study is known to vary

existing plant include the following: over time. Although practically all systems have

» Reduction of hot and cold utility usage bylynamic components, not all dynamics have sig-
increased heat recovery; nificance from an environmental life-cycle per-

» Integration of combined heat and powespective. Important dynamic behavior can arise
(CHP) systems; due to changes in the product itself, the way a

* Heat pumping; product is used, or natural processes that modify

» Process modifications. emissions over time.

The complex interplay between above-men- Examples of dynamic behavior that may be
tioned options calls for an systematic method faiignificant include the increase in emissions from
evaluating combinations of measures. Previolusternal combustion engines over time and
and ongoing work at the author’s department hghemical chain reactions that remain active in
resulted in a methodology for identifying thehe environment for long periods producing a se-
most cost-effective mixtures of these measuregience of chemicals with varying environmen-
for achieving a targeted reduction of GHG emigal impacts. Such dynamics become important
sions from a process plant. Combinations afhen one desires to conduct an LCA study com-
measures are mostly more attractive than singdaring different products. This paper applies dy-
measures. In our studies we consider LCA GHGramic programming techniques to address the
emission values for fuels used. issues in one type of dynamic LCA problem, that

The predominant factor which influences thef optimal product replacement. Dynamic pro-
choice of measures is the existing plant layoujramming is applied in a life-cycle comparison
which determines the feasibility and cost of inef walk-behind lawn mower designs. The results
creasing heat recovery. If heat pumping and/are used to show the policy-relevant life-cycle
CHP are possible options, the measures to bavironmental trade-offs associated with volun-
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tary accelerated retirement programs that have To assess the method presented in this paper,
been implemented in regions with severe air quahe U.S. lead industry and five different ecosys-

ity problems.

Application of Input-Output Network
Analysis to Assess Material Cycling in
Industrial and Natural Systems

Mark Paine
dayton2000@hotmail.com

Department of Mechanical and Aerospace
Engineering

University of Dayton

Dayton, OH 45469 USA

Reid Bailey

rrbailey@u.arizona.edu

Department of Aerospace and Mechanical
Engineering

University of Arizona

Tucson, AZ 85721-0119 USA

Full paper available: Yes

A cornerstone of industrial ecology is the an
ogy between natural and industrial system
From a quantitative perspective, however, t
precise meaning of the analogy remains ambig
ous. Hence, it is difficult to identify the goals o
the field. For example, the final goal of indus
trial ecology may be to enable industry to cycl
materials as well as natural systems or it may
to enable industry to cycle at 100%. Although
is generally accepted that a goal of industri
ecology is to increase material cycling, the con-
cept remains unclear given that natural syste

are often portrayed as the ideal.

This paper describes a tool capable of expl
ing the analogy between industrial and natur
systems based on the fact that both are defin
by conservative flows of material and energy.

al-

tems were chosen. Each system has a defined
boundary and the applicable material flows
within this boundary are identified. Next, a
model of each system of flows is constructed
using a common model structure. A common
structurefor the models is used to increase the
validity of comparisons across the different sys-
tems. Once the systems were modeled and the
data collected from public sources, input/output
network analysis tools from ecology were uti-
lized to characterize the direaidindirect rela-
tionships in the systems. Of particular interest
is a metric titled “cycling index,” which repre-
sents the proportion of material or energy in a
system due to cycled flows. We assert that this
cycling index is an effective measure of mate-
rial and energy cycling which incorporates both
the direct and indirect interactions in a system.
This methodology may be applied to identify
industry goals, track progress, strengthen the
analogy between industries and ecology, conduct
a gap analysis between industry and ecosystems,
potentially learn design and manufacturing tech-
iques from nature and use all of the informa-
Eon to improve decision making processes in
e lead case, it is demonstrated that the lead in-
ustry outperformed some ecosystems, such as
a stream, and was surpassed in efficiency by more
gghtly looped natural systems, such as a tropi-
| forest. More importantly, these results quali-
tively indicate that it may not be appropriate to

ﬁder to reduce human environmental impact. In

&onsider the goal of industrial ecology to be
£§atching the material cycling of natural systems.

osystems are shown to be diverse in their de-
gree of material cycling. However, the results

Oq_o indicate that this methodology may be used
19 effectively model material cycling in complex

|g&lustrial material flow systems. The results did
not reveal any design or manufacturing tech-
ilques utilized by nature.

That is, both natural ecosystems and industrig
systems are part of a more general type of sys-
tem — systems of conservative flows of materi-
als and energy. Given this similarity, ecosystems
and industries can be directly compared on a
guantitative basis. A method for such compari-
sons is presented in this paper to better describe
the relative behavior of industries and natural
systems.
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Assessment of Non-Virgin Copper The analytical approach is as follows:
Stocks in the Cape Metropolitan Area — 1. Determination of the major uses of copper
South Africa within the Cape Metropolitan Area
2. Application of proxy indicators for material
Dick van Beers use (buildings, automobiles, etc.), in order to
dvbeers@hotmail.com determine the quantities in-use of copper
i products on a spatial basis.
6 Chamonix, Blackheath road _ 3. Estimation of lifetimes of the major copper
Kenilworth (Cape Town) 7708 South Africa uses and of available resource flows from
TE. Graedel Iandg:\ljlrf, recycling, and dissipation within
the .

thomas.graedel@yale.edu Comparison of anticipated rates of use for
Yale University copper products with estimated copper supply
School of Forestry and Environmental Studiesthus provides evaluations of the magnitudes and
285 Prospect street spatial distributions of a common industrial
New Haven, CT 06511 USA metal. The proxy data that are derived for the

) various use categories of copper products are
Full paper available: Yes potentially useful as well for similar studies in

Historically, the material use by our technofther parts of Africa.
logical society has been largely based on virgin
stocks (ore bodies, mineral deposits, and the like).
These stocks may in future become inadequatgcycling and Land-Filling of Copper
or unavailable at various times and_locatlons_ WWaste in Europe
the future. However, other reservoirs do exist,
such as material contained in products in usklarlen Bertram
stored, or discarded over the years by corporararlen.bertram@gmx.net

tions and individuals. These reservoirs may bﬁepartment of Industrial Sustainability

gg?ae dzgg;w;?ggdwg?r:%ovsrJlr;igr?)(trgew randenburg Technical University at Cottbus
pid pop g e050 Cottbus, Germany

and resource use. As a case study material, wi
focus on copper. Copper is of particular intere$ielmut Rechberger
because it has long-term uses and is efficientheimut.rechberger@eawag.ch

recycled. Additionally, copper has a depIetionEQesource and Waste Management
time of less than a century. 9

The increasing occurrence of large urban agepartment Of_C'V'I'_ Environmental, and
eas has lead to higher concentrations of in-u pmatlc Englnee_rlng .
resources in constrained geographical areas. RYiss Federal Institute of Technology Zurich

a result, it may prove desirable within the nex% I'H Honggerberg HIF E21

few decades to recycle resources within tho§ei-8093 Zurich, Switzerland

areas. The Cape Metropolitan Area (CMA)gy| paper available: Yes

within which the City of Cape Town falls, has

been selected as a geographica| area for a deWaste represents the loss of both material and
tailed assessment of non-virgin stocks and flov@ergy resources. Producing copper from second-
in Africa. The CMA is one of the three largesfry resources contributes to saving energy and
industrialised areas in South Africa, and has ch4ttolonging existing reserves. Waste generation
acteristics consistent with both the developed aifj Europe in the 90's is characterized both by
developing world. The Cape Town case-stucie high quantity of goods produced and con-

may thus provide a valuable framework for proxgumed and the efficient use of copper resources
data for other parts of Africa. in production. For a complete assessment of sec-

ondary copper resources it is necessary not only
to analyze the use of secondary copper at the



72

production stage, but also to investigate the wasta 80% recycling rate, the contribution of old
sources and the consequential recycling posstrap would rise to 47%.

bility. The authors trace the flows of copper in- This analysis represents the first comprehen-
duced by post consumer and production wastsiwe examination of copper in waste manage-
in Europe as a sub-project of the STAF-projechent. When embedded within the complete Eu-
(a NSF project, carried out at the Yale Center obpean copper budget this analysis shows the
Industrial Ecology). First generation rates on eelative importance of waste management in the
country level and the copper concentrations abpper life cycle.

all relevant waste groups are defined, followed

by a waste treatment balance and an assessment

of technical properties of landfills and incinerapollution Prevention, Industrial Ecology

tion plants. _and the New York/New Jersey Harbor
The total post-consumer waste generation of

770 Mio.tly can be divided into seven groupsSusan E. Boehme
municipal solid waste (21%), construction andboehme@nyas.org
demolition waste (24%), waste from electrical . .

and electronic equipment (1%), end-of-life veAllison L. C. de Cerreno
hicles (3%), sewage sludge (1%), hazardo@lecerreno@nyas.org
waste (4%), _and industrial waste (46%_). Wasi@larta Panero

from electrical and electronic equipment anero@nyas.or
(WEEE) is the fastest growing waste group; it is b yas.org

expected to grow 5 to 10% annually in the neX{ew York Academy of Sciences
10 years. Little or no information exists on th@ East 63rd Street

reliability of published data on waste generatioiew York, New York 10021 USA
Uncertainties are expected to be rather high aE(a
may be +100% for construction and demolition
waste and/- 20% for municipal solid waste. Data  This is a dynamic time for the entire Hudson
on the copper content in some waste groups aralley watershed, and the New York/New Jer-
scarce and incomplete. The assessment of capy Harbor in particular. Currently, decisions are
per flows reveals that eighty percent of the tothleing made regarding a number of key environ-
turnover (ca. 1.1 Mio.tly) results from WEEEmental topics, including the impact of land-use
(49%), end of life vehicles (22%) and construgractices on the quality and quantity of drinking
tion and demolition waste (12%), while sewagwater, and the implications of dredging the ship-
sludge and hazardous waste are negligible smaling channels in order to increase capacity of
These findings emphasize the growing need fport facilities. These and other decisions will
comprehensive recycling activities, particularhhave far-reaching consequences for the economic
for WEEE. future of this region.

Today almost 100% of the valuable copper Industrial pollution of the NY/NJ Harbor
production waste in Europe are recycled. Onlpoms as one of this region’s most pressing en-
galvanic sludge, chemical and electrolysis resironmental problems. If pollution concerns are
dues, whose recycling is not yet economical, ar®t resolved in an acceptable way for the broad
disposed of as part of hazardous waste. The b@&se of stakeholders, they will compromise hu-
cycling rate of post consumer copper waste vaman and environmental health, and impede the
ies between ten and sixty percent in Europe. Asgion’s economic expansion. The New York
aresult, the high secondary production rate (54%fademy of Sciences has initiated a five-year
in European is mainly based on the large manproject to define and promote pollution preven-
facturing base from which new scrap is genetion strategies for a number of toxicants in the
ated, as well as on high scrap imports. Domestitarbor using an industrial ecology approach.
old scrap, on the other hand, contributes onfyraditional methods of pollution assessment are
26% to the total scrap used in the European cdpdrdened with having to sample intensively over
per production. If all countries were to achievepace and time which can be prohibitively ex-

Il paper available: No
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pensive, time consuming and inapplicable timdustrial Ecology of Sulfur within
entire watersheds. Industrial ecology uses giqstralia

ready available economic statistics to quantify

key points in the toxicant cycle, thus making iPavid Brennan

quicker and more cost-effective than traditionalavid.brennan@eng.monash.edu.au

methods. D ' t of Chemical Enai .
The Academy’s approach to developing pol- epartment o emical Engineering

lution prevention (P2) is two pronged: a thor-'vIonaSh U_nive_rsity )
layton, Victoria 3800 Australia

ough uncovering of the scientific research and
data, and an outreach and communication cofy|| paper available: No

ponent to assure that the public is able to speak . ) o

their mind. At the center of the project is a Con- The main source of sulfur in Australia is from
sortium of stakeholder institutions (broad-basegaturally occurring deposits of mineral sulfides.
and includes big and small business, local, statéese deposits are substantial and include those
and federal government, university, labor an@f lead, zinc, copper and nickel, giving rise to
conservation sectors) from the entire HudsdArge scale extraction and export of metals. While
River watershed. The NY Academy of Sciencé@/d_ro-metallurg]cal extraction routes for mmera_l

is in the final stages of gathering the pertinefulfides producing sulfur and sulfates are avail-
scientific, legislative, economic and regulatorPle and adopted worldwide, the predominant
information on Mercury and Methylmercury, thd€chnology adopted thus far in Australia is pyro-
first toxicant to be addressed. With this informaMetallurgy. No signs are currently apparent of
tion, and taking into consideration the concerr@y shift from pyro-metallurgy to hydro-metal-
from communities within the watershed, thddrgy in Australia for either existing or future
Consortium will produce, publish, and promoté&Xtraction processes for mineral sulfides.
specific P2 plans for mercury using analytical Sulfur dioxide produced from the pyro-met-

products derived from industrial ecology. allurgical route is potentially an environmental
The mandate of the Consortium is to implelazard and must be treated. Regulatory pressures
ment the following four project goals: on sulfur dioxide emissions are becoming in-

1) to identify the locations in five selected toxicréasingly stringent. The most widely accepted
cant cycles where pollution prevention wouldréatment approach is sulfuric acid manufacture.
most efficiently contribute to long-term re-This option has been shown in earlier work by
ductions in loadings of toxicants; the author to be the most satisfactory, both from

2) to develop the most practical strategies to r@vironmental and cost viewpoints. However
duce toxicant emissions by working with alProceeding beyond the boundary of the Beat-
Consortium members and the community dpent, questions arise regarding markets for sul-
large; furic acid — the applications, tonnages, and points

3) to encourage implementation of the recon®f use. Transport qf acid is expensive in relation
mended actions by working with environment© its value, and involves a degree of hazard.
tal groups, industries, trade associations, I&Ulfur is more easily transportable and can be
bor, and governments; and stockpiled, but current technology for sulfur pro-

4) to evaluate quantitatively the success of the§iction from sulfur dioxide has limitations.
strategies in achieving environmental out- 1he main bulk markets for sulfuric acid are
comes. for phosphate fertilisers and for leaching min-

This presentation will focus on the success&al ores in hydro-metallurgical processes. There
and progress of this approach to address Méte smaller volume markets in diverse industries,

cury pollution in the New York/New Jersey Harfor example lead acid batteries, gas drying, re-
bor Watershed. finery alkylation, and alkali neutralisation. Some

of these applications will come under increasing
pressure to recycle spent acid, as environmental
standards tighten, impinging on the total market
demand for acid.
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A key challenge for smelter acid producers iDynamic Systems Analysis and Life
to ensure access to markets which are Iocatgsi,de Assessment Applied to Implemen-

close to the point of acid production. This chal o of Extended Producer Responsi-
lenge impacts on decisions for locating both neﬁ/ility in Australia

smelters and industries which consume acid.
There are issues of supply-demand balance, sinfgghara Changsirivathanathamrong
acid production is a by-product of the much MOTgchara@civeng.unsw.edu.au
valuable metal production.
A quantitative picture of the sulfur-sulfuric Stephen Moore
acid supply-demand situation in Australia and its.moore@unsw.edu.au
dynamics is presented. Examples are given . .
cgoperative pand stand—along industr?al ap;%e University of New South Wales.

proaches in Australia, with their relative advan=ch0! of Civil & Environmental Engineering

tages and disadvantages. The University of New South Wales
There are implications for improved indusSYdney, NSW 2052 Australia

trial ecology with regard to: Full paper available: No
* Location

Factors governing smelter location at min
site, coastal town, or point of use are compl

The concept of extended producer responsi-
ility has taken hold in Australia and was used
depending on transport costs, access to markéts, 2 ba}S|s for the introduction of th_e Nathnal
and environmental impacts. The proximity of ackaglng Covenant and accompanying Na_tlonal
particular acid markets to acid recycling faci”_EnwrpnmentaI F_’rotectlc_)n Measure (legislation).
ties is also an important consideration. Consistent with international concerns surround-

ing environmental protection, the disposal of
» Technology 9 P ' P

There is potential for a hybrid approach t iackaglng waste (a potential resource) was iden-

metal extraction. using both hvdro and pvro me ified to be a significant part of the municipal
. ’ 9 y PYIO MELaste stream. The benefits of packaging, lies in
allurgical approaches. Improvements in eX|st|n9‘

technology for sulfur_product_lon from Smeltercient and effective delivery of goods to the con-
gases are needed. Acid recycling technology pr&]mer, but its disposal is a problem as it is asso-

sents particular challenges; closer considerati% ted with throwing away a valuable resource
of acid concentration at points of disposal an.f,;a )

re-use could be fruitful e A_us_t_rallian model of ext.ended prod_u.c.er re-
o sponsibility is based on sharing responsibility for
* Industry Cooperation _ the product (packaging material) across the prod-
More highly integrated operations offer bothct supply chain, from the raw material suppli-
potential benefits and I’ISkS.. Increased mdl_Jst@fs to its ultimate disposal. The model calls for
and government co-operation are essential f0\oluntary agreement between industries and
aph|eV|ng better planning and investment decg'overnments (signatories), where a regulatory
sions. safety net would apply to non-signatories, en-
suring that the signatories are not disadvantaged
by “free riders”. The Covenant requires indus-
tries to commit towards the improvement of
packaging waste recovery, reprocessing and re-
use; and to support the collection and recovery
system. The governments would contribute
through the facilitation of supporting legislation,
market development, community education and
kerbside collection services. The signatories are
also required to produce action plans to state their
commitments to specific measures and activities.
This paper aims to demonstrate how system dy-
namics combined with life cycle assessment

e pre-consumption stage by ensuring an effi-
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(LCA) could be used as a tool to analyse thmaterial and energy flow system. To this pur-
sustainability and environmental impact of compose the different strategies used to influence
mitments given by a signatory as stated in thenvironmental quality, ranging from regulations
action plan. and economic instruments to evaluation meth-
System dynamics has been shown to be a bemologies (i.e. Environmental Impact Assessment
eficial tool for policy formulation and analysis.and Life Cycle Assessment) are analyzed and
Numerous “yardsticks”, for example, monetargompared. The argumentation reaches the con-
benefit / cost, and unemployment figures, ardusion that there isn't a specific tool to apply in
used to measure the expected economic and ecder to achieve sustainable development of in-
cial impact that may arise during the implemerdustry, but a set of different instruments that can
tation of a policy. However, when it comes tdelp on that way if they are correctly used. This
environmental impact the “yardsticks” used arstatement determinates two consequences. The
often too specific in nature, reflecting a particufirst consequence is the urgency to develop ex-
lar aim of the policy framework. This may leadsting tools in order to integrate their lacks of
to the formulation of policies and commitmentgccuracy. The attempt carried out to integrate site
that have an overall adverse effect on the endependent evaluation in LCA shows an effort in
ronment, whist addressing a particular envirorthis direction. The second, more radical, conse-
mental issue of concern. quence is that it is necessary to train new profes-
Combining LCA with system dynamics carsional figures managing all the environmental
overcome this problem. The synergies arisindesign tools system and able to evaluate in each
from integrating LCA and system dynamics arsituation which set of tools should be applied.
that LCA provides quantitative environmental The issue of sustainable changing of products
indicators and system dynamics brings to LC&an be placed between different disciplines (i.e.
the dynamic characteristics missing in its framendustrial design and environmental design). So
work. In addition, the holistic nature of LCAalso the instruments that can help in this direc-
broadens the scope of system dynamics modébn are emerging from different disciplinary
ling to examine all “cradle to grave” processexontexts like planning as the Environmental Im-
Consequently, the integration of LCA with syspact Assessment (EIA), management as
tem dynamics provides an analytical tool, thdcoaudit. These tools operate in different ways
considers the economic, social and environmeand are applied in different moments of the de-
tal impact, which could be used by covenant sigision making and design process and in differ-
natories to analyse and formulate sustainabdémt ways: as a support to drive the design pro-
action and commitment. cess of new products towards sustainability, as a
support to choose between existing products.
The necessity of this set of tools is also due to
the complexity of environmental problems and

Towards a Sustainable Development of o -
to the fact that often it is not sufficient to face

Production them from a unique point of view.

Fiammetta Costa Having to deal with a topic crossing the es-

fiammetta.costa@polimi.it tablished disciplines, an effort should be done to
reorganize knowledge around actual problems.

Dl.Tec, Politecnico di Milano, In other words, what is maybe missing and con-

via Durando 38/A stitutes the typical feature of this text, is the com-

20158 Milano Italy parison and integration of the most important

assessment and certification tools (Life Cycle

Assessment, Ecolabel, Ecoaudit, ISO 14000,
Industrial ecology is an emerging concept tBnvironmental Impact Assessment) applicable to

decline sustainable development aims in the prisrprove environmental quality of products and

duction sector. This article explores the capacifroduction processes.

of environmental design tools (evaluation meth- Having to deal with a topic crossing the es-

odologies and policy strategies) to transforrtablished disciplines, an effort should be done to

Full paper available: No
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reorganize knowledge around actual problemdustrial ecology and related disciplines. This
In other words, what is maybe missing and comliscussion in the paper is organized around six
stitutes the typical feature of this text, is coordigeneral themes: Resources, Health and Risk,
nation between knowledge and disciplines ainindustry, Information, Globalization, and Soci-
ing at solving the real environmental problemsety and Governance.
Several major conclusions are reached, in-
cluding:

Beyond RCRA: Prospects for Waste and * The need to broaden the scope of the current

Materials Management in the Year 2020 system from its current “waste only” focus,
to place much greater emphasis on more sus-

Elizabeth Cotsworth tainable, more efficient, and less wasteful use

cotsworth.elizabeth@epa.gov of rteso)urces (i.e., a materials management
_ _ _ system

Director, Office of Solid Waste « The need for a future materials management

US EPA Office of Solid Waste (5301W) system to more effectively control potential

1200 Pennsylvania Ave, NW risks from hazardous chemicals throughout

Washington, DC 20460 USA their life-cycles under a more integrated sys-

tem, rather than the patchwork of regulations,
incentives and other measures that serve this
This paper outlines a new public policy “vi- function today.
sion” of a more sustainable system for manag- The need in future for a simpler, more perfor-
ing wastes and materials in the United States two mance-based system to control the proper dis-
decades from now. The current system for man- posal of hazardous industrial wastes (whose
agement of industrial and post-consumer wastes volumes would presumably be greatly re-
in the US has been directed since 1976 by the duced under a more effective materials man-
federal Resource Conservation and Recovery Act agement system).
(RCRA)—while the past few decades have seen The paper further discusses a number of tools
great improvements generally in waste managand strategies that would likely be needed for
ment practices in the US, the current system $sich a broader materials management system to
not without its flaws. In any case, the US Envibe achieved. These would likely involve com-
ronmental Protection Agency, along with partbining traditional regulatory controls with a num-
ner state environmental agencies, have commiwr of non-traditional (at least for the United
sioned a working group to begin exploring hovtates) approaches, including certain types of
the country’s current waste management systegnonomic incentives, voluntary programs, pub-
could and should evolve to meet the challengdis education initiatives, and other measures.
and opportunities of the new century. This pa-
per is the initial product of that effort, and is thus

intended to creatively engage and stimulate Sustainability Performance of

dialogue on the future of the nation’s waste maeighbourhoods: Decision Support
agement system, unconstrained by the currgiistrument for Municipal
legal and institutional structure of the RCRA pro-, .
gram. Policy Makers

The paper first makes certain general proje¢4arry A.L. van Ewijk
tions and assumptions as to the economic, te%ewijk@ivambv.uva.nl
nological and societal “landscape” that would
shape a future waste and materials managem&/M Environmental Research
system in the US. Much of the conceptud?.O. Box 18180
groundwork for this discussion was generatedL-1001 ZB, Amsterdam The Netherlands.
from the 1999 EPA-sponsored “Future ofWasteli% I ilable: Y
roundtable meeting in Washington, DC, whic ull paper avarable. Yes

included a number of experts in the field of in- To determine the sustainability performance

Full paper available: Yes
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of a neighbourhood a prototype tool is developedigital vs. Traditional Libraries: A
and tested in three case studies by IVAM Envigomparative LCA of Their Relative
ronmental Research, TNO Building and ConPerformance
struction and TNO Environment, Energy and
Process Innovation. David L. Gard
Based on ‘people’ and ‘planet’ from the triplegardd@umich.edu
bottom line, indicators are developed for 25 as- )
pects leading to theme scores for global envi2'egory A. Keoleian
ronment (based on LCA), local environmentgregak@umich.edu
health, nuisance, safety and facilities.Aggregattidenter for Sustainable Systems
they lead to —at this time ten— quantitative Scor‘ffniversity of Michigan
for.E_nvironment and Quality of .Iife: the Sustain—Dana Bldg. 430 E. University
ﬁlz'ig% Oufheorggr(rggﬂ\ff Indicator0of - a,0n Arbor, MI 48109-1115 USA
The power of the instrument is that insight isull paper available: Yes
given into sustainability of alternatives for a

neighbourhood in the planning phase. Internet technology is enabling profound
The instrument consists of the following comchanges. It is important to understand the unin-
ponents: tended consequences associated with a variety

« SPIN scheme (divert from Sustainability taf networked systems. One such system is the

Environment and Quality of life themes andligital liorary, a managed collection of digitally-
convert to indicators and finally SPIN) to pustored information accessible over a network. An

aspects of sustainability in order; interdisciplinary team with expertise in Indus-
« SPIN questionnaire to gather input data fror#ial Ecology and Information Science conducted
a neighbourhood:; a life cycle assessment of a digital library at the

+ SPIN matrix to calculate sustainability score&/niversity of Michigan, a major center for digi-
for the different indicators, based on the intal library research. Particular attention was paid
put data; and to the Shapiro Science Library’s journal collec-

« SPIN profile that indicates the sustainabilit§ion, nearly half of which is already available in
of a neighbourhood, now consisting of ten figdigital format.

ures. Objectives:
The preliminary conclusions of the project Conduct a systems-based, first-order analysis
are: of the environmental aspects of digital librar-

» The instrument enables calculating a SPINies.
profile of a neighbourhood. Municipalities are Identify any unintended consequences that may
able to supply about 75% of the requested in-exist with regard to the environment.
formation. Disseminate research results to a wide audience
» Comparison of three case studies shows thawf decision-makers, including digital librarians
the instrument is able to distinguish levels of and public policy-makers.
sustainability. Suggest appropriate areas for further research
» Determination of the perception of the envi- into the environmental performance of com-
ronment is most difficult. Further research is puter networks and related information systems.
necessary to forecast perception out of th@ethods:

physic properties of a plan. A comparative life cycle approach was
adopted for this study. Two different systems
were considered: a digital library and a tradi-
tional, print-based library. The digital system
boundary included all major activities and infra-
structure required to produce, maintain, access,
and archive information contained in electronic
journal articles. Similarly, the traditional system
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boundary included processes and facilities r@ersonal vs. Socio-Technological
quired to produce, deliver, manage, and stotehange: Experimenting with Enhanced

paper-based journal_ articles._Both systems welg) sehold Energy Accounting Software
modeled to determine relative envwonmente*l

performance. Individual modules were devel©" Swiss End-users
oped for the following components: David Goldblatit
Digital Library System- data storage and dig@cepe.mavt.ethz.ch
server computer; routers, switches, and hubs;
client computer; library facility; collection main- CEPE
tenance; personal transportation; laser printingsTH Zentrum, WEC
Traditional Library System journal paper CH-8092 Zurich Switzerland
progpct|on, jOl.JI.‘r'lZ.i| printing, bmdmg, and qellv—FuII paper available: No
ery; library facility; collection maintenance; per-
sonal transportation; photocopying A household energy accounting software ap-
Modules were then used to construct varioyslication was enhanced and tested in a pilot study
life cycle scenarios for both systems. As part afith Swiss subjects in order to examine ways of
the analysis, sensitivity of results to selected vaiimproving conventional energy/environmental
ables was tested. information approaches for laypeople. Conven-
Preliminary Results: tional consumer and household energy analysis

This study focused mainly on energy confocuses on direct, discretionary choices of indi-
sumption as a key indicator of environmentaliduals that influence energy demand. But insti-
burden. While findings are still preliminary, theytutional, socio-technological, and historical con-
suggest several key points: straints are at least as important as personal ones

Energy embodied in a paper journal article i explaining individuals’ patterns and levels of
substantially greater than energy used to accé¥ergy consumption. This research seeks to test
online articles using a computer workstatiorthe practicability and utility of illuminating the
However, a paper articlejser useburden falls role of some of these less-discretionary factors
dramatically as the number of readings per ar—especially technological levels and social and
ticle increases. demographic forces influencing activity utiliza-

Energy used for indirect activities such as ldion rates — for lay end-users, alongside the usual
ser printing and photocopying can be more sighalysis of the impact of personal behavioral
nificant than the direct effects associated witBhoices. Their appreciation of the wider factors
journal production and online viewing. may be crucial to their role in shaping societal

Energy consumed in transportation to andnd environmental outcomes as well as in mak-
from the library has the potential to dwarf efing their own personal, discretionary consump-
fects of all other model elements. tion choices.

Networking technology continues to evolve. Developed on the theoretical basis of ecologi-
This LCA does not attempt to provide more thagal modernization thought and consumption re-
afirst-order analysis of such a dynamic phenorgearch — involving the notion of a range in end-
enon. It does, however, yield valuable insightésers’ “discretion” and applying a “social-reveal-
for planning the developmental pathway of digiing” approach to energy analysis — the program
tal library systems. Environmental aspects cdiilds on a pre-existing, individual-oriented en-
now be considered along with other design fa€rgy accounting module. This generates an
tors such as performance, cost, and social ifdividual’s profile of primary direct and embod-
pact. This study also highlights modeling chaled energy use for daily activities like heating,
lenges, and contributes to the ongoing developousing, transport, and diet. The newer module
ment of LCA methodology for digital networksallows the user to manipulate larger- and longer-
in general. Final results of this study will be prescale variables and see their effects on his indi-
sented during the ISIE Conference poster segdual energy profile and Switzerland’s aggre-
sion, and will be available in an upcominglate energy balance. These ‘less discretionary’
master’s thesis publication. factors include technological variables (e.g. in-
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dustrial efficiencies and power- generating fudtial Ecology (JIE)1(3): 9-11.] Since these pre-
mixes) as well as demographic (e.g. percentageient words appeared, we've been able to chart
of single-person households) and sociologic#these changes in following issues of JIE, other
variables (average car and plane travel, dweleientific publications and the Cornell Univer-
ing size). Other important factors like institusity Eco-Industrial Development Program Clear-
tional and economic rules and incentives are nioighouse.
modeled but suggest themselves in interaction The first man-made ecosystems appeared in
with the program and discussions in interviewsomplex resource-sharing production sites as di-
There are separate displays for individual/aveverse as Kalundborg, Denmark and the Texas
age and Swiss national energy consumption, c@ulf Coast, USA. Based on by-product ex-
rently, under future trend, or tailor-made scechanges and cascading energy and water systems,
narios; and - as an explicit link between the mthey were early examples of industries’ ability
cro and macro levels - any of the personal prte identify and implement unique cost-saving
files can be scaled up to national levels for hysolutions for limited natural and energy re-
pothetical simulations. sources. Now we find new parks across the US
Preliminary results suggest this type of modand Canada based on a shared infrastructure in-
eling and indicator presentation is a potentiallgluding a commitment to sustainable develop-
promising way to show the interaction and relanent. These parks “balance ecological integrity,
tive importance of individual, industrial, and soeconomic efficiency, and social equity” leading
cietal interventions for energy consumption, &b “an opportunity for employment and a rea-
least for subjects already interested in energpnable quality of life for all in the community”
conservation. The combination of positive (whgCété, R. 1998. Thinking Like an Ecosystel
can | change?) and normative (what am | willin@(2): 9-11.]
to change?) elements in the guided use of the As economic development agencies and com-
personal module makes for highly individuamunity action groups investigate both inner city
outcomes as to what makes more difference amd rural employment, this new definition for
energy reduction for one’s profile: personal efeco-efficiency looks attractive. But where is
forts in one’s daily life or advances in technothe model for this new eco-industrial concept? |
logical development (e.g. higher efficiencies asuggest the Burnside Industrial Park in Nova
improvements in fuel mix). Interactions and conScotia, Canada where 12% of the more than 1300
nections between the social and the technical dresinesses provide services to “reuse, refinish,
made apparent in the Swiss average and aggrefurbish, repair, rent, remanufacture and re-
gate displays. This sort of information tool magycle” the region’s discards and byproducts
point the way towards both direct individual befCété, R. 1999. Exploring the Analog Further.
havioral change and enhanced consumer-citizéte 3(2-3) 11-12.] This is the model to support
involvement. a region’s recycling needs, whether based on
landfill regulations or business expediency.
Presently, several cities and towns in the Com-
monwealth of Massachusetts, USA are examin-
Eco-Parks for Eco-Development ing these concepts as they plan for new economic
Marsha Gorden development.Faced with a new statewide Solid
Waste Management Plan (SWMP) calling for a
70% reduction in waste generation by 2010, these
TRTG, 2 Chauncy Street (#2) communities are searching for new solutions. The
Cambridge, MA 02138 USA recycling related manufacturing sector presently
employs more than 12,000 people in the Com-
monwealth and it is estimated that the SWMP
“Industrial ecosystems have the potential ofill make close to nine million tons of materials
changing today’s industrial development paraavailable for new products. With the assistance
digm” [Coté, R. 1997. Industrial Ecosystem®f the Chelsea Center for Recycling and Eco-
Evolving and MaturingThe Journal of Indus- nomic Development (University of Massachu-

mgorden@sustainableresources.com

Full paper available: Yes
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setts), grants for analyzing by-product and wasW/ill ICT enhance IE?
flows are available to communities and non-
proﬂt groupS. Paul W HO“e

The recipients generally complete these m&aul.holle@ou.nl
terial flow analyses in a virtual eco'indUStriablikkerveerstraat 115
park framework where they evaluate qualitiei107 VM Amsterdam The Netherlands
and quantities by source and location. They es-
tablish potential processing and manufacturingull paper available: No
facilities to meet anticipated markets for a vari- Kalundborg(D)is a shining example of an in-
er:y of new prlc\)/lducts. r: will replgrt on Is_eveéal of strial ecologgy (IE) for ovgr four Fc)iecades It
e current Massachusets Reoycln B25eie s a qreield operation Qe comp
including those in Boston, the north-central are%%ble to malnframe computers. It's arqhnecturg
and the old industrialized coastal southeastefiq® 2 unique time and space frame which offer it

area. This last project with the regional Cha xcellent stand alone operation capabilities. In

ber of Commerce as the lead agency will inclu 8days worlq of network computers (client/servj
two communities and a common landfill Withers) many time and space impediments of main

significant fish and rubber processin rame computers have been overcome. Can we
byproducts. Reuse opportunities include bot pply this metaphore to [E? In this paper, based

high value fertilizer and mixed compost from fisfPon an mformatlor_l excha}nge _model among IE
processing and food wastes, and new manuf rtners, the following topics will be dealt with

tured products from rubber processing wastes 8Iundborg:ostand alone_for ever or cllent/server
used tires. In the future? Co-operation and information ex-

change among IE partners; What we can learn
from Supply Chain Management (SCM); From

Efficient Material Use and CO2 Emis-  SCM to Reverse Logistics; Window of opportu-
sion Reduction nities.

Marko P. Hekkert ) .
M.Hekkert@geog.uu.nl Material Flow Quality Management —

_ _ the Example of Aluminium Recycling
Department of Innovation Studies

Utrecht University John Holmberg
Heidelberglaan 8, 3584 CS Utrecht frijh@fy.chalmers.se

The Netherlands Sten Karlsson

Full paper available: No Jessica Johansson

The life cycle of materials and products repepartment of Physical Resource Theory

quires large amounts of energy. Therefore, tighalmers and Géteborg University
production and use of materials and products412 96 Goteborg Sweden

leads to large greenhouse gas emissions. In this )

research project we have studied which posdiull paper available: Yes

bilities exist to produce and use materials and Recycling of materials is one important way
products more efficiently and we calculated thg, ,ntentially decrease processing costs includ-
impacts on greenhouse gas emission reductioflgy environmental and resource costs. One im-
By means of several case studies we show thafiiant cost factor that should be considered is
more efficient material management can be ¢ recycled and remelted materials can be of
strong tool in reducing greenhouse gas emissiofi§yer materials quality, lower value, than pri-

the potential is large and the costs are very IOWlary materials. In this study we discuss and

analyse concepts and mechanisms for the qual-
ity of secondary materials. For metals, such a
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lowered material quality can be caused by a miBiederik Schowanek

ing of various alloying elements into the metalchowanek.d@pg.com

a deliberate mixing of different alloys in the pro-

duction of the secondary materials, or be due Ejonisis Kolokotsas
different impurities coming into the scrapkolokotsas.d@pg.com
streams. Wh_er_w_ these mechanisms Iefid toa f—lﬁbcter & Gamble Eurocor
creased flexibility of the metal there is a POSt, W calaan 100

sible loss in the value of the secondary mate%-_1853

als. The flexibility is often uni-directional and .
can be seen as a down-cycling. Accordingly, t%trombeek-Bever Belgium

efficiently utilise the potential benefits of recy-Full paper available: No

cling, it is important to consider not only the ) .
possible quantities recoverable for recycling, but A Lifé Cycle Inventory (LCI) and Analysis
also qualitative aspects. The prerequisites to d&CA) database for P&G laundry detergents was

useful secondary materials are influenced am{@)nstructed using SimaPro software. The input
the whole materials chain from materials prodata needed to conduct a product LCI came from

duction, over use to recovery and recycling. Tgifférent supporting databases to cover supplier
handle these qualitative aspects of recycling, tkgxtraction and manufacturing of raw materials),
material flow-quality, there is need for what wél€térgent product manufacturing, transportation,
can call a proper Material Flow Quality Man{ackaging, use and disposal phases. Manufac-
agement. The down-cycling will lead to adoptUring, packaging and transportation phases are
tion in flow and values along the materials chai'Sually representative of European conditions
In a model we analyse these changes. Ultimatelfile the use and disposal phases are country
some of the recovered scrap can be dumped. T#RgCific and represent how consumers are using

study also suggest some direct physical measufegPecific product and how wastes are disposed
of flexibility, or rather the lack of flexibility of Of- The database was constructed to analyse de-

aluminium alloys, in the form of necessary dilut€rgent products from a system-wide, functional
tion with primary aluminium. These measuredit Point of view in a consistent, transparent and
are quantified and analysed for aluminium afeproducible manner. LCA can clearly be used
loys used in Sweden. Finally, different strategid® dentify improvement areas. Firstly, the LCI

for materials flow quality management for th&f @ laundry detergent is presented. Secondly,

aluminium system are identified and analysetC! information is combin,ed with actual mar-
regarding their ability to give flexibility to the ket data to calculate P&G’s contribution to key
recycled aluminium emissions from laundering. The presentation will

demonstrate changes in Cémission resulting
from 1) a change in wash habit practices, 2) from

. . different market composition (e.g. powders vs.
CO2 Reduction Potential for Laundry jiqyids) and 3) from reformulating laundry de-

Detergents Using Life Cycle Assessment tergents (renewable vs. fossil based surfactants).

Gert Van Hoof This ir_1forr’r_1at_ion is l_Jsed to guide R&D depart-
ment in priority setting for further product im-

vanhoof.g@pg.com provements.

Procter & Gamble Eurocor

Temselaan 100

B-1853 Strombeek-Bever Belgium

Erwan Saouter
saouter.e@pg.com

Procter & Gamble
47 Route St Georges
CH-1213 Petit Lancy Switzerland
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Sustainable Development and the model of the noosphere function as a quali-
Noosphere Function of Economics: tatiV(_er new one of the sustqinable develop_ment,
Trajectory of Possibilities and and it consists of the fpllowmg three f_uncnons:
Restrictions. negentropy functlon; biophysical function c_)f the
ecological-economical systems; the function of
Lidia Hryniv the natural capital consumption. This enables us
hryniv@lac.lviv.ua or Ishryn@mailcity.com (O have a different approach to a definition of
the sustainable development indicators. The re-
Lviv National University alization of the sustainable development concep-
Turetska str. 2\7, Lviv 79011 Ukraine tion of the world has to be adequate to its diver-
sity.
A very negative phenomenon that does not
Natural changes that have enveloped the mad@vor the realization of the sustainable develop-
ern world continue to remain one of the globahent of the world is the practice of the poor coun-
problems of the humankind. tries in rent seeking in the sphere of the use of
Under such circumstances, there is a needrdature. This has been accompanied by the fur-
talk about the modern system definitions of thgher transformation of the price formation mecha-
natural changes as endogenous factor for the rgsm that does not reflect the level of the limit
lated economical changes. scarcity of the natural capital resources, but also
Sustainable development can be presentedi@ads to the ever more ineffective use of nature
an optimal trajectory of the humankind movewith the purpose of increase in shadow export
ment with its possibilities and restrictions. In thisransactions, this practice worsens the global
context, the attention has to be paid to the thegeological situation.
retical and practical matters of this development. Hence, the modern stage of the sustainable
Firstly, the functioning of economy within thedevelopment has to draw the world economy to
boundaries of the global ecological system chaire needs of the harmonious coexistence of the
acterized by the limited possibilities of pure wanature and society as close as possible through
ter production and production of the surface phehe formation of the new geological cover of the
tosynthesis requires the review of the structugstanet, that is noosphere. This, in its turn, requires
of the macroeconomic models that should kie application of the new methodological and
based upon the spatial laws of the natural prpractical technologies.
cess. For that purpose the ecological supply of
the natural capital should be defined on the basis

of the modeling its biophysical function. Application of Information Manage-

Secondly, the theory of the macroeconomig,ant to Improve Environmental Mate-
balance doe; not prowdg the seIf—orga_nlzaUcWal Accounting Techniques
of the ecologically sustainable economics. For

that reason the market mechanisms in the useJef-Pin Hung
nature have to be supplemented by the mec@fephen Moore
nisms of provision the sustainable funCtioning.moore@unsw.edu.au
position for the ecological-economical systems
that are the non-equilibrium systems as a opé&thool of Civil & Environmental Engineering
to environment. The major criterion should b&niversity of New South Wales
the preservation of the of the biological producSydney 2052 Australia
tivity of the natural capital based on the law o'f: . )
the biological mass preservation. ull paper available: Yes

Thirdly, the theoretical economics cannot be There are a number tools or techniques that
just limited to the modeling of merely produchave been developed to assess and provide in-
tive function. The necessity to model the sugormation to manage material flows in the last
tainable natural used function arises, which cafwo decades, including; life cycle assessment,
be named as the noosphere function. We propaggterial flux analysis, material input per service

Full paper available: Yes
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unit, sustainable process index, ecological foatironmental Protection Agency Toxics Release
print, and total material requirements of nationsnventory (USEPA-TRI) are used for the inven-
These techniques are based on the same ptory analysis of 72 production facilities to track
ciple — tracing materials and energy flowsrends in toxic emissions over a recent five-year
through the human economy, but at differergeriod for both sectors. Air emissions and solid
scales. Currently each technique is undertakerastes were the most significant waste streams
separately, requiring significant amounts of dafar both sectors. To address impact analysis, tox-
and hundreds of processes to be balanced in seipty and production intensity indicators are com-
rate methodologies. puted. Energy usage and related carbon emissions
There has been little cross-linking of the extrends are also examined for fabrication of P/M
isting databases between techniques. With litttemponents. Selected results are compared with
uniformity in database structure, it makes thsimilar indicators for related metal industries in
sharing of data difficult. To overcome this probthe U.S., e.g. primary and fabricated metal prod-
lem, a database model is starting to be develets, and automotive parts and accessories.
oped by utilizing a Relational Database Manage- Results from the inventory and impact analy-
ment System (RDMS) to integrate the wide vases and consultation with P/M parts industry
riety of data collected in the established dataranagers led to identification of opportunities
bases within different material accounting tecHer pollution prevention in fabrication. Source
nigues. This model may provide better informareductions of air emissions and toxic solid wastes
tion to the different techniques. It may enablare explored as a first option. One of the case
some integration among the techniques. studies focuses on cleaning operations for P/M
This paper outlines the proposed study metharts, where technology substitution is imposed;
and presents the current, still developing, struen aqueous solution coupled with ultrasonic
ture of the relational database model for some dieaning is compared with current cleaning tech-
the material accounting techniques. nologies that use organic halogenated solvents
in vapor degreasing units with solvent recycling.
Explicit regulatory costs (tier 1), such as haul-

Streamlined Life Cycle Analysis for the  ing and landfill disposal costs, are included. Pro-

U.S. Powder Metallurgy Industry cess m_ode!ing t(_)ols were devgloped _and were
used with financial tools to estimate fixed and

Jacqueline A. Isaacs variable costs, as well as energy consumption and

jaisaacs@coe.neu.edu associated wastes for each scenario. Financial

o management indicators such as rate of return, net

Northeastern Univeristy present value and payback period are computed,
334 Snell Engineering Center using a depreciation method, with taxes and in-
360 Huntington Avenue flation rates that are representative of investment
Boston, MA 02115 USA conditions for U.S. decision makers in industry.
phone: +1 617 373-3989 Results from this case study show lower vari-
fax: +1 617 373-2921 able costs, quick payback period and competi-

tive rate of return for the technology substitu-
tion investment in an aqueous based cleaning
Streamlined Life Cycle Analysis (SLCA) isoperation. Other benefits include: reduced risk
used to track the environmental performance &r workers, lower liabilities, increased efficiency
the U.S. Powder Metallurgy (P/M) industry,n resource use, and minimized environmental
where scope and goals, inventory analysis, inmpact through the reduction of air emissions and
pact analysis and improvement assessment awaste streams. Financial and process modeling
defined for a gate-to gate approach of P/M mantgols proved valuable for enhancing the results
facturing operations. The P/M industry consistsf the P/M SLCA. This modeling approach
of two sectors, powder producers and part praweighs economic and financial aspects with tech-
ducers, which primarily supply components twmical factors, and identified relevant cost drivers
the automotive industry. Data from the U.S. Erto offer a more comprehensive decision process.

Full paper available: No
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Environmental awareness, business strategit8% of the estimated potentially available
and competitiveness for the P/M industry are alsomount of old aluminium scrap in Sweden in
explored in the context of Environmental Man1995. It also shows that aluminium with a high
agement Systems and the adoption of ISO 14060ntent of iron or manganese is usually accepted
standards. As tier one suppliers to the auto marto-be used in crude steel production today, but
facturing industry in the U.S., P/M companiesluminium with a high content of copper, mag-
face the challenges of developing corporate stratesium, silicon or zinc is usually not. However,
egies for ISO 14000 certification to demonstratérere are some possibilities for changing this
commitments to excellence in manufacturingacceptance today already, especially for silicon,
sustainability and environmental quality. Lowif the economic incentive is large enough.

ISO 14000 adoption for P/M companies high-
lights their need for increased integration of cor-

Enoer?]ttgl F:Tc]’gﬁ'ssgr‘na;r':c'“d?.progress've ENVINOTkn Analysis of the Long-run Socio-
g practices. cultural Changes in the Energy Sector
of the Wealthiest Industrialised Coun-
Using Recycled Highly Alloyed Alu- tries: Comparison and Analysis of G7-
minium in Crude Steel Production as a  Countries Energy and CO2 Efficiency
Way of Maintaining Aluminium Scrap Dynamics in the Years 1960-1997

Quality — the Example of Sweden Jyrki Luukkanen

Jessica Johansson jyrki.luukkanen@uta. fi
frtjj@fy.chalmers.se University of Tampere
Department of Physical Resource Theory Esﬁéyof Regional Studies and Environmental

Chalmers University of Technology and . ) .
Goteborg University FIN-33014 University of Tampere Finland

SE-412 96, Géteborg Sweden Jari Kaivo-oja
Full paper available: Yes jari.kaivo-oja@tukkk.fi

Finland Futures Research Centre

Aluminium could be an important metal in ku School of E . d Busi
more sustainable society but due to the ene?i rku SChool of =conomics and BUSINess
dministration

intensive primary production it ought to be re-
cycled to a high extent. A way to facilitate the>©O- Box 110 _

recycling would be if the problematic aluminiumf!N-20521 Turku Finland

scrap, owing to a high content of different alloyg, | paper available: Yes

ing elements, could be used for valuable fields

of application where the aluminium ends up in a In the research field of industrial ecology the
form not suitable for recycling anyway. The uséong-run socio-cultural changes in the energy
of aluminium in crude steel production is such production and consumption have been an im-
field of application and in this study it is analysegortant research topic. In the study, authors con-
whether aluminium with a high content of dif-tinue this tradition. They analyse long-run
ferent alloying elements could be used in crudghanges and trends in energy production of world
steel production to an extent of importance farealthiest nations, so called G-7-countries. This
the aluminium recycling system. The study istudy is a comparative analysis of energy con-
carried out mostly through interviews withsumption and CO2 emission flows in the G7-
people at steelworks in Sweden, covering almosbuntries in the years 1960-1997. The compara-
97% of the crude steel production in Sweden téive analyses are based on the complete decom-
day. It shows that about 9 thousand tonnes pbsition methodology. Authors provide the analy-
aluminium were used in crude steel productiosis of dynamic changes of energy consumption
in Sweden in 1999, which corresponds to aboahd CO2 emission flows in the G7-economies.
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The comparative analyses reveal that tion of the rebound effect to the materials field.

1) Activity effects of the different G-7 countriesWe make a short review of the theoretical basis
were quite similar. Biggest increase in thef the rebound effect within the energy field and
activity effect has been in the US economgiscuss various mechanisms contributing to the
due to the large size of economy. rebound effect at different levels in the economy.

2) Structural effects varied considerably indicat#/e then translate these theoretical considerations
ing differences in economic activities in theo materials. The turnover in society as well as

analysed countries. the principles and potential mechanisms for in-
3) Intensity effects on energy use and CO2 creased efficiency differs considerably between
emissions revealed large differences the usage of energy and materials. We analyse

between the G-7 countries. The energy  these difference and their implications for the
intensity effects have decreased after 1970rebound effect when applied to various strate-
in all the G-7 countries except France. All gies for dematerialisation. We conclude that in
the G-7 countries have showed a decreasirspme important cases the rebound effect for ef-
CO2 emission intensities after the year  ficiency increases in the utilisation of materials

1970. can be considerable.
The Rebound Effect for Various Research and Education of Industrial
Dematerialisation Strategies Ecology in the Study Programmes for

Process and Environmental
Sten Karlsson

frisk@fy.chalmers.se Riitta L. Keiski

John Holmberg riitta.keiski@oulu. fi

friin@fy.chalmers.se J. Heino

Department of Physical Resource Theory L K'\?Isiinka”
Chalmers and Géteborg University - Viakkonen
S-412 96 Goteborg Sweden University of Oulu,

Department of Process and
Environmental Engineering

With the rebound effect is meant the effegb.0.Box 4300
that an increase in the efficiency of a factor gt|N-90014 Finland
production or consumption, for instance, energinone: +1 358-8-553 2348
will be partly or wholly counteracted by differ-¢5- +1 358-8-553 2304
ent economic mechanisms. These will, based on
the lowering of the factor price introduced by Process Metallurgy and Industrial Environ-
the increased efficiency, increase the utilisatiomental Engineering at the University of Oulu are
of the factor in question. The rebound effect hdsth new educational orientations. Thus, between
empirically and theoretically been extensivelghese two young orientations it was considered
investigated within the energy field, even thoughmportant to have a good co-operation both in
the concept and its potential effects also havesearch and education. Industrial Ecology and
been extensively debated, partly due to differe®Recycling, which is a study course given in the
bases for the theoretical and empirical analysdadustrial Environmental Engineering orientation

For materials there is considerable and grovand an important research area in the Labora-
ing interest in achieving a dematerialisation dbry of Process Metallurgy, is one of the fields
the societal turnover and the application of variwhere the two units have quite a lot mutual ben-
ous strategies to this end. However, the potentigfits and goals.
rebound effect in connection to the utilisation of Industrial ecology (IE) is a new approach to
materials has not been investigated to any largee industrial design of products and processes
extent. In this paper we will discuss the applicand the implementation of sustainable manufac-

Full paper available: Yes
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turing strategies. It is a concept in which an imnentally appropriate technology as a critical

dustrial system is viewed in concert with the sucomponent of transition to sustainability. Design
rounding systems. IE seeks to optimise the totr Environment is introduced as a tool of

materials cycle from the virgin materials to fininternalising environmental considerations into
ished materials, to components, to products, éxzonomic activities. Considerable attention is
waste products, and to the ultimate disposal. also paid to waste management, particularly to

IE is a combination of several fields, like in-waste minimisation in industry.
dustrial metabolism, design for the environment,
life-cycle analysis, green chemistry, pollution

prevention, environmentally conscious manufagyn Object-based Tradeoff Modeling

turing, and sustainable development. Decisioframework for Household Waste
making is needed to understand the effects Bﬁ'ocessing

product-design, process-design, and materials
choices on the material outputs of the manufagteven Kraines
turing system, including the fates of the prodstevenprosys.t.u-tokyo.ac.jp
ucts when finally discarded by its owners. )
Because of the great importance and voluntomiyama Laboratory, Department of Chemi-
of the metallurgical industry, it is a very interestcal System Engineering
ing application area for the industrial ecologyniversity of Tokyo, Hongo 7-3-1, Bunkyo-ku,
approach. The total load of the nature has led Tokyo 113-8656 Japan
a more strict use of raw materials through recy- . i
cling the main and by-products. Besides the pro ull paper available: Yes
lems involved in the energy production, a big With the approval of the container recycling
problem both in pyrometallurgical and especialljaw in April 2000 and the food recycling law in
in hydrometallurgical production is the solidApril 2001, Japan has shown firm conviction to
waste and the complex utilisation and eliminahe promotion of recycling. Waste can be re-
tion of harmful impurities. Further processing otycled, i.e. resource value of waste material can
the waste material demands great efforts, the recovered, in many ways. These include vari-
costs of which are at least partly directed to th@us material recycling and energy recycling op-
primary process forming an essential boundations. Alternatively, waste can be reduced or just
condition for the process selection. disposed. Each technology has a different set of
None of the goals related to environmentakquired inputs such as equipment costs, elec-
issues will be accomplished without extensiveicity requirements, heating, water, and so on.
and creative application of innovative technolothey also have different sets of outputs both as
gies. The combined dimensions of the technealued products such as recycled bottles or elec-
logical basis of modern civilization and the retricity, and as pollution emissions. Furthermore,
maining unmet human needs for current and feach option has different requirements for the
ture generations dictate the use of the sustapurity of the material to be processed. For ex-
able, more efficient, and less resource-intensinple, plastic material recycling often requires
technologies to replace or modify existing pradhat the input plastic be of a single type such as
tices across a wide spectrum of activity. The mapolystyrene. If the consumer separates the gar-
targetis in long run the sustainable developmebége, then multiple vehicles may be necessary
without any harmful side effects of the industo collect the different types of garbage, increas-
trial activity. ing collection cost. In fact, this cost reflects a
During the course for Industrial Ecology andundamental reason why using household waste
Recycling, the relationship of humanity and eras a valuable resource is difficult: it is thinly dis-
vironment is explicated, and the need for sugibuted spatially and temporally and highly het-
tainable development highlighted. The conceptrogeneous in composition.
of IE is explained, the systems and the life-cycle Object-based model integration using the
approaches as well as the economic and ledaternet combines aspects of traditional central-
backgrounds are outlined. IE considers enviroieed and network technology approaches to ad-
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dress large-scale, complex, multi-disciplinaryApplication of Industrial Ecology to

system problems. As a prototype application Mjyman Settlements for Sustainable

this approach to holistic system analysis decbevelopment

sion support tool for environmental sustainability

issues, an object-based modeling framework sanduri Krrishnamohan

developed for examining the various tradeoffg krrishnamohan@mailbox.gu.edu.au

between costs, pollution emissions, resource con-

sumption, and land fill use for the different reJ-A. Scott

cycling and disposal options. The framework isa.scott@mailbox.gu.edu.au

applied to householc_j pl_agtlc waste processingeyire for Integrated Environmental Protection

The overall process is divided into three stageg:ChOOI for Environmental Engineering

generation of plastic waste from household%m;fith Universit

collection using different kinds of garbage COlNathan QLD 41311 Australia

lection vehicles, and plant processing for recy- ’

cling or disposal. Full paper available: No
Six types of plastic waste processing technolo-

gies were examined: production of plastic pel- '" the process of evolving economically and
lets, production of RDF (refuse derived fuel)Socially, human settlements have inputs of en-

production of oil, waste incineration to produc&'dY and resources and outputs of waste similar

electricity, use of waste plastic as a coke subsi €coSystems. However, a major difference is
tute steel making, and simple incineration. Thiat Whilst the natural ecosystem is ‘closed’ with
default scenario assumes all waste plastic is laf@Ste being internalised, in many cases human
filed. Models based on data from actual plantSettléments operate with linear resource flows.
laboratory experiments, and theoretical consid-'€ Well recognized environmental conse-
erations of scale effects and mass balances gHENCes of linear systems is that human settle-

developed to calculate the cost, energy consurdB€Nts Will not be able to manage sustainably the
tion, CO2 emission, and land fill occupancy fo rowth in demand for inputs and their subsequent

each technology. The models also calculate tREPULS. o . .
resource produced by each technology, i.e. plas- Despite Australia being an industrialised so-

tic pellets, electricity (from incineration and fromc!€y With a strong commitment to promoting

use of RDF in thermal power plants), oil, angustainable communities, industrial ecology (IE)

coke. Each resource production rate is convert8g, @ model for helping promote sustainable de-
into cost, energy, CO2, and landfill use using LC{EloPMent has made little or no inroads into sys-
data. These values are subtracted from the offfMatic planning of industrial activity, let alone

puts of the waste processing models to obtaiyiman settlements (Christesemal, 1999). A

overall performances for each technology. THEJOr obstacle being the lack of case studies in
models are used to compare the advantages antpiralia to convince government and commu-
disadvantages of each of the technologies fBIY thatthe political, social, economic and natu-
processing the waste plastic generated in Tok)fé‘,l environments are all §u|tabl_e for adop_tmg and
Japan. The overall tradeoff system model is thé@9/aPting the IE model (in particular, taking into

applied to several scenarios for combinations gFc0UNtlarge land tracts and relatively low popu-

the plastic recycling and disposal technologié@tion densities). This resgarch attempts to fill
the need for a demonstration IE case study by

in Tokyo based on currently considered wast e , .

disposal strategies. investigating with a reglqnal Iocal government
authority, whether IE, mainly previously applied
to only industrial systems, could be applied to
human settlements in Australia. The stated aim
is to reduce consumption of resources and pro-
duction of wastes by planing for, and develop-
ing, long-term ‘synergies’ within a settlement.
The research is, therefore, investigating whether
IE could be used as effective policy tool embed-
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ded into localised urban management and plahnealth risks. This linking will require knowledge
ning. of the pathways of material flows from the an-
Reference: Christesen lan, J.Ashley Scothropogenic processes to environmental media,
Kanduri Krrishnamohan, Albert Gabric and Sunivhere adverse effects to humans and ecosystems
Heart. (1999). What Is Needed To Encouragean occur. Investigation of the environmental
Adoption Of Industrial Ecology? In Global Com-fate, transformation processes, and potential
petitiveness through Cleaner Production. Editedansport of substances within the regional envi-
by J.A. Scott and R.J. Pagan. Australian Cleanemment is also required here. These material
Production Association Inc. Brisbane, Australigpathways are also crucial to effective risk assess-
pp681. ment, because both bioaccessibility and
bioavailability are controlled by these processes.
The chemistry and distribution of the materials

Use of Information from Material Flux of interest need to be thoroughly understood for
the overall environmental analysis.

Analysis for Human Health Risk Assess- If this integrative approach proves to be suc-
ment at Regional Scales cessful, holistic information for decision-mak-

ers at all levels, from local to regional and possi-

Suphaphat Kwonpongsagoon bly national scales will be provided on selected
Stephen Moore materials.

s.moore@unsw.edu.au

School of Civil and Environmental

Engineering Structure Efficiency: A New Tool in
University of New South Wales Achieving More Efficient Ways of
Sydney 2052 Australia Organic Matter Recycling

Full paper available: Yes W.T. de Lange

This paper presents the study method that willtdl@home.nl
be used to attempt an integration of Materials .
Flux Analysis and human health risk assessmepfitstraat 10a
at a variety of appropriate regional scales. Th&/41 AN Groningen The Netherlands
problem definition stage and plan for the workey| paper available: No
has been completed, and this will be presented
in the paper. Organic matter has several virtues that to-
A heavy metal, cadmium has been selectegether indicate its value. In our society, which is
and will be used as a case study in a systetnminated by human beings, the main virtues of
boundary of Australia. organic matter are: food (for people and/or ani-
The Material Flux Analysis (MFA) techniquemals), energy and “structure”.
provides information on fluxes of cadmium into, The units in which the quantity of these vir-
through and out of the anthroposphere into thiees can be expressed are, respectively: “feed-
regional environment. Another tool, environing value”, “energy value” and “structure value”.
mental and human health risk assessment, is gain-Of these, only the second one is relatively easy
ing increasing attention as an important comp®e quantify by means of the “energy content” of
nent of Environmental Impact Assessment (EIAjhe material, which is equal, under standard (oxi-
and as a means for providing information fodative) circumstances, to the heat of combustion
environmental decision-making in Australia. A®f the material involved.
awareness of the impact of human activities on Quantification of both the feeding value and
the environment has greatly increased, the otlbe structure value of organic matter requires
puts/emissions determined by MFA methodolsome kind of arbitrary valuation, since no meth-
ogy could be a quantified link between economieds are available to measure these virtues on a
process outputs, and environmental concentraen-biased manner at present.
tions and subsequent human and ecosystemFor food, a scale is imaginable in which sev-
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eral classes of compounds are distinguished: the atoms and the bonds inside the molecule. The

Essential compounds user has a “toolbox” which he can use to find the
Vitamins, hormones, etc. appropriate Paramost needed for a special appli-
Structure compounds cation.

Proteins/amino acids; minerals (Ca, etc.) The Paramos® consists of a summation of
Energy compounds all bonds (paths) inside the molecule, to all of
Carbohydrates, fats, etc. which Weight factorsW/) are attributed; the value
Toxins of W (and therefore oP) is steered by the EI-
Organic toxins; heavy metals, etc. emental factor& and the Power factdy which

The total “value” of some amount of foodcan be chosen by the user.
could be expressed by some expression in which There are Paramosts of different order.
several weight factors are applied to the distin- P(0) takes only atoms into account and no
guished classes of compounds, though it remaibsnds (in graph theory: only vertices, no edges).
comparing apples with oranges, of course. P(1) takes only bonds (edges) into account.
Likewise, the total “value” of some amount P(2) takes only paths of length 2 into account.
of organic matter could be expressed by some Etc.
equation in which both the structure content and Combinations are also possiblP{01) = P
the energy content are expressed. Of courg®(0) +P(1), etc.
structure and energy are two virtues that are Because of the way Paramosts of various or-
hardly comparable, so it will always involveder are defined one might associate certain prop-

some arbitrary decisions. erties or “virtues” with them.

The energy content of an organic compound P(0) deals just with atoms, not with bonds;
can be viewed in several ways: atoms are associated with mass, so P(0) might
1. the total chemical (bond) energy; be associated likewise with mass or with matter

2. the total heat of combustidm theory, i.e. in general.
without taking actual circumstances into ac- P(1) deals just with bonds, which are associ-

count) ated with bond energy; so P(1) might be associ-
3. the total heat of combustigwith taking ac- ated likewise with the (internal chemical bond)
tual circumstances into account) energy of the compound.

4. the total heat of combustion, minus the en- P(n) (wheren > 1) deal with paths of length
ergy that was needed to produce the com-and might be associated with the structure of
pound in the most economic way. the compound rather than with its mass or with
For theoretical studies on organic matter thies energy.

second method seems the most appropriate oneAfter calculating Paramosts of all the com-

For efficiency studies on complex chemical repounds involved structure analysis of compounds

actions, however, the third or fourth method seeor reactions is possible. By analysing the change

more appropriate. in structure content of the compounds involved
The structure content of an organic compourid a reaction or a series of reactions one can evalu-
is not that easy to measure. That is why a neate the structure efficiency of the whole process;
method was developed, based on a methodbly comparing this structure efficiency with other
ogy that is widely used in disciplines like mathkinds of efficiency (as energy efficiency, atom
ematical chemistry and drug design. The backfficiency, monetary efficiency) one can design
bone of the method is the calculation oprocesses which are optimised on different lev-

Paramostdor all organic compounds involved.els.

The Paramost, which is an acronym for As far as industrial processes are concerned,

PARAmeter of MOlecular STructure, is a versacare should be taken that they are designed as

tile, dimension-less parameter that can be usedstainable and environmentally friendly as rea-

in molecular based environmental studies.  sonably possible. Optimising processes on struc-
The Paramost, which is based on topologicaire efficiency will result in processes that are
indices, is a measure for the structure of an also relatively sustainable.

ganic compound. The only factors involved are
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dynamic counterpart to the traditional static in-
put-output model. It describes the time of occur-
rence as well as the magnitude of economic ac-
tivities directly or indirectly required in produc-
ing a product. SIM was developed to investigate
temporal aspects of the economic impact of tran-
sient economic events, such as major construc-
tion projects or introduction of a major new pro-
duction technology. Because it includes the tim-
ing of production activities it incorporates engi-
neering as well as accounting descriptions of the
production process. This paper describes an en-
hanced version of SIM that generates the output
as well as the input environment of products and
it thus can provide a suitable basis for both dy-
namic and extended LCA.

Environ analysis, developed by Patten anf§ Decision Making Tool for Sustainable
colleagues, applied Koestler's system theoretleorestry: Harvest Patterns and
concept of the holon to ecosystems. EnviroBjodiversity Risk
analysis is in an extension of traditional static )
input-output theory of Leontief, as introducedtephen H. Levine
into ecology by Hannon. It includes not only thétephen.levine@tufts.edu

direct and indirect inputs required by an ecosy:
tem component (or “object”), referred to as it
input environment, but also the direct and in
rect outputs generated by the organism, its o
put environment. Unlike the static input-outpu

E)'epartment of Civil and Environmental
Engineering

LEyfts University

edford, MA 02155 USA

model, capable only of examining steady-staiglichael Reed
conditions, environ theory is intended (in theory), .eeq@tufts.edu

to provide a dynamic description. That is, the

inputs and outputs can vary over time and tHéepartment of Biology
production or utilization at any time is deterTufts University

mined by the history of final output.

Environ analysis provides a potentially us
ful framework with which to develop an extende

Medford, MA 02155 USA

e(!l':ull paper available: Yes

LCA, one capable of considering the indirect as Wood constitutes nearly one-third of all raw

well as direct environmental impacts of both thmaterial humans use to make consumer goods.
production and utilization of a product. Thus thén the next 40 years, worldwide demand for pulp-
air pollution generated in producing a unit ofvood is expected to increase by 50%, even tak-
electricity is associated with the product utilizing into account increased efficiency in recycling.
ing that unit of electricity in its production. OrNorth American forests, some of the most pro-
when a control system is incorporated into a bodtictive in the world, will contribute in a major
that in turn generates water pollution, some apray to meeting this demand. Increasingly, how-
propriate share of that water pollution is attribever, extractive uses of forests are in conflict with
uted to the control system. public environmental values such as biodiversity

Provided we supply a dynamic extension gfrotection and recreation. In many forested sec-
the static Leontief input-output model, our analytions of the world the public is struggling with
sis can be done in an explicitly dynamic mannetiow to balance economic and environmental
The Sequential Interindustry Model (SIM) is ayoals for forests.
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Much of the debate regarding sustainable r@alancing Uncertain Substance Flow
source use derives from our poor understandifggtg
of how modern commercial forestry affects the
persistence of native plants and animals. We laEiik Lofving
reliable, cost-effective, accurate tools for identierlof@mai.liu.se
fying species at risk of extinction due to harvest- .
ing practices. In addition, a variety of harves’lf\mj_erS G_rlmvall
practices could be used to achieve a particul@pgri@mai.liu.se
economic goal. For example, in temperate ansbpartment of Mathematics
northern forests, harvest can remove all treeS'Bhkﬁping University
selectively remove trees from a larger area @ _5g1g3 Linkoping Sweden
create the same yield. Harvest methods also vary
in input, from allowing natural regeneration td-ull paper available: Yes
ﬁ:gn\mﬁ If’Ia(::'Srtt-)g:ri(()j\(’-:'VISng l\(/la;?lzgt Zﬁ%‘gi dafnodr thr%?;[ All estima_tes_of su.bstance flows are more or
quality paper has fesulted in converting har%gss uncertain, implying that the c_oIIected data
an violate mass balance constraints that theo-

wood forests to softwood. Each of these met etically should be valid. In this article, we in-

0gitgagnhﬁgﬁvzoggé?\fe?;? Iaﬁg% l\’/\?:?ggjns'?hduce a general principle of automatic balanc-
P Y. fflng of substance flow data. Moreover, we present

e o o berns Sfsfare prcotpe, n pariculr, e descre
P ep ’ class of multi-stage balancing algorithms that

dispersal capacities. can accommodate prior information about the

Itis impossible t(.) do detaﬂeo! research on t certainty of the data under consideration. First,
thousands of Species present In every foresti e specify a set of cells and all permissible con-
determine the specific reactions of each SPECISS tions between these cells by defining a so-

to various har\{est practices. The_refore, we d(e,éllled connectivity matrix. Then, we introduce
veloped a spatially explicit simulation model (a

. . ass balance constraints by specifying a subset
a cellular automaton) for use in identifying com- y specifying

binations of life-history traits that are vulnerabl?oaflCiﬁlpl)‘ztf omg;&h :Eg Lgan%?;gu;;%lgﬁ Ezic}?_ )

. fhulated as an optimization problem. Since any
can propose and evaluate alternative harvest Pra&t of observed data can be balanced in an infi-

tices to protect at-risk species on industrial fOFite number of ways we define objective func-
I

est landscapes, and provide the information fdns and algorithms identifying the solutions that

evaluate the economic costs of the alternatlvgﬁe optimal, given the objective function under

;c;et'mzegﬁﬁgz:paor}'ﬁih_Ir?aa;sggc;r;{ev;lﬁa?:/gsevgﬁinsideration. If it is desirable to achieve bal-
y + SUGced flows only by increasing observed flows,

as cregting reserves, in ameliorating risk of lQ/K/e can use an ordinary simplex method to iden-
cal ?ﬁténgggzi'ﬁc forestry scenario we model itify the solution minimizi.ng the totgl increase of
that of a commercial forest in northern Mainglll flows. Other numerlcal_algorlth_ms_can be
(U.S.A.). The model is generalizable to any ec%__onstructed to handle non—hnt_aqr ijectlve func-
sy-ste.m. l.mdergoing systematic alterations Yons. For example, We can minimize the sum Qf
" squares of all adjustments and identify the mini-
mum number of flows that must be adjusted to
satisfy a given list of mass balance constraints.
Prior information about the uncertainty of dif-
ferent substance flows can be taken into account
by weighting different terms of the objective
function. In particular, we illustrate how we can
utilize simple classifications of the uncertainty
of different substance flows. To facilitate the
computations involved in the balancing we have
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developed a software prototype in which balan¢mplications of Industrial Ecology for
ing is integrated with a variety of tools for qualEnvironmental Policymaking at the

ity assurance of collected data. A previously pu ub-National Level: A Conceptual
lished study of nitrogen flows in Sweden is use ramework '

to illustrate the different steps involved in th
proposed balancing algorithms. William J. Mates
wmates@att.net
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phitsomanus Poomontree There have been relatively few attempts to
jitty_poo2@yahoo.com systematically apply IE to actual problems faced
Michael Kane by envwonlmental pohcy—makers, especially
mkane@pilam.com th_ose_ working at sub-national levels. Such ap-

' plications are hindered by the lack of a concep-

Arpad Horvath tual framework to integrate IE’'s characteristic

horvath@ce.berkeley.edu model’'s and tools into a coherent whole. Some
o ) ) ) have argued that core IE concepts like

Civiland Environmental Engineering sustainability are only meaningful atgéobal

Department level.

University of California, Berkeley This paper outlines a conceptual framework

Berkeley, CA 94720 USA for systematically considering the implications

of IE for problems of environmental regulation
faced by a sub-national environmental agency,
Life cycle assessments show that aluminuthe New Jersey Department of Environmental
recycling is economically profitable and enviProtection (NJDEP). As a densely populated and
ronmentally beneficial. Domestic airplane flight$ieavily industrialized state in the Eastern US,
in the US generate approximately 1.2 billion useldew Jersey faces a wide range of environmental
aluminum beverage cans (UBCs) each year. Thisoblems. New Jersey also has a reputation as
represents 18,000 tons of aluminum, which iBne of the most environmentally innovative states
worth $20 million at the current market price ofn the US, with its own Greenhouse Gas Action
$0.55 per pound. The potential profit from recyPlan and a cooperative agreement with the Neth-
cling UBCs represents approximately 1% of arerlands Ministry of the Environment to address
nual profits for the airline industry. Airlines couldglobal climate change.
easily capture these lost profits, and reduce the To be effective at the sub-national level, the
environmental impacts of their businesses kjyaper argues that IE must give increased atten-
implementing recycling programs. tion to regional geography and land-use planning.
Even an area as small as New Jersey is too large
for some purposes, and watersheds shows prom-

Full paper available: Yes



93

ise as a suitable scale for applying IE. |IE shouftbsed that some pollution would follow an in-
broaden its focus on “firms and farms” to includeerted U-curve related to GNP, increasing at low-
households and communities. Improved metincome levels and decreasing at high-income lev-
ods for comparative risk analysis and more causls. Such a relation is called environmental
ally- and economically-oriented environmentaKuznets-curve.
indicators are needed. Inter-agency cooperation We have estimated the historical develop-
is important for government to be an effectivenents of Finland’s emissions of carbon dioxide,
“player”. sulphur dioxide and nitrogen. These calculations
The paper also points out that as a yound fieldre based on Finland’s historical energy balance
IE presents many difficult and unanswered quefom 1800 to 1998 worked out by a research
tions. What is government’s proper role in “closproject headed by Timo Myllyntaus. In order to
ing loops”? In fostering life cycle assessment dest the relevance of the theory in explaining the
design for environment? How can materials adevelopment of Finland’s air pollution emissions,
counting information best be used? Is IE’s “syswe have related the emissions to the growth of
tems” approach always better than “commarttie gross domestic product from the time before
and control” regulation? How can IE take acindustrialisation to present. The use of this long
count of the growing demand for “environmentime series gives a clear insight on the conse-
tal justice”? How should the inherent tensionguences of the industrialisation and provides use-
between descriptive and normative approachéd instruments for policy recommendations.
to IE be managed? I|E offers great potential for Our research hypothesis is that the environ-
addressing environmental problems at the sulmental Kuznets-curve primarily explains local
national level, but the field must begin to tacklenvironmental effects or regional environmen-
some of these major unanswered questions fat effects, which are connected to cost effective
that potential to be realized. solutions. In the case of those regional environ-
Note mental effects resulted from emissions for which
While NJDEP provided the author with subthere have not been cost effective solutions (for
stantial assistance in the preparation of this pgxample nitrogen oxides) or that of global envi-
per, the conclusions reached and views expressegmental effects (global warming), the explana-
are solely the author’s and do not necessarii9ry power of the environmental Kuznets-curve

represent official policy positions of NJDEP oS much weaker.
the State of New Jersey. In Finland industrialisation started with re-

newable energy, and wood and water energy re-
mained the foremost sources to the mid-20th

Can Economic Growth and Improving ~ century. Only in a mature phase of

Environmental Conditions be Compat- industrialisation became fossil fuels the major
ible? Environmental Kuznets Curve in energy sources, and the 1960s and 1970s formed

. . a turning point of Finnish industrial ecology.
Long Term Finnish Perspective Owing to the energy-intensive structure of the

Timo Myllyntaus man_ufacturi_ng, indugtry has been_ the main source

timo.myllyntaus@helsinki.fi of air pollution. In lean_d, moving to non-re-
newable and more polluting energy sources, and

Jan Kunnas the improving the cleaning processes of emis-

. . . sions and energy efficiency have been two con-
Dept. of Social Science History current but conflicting trends.
PL 54 T . . Since 1914 to 1994 the energy use in indus-
00 014 Helsinki University Finland try has grown 11-fold despite the growing effi-
Full paper available: Yes ciency in the use of energy. However, labour pro-
ductivity has grown much faster than the energy
Economic growth and improving environ-efficiency. Correspondingly, wages has risen
mental conditions are not necessarily incompatore steeply than energy prices, which has led

ible, if appropriate actions are taken. It is prawo the replacement of work by energy whenever
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it has been cost effective. This fact has recentbenefits (Hartman, 1976) or forest's ability to
been used as an argument for an ecological tagcumulate carbon (Van Kooten, 1995). General
reform, i.e., a shift from the taxation of labour ta@onclusion is that to ensure sustainable forestry,
the taxation of natural resource use. In order tbis wise to postpone harvesting as long as the
stay within the carrying capacity of the environrate of return on investment exceeds the oppor-
ment, there might be necessarily to sacrifice thienity cost rate.
targets for economical growth or to find new The initial models were exercised for main
growth strategies (eco-efficiency, dematerializazommercial species of the Ukraine, and the re-
tion and decarbonisation). If these new growtsults of the study have indicated that officially
strategies could be linked with the needs to tacklecommended in the forestry rotation ages are
with the current unemployment it could be posubstantially higher than optimal, and that the
litically easier to justify. idea of maximum sustained yield remains popu-
A better understanding of the relations bdar in the country. Further “ecologization” of this
tween economic development and environmerdea has led to the fact that official forest har-
tal pressure in the developed countries might helgsting comprises less than 50% of MAI, while
us to deal with environmental problems in courin stable economic conditions, the Ukraine has
tries in the beginning of their industrialisatioran acute deficit in timber and has to import wood
process. For emissions, which development pdttom Russia.
follows an inverted U-curve related to income, Hence in-depth changes should be brought
it could be possible by technological transfer aridto the Ukraine’s forestry to economically and
economic help to move straight to the decliningcologically address sustainability in its forest
part of the environmental Kuznets-curve. sector. From one hand, scientifically substanti-
ated rotation of timber has to be introduced into
the forest management practice. It would de-

Economic Considerations of Sustainable crease in most cases the ages of harvesting and

Forest Management in the Ukraine would reduce a discrepancy between demand and
supply sides of the timber production. From an-

Maria Nijnik other hand, the program of afforestation (about

maria_stepanivna@hotmail.com 2 million ha) is proposed as a sustainable forest

State University policy measure for the Ukraine.

Lviv Ukraine

in collaboration with:

Agricultural Economics and

Rural Policy Group

Wageningen University

Postbus 8130

6700 EW Wageningen The Netherlands

Full paper available: No

Since the middle of the 19th century scien-
tists have been dealing with the concept of
sustainability in forestry, and at that time it was
based precisely on the idea of maximum sus-
tained yield. However the idea has several weak
points, and the most important are that prices and
costs are not incorporated in the concept, and that
discounting is not considered. Faustman (1849)
gave first correct formulation of the harvesting
problem. Later the model was extended, for in-
stance by incorporating of a flow of non-timber
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Agent Based Modeling of Gene Flow in large-scale application was started.

Crops By defining evolutionary processes and plant
entities in Object Oriented terms an Agent Based

Igor Nikolic Model called GeneScape, has been developed.

Nikolic@cml.leidenuniv.nl The model explicitly describes plants as an en-

tity with states, a genome, and interactions, mat-
R. Huele ing. Plants populate an geometry, the Field,
E. van der Voet through which the environment, The World, en-
forces the rules for pollen distribution and which
determines how the information content of the
P.O. Box 9518 plant is to be translated _intQ a fitnes_s..The model
2300 RA Leiden The Netherlands is not meant as a quantitative predlct|on_ tool for
Gene Flow, but as an explicit and graphical rep-
G. Korevaar resentation of the mental models of Darwinian
G.J. Harmsen selection, Gene Flow and plant ecology. Its
strength lies in the fact that it allows the visual-
Process Systems Engineering - DelftChemTeghation of thought experiments on the behavior

Centre of Environmental Science Leiden
Section Substances & Products (S&P)

Faculty of Applied Sciences of GMO crops and the neighbouring plant popu-
Delft University of Technology lations. GeneScape can only be useful for an-
Julianalaan 136 swering questions about the sustainability of
2628 BL Delft The Netherlands Genetic Modification if it is socially acceptable

itself. Therefore a Society Acceptance Forum will
be organized to evaluate the perception and ac-

If Genetic Modification is to be accepted as §ePtance of GeneScape as a model of Plant Gene

sustainable technological development its social Environment interaction. ,

ecological and economical impacts must be un- !N the case that GeneScape is found to be ac-
derstood. One important tool in determining thEePtable found to be an acceptable representa-
environmental and human impacts of a techndon Of the relevant processes it can serve as a
logical development is the Quantitative Risi@sis for development of novel tools for Risk
Analysis (QRA). QRA should quantify the I‘iSkSAnE_inSIS (_)f genetically engineered organisms and
of a new technology, so that the society can ma |r_enV|ronm_entaI releas_e. It may ultlmately_
a choice whether the benefits overweigh the risk&€!P in answering the questions whether Genetic
The current QRA for risk assessment ofhgineering has a place in a sustainable world.

transgenic plants is based on mass flow models. 1he model is implemented in the Java 2 pro-
These do not consider the fact that law of coff@mming language, making use of the Ascape
servation of mass does not hold for genes, whiGiSs library developed by the Brookings Insti-
are essentially information. They also do not takg/te- Itis available for online execution bitp:/

the imbedded open feedback loops present in IA¥WW.dct.tudelft.nl/~nikolic

forms, i.e. the ability to self- amplify and repro-

duce, into consideration. Because of these short- ]

comings, the current QRA tools are probabl{ereen Purchasing Versus Green

inadequate to answer the question whether Geifestyles: Lessons from Improved

netic Modification is a sustainable technologyBreadth and Depth In LCA

Next to the lack of scientific knowledge, there is )

a lack of social acceptance for Genetic ModifiGregory A. Norris

cation. So far it is unclear whether this lack gforris@sylvatica.com

acceptance is a result of a principal disapprovg
of the technology or a lack of understanding of
the technology. This uncertainty would have been Breadth in LCA models refers to the set of
less if a society-wide discussion on the benefifgocess categories considered to be part of the
and risks of the technology were held beforgystem. For example, traditional LCI ignores

Full paper available: No

l.l|| paper available: Yes
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inputs of service inputs, capital equipment, aApplying the Sustainable Systems

cillary materials, and overhead/infrastructureanalysis Algorithm to Promote Indus-
Depth refers to the upstream extent of the moE

. : ; .“trial Ecology Concepts: The Edisto
eling — that is, the number of supply tiers which,. ; . .
are taken into account. Very recent research iver Basin Sustainable Ind_u strial
ing Input/Output methods of LCA has begun t&€velopment Research Project
guantify the impacts of limited systemepthon Sonja Lynn Odom
estimated total embodied energy. Here we inve
tigate the joint effects of limits to system breadt
as well as depth, including the very importaniValter H. Peters, Il
interactions among them. We characterize apgters@engr.sc.edu
attempt to explain differences in impacts of both ] )
depth and breadth on estimated inventories foiniversity of South Carolina
different pollutant categories. We find that inPepartment of Mechanical Engineering
creases in system breadth lead to significant ik@boratory for Sustainable Solutions
creases in the requisite system depth in order380 Main St.
capture a given fraction of the total upstrear@olumbia, SC 29208 USA
burden; in other words, the more complete w, : )
make our LCA models (in terms of Erocessﬁu" paper available: yes
classes included), the more depth we need to“We act as consumers to get what we want
model in order to achieve goals for maximunfor ourselves. We act as citizens to achieve what
truncation error. We apply eigenvector methodse think is right or best for the community”
to shed insights on the convergence properties — Mark Sagoff
of life cycle inventory systems, and we system- The two main conflicting views among the
atically investigate the impacts of excluding inchampions of sustainability are the concepts of
put categories including service inputs, equigritical limits and competing objectives. The
ment, ancillary materials, and overhead/infrasustainable Systems Analysis Algorithm (SSAA)
structure. is a decision-support and valuation methodology

Important findings for LCA and Industrial that is grounded in the competing objectives view
Ecology include: (1) total environmental burdensf sustainability, yet it strives to incorporate the
of products are routinely underestimated due tgitical limits view and non-anthropocentric is-
present breadth and depth truncation; (2) diffesues via the metrics chosen for measurement. It
ences among alternative product environmenta| intended to be germane to many sustainable
performance have been systematically overes§iystems analysis applications ranging from prod-
mated using currently standard LCA modelingct to process to industrial facility, from local to
methods; (3) “green purchasing” benefits are n@égional to global. Herein lies a perceived frame-
as strong as they now estimated to be, while “vakork for discussing, specifying and analyzing
untary simplicity” or “downshifting” is more the inter-relationships across competing dimen-
powerful than conventional analyses are showions, time and space that could foster sustain-
ing us. We conclude with recommendations faible decisions. It provides an opportunity to con-
enhancements to traditional LCA practice angmplate and comprehend the potential for sus-
directions for research in the Industrial Ecologiainable design and development strategies for
of consumption. those attempting to view the system as a whole

and collaborate efforts toward implementing
those strategies.

In this continuous improvement process,
sustainability performance indicators (SPIs) be-
ing tracked for progress are first selected based
on discretionary screening of active stakehold-
ers, assigned an importance weight value and
measured using appropriate methods on the open

doms@engr.sc.edu
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system. The resulting calculation of thepelletswhile other studies do refer to a specific
sustainability directive enables visualization ofype of end use. The end products studied are
how current and scenario-derived activities ateose fill packaging materials and waste bags.
or are not contributing toward the sustainability This review revealed a number of question-
of the system. able assumptions and data uncertainties. Example
The SSAA methodology is being applied t@re the large uncertainties regarding the carbon
promote sustainability and industrial ecologyalance of composting, different approaches to
concepts within the wood products sector of theccount for the co-production of electricity/steam
Edisto River Basin (ERB). It is a demonstratioin waste-to-energy facilities and the inclusion/
of a collaborative effort by a stakeholder groupxclusion of methane (CHemissions from
consisting of representatives from governmerigndfilling. These uncertainties and inconsisten-
industry, economic development agencies, NGQ@ges should be addressed by future research and
and academia to investigate and guide industriahalysis. Many of the environmental analyses
development decisions within the realm othoose a cradle-to-factory gate perspective.
sustainability. This application has been dubbéd'hile this approach provides valuable results,
the Sustainable Economic Development Simadditional analyses taking a cradlegi@veper-
lator (SEDS). Itis the intent of this paper to praspective by inclusion of the waste management
vide an overview of the steps taken to implestage should also be conducted. Due to the strong
ment the SSAA methodology via SEDS withirimpact on the final results several alternatives in
the ERB and a progress report of the resultirthe waste management stage should be evalu-
analysis. ated.
In spite of these uncertainties and differences
in assumptions it is safe to conclude that biode-
Lessons to be Learnt from LCAs for grl""gab'? po'yg‘ers Og“]f‘r imhpolfta”t e”Vri]ronme”'

. tal benefits today and for the future. This is par-
Biodegradable Polymers ticularly obvious for starch polymers. Compared
Martin Patel to conventional plastics, the biodegradable poly-
m.patel@chem.uu.nl mers studied generally contribute clearly to the

goals of saving energy resources and mitigating
Utrecht University, Department of Science, GHG emissions. At the same time, none of the

Technology and Society biodegradable materials studied performs better
Padualaan 14 than its fossil fuel-based counterpartaincat-
NL-3584 CH Utrecht The Netherlands egories. Polyhydroxyalkanoates are biodegrad-

able polymers for which — under the current state
of the art - even the advantage in terms of en-
In this paper thirteen LCA studies for biode€rgy use is very small compared to conventional
gradable polymers are reviewed. Six studies dezglymers.
with  starch  polymers, four with Forthe time being, itis hence not possible to
polyhydroxyalkanoates (PHA), two withmake ageneral judgemenwvhether biodegrad-
polylactides (PLA) and one with other biodegradable plastics should be preferred to petrochemi-
able polymers. All of these polymers are man@al polymers from an environmental point of
factured from renewable resources. Some of théew. Such a conclusion could only be drawn if
studies reviewed are rather limited in scope Bj1e environmental assessment showed clear ad-
assessing only energy use andzémissions but vantages foall the biodegradable polymers stud-
they nevertheless contribute to a better undéed and for (practicallydll indicators analysed.
standing of the environmental aspects by addre$s-however, the focus is on energy and Gl
ing additional types of materials and by providresults are clearly more favourable for most bio-
ing an indication of the uncertainty of the resultslegradable polymers already today. Careful
Regarding the choice of the functional unit som@onitoring ofall environmental impacts of bio-
of the studies only address the production arstggradable polymers in parallel to technological
waste management of materials in the form ¢ogress and changes in the infrastructure (power

Full paper available: No



98

generation, waste management) continues to peducers. Germany is world wide one of the
necessary both at the company and at the poligain demanding countries and to a large extent,
level. its consumption depends on imports, resulting
To summarise, the existing LCAs and enviin international trade of primary aluminium. The
ronmental assessments support the further devefper concentrates on the analysis of economic
opment of biodegradable polymers. For somend ecological impacts of primary aluminium
materials the environmental benefits achieved goeoduction to meet Germany’s demand either by
substantial already today and in most cases ttiemestic production or by imports. Specifically,
prospects are very promising. the creation of jobs, the use of energy and result-
ing GHG emissions expressed as global warm-
ing potential are taken into account.

Primary Aluminium Supply in Ger- The analysis is based on a hybrid-model,
many — A Hybrid Approach to Analyse  which consists of an economic input-output-
Economic and Ecological Effects model and process-chain-model. The first model
illustrates the overall economic context of the
Andrea Paulus domestic primary aluminium production includ-
a.paulus@fz-juelich.de ing its direct and indirect linkages with other in-

dustrial sectors, factor markets, imports and ex-
: . ports in monetary values. It also allows to analyse
Systems A.r?l".ilﬁSIS and Technology Evaluation ecological effects using additional physical bal-
D-52425 Julich Germany ances for energy or emissions. As the official
Wilhelm Kuckshinrichs German input-output-tables do not separate alu-
minium production, bauxite, alumina and pri-
mary aluminium (including semi-manufacturing)

Forschungszentrum Juelich GmbH

w.kuckshinrichs@fz-juelich.de

Forschungszentrum Juelich GmbH have been extracted from the non-ferrous met-
Systems Analysis and Technology Evaluation als sector in order to study the economic and
52425 Juelich Germany ecological effects induced by the activities of the

German primary aluminium industry.
The second model is used to evaluate in eco-
The primary aluminium industry is one of thdogical terms the imports coming from different
important industries supplying non-ferrous metsountries. It will show energy use and emissions
als. Despite the fact that per capita consumpti@f aluminium production of typical exporting
of primary aluminium is declining in most de-countries like Norway, Russia and others. Ac-
veloped economies, a growing demand for préording to its primary energy resources this coun-
mary aluminium world wide is expected due tdries use different primary energy carriers to pro-
industrialisation in developing countries. duce electricity for electrolysis, resulting in dif-
The production of primary aluminium isferentlevels of emissions compared to Germany
highly resource intensive, being responsible for
the extraction of bauxite. Additionally, it is highly
energy intensive, as huge amounts of electrical
energy are necessary for electrolysis. With re-
spect to both aspects, economic activity is ac-
companied by ecological impacts. On the other
hand, the primary aluminium industry directly
and indirectly creates jobs, added value and in-
come by its own production and by the interme-
diate production from other industrial branches,
all being fundamental components of any indus-
trial system.
This paper sets a focus on Germany. Its pri-
mary aluminium industry is one of Europe’s main

Full paper available: No
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decision support system has been developed via
geographic information systems (GIS) software
and an Excel spreadsheet to model the reverse
distribution logistics of the product take-back
process and quantify the resulting effects (i.e.
Emissions from vehicle miles traveled) respec-
tively.

Moreover, a sustainable decision support sys-
tem for the demanufacturing process of product
take-back based on concepts of industrial ecol-
ogy has been developed.

In this system, three comparative scenarios
are investigated, which are either already exist-
ing or theoretically proposed. The first is the
current manufacturing process, using extracted
raw materials (primary mining), the second is
secondary mining (product shredding), and fi-
nally the demanufacturing process (product dis-
assembly). The environmental, economic and
social dimensions of sustainability are studied
using manufacturer or hypothetical data, or in-
formation collected from literature. This work
was carried out in conjunction with a local HVAC
manufacturer, thus all the generated data and
conducted analysis is contributed from their
manufacturing processes. At the end of this study,

Sustainability is a term that has amassed nfjg most sustainable process that fulfills the re-

merous meanings and definitions due to the aSyirements of industrial ecology is identified.
sortment of contexts and motivations driving its Evaluation of model output employs the prin-

application. Yet, common to most interpretationsjs|es of sustainability by investigating the vari-

is the notion of maintenance or continuation qf ¢ impacts that occur across ecological, eco-
life on Earth in an undiminished state over timgymic and social dimensions

into perpetuity. Arriving at sustainability in this
respect will require dramatic changes in the way
humans and institutions currently operate und@{f Comparative LCA of Olive Husk

today’s industrial paradigm. Since the Industria(l:ombustion for Power Generation: an
Revolution, more of nature’s biological andl‘]j‘\ﬂlian Case-Study '

physical assets have been destroyed than in
of history. Itis this stock of natural products an@\|perto Mansueti
systems and the services they provide that m%nsueti@sei.unich.it
human life and development possible. As present
trends in industrial development continue an&tefano Leone
place greater strain on our ecological base, linkndrea Raggi
its to economic development and prosperity Wilaggi@sci.unich.it
no longer be determined by industrial expertise, ] )
but will instead be dictated by the availabiliyJniversity “G. D’Annunzio”
and quality of natural assets. Viale Pindaro 42

This research explores some of the paramet&®@127 Pescara Italy
involved in moving toward sugtainable industria#u" paper available: No
development through analysis of a product take-
back system for the Heating Ventilation and Air Within the new approach of Industrial Ecol-
Conditioning (HVAC) industry. Specifically, a ogy the utilization of waste streams as alterna-
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tive sources of raw materials for a given funoweight reduction achievable with the use of com-
tion is a major concept. In the field of energyponents, manufactured with lighter magnesium
generation, this is even more interesting whealloys. The driving force for the use of magne-
waste streams utilization entails the substitutiosium in electronic demand goods is weight re-
of non-renewable resources. duction, while maintaining the required electri-
This is the case of olive husks, agro-induszal shielding.
trial wastes which may play a relevant role as a In order to meet this growing demand, the
biomass energy source in several regions, suchnstruction of new magnesium production
as southern ltaly. It is well known indeed thaplants are being planned in many places of the
the Environment can benefit by the substitutioworld. Australia, with its large deposits of mag-
of biomass fuels for fossil ones, because ofresite and cost-competitive supply of electrical
lesser global warming impact of the former. Oenergy to meet the heavy energy demand for
the other hand, additional processing activitiagmagnesium production, is poised to enter the
and transportation which may be needed by biwrorld market for magnesium and its alloys. The
mass fuels might originate further environmenAustralian Government has already given the
tal burdens. Major Facilities Status to a few magnesium
An overall assessment can be carried optojects (amongst many proposed Projects) to
through the adoption of a life cycle approactsupply annually ~ 230kT of magnesium to the
Within a broader project aiming at assessing theorld market.
environmental impact of various technologies to The production of magnesium is based on an
exploit olive husks, this study deals with thenergy intensive electrolytic process, and hence
implementation of a comparative LCA betweehas a very important bearing on the sustainable
power generation from olive husk combustionse of energy and resources. However, the prin-
and from conventional technologies. In particleipal eco-efficiency driver for magnesium use
lar, this work is based on data collected from an manufactured products is to improve the ma-
actual case-study concerning a plant using thiarial intensity of goods by weight reduction. The
technology, recently installed in southern Italypervasiveness throughout the society of manu-
Preliminary results are here presented. factured goods, which are currently using mag-
nesium to achieve weight reduction, appears to
be quite extensive.

Development of an Industrial Ecology In the Australian context, magnesium indus-

Framework for Magnesium Products try is currently at_an_e_mbryo_nlc stage, but is ex-
pected to grow significantly in the next decade.

S Ramakrishnan CSIRO has initiated a study on the industrial

s.ramakrishnan@cmst.csiro.au ecology of magnesium products. In this paper,
some issues relevant to the development of mag-

CSIRO Manufacturing Science and Technol- nesjum industry, and related technology and busi-

ogy, _ ness requirements will be discussed from the in-
Locked Bag No. 9, Preston, Vic. 3072 dustrial ecology perspective.
Australia

Full paper available: Possibly

Several business studies show that the world-
wide demand for magnesium is predicted to grow
from ~330KT per annum in 1998 to ~ 550kT per
annum in 2008. This strong growth is due mainly
to the increasing demand for diecast magnesium
components for applications in automotive and
electronic products. The principal driver for
magnesium in the automotive area is the reduc-
tion in the emission of greenhouse gas by the
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emissions [kg/kg plastic], additives [kg/kg plas-
tic] and energy consumption [MJ/kg]. One main
purpose of this paper is thus to discuss the de-
velopment of selected parameters in the plastic
packaging sector in Norway from 1990, via 1995
to year 2000.

A process system based model of the entire
life cycle of plastic packaging will serve as the
basis for the analysis. The life cycle is divided
into i) extraction of raw materials (fossil fuels),
plastic production (HDPE, LDPE, PP; PET/PEN
and PS), plastic packaging production (Foils,

N - 7491 Trondheim Norway cans, PP-bags, reuseables and EPS), plastic pack-

aging in use (Filling and packing of end-user
This paper intends to study the developme roducts, wholesaler/retailer/grocery trade, use

f K . | . d households/industry/others, filling and pack-
of some key environmental, economic an m"ﬁig of bulk products, receivers of agriculture
groducts, aquaculture products and of industrial

sector in Norway from 1990 to 2000. We will, iny - 4 1k products) and the EoL-phase. Data wil

addition, test the influence of extended produc:Bre collected mainly through an empirical survey

responsit_)ility_ (EPR). on the observed de\/elopalmong the companies representing 80 % of the
ment. Th|s_ will p_rowde new kn_owl_edge on thematerial flows. Statistical data from literature will
effect of this environmental policy in the plastlcbe employed to complement this empirical data.

patlzkggmg slector Ikr; II\_Iorw_ay. . | Estimates of the uncertainty of the provided data
ndustrial metabolism is one important elegiii pe conducted.

ment within the concept of industrial ecology. It
is about the input, output and accumulation of

the materials in question in a geographically d‘?fnplementation of Industrial Ecology in
fined system, i.e. the stocks and flows of mater: Swedish Buildina and Tran it
als. Tools such as material flow accountin§'® SWedISh Bullding a anspo

(MFA), substance flow analysis (SFA) and en>€CtoOr

vi_ronmental input/output analysis (Env. IOA)_ arg iselott Roth

widely used to expand the knowledge of this. Iﬁsro@ifm liuse
Norway, some limited studies on industrial me- o
tabolism have been carried out the last ten yeakMats Eklund
particularly due to the introduction of EPR inmed@ifm.liu.se
selected sectors. ] ]

As for the plastic packaging sector, since EPRNVironmental Technique and Management
was implemented with certain recycling target@epartment of Physics and Measurements
stated in the covenant in 1995, there has beenldRkoping University
on-going discussion throughout the 90s on tHeE-581 83 Linkoping Sweden
total generateq amount of plastic packaginlgdJII paper available: No
waste. Equally important as the total generate
amount of waste, however, is the material flows There are similarities between the concept of
within the system. Moreover, to every materidhdustrial Ecology (IE) and the Swedish concept
flow there is a flow of capital, and from an eco*kretsloppsanpassning’. The latter was intro-
efficiency perspective, it is crucial to combinaluced as a political concept by the Government
selected economic and environmental key parafail 1992/93:180. It aimed to change and develop
eters in one and the same study, which will BBwedish society in the direction towards ecologi-
done in this paper. The selected parameters agdly sustainable development. Furthermore, both
flow of plastic packaging in different phases ofhese concepts have (ecological) sustainable de-
the life cycle [kg], net sales [NOK/kg], CO2-velopment as an ultimate goal and one central

Full paper available: Yes
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strategy is to close the material loops (c.f. [Life Cycle Engineering of Buildings
2]). However, the Swedish concept address the )

society as a whole and therefore we have fouyt0 Saari

it appropriate to term this Swedish concept S@'to.saari@hut.fi

cietal Industrial Ecology (SIE). The society thap| Isinki University of Technology

the Swedish government envision_ed has a gop boratory of Construction Economics and
natural resource economy; recycling all materl\'/lanagement

als. This ideal materials management would, ag-
cording to the Swedish government, lead to 5. Box 2100_
minimized generation of wastes and a minimize 015 HUT Finland
contribution of emissions into the environmentry|l paper available: Yes
We have studied the implementation process of ) )
SIE in the Swedish building and transport sector !N this abstract is presented the result of two
respectively. These case studies indicate that ff&/dies finished in 2000. The studies were car-
measures emphasized and implemented, focudi&fl 0ut by the author together with Finnish con-
on material outflows such as reuse of materiafiruction industry. _
Furthermore, it seems like, in the strive for 1he aim of the studies was to develop a
achieving sustainable development and closifgethod for controlling building design that
the material loops, there is a lack of the knowt¥ould allow managing both the life cycle costs
edge about to what extent these measures c8fd the environmental burdens from buildings
tribute to reduced environmental impact. As afluring their life cycle. The control method pre-
example the quality aspects of reuse are seld@@nted in the paper was tested in ongoing pilots:
considered and it is often assumed that reusedf@boratory building project and a residential
all forms contribute to improved environmentaPuilding project. _
performance. To what extent different reuse ac- | "€ developed procedure for controlling the
tivities in a broader system perspective reaIIWnStfu?t'O” costs and the environmental burden
reduce the environmental impact depends on, fo buildings developed as part of the research
example, the material itself and the reuse pr§onsists of the following phases:
cesses. This is, however, neither discussed rdioject programming:
environmentally evaluated in the implementation Selection of time horizon
process. Thus, it is very important to start to A budget is set for the construction costs
evaluate these measures from an environmentalA limit is set for the annual energy consump-
point of view. his paper deals with the imple- tion of the building during use. The limit is
mentation process of SIE. Using the transport based on the users requirements of spaces
and building sector as case studies we will d8uilding design phase:
scribe their goals and measures emphasizedetoThe construction costs based on the building
achieve SIE and discuss the environmental rel- designs is estimated
evance of these measures. » The energy consumption of the building dur-
References ing use based on the building designs is cal-
1] Swedish Government. Policies to develop the culated

society towards closed material loops (Im In case the construction costs or the energy

Swedish). Governmental bill1992/93:180 ,
Ministry of the environment and natural re-
sources, Stockholm, 1993. y

2] Erkman S. Industrial ecology: an historical
view. Journal of Cleaner Production 1997;5(1-
2):1-10.

need based on the design solution exceeds the
limit, the designs are improved

When necessary, ecological-economical value
analyses are made on individual building ele-
ments. The analyses are intended to shed light
especially on potential design solutions that
deviate from the prevailing building mode
which aim at reducing the life cycle costs or
the environmental burdens of the building.
Value analyses are especially made on ele-
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ments whose impact on the building's energi Conceptual Model of “Knowledge
consumption during use varies between alteStrategy” in the Telecommunications
natives, or whose maintenance cycles Varl}ﬁdustry

between solutions or which contain varying
amounts of non-renewable materials Parminder Singh Sahota

Implementation of construction works: p.sahota@btinternet.com

» In the implementation phase, the ecological- :
economical values of potential alternativ nterr;_atlz)rLlJal_Ecot_(technology Research Centre
production solutions that can reduce enviror'Uran 1€ niversity

mental impacts are determined nited Kingdom
. 17 Eldon Avenue
Use-phase energy consumption was Chosﬁ%ston Middlesex. TW5 OLX UK

as the key environmental indicator in the pre-
sented method. The choice was based on the fagark Lemon
that in Nordic conditions the majority of an; |emon@cranfield.ac.uk
building’s climatic impacts (warming and acidi-
fication) are a result of the energy consumed Aternational Ecotechnology Research
the building during its use. By controlling thatCranfield University
consumption, the climatic effects of the buildCranfield
ing can be controlled most effectively. Bedfordshire MK43 OAL UK
The procedure developed offers a simple way ilable: Y
of controlling the life cycle costs and environ- paper avaliable. Yes
mental burdens generated by a building over its Knowledge is increasingly being recognized

life already at the building design phase. Itis nats a fundamental ‘resource’ within the modern
enough just to estimate these things from thedustrial economy. Considerable work has been
planned building to be able to control designundertaken into what constitutes knowledge,
there must also be a target level against whiethere it is derived from and how it can be effec-
the estimated figures are compared. The methtigdely nurtured, transferred and assimilated. The
outlined in the study provides tools for controlinterpretation of knowledge as a resource raises
ling building designs and bringing them to am number of other key issues that are central to
acceptable level as regards life cycle costs atits paper. Itis a renewable resource, and a fail-

environmental loading.

ure to consider it as such raises the threat of a
non-sustainable future. However, unlike scarce
natural resources that cannot be replaced knowl-
edge needs to be continually applied, updated,
re-appraised and contextualised. Equally, if it is
not drawn upon it can become outdated, obso-
lete and non productive. Organizations therefore
must efficiently and effectively create, capture,
harvest, share, and apply their organization’s
knowledge. They must have a dynamic ability
to bring that knowledge to bear rapidly on prob-
lems and opportunities as they emerge.

Given this, it is imperative that today’s firms
explicitly address a range of decisions regarding
the creation, deployment, and maintenance of
their knowledge resources and capabilities.
Much has been written about processes and in-
frastructures for sharing and codifying knowl-
edge especially by using information technolo-
gies, communities of practice and workspace
designs but little has been said about the strate-
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gic perspective regarding knowledge resourgeneration surfactants. The environmental rel-
decisions. A “knowledge strategy” view and apevance of anaerobic degradability as a property
proach is required to reflect this in the currerfor surfactants is driven by the amount that can
knowledge-intensive environment. accumulate and potentially cause effects in
This paper will examine the key drivers an@dnaerobic environmental compartments. The
barriers to the generation and assimilation @halysis indicates that for the aerobically only
knowledge within the RandD environment oflegradable surfactants less than ~10% of the
telecommunications. It will further explore themass flux has a permanent anaerobic compart-
concept of knowledge as a dynamic process thaent as final sink, while this number is less than
is embedded in all aspects of the organizatiorB% for both aerobically/anaerobically degrad-
and the environment within which it operatesable molecules. For the sum of permanent and
Different types of knowledge will be identifiedtemporary anaerobic compartments this is ~20%
and an understanding built of its varied charagersus ~10%. The report concludes that the en-
teristics. It will propose a need for a “Knowl-vironmental relevance of anaerobic degradability
edge Strategy” to build and renew knowledge dsr surfactants, and chemicals at large, cannot
a dynamic and interactive process. be separated from other key properties that af-
The final phase of the discussion will preserfect environmental partitioning and mass fluxes.

a conceptual model of “Knowledge StrategyThese factors include sorptive behaviour,
by which a firm can balance its knowledge rdogKow and aerobic biodegradation kinetics.
sources with its knowledge replenishing capalsage volumes, waste disposal practices and
bilities and activities to achieve superior comecotoxicological profile are another series of fac-
petitive advantage in today’s knowledge- intertors that drive the risk assessment outcome.
sive environment. Therefore, it seems unjustified to use anaerobic

biodegradability in isolation as a regulatory pass/

fail criterion for surfactants.
Mass Flux Aspects: Environmental
Relevance and Regulatory Use of _ _
Surfactant Anaerobic Biodegradability ~ 1he Neglected Issue in Industrial

Ecology, Management of Resources vs.

Diederik Schowanek Management of Material Cycles
schowanek.d@pg.com

Bastiaan A. Schupp

Temselaan 100 b.a.schupp@tbm.tudelft.nl

B-1853 Strombeek-Bever, Belgium
Safety Science Group

Nigel Battersby, Luciano Cavalli, Faculty of Technology, Policy and Manage-
Richard Fletcher, Andreas Guldner, ment

Josef Steber and Jose Luis Berna. Delft University of Technology

This paper presents some key informatior@ffalaan 5 Postbus 5015
from the ERASM Report (1999), “Anaerobic2628 BX Delft 2600 GA Delft Netherlands
t_)i_od_egradati.on of surfactants - _Review of sc_:i_er':u" paper available: Yes
tific information.” The anaerobic degradability
of the major commercial surfactant types under This article critically investigates some of the
laboratory and field conditions was reviewed anblasic assumptions underlying the IE paradigm.
compared. Subsequently, a comparison of thie makes use of the concept supply-side
mass fluxes of these surfactants after use asgistainability. It is argued that IE will likely be
disposal in the environment was made. Me#&eneficial to humanity, but it might fail in achiev-
sured mass fluxes are in good agreement withg a sustainable society.
theoretical predictions. Aerobic degradation -a By making use of simple modeling and com-
legal prerequisite in the EU- is in practice by faplex systems theory, this article argues that natu-
the predominant elimination route for modernral systems are essentially type | systeriis
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using sources and sinks instead of closed matdould not restrict its effort at closing material

rial cycles. Though, these resources can also dgles. Taking resources into account in this way,

depleted. Nature deals with depletion by meatise IE approach becomes fundamentally differ-

of a simple mechanism; the emergence af-a entthan natural systems because it will thus strive

sis. Natural systems are often victim to sucko prevent crises.

events. Individual species can easily deplete their : T. F. H. Allen, Joseph A. Tainter, and T. W.

resources. Nature, however, overcomes such ddieekstra; Supply-Side Sustainability; Systems

ses by redundancy, either in the genes of a singtesearch and Behavioral Science; 16, 403-427

species, or by having another species take ovgr999); Elsevier Science Publishers

This causes the overall sustainability of nature, 2 Type | systems as defined in Allenby, B.R.,

but only at the macro level, not at the micro levelndustrial Ecology: policy framework and imple-
Itis shown that industrial systems have in fachentation, Prentice-Hall, 1999, p 43-47.

always been much like natural systems at a mi-

cro level, because of a similar syststructure

Thus, Industrial systems can also be victim @conomic Materials-Products Chain

crises. Human history has proven that such ciyogel With Application to Window
sis are often disrupting to society, causing PO¥-rames

erty, poor health, reduced freedom, famine, war
or even genocide. Like nature, humanity wilHans-Glinter Schwarz
likely overcome such events, though, these aggschwar@phil.uni-erlangen.de
disruptive and undesirable. Therefore a sustain- )
able society is defined as one that avoids criséastitute of Economics
This article further demonstrates that IE willJniversity of Erlangen-Nurnberg
not help to achieve a sustainable society if it coiochstrale 4
centrates at closing material cycles. In this wa9,1054 Erlangen Germany
it will only be a next step in increasing resourc
exploitationefficiency It will thus be part of a
long history of similar steps in technology, such Process (optimisation) models have a long
as agriculture, the industrial revolution, and contradition in project evaluation of base industries
munication technology. and for modelling of the mining sector. These
To demonstrate this, a novel concept is intranodels usually concentrate on modelling of dif-
duced. This igesource load homeostasiBe- ferent process stages necessary for production
cause resources have economical value, tryinfjone base material (e. g. copper or primary alu-
to use less will likely be a failure. Due to a deminium). The model of the global aluminium
creasing price, it will become utilized for a preindustry which was developed by the author of
viously uneconomical purpose. Thate of re- this paper is an actual application of process
source depletiowill not change; it is entirely modelling for environmental analysis. This
determined by the effort society is willing to in-model permits the assessment of future energy
vest in its exploitation, not by its subsequent usesonsumption and greenhouse gas emissions as-
Approaches foundational to IE such as closingpciated with the worldwide flow of primary alu-
material cycles, LCA, and integration of indusminium. The economic and ecological effects of
trial systems, will enable society to do more witlpolicy measures (like eco taxes in the European
the same, but not reduce the rate of resourtaion) on the primary aluminium flow can be
depletion. Thus applying such approaches wiitudied.
at most delay a crisis. In contrast to process models, M-P chain
In order to overcome this, IE should sipiftt models concentrate on modelling systems of
of its attention to the explicit management of resompeting final products rendering the same eco-
sources. IE should actively try to determine theomic service. They can be seen as the economic
maximum load a resource can sustain withogbunterpart to life cycle assessment. Because of
becoming depleted, and what practical mechghkeir recent origin, existing economic M-P chain
nisms can be applied to limit it. Hence, the fielthodels make strong simplifying assumptions.

Eull paper available: No
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Most (or all) prices, including those of the maifThis enables us to analyze why application of
material inputs and final products, are exogenoube two methods in this specific system reach
Furthermore, foreign trade is not considered. ttifferent results, and hence to pinpoint the
is highly desirable for the analysis of real-worldtrengths and weaknesses of the two approaches.
material flows to develop M-P chain models However, both methods are by nature static
which include foreign trade and which are basezhd descriptive, meaning that they unveil only
on microeconomic foundations. This paper dene point in time and space. Thus, contributions
velops the first steps towards such an approacdh.decision-makers concerned about what is the
Elements of process models are integrated in thest future policy for waste disposal are limited
M-P chain framework. The model is applied talue to the methods lack of dynamic elements.
window frames made from different material®esigning a method aimed at predicting the best
(aluminium, PVC, wood) and reflects Germarfuture policy is of course a major task leading to
material flows. Future developments of the modskveral methodological challenges. In our analy-
will permit an integrated economic-ecologicasis we show that including a cost-curve analysis
analysis. Policy scenarios can be calculated itmthe study of the system implies that the infor-
evaluate the effects of different policy measuremation offered by the investigation increases
substantially. We estimate the costs of each pro-
cess in the system and show that there exist some
Comparative Analysis of LCA and CBA system-internal externalities, i.e. the optimal pro-
duction level in one stage is not necessarily opti-
Hévard Solem mal for the up- and down-stream processes.
havards@svt.ntnu.no Based on a system perspective we optimize the
use of resources for all stages in the value chain
as a whole and are hence able to give a more
informed policy recommendation on waste dis-

Jon Olaf Olaussen
jonola@svt.ntnu.no

Dept. of Economics posal policy.

Dragvoll

NTNU

N-7491 Trondheim Norway Case Study: Design Student Teams Use

Industrial Waste Stream as Resource
for New Products

Life Cycle Assessment (LCA) is a frequently
applied analytical tool in case studies done withifenneth V. Stevens
the Industrial Ecology paradigm. There exists kvstevens@nyc.rr.com
standardization of the method such as the 1SQ
14000, but the method is nevertheless widel 8 Carroll Street
discussed among its practitioners and has alSGPOklyn, NY 11215 USA
been criticized by analysts from other disciplinegsy|| paper available: No
such as economy. The main problems pointed
out by economists are related to determining the Three teams of design students from the Inte-
system boundaries, the valuation methods, agdated Design Curriculum at Parsons School of
the double counting of environmental effects iPesign in New York City have addressed the
the presence of green taxes, which becomesabfallenge of utilizing the waste stream from in-
vital importance both in recommending andlustrial operations as resources for new product
implementing waste disposal policy. Among othdevelopment. Working with West Harlem Envi-
ers, these factors contribute to the fact that tlienmental Action, Inc. (WE ACT) and NY
majority of LCA and Cost-Benefit Analysis Wa$teMatch, the student teams have designed
(CBA) done on similar projects reach differenproducts from discarded materials. As a part of
conclusions. In this paper we are using botks mission, WE ACT works to encourage the
methods in analyzing the plastic recycling syswnost efficient use of resources and to improve
tem in Norway'’s third largest city, Trondheim the quality of life for the largely African-Ameri-

Full paper available Yes
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can and Latino residents of Northern Manhat-CA of Hydrogen Production from a
tan. This includes the development of commusteam Methane Reforming Plant with

nity-based green businesses that generate j? ; "
in healthy and safe settings. The goal of N 02 Sequestration and Deposition

WaS$teMatch, funded by the NYC DepartmenAnders Hammer Stroemman
of Sanitation, is to reduce both the volume fnderstr@tev.ntnu.no
waste and the cost of raw materials for manufac-
turers. WaSteMatch identifies waste generatoRepPt. of Thermal Energy and Hydropower
and potential re-users and matches them togetH@iogram for industrial Ecology

The student teams were required to identifyi-7491 Trondheim Norway
materials from Manhattan industrial waste th
were available in a reliable and predictable vol-
ume and appropriate for re-use/re-manufactur- Hydrogen is seen by many as the most prom-
ing in a local production site employing comising future energy carrier, continuing a histori-
munity residents. Concurrently, WE ACT iscal trend towards cleaner, less carbon-rich fuels.
renovating an abandoned building in Harlem tth combination with fuel cells, which convert
turn it into an Environmental Justice Center. Thighemical energy to electrical and mechanical
is being done in a way that provides a model éhergy more efficiently and have no direct emis-
environmentally responsible design in its re-corsions other than water, hydrogen has a very posi-
struction and operation. It will be furnished witHive reputation among the public. In fact, it seems
products that are consistent with the green pip be the common perception that this technol-
losophy affirmed by WE ACT in its educationalogy will solve most of the health and environ-
and advocacy programs. So, in addition to thgental problems related to transportation.
requirements to use the materials from the waste In Norway, hydrogen has received a lot of
stream for products, it was necessary that thegdéention as a future energy carrier, both in
new products be both usable in the new builécademia and in the oil and gas industry. A com-
ing, and models of responsible design appropiehensive report on the existing hydrogen tech-

ull paper available: No

ate for the group’s educational mission. nologies available and the ongoing research in
Products developed by the student teams ithe respective fields was published last year as
clude collaboration between the largest research and

1) a family of desk accessories and small stogducational institutions in Norway. However, no
age/furniture products made of the paper tulggvironmental assessment of these technologies
cores from textile rolls used in the garmenwvas performed. The application of LCA meth-
industry and paper chipboard from the printedology to this technology is important to allow
ing industry; for a better understanding of the environmental

2) a range of urban-site gardening accessorigpacts that will be imposed if, or when, this
made of waste from the sheet metal, plumtiechnology is introduced.
ing and cabinet shops serving the city’s con- From our study of the literature we found, not
struction industry; surprisingly, the environmental impact of fuel

3) sets of illustrated learning kits using materiaiell vehicles (FCV) is very sensitive to the envi-
samples of manufacturing waste for exploronmental burdens related to the production of
atory, hands-on industrial ecology studies witthe fuel hydrogen. Another interesting finding
students and community groups. was that CO2 free hydrogen is required for FCV
The next steps are to complete the busineigssubstantially contribute to climate change miti-

plans and launch the community-based, re-ugation. As the published data on H2 production

enterprise. and CO2 sequestration is both insufficient and
conflicting, we found it necessary to investigate
this in more detail.
The largest challenge in this work was to per-
form an life-cycle inventory of a non-existing
process plant. Working together with experts
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from both academia and industry, we where abl@s been carried out with the financial support
to perform a detailed study of a steam methanéthe European Regional Development Fund for
reforming plant with CO2 sequestration an@®bjective 2 areas, managed by Emilia Romagna
deposition. region and in strict cooperation with LegnoLegno
The design of the plant was performed usingonsortium, that associates about 150 enterprises
Pro Il, a chemical process optimisation softwarén the region. The industrial sector has been se-
With this design as basis material choices whelected because of the economic relevance of

performed, and models of each of the processod working enterprises in Objective 2 areas.
components were made allowing for inventorioreover, the environmental relevance of wood
data to be constructed. This combined proceséndow in assuring good thermal performances
design — inventory construction methodologyf buildings is well known and, as no agreement
should be of general applicability to analysis abn size standardisation has been reached, about
other process plants. State-of-the-art impact &80% of Italian windows are custom-made by
sessment methods are applied to compare dificro enterprises.

ferent environmental impacts, using both the The main objectives of the project SCILLA
environmental themes approach and the damagere:

function approach. The flexible design of the to identify the environmental critical stages
project allows for the results to be used to de- of the product’s life cycle;

velop and evaluate different scenarios and ap- to provide the company management with

plications.

Promoting Environmental Quality in
Italian Micro Enterprises: The Case
Study of Wood Windows

Patrizia Buttol
buttol@bologna.enea.it
Egidio Filippini
filippin@bologna.enea.it

Domenico Scartozzi
scartozz@bologna.enea.it

Mario Tarantini
tarantin@bologna.enea.it

ENEA
Via Martiri di Monte Sole 4
40129 Bologna ltaly

Stefano Mora
smora@tin.it

Consorzio LegnolLegno
Via Caduti delle Reggiane 19
42100 Reggio Emilia Italy

Full paper available: No

guidelines for minimizing the environmental

impacts in each stage of the product’s life

cycle;

» to propose the adoption of cleaner technolo-
gies that also micro enterprises can acquire
and manage;

 to carry out an experimental program for test-
ing and optimizing different construction op-
tions;

 to verify the economic feasibility of a recy-
cling center runned by a SMEs consortium to
maximize components reuse and materials re-
cycling.

To reach these objectives a complete Life
Cycle Assessment of a “reference” wood win-
dow and of selected alternatives has been car-
ried out. In this paper the methodological ap-
proach and the final results of the study will be
discussed. The project showed that remarkable
environmental improvements can be obtained
also in micro-enterprises working in traditional
sectors without introducing radical changes in
the production processes. The highest improve-
ment potential is achieved when environmental
performances are taken into account in the early
stages of product development and with the co-
operation of all decision makers which influence
the product’s life cycle.

A research project (SCILLA) for promoting
environmental quality in Italian micro enterprises
has been recently completed. The entire activity
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our case study of waste treatment in Trondheim,
Norway'’s third largest city. We also show that
site-specific characteristics are better represented
in LCA models.

We approach this problem by applying a LP
(linear programming) framework, where the
material flows of household waste fractions are
represented in a network flow model. Each pro-
cess of this model, from material extraction, to
production, use, transport and recycling/incin-
eration — is associated with an environmental
index based on LCA studies. The objective func-
tion is to minimize the environmental impact of
the material flow network, where a disaggregated
input-output table represents economic-environ-
ment interactions in our model. Finally, the LP
formulation provides a flexible method for evalu-
ating optimal policies for waste management.

Waste management, whether recycling or
waste incineration - require large investments in
infrastructure — and it is therefore of importance
to sort out the methodological controversies to
support efficient policies for waste management.
Efficient solutions of recycling/incineration and
their sensitivity to technology changes are stud-
ied. Experience from integrating both LCA and
input-output models in a LP framework is also
evaluated.

New Master Programme - Chemical
Engineering with Industrial Ecology

Life cycle assessment and environmental in-
put-output analysis are well-established evalu&konald Wennersten
tion methods in environmental science. LCAw@Kket.kth.se

takes a bottom-up approach for a specific pro%—
uct or system, whereas input-output analy
takes a top-down approach focusing on t
economy-environment interactions of sectors;
The current debate in Norway concerning wasteon

epartment of Industrial Ecology

-100 44 Stockholm, Sweden
e +46 8 790 6347

goyal Institutet of Technology

incineration versus recycling of waste materialg@X +46 8 7556644
shows that these different evaluation methods A new master programme will start at the

result in different policy recommendations folRoyal Institute of Technology, Stockholm, Swe-

waste management.

den in fall 2001. The name of the programme is

_ LCA suffers from subjective boundary defi-chemical Engineering with Industrial ecology.
nitions, are data intensive, and less flexible fofhe curriculum will mainly follow the existing
analysis. Input-output models, however, havgne for Chemical Engineering, but several
consistent boundary definitions and are moigurses have been and will be developed spe-

flexible in use, but the aggregated level of daigajly with focus on Industrial Ecology.
ignores important characteristics when applied Example of new courses are:

on site-specific systems. This is demonstrated in

Introduction to Industrial ecology
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. Environmental system analysis Evaluation of Eco-Industrial Park as
*  Environmental and Safety managemerggcietal Experimental Site in Japan
. Waste management
The new courses will contain several projectfohru Morioka

with case studies from the process industry. morioka@env.eng.osaka-u.ac.jp
In the paper the curriculum as well as ex-

amples of case studies will be presented. ~ Department of Engineering

Osaka University

Suita
Energy Analysis of E-Commerce and ~ ©Osaka 565-0871 Japan
Conventional Retail Distribution of Noboru Yoshida
Books in Japan yoshida@sys.wakayama-u.ac.jp
Eric Williams Department of Environmental Systems
williams@ias.unu.edu Wakayama University

930 Sakaedani
Wakayama-shi
Wakayama 640-8510 Japan

United Nations University
Institute of Advanced Studies
53-67 Jingumae 5-chome
Shibuya-ku, Tokyo 150-8304 Japan Masao Takebayashi

Takashi Tagami takebayashi@shi.ebara.co.jp

tagami@me.titech.ac.jp Ebara Corporation
1-6-27 Kohnan
Minato-ku, Tokyo 108-8480 Japan
Energy use associated with distribution viia_.
e-commerce and conventional retail is comparedJ
for book sales in Japan. The simulation of en- In the present research, an inverse manufac-
ergy consumption includes the following factorsturing system for industrial pumps and a strate-
fossil fuel used by trucks in distribution fromgically combined input/output system are exam-
distributor to bookstore or e-commerce firmined in an eco-industrial park in Japan where
transport fuel used by the consumer or couriessociated societal experiments for recycle-ori-
service production of packaging, and energy femted complex had been carried out under the
appliances and climate control at the point of sadgithors’ contributions.
(home or bookstore). Results indicate a cross- The eco-industrial park model describes col-
over in environmental performance according tlaborative actions of recycling among factories,
population density. Conventional retail uses legsgistics and consumers sectors, which will es-
energy than e-commerce in dense urban areghlish mutual system to utilize by-products de-
mainly due to avoided packaging, but can comived from their partner sector as their own re-
sume more in suburban and rural areas duedources in the regional community. In addition,
the inefficiency of personal automobile transporthis is expected to couple with the introduction
of design for disassembly and maintenance sys-
tem of industrial pumps.
Ebara corporation has made an attempt to take
back post-consumed industrial pumps at
Fujisawa factory in Kanagawa. An experiment
was carried outin 1999, and about 250 post-con-
sumed pumps were taken back to the inverse
manufacturing experiment line in the factory. The
effect of design for disassembly is examined for
industrial pumps based on collected data by the

Full paper available: Yes

Il paper available: Yes



take back experiment. The study indicates that
joint and sealing parts are dominant for disas-
sembly time, and “parts reuse-scenario” gives
great cost reduction in life cycle cost and carbon
dioxide emission compared with “waste disposal-
scenario”. Further more, the effect of reuse and
positive maintenance is examined for mass of
industrial pumps in a certain urban building fa-

cility. In the case of reuse and positive mainte-
nance-oriented facility management, life cycle

manufacturing costs can be reduced to 14% of
usual operation in spite of additional capital cost
for inverse manufacturing.

In the eco-industrial park, annually wastes of
280 tons and 5000 tons are generated in a resi-
dence flat and a factory, respectively. When con-
sidering utilization of waste converted resources
between residence and factory in the eco-indus-
trial park, the conversion technology is deter-
mined depending on the type and quality of ma-
terial and energy needed between. Each conver-
sion method has its optimal scale and merit. In
the eco-industrial park, a gasification plant was
installed for technological certification.

Therefore simulation analyses are attempted
to couple each conversion technology with the
gasification technology for improvement eco-
efficiency in the eco-industrial park. The results
indicate that the eco-industrial park with conver-
sion technologies give reduction of 26% in pri-
mary energy consumption compared with a con-
ventional industrial park, and particularly, the
combination of gasification and fuel cell with
aerobic digestion gives great reduction of energy
consumption.

Finally, incentives and barriers are discussed
to the development of eco-industrial parks in
Japan. One of important features in industrial site
policy in Japan is that major government poli-
cies are implemented particularly for industrial
structure change. Therefore a government tended
to give incentives such as subsidiary rather to a
set of specific industrial accumulation, not to
industrial site. In considering enhancement of
eco-industrial park development, government
industrial policy should be rather push type, for
example de-regulation for industrial land use, in
order to stimulate flexible individual arrangement
and alliance.
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