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Leith Sharp
Organizational Change Management for Sustainability
Abstract

The global environmental imperative requires us to undertake more change, innovation and
transformation across all of our institutions than we have ever before achieved. This presentation
will engage conference participants in thinking about the frontier of change management for
sustainability, addressing everything from planning, building construction, renewable energy and
purchasing, to governance, finance and accounting, leadership, capacity building and systems
thinking. The primary case study for this exploration will be Harvard University and its 10 year
effort to transform itself into a global leader in campus sustainability.

Short Bio

Leith Sharp has a bachelor of engineering (environmental) from UNSW, Australia and a Master
of Education (human development & psychology) from Harvard University. She has 18 years of
experience in greening universities, beginning her career as an elected student union environ-
ment officer before being employed to create the University of New South Wales Environmental
Management Program in 1995. In 1999 Harvard recruited Leith to become the founding director
of Harvard’s Green Campus Initiative. Over the next 9 years Leith worked to build the largest
green campus organization in the world funding this effort largely on the savings it produced,
employing over 23 full time professional staff and 30 part time students, bringing Harvard to
the forefront as a global leader in campus sustainability. Specific achievements include over
50+ LEED building projects (mostly Gold or better), a $12 million revolving loan fund achieving
an ROI of 30%+, wide scale engagement in occupant behavioral change, onsite renewable
energy, a significant GHG reduction commitment, alternative fuels for vehicles, green cleaning,
environmental purchasing and much more.

Leith instructs two courses offered through the Harvard Extension School, Organizational
Change Management for Sustainability and Sustainable Buildings: Design, Construction and
Operations, and has consulted and presented to over 100 organizations. Leith sits on the
governing committees and editorial boards of numerous organizations dedicated to greening
higher education including AASHE and the International Journal of Sustainability in Higher
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Education. Leith has received numerous awards for her work including a Churchill Fellowship
and Young Australian of the Year, NSW Environment Category.

Leith recently left her position at Harvard to engage in a range of writing, teaching and consulting

activities and can be contacted via Isharp@hsph-harvrard-edu-or leithsharp@yahoo-co-tk
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Jan Rotmans

Short Bio

Jan Rotmans is the scientific director of DRIFT. In September 2004 he established the new
research institute DRIFT: Dutch Research Institute For Transitions and received a position as
full professor in transitions and transition management at the Erasmus University Rotterdam.

Jan Rotmans is one of the founding fathers of Integrated Assessment and an expert in the field
of integrated modelling, scenario-analysis, indicator-development and uncertainty-analysis and
—management. He created the IMAGE and TARGETS Integrated Assessment Models. In the
nineties, he was involved in quite a few innovative activities in the fields of climate change &
global change research, integrated assessment modelling and sustainable development rese-
arch (sustainability science). In the field of scenario-development, he directed the European
VISIONS-project for the European Commission, DG-XII. The last few years, he has focused
his research on the further development of the concepts of transitions and transition manage-
ment. He is scientific director of the Dutch Network on System Innovations: Transitions to a
Sustainable Society (KSl), which in 2004 received a grant from Dutch government of 10 Million
Euros. He also leads the big European MATISSE-project of 7 Million Euro that deals with the
development of new tools and methods for assessing sustainability in Europe.

From 1998 till 2004 he was director of ICIS: International Centre for Integrative Studies, at
Maastricht University, that he founded in 1998. From 1992-1997 he was part-time professor
Integrated Assessment at the University Maastricht. From 1995-1997 he worked as scientific
advisor for the Commission on Sustainable Development (CSD) within the Division of Sustai-
nable Development. Before that, he worked for ten years at RIVM (National Institute for Public
Health and Environment). He was initiator of the scientific journal ‘Environmental Modelling and
Assessment’, and he is initiator and editor-in-chief of the international scientific journal ‘Integra-
ted Assessment’ and editor of several scientific journals. He is initiator of the Global Modelling
Forum for Sustainable Development, vice-chairman of the European Forum on Integrated
Environmental Assessment (EFIEA), and vice-president of TIAS: The Integrated Assessment
Society. From 1994-2000 he was vice-chairman of the PIK-Institute in Potsdam, and from 2004
he is a member of the Supervisory Board of the Tyndall Institute in Norwich, UK.

Jan Rotmans has more than 200 publications in the field of climate change & global change mo-
delling, sustainable development, and transitions and system innovations. He has given numerous
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keynote lectures all over the world and attended numerous conferences and workshops. For his
PhD-research he received the SNS-prize, and in 2003 he received the IIAS-Award, on behalf
of the International Institute for Advanced Studies in Systems Research and Cybernetics.
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L Robert Socolow
Climate Change and the Industrial Ecology of Carbon
Abstract

The industrial ecology research community should consider itself part-owner of carbon mana-
gement for climate change mitigation. Life-cycle analysis leads to a focus on flows of carbon
from below ground in fossil fuel extraction, the transformation of reduced carbon to oxidized
carbon during energy extraction, and carbon “disposal” in the atmosphere or elsewhere. Flows
of carbon among reservoirs in the atmosphere, on land, and in the ocean interact with these
anthropogenic flows. Conceivably, commercially viable technology for carbon extraction from
the atmosphere will emerge, if carbon flows into and out of the atmosphere command a high
price.

Short Bio

Robert Socolow is a Professor of Mechanical and Aerospace Engineering at Princeton Uni-
versity. Socolow’s current research focuses on the characteristics of a global energy system
responsive to global and local environmental and security constraints. His specific areas of
interest include carbon dioxide capture from fossil fuels and storage in geological formations,
nuclear power, energy efficiency in buildings, and the acceleration of deployment of advanced
technologies in developing countries. He is the co-principal investigator (with ecologist, Stephen
Pacala) of Princeton University’s Carbon Mitigation Initiative (CMI) www.princeton.edu/~cmi/,
a fifteen-year (2001-2015) project, supported by BP and Ford. Pacala and Socolow are the
authors of “Stabilization wedges: Solving the climate problem for the next 50 years with current
technologies,” which appeared in the August 13, 2004 issue of Science.

Socolow is a member of two current committees of the National Academies: The Committee on
America’s Energy Future and the Committee on America’s Climate Choices. He was a member
of the Grand Challenges for Engineering Committee of the National Academy of Engineering.
He was the editor of Annual Review of Energy and the Environment, 1992-2002. In July 1997
he co-chaired the Workshop on Fuels Decarbonization and Carbon Sequestration, sponsored
by the U.S. Department of Energy. In 1995, he was a member of the Fusion Review Panel of
the President’s Committee of Advisors on Science and Technology (PCAST). In the 1970s and
80s, he directed a team of physical scientists, engineers, architects, statisticians, and behavioral

33



scientists in a series of unique research projects on energy conservation in housing. With John
Harte, Socolow co-edited Patient Earth (Holt, Rinehart, 1971), one of the first college textbooks
in environmental studies.

Socolow has a B.A. (summa cum laude) and a Ph.D. in theoretical high energy physics in 1964
from Harvard University. He was an assistant professor of physics at Yale University from 1966
to 1971. He is a Fellow of the American Physical Society and the American Association for the
Advancement of Science. He was awarded the 2003 Leo Szilard Lectureship Award by the
American Physical Society: “For leadership in establishing energy and environmental problems
as legitimate research fields for physicists, and for demonstrating that these broadly defined
problems can be addressed with the highest scientific standards.”
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John R. Ehrenfeld

Industrial ecology:
Moving beyond technological innovation to culture change

Abstract

Besides providing concepts for much improved production systems, industrial ecology can also
guide a transition to sustainability by changing key cultural beliefs and norms. More efficient
production cannot alone alter unsustainable patterns of consumption. Sustainable consumption
requires a shift in cultural values and beliefs. Extending the ecological metaphor that shapes
the field to incorporate complexity can interrupt and shift what are now normal, but unsustai-
nable, practices.

Short Bio

Dr. Ehrenfeld is currently Executive Director of the International Society for Industrial Ecology.
His research focus is sustainability and culture change. He is the author of Sustainability by
Design: A Subversive Strategy for Transforming our Consumer Culture. He currently serves
on the Council of the Society for Organizational Learning. He retired in 2000 as the Director
of the MIT Program on Technology, Business, and Environment. In October 1999, the World
Resources Institute honored him with a lifetime achievement award. He received the Founders
Award for Distinguished Service from the Academy of Management’s Organization and Natural
Environment Division in August 2000. He holds a B. S. and Sc. D. in Chemical Engineering
from MIT, and is author or co-author of over 200 papers, and other publications.
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Designing an Optimal Urban Community Mix
for Aquifer Thermal Energy Storage

Ryan Zizzo, Christopher Kennedy, Alan S. Fung, Bill Wong, Bernie Mcintyre

“Underground thermal energy storage (UTES) is a technology that makes use of the thermal
capacity of soil bedrock and groundwater as a storage medium. It can be used for inter-seasonal
storage to store heat during the summer and use it in the winter and vice versa for winter chill.
It has been used extensively in Europe and is becoming more recognized throughout North
America. UTES is promising because it can store energy for long periods of time to better
meet demand using less fuel. This was demonstrated in Okotoks Alberta where a new devel-
opment utilizing UTES meets approximately 90% of energy requirements using heat which is
stored underground and used throughout the year. UTES usually supplies the majority of the
energy base load while fossil fuels mainly natural gas are used to supply peak energy loads.
Therefore for UTES to be most effective peak demand must be decreased and a flatter energy
demand profile must be created.

To reduce energy demand variation an optimal building-type mix must be found. Energy require-
ments vary significantly over time among different building types. The annual energy demand
profile for various building archetypes including detached residential attached residential office
institutional and commercial was modelled using the Energy-10 building energy simulation pro-
gram. The results were then verified by comparing them with actual energy-use data. These
profiles were combined to create an optimal community building-mix which results in the flattest
collective energy demand profile.

This ideal building-mix can greatly reduce the need for natural gas auxiliary energy systems and
their associated greenhouse gas emissions. Until now incremental improvements in energy
efficient buildings and load shifting have aimed to reduce peak energy use. This new idea of
using the intrinsic differences in various building-type demand profiles represents a system
innovation which could result in significant energy savings.”
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Metabolism of building and infrastructure in Japan:
Scenario analysis and implications for future waste and carbon management

Seiji Hashimoto, Hiroki Tanikawa

hashimoto.seiii@nies-go.

“Building and infrastructure stocks are considered to represent a reserve for future wastes and
secondary resources as well as a carbon pool of wood. In this analysis future metabolism (i.e.
flows and stocks) of construction materials such as sand gravel stone steel and wood were
estimated based on dynamic modeling for Japan to elucidate: (1) the future demand and supply
of recycled construction materials and (2) the future carbon stock in building and infrastructure.
A scenario analysis was conducted based on predictions of population and several other fac-
tors that are expected to affect future demand for construction in Japan. From those results
the following conclusions were drawn: (1) The amounts of future construction and demolition
wastes were estimated to increase even though considerable amounts of input construction
materials (ca. 70%) were estimated not to emerge as wastes. (2) An imbalance in the supply of
and demand for recycled crushed stone will likely occur in the near future if an expected decline
in future road construction occurs. (3) The future carbon stock in building and infrastructure is
expected to decrease concomitantly with decreased population in Japan suggesting that wood
used in building and infrastructure will become a carbon source.”
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Hour by Hour Analysis of Greenhouse Gas Emissions
for a Near-Zero Carbon Condominium Design

David Bristow, Russell Richman, Adam Kirsh, Chris Kennedy, Kim Pressnail

david-bristew@uterento-ca

“Energy conscious building designs represent an important avenue for reducing greenhouse
gas emissions associated with building operation. As it stands the current method for measur-
ing the building operation carbon footprint utilizes average greenhouse gas emissions rates
from centralized grid electricity supplies in addition to historical climate norms. This traditional
method ignores the impact of time varying demand and time varying emissions from peak
electricity production and changing climate.

This research focuses on an hour by hour energy demand and greenhouse gas emissions
analysis of a 105 unit five storey condominium building design planned for construction in the
city of Markham Ontario (Canada). In an effort to reduce the carbon footprint of the building
the design includes ground source heat pumps reduced air leakage rates through the building
envelope a roof mounted photovoltaic array and vertical axis wind turbines. The hourly carbon
footprint is processed in a building simulation using historical hourly climate data and historical
hourly grid electricity production. The grid data is made available by the Ontario electricity grid
operator while the weather data comes from a local weather station.

This paper presents the analysis results along with a comparison to the carbon footprint deter-
mined by using the traditional method. Results indicate that grid greenhouse gas emissions
vary with a standard deviation of over 35% of the mean. The Greenhouse gas reduction from
the photovoltaic array calculated from the hourly emissions factors is over 7% higher than the
reduction calculated using the mean emissions factor.”
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Urban Metabolic Profiles and Typologies

Anke Schaffartzik, Julia K. Steinberger, Helga Weisz

“The biophysical inputs and outputs of a city required by its population and necessary for the
maintenance and growth of its infrastructure are the subject matter of urban metabolism studies.
The last decades have seen an increasing interest in the sustainability of urban areas which
now contain more than half the world population. Metabolic information can provide valuable
insights into the energy and resource requirements of a given urban area. While the urban
metabolism concept has been used to study specific urban areas its applicability to sustain-
ability analyses remains limited.

Metabolic information is potentially powerful analytically when it enables a comparison between
different types of cities. In order to realize this analytic potential we propose two concepts:
that of urban metabolic profiles and typologies. The context of our work is the EU project on
Sustainable Urban Metabolism for Europe (SUME).

The metabolic profile of a city is determined by the specific composition and magnitude of its
material and energy inputs and outputs. We derive metabolic profiles for cities and urban areas
covering a variety of climatic conditions as well as levels of population density. Based on the
comparison of metabolic profiles urban metabolic typologies are developed. The metabolic
typologies enable us to classify diverse cities according to a few basic categories and to gain
a deeper understanding of the driving factors of urban metabolism. Ultimately urban metabolic
information may guide environmental policy choices for instance informing the current debates
on cities’ contribution to global greenhouse gas emissions.”
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Integrated agent-based decision-making modelling and spatially explicit
material flow simulation. The Swiss recycling construction material market

Christof Knéri, Claudia Binder, Hans-Jorg Althaus

“Large and growing amounts of construction waste are produced annually in Switzer-land. Even
tough in 1997 82% of the mineral construction waste in Switzerland was recycled the recycling
rates differed significantly across regions ranging from 67% in the Canton of Basel City to 87%
in the Canton of Valais.

In order to support policy and industrial decision-makers and give recommendations for a
sustainable construction material management we analyze and model the supply and demand
for recycling mineral construction materials (RMCM). In doing so we combine an agent based
decision-making model of the RMCM demand with a regionalized material flow model of RMCM

supply.

The analysis shows that the demand for RMCM is determined by four interacting agent groups
i.e. contractors architects engineers and awarding authorities. Their decisions are based on
various internal (e.g. personal experience image or social desirability) and external (e.g. material
prices law norms and trends) decision parameters. The supply for RMCM is manly driven by the
regional building and infrastructure stocks and their life cycles defined by the local construction
reconstruction and demolition rates.

The main influencing factors for the RMCM demand model (decision parameters) and supply
model (building and infrastructure stocks and flows) both show spatial differences. Considering
a combination of the two models highlights that their influencing factors are mutually dependent
on two levels on the individual level (e.g. personal experience depends on the utilized materi-
als in construction) as well as on the regional level (e.g. RMCM prices depend on the local
construction waste flows).

We present and discuss an integrative modeling approach which captures both the spatial

variability of the main influencing factors and their interdependencies on the individual and
regional level.”
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Greening roofs for sustainable development of compact tropical cities

C.Y. Jim

“As an exceptionally compact city Hong Kong attempts to adopt the sustainable development
mode. Urban greening offers a feasible way to attain environmental sustainability. With seven
million population concentrated largely in 200 km2 of land the urban public open space provision
at merely 3 m2/person is usually low. High-rise buildings with barren flat rooftops and facades
are seldom employed to introduce nature into the vertical dimension. Numerous hardly serve
any useful purpose. Besides providing outdoor amenity and recreational spaces green roofs
can bring significant cooling and amelioration of the urban heat island effect especially for the
tropical city. The scientific aspects of establishment and the environmental benefits need to be
ascertained in the context of the humid-tropical regime. An extensive green roof was retrofitted
on a four-storey building at the University of Hong Kong in 2006 denoting the first research
green roof in the city. It covers 240 m2 of four plots planted respectively with turfgrass (Zoy-
sia tenuifolia Korean Velvet Grass) groundcover vine (Arachis pintoi Perennial Peanut) and
shrub (Duranta repens Golden Dewdrops) plus a barren control plot. Environmental monitoring
equipments with data loggers were installed at the plots. The objectives of the study were to
evaluate: (1) growth performance of the three vegetation growth forms at the rooftop habitat (2)
evaporative cooling of air temperature (3) surface temperature reduction (4) thermal insulation
effect and (5) heat flux to the indoor space below the roof. Significant reduction in surface
and below green roof temperatures and energy conservation were recorded with about 150C
drop at summer midday for turfgrass and groundcover and more so for shrub. Top floor indoor
temperature was reduced by about 20C under the vegetated plots. The research offered valu-
able findings and practical experience to establish and maintain extensive green roofs using
different vegetation types.”
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Expansion of infrastructure networks in growing cities
and the future demand for material stocks

Stefan Pauliuk, Venkatesh Govindarajan, Daniel B. Miiller, Helge Brattebo

“Networks of technical infrastructure shape modern cities and are major deposits of in-use
materials. The growth patterns of infrastructures therefore have significant implications for
material use and potential availability of scrap once these infrastructures or parts of them reach
the end of their life. However such growth patterns are hardly understood. In this presentation
we explain a first attempt to understand the evolution of infrastructures in terms of the services
they provide to the users and the material stock they incorporate. Infrastructures are networks
that are often structured hierarchically with each stage dedicated to a specific purpose. As an
example consider different classes of roads in the transportation network of a city. In the first
step we account for topologies of infrastructure networks that is the physical arrangement of
connections between nodes such as road junctions or pipe branchings. The work focuses on
tree-shaped networks with a centre using the urban water and wastewater system in Norwegian
cities as a case study. For different topologies we provide measures for the service provided by
each stage and relate this service of the network to the demand drivers which in this model are
the population the population density and several lifestyle indicators. The aim is to provide a
complementary model to the one which has been used successfully to model residential build-
ings and to characterize cities as a whole irrespective of the depth of detail to which information
is available. Based on the correlation of the historic development of the population density with
the growth of networks we estimate the future demand for service and the materials in stock
according to spatial growth scenarios for cities.”
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Evaluating the usability of green buildings

Clinton J Andrews

siat@rutgers-edy

“This paper is about problems such as the energy-saving programmable thermostat that no-one
can program or the adjustable window blinds that once closed against the sun’'s momentary glare
are not re-opened for weeks because users forget about them. Building occupants and opera-
tors are failing to use some green building features properly with adverse environmental and
economic consequences that threaten the market success of the green building movement.

To generalize like other technologically-optimistic industrial ecologists green builders are
systematically attempting to introduce eco-innovations into a very conservative industry. In
proposing better ways to do things green designers promote cutting-edge technologies and
system configurations however some of these solutions are better labeled “immature” and oth-
ers are not very user-friendly. This paper investigates reasons and ways to elevate usability
as a green design criterion.

Post-occupancy surveys of green buildings provide empirical insights into the usability question
by giving voice to building occupants and operators. These surveys coupled with behavioral
observation provide valuable feedback to designers about what works well and what does not.
The surveys can also be used to enhance building information models by allowing more realistic
representations of occupant and operator behavior. This paper pushes that particular frontier.

The paper shares illustrative models of engineered systems in buildings (using a system dy-
namics formulation) coupled with realistic models of occupant and operator behavior (using
an agent-based modeling formulation). This modeling framework highlights the implications
for overall building performance of realistically heterogeneous occupant preferences and the
bounded rationality of both operators and occupants. The framework provides an improved
basis for identifying “behaviorally-robust” designs and design principles.

This work was funded by National Science Foundation grant 0725503.”
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Urban MFA with sector and spatial resolution.
The case of the Lisbon’s Metropolitan Area

Leonardo Rosado, Samuel Niza, Paulo Ferrdao, John Fernandez

“Urban areas are characterized by a concentration of economic activities a high demography
and large material stock densities inducing considerable energy and material flows which are
associated with potential ecosystem impacts.

Material flows accounting (MFA) characterize the material consumption of a system for a certain
base year - corresponding to a static analysis of material flows - but also permits evaluating
trends of material consumption of the economic system by developing time series. It can thus
be considered a tool that provides simultaneously data disaggregation and a timely response
allowing for the characterization of the dynamics of an economy metabolism.

In an earlier study a Lisbon Material Balance based on EUROSTAT methodology was prepared
for the Lisbon Municipality (LM). The main purpose was to establish a generalized methodologi-
cal framework to depict urban areas relying on published data by the National statistical office.
The methodology was developed in a way so that it could be applied to different cities at least
in the European Union countries due to the standardization made by Eurostat.

In this paper we extend this methodology to the scale of the Metropolitan Area (AML). A com-
prehensive accounting of the aggregate flows into and out of the Lisbon Metropolitan Area
(AML) is performed. This results in the collection and processing of data on the inputs outputs
domestic extraction sinks (landfills) and additions to stock as well as losses such as disper-
sions to the environment hidden flows pass-through flows and any other physical flows of the
AML. The material flows are distributed among activity sectors such as households industry
commerce buildings infrastructures services leisure and culture based on time-resolved data
for AML from 2000 to 2005. This paper results in a new method that is applied to a case study
providing two different dimensions in an urban MFA - spatial resolution and activity sector’s
distribution - and its relevance for city planning is discussed.”
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Unified methodology for evaluating sustainable consumption options
in an urban metabolism context

Paulo Ferrao, Leonardo Rosado, John Fernandez

“Urban areas constitute a key challenge for sustainability both because of the growing popula-
tion that they attract worldwide and as they host the major economic activity in any country.
As a consequence there is a growing interest in analyzing the Urban Sustainability which has
stimulated the development of different methods studies and monitoring schemes but com-
prehensive methods that may provide an integrated approach covering cities from a systemic
point of view are not available.

The Urban Metabolism approach based on energy and material flows of the interrelations
between the economy and the environment may provide a framework that can contribute to
fill this gap.

In a more detailed analysis it is clear that within the Urban Metabolism framework special at-
tention has to be given to the role of households and their critical contribution for the overall
material flows within a city. As such there is an opportunity to develop a methodological frame-
work that may characterize the household sector providing the tools to properly manage their
material flows.

This paper discusses the relevance of different methods and tools such as Material Flow Analy-
sis Input-Output Tables Life Cycle Analysis Consumers and commodities statistics and Market
studies and Consumption clustering in order to promote a better understanding on how the
existing methods and tools can be used as different components of a new model. This paper
offers a new model that can describe Urban Material flows and provide valuable information
for municipal planners in their effort to design more sustainable cities”
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Evaluating the Sustainability of Urban Development Projects:
The Case of Lisbon Municipality

Samuel Niza, Paulo Ferrdo

“The growing awareness of the global environmental and social burdens of contemporary cit-
ies has generated great interest in strategies for the design and planning of resource efficient
urban centers.

But while several multicriteria methods were developed to evaluate the sustainability of build-
ings (e.g. LEED BREEAM or the LiderA in Portugal) very few were developed to asses higher
scale projects in the city like new settlements.

Based on the “LEED pilot system for Neighborhood Development” a team at the Lisbon Munici-
pality developed a Sustainability Assessment System for Allotments and Block Plans.

The system is based on a checklist organized in two sections — Efficient Location and Urban
Design - involving an overall 23 evaluation credits (including Air quality and noise Public trans-
port demand management Energy Efficiency Urban retrofitting Accessibility etc.). Similarly to
the LEED system each credit is organized in one or more scoring requirements.

In the first phase of its implementation the system will only be used to evaluate plans of municipal
initiative (mainly block plans). But in the future the system will also evaluate private initiative
plans and allotments. The evaluation process involves filling a grid scoring and commenting
each credit. After a report is produced and delivered to the team of the plan with the comments
and improvement suggestions. Concerning private plans the system can also be used to choose
the best proposal in terms of sustainability when several promoters compete for a project.

The checklist was tested in several recently developed plans of the municipality and the main
results will be presented. The innovative issues of the system are highlighted and an evaluation
of the strengths and weaknesses is developed.”
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Partners in Project Green — Canada’s largest employment area
goes Eco-Industrial

Tracy Casavant, Jenny Rustemeyer, Emilie Ouellet, Jaspal Marwah, Wendy LeBreton

“Partners in Project Green is a new initiative in the Greater Toronto Area that aims to apply the
principles of industrial ecology to create North America’s largest eco-business zone. Partners
in Project Green is tackling one of the largest challenges facing cities worldwide — how to keep
industrial operations and jobs while striving for sustainable communities.

The Partners in Project Green region includes over 12000 hectares of industrial and commercial
land surrounding Lester B. Pearson International Airport Canada’s largest and busiest airport.
Each year businesses in the eco-business zone area consume 109 million cubic meters of wa-
ter while buildings in the area consume approximately 5.8 million MWh of electricity 46 million
gigajoules of natural gas and generate 1.7 million tonnes of carbon dioxide emissions.

This session will provide an overview of the process followed to develop an eco-industrial
strategy for an area comprising 4 municipalities an airport authority a conservation authority
12 500 businesses and 350000+ employees. The process included extensive consultation and
stakeholder engagement analysis of municipal planning and policy tools and innovative use of
geographic information systems (GIS) technology to analyze business resource consumption
utilize municipal data and characterize the area. In developing the strategy partial eco-industrial
performance measurement and benchmarking was completed for the area’s 23 industrial parks
the strategy recommended a more detailed and structured benchmarking exercise in the next
phase. Other recommendations included targeted by-product synergy strategies long-term
district energy systems service-based symbiosis and collaborative eco-efficiency and green
building efforts.”
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Energy for Melbourne: Past Present and Future

Tim Baynes, Xuemei Bai

“This paper presents data from the recent history (1961- 2005) of operational energy demand
and supply for the City of Melbourne the major urbanised area of the State of Victoria Austra-
lia. We discuss the historical path that has led to the current state of energy consumption and
planned or foreseeable scenarios of the future. Since 1961 Melbourne’s demand for energy has
more than tripled even while the business of the city has moved away from industry towards the
service sector. We suggest this is driven by increases in the size of the total population (75%)
and the space occupied by residential areas (265%) and also by changes to the energy lifestyle
of Melbourne’s inhabitants represented in per-capita energy requirements which have more
than doubled (220%). Following World War Il Melbourne’s population and economy expanded
rapidly and this coincided with increased automobile ownership. Early planning strategies al-
lowed for geographical expansion further entrenching automobiles as the dominant mode of
personal transport. The legacy of that era is a dispersed city which today has an area twice the
size of Paris with only 2/3 of the population. Historically Melbourne has been dependent on local
brown coal for electricity production and the State of Victoria has increased its coal-powered
generation capacity over the last 40 years both in absolute and relative terms (the fraction of
electricity generated using coal has increased from 75% to 96%). While this has locked-in
coal dependence for some decades to come an increasing component of total energy needs
is being provided by natural gas and renewable sources. In addition to global drivers such as
climate change and peak oil there are several local factors that may affect demand: plans for
higher density living near distributed activity hubs eco-sensitive new buildings retro fittings and
a nationally implemented emissions trading scheme.”
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Evolution of regional industrial metabolism: a case study in Suzhou of China

Mo Hongpin, Wen Zongguo, Chen Jining

“China has begun implementing a strategy named circular economy since 2005 which tends
to restructure the current economy into a high resources and energy efficiency one with an
ambitious object that energy consumption and pollution emission per GDP should decline by
20% and 10% in 2010 than that of 2005 integrated policy was adopted to achieve this goal in
regional level. This study aims to investigate current urban industrial metabolism and identify
the affection of the mentioned strategy on promoting a sustainable city. Suzhou city as a major
manufacturing center and a typical export-orient city was chosen as our case. With the panel
statistics data in 2007 a profile of regional material flow through the industrial system was clari-
fied to character the current industrial metabolism. Further more 5-year time series data since
2003 was collected which was analyzed to clarify the potential policy relevance in general.
Interviews to more than a hundred local enterprises institutes and government officials were
carried out between 2007 and 2008 local major industries including electronics manufacturing
ferrous metal production non-ferrous metal production and textile manufacturing were studied
deeply which gave us detailed information about how the macro strategy affected micro en-
terprises in production energy using and waste recycling. Some suggestions on the strategy
were given according to the results.”
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Developing Industrial Ecology tools for the measurement
of urban metabolism: a case study

Maria Christina Fragkou, Xavier Gabarrell, Teresa Vicent

“Based on the Material Flow Accounting (MFA) methodological guidelines presented by Eurostat
in 2001 two methodologies have been developed with the aim to measure equivalent impor-
tant aspects of urban sustainability from a metabolic perspective water and Municipal Waste
(MW) management. The first one complements MFA and accounts for all artificial water flows
of a system referring to the water flows consisting of piped and drained water input and output
related indirect flows are also considered corresponding to water losses in the distribution net-
works. The second methodology describes efficiently the flows of Municipal Waste (MW) not
only within but between neighbouring municipalities as well. Accordingly two indicators have
been suggested for the measurement of urban sustainability on these issues.

A water use sustainability indicator is proposed based on the system\'s demands in terms of
water and the renewable water it receives in the form of rainwater.

The indicator suitable for the revision of MW management strategies is in line with basic waste
management principles and reflects the capacity of a system to manage the amount of MW it
accepts and the grade of sustainability of the treatment practices followed within the system
valuing as the best option the use of residues as prime materials.

The two methodologies are applied in five (5) highly urbanised municipalities in the coast of the
Barcelona Province in Catalonia. In this work we present the derived values for the two indica-
tors for these municipalities along with their energetic profiles for a period of 5 years.

Based on these results Barcelona the neuralgic commercial and industrial centre of the greater
coastal region is compared with the other four peripheral municipalities. Employing basic socio-
economic indicators and the urbanisation characteristics of the studied cities issues of resources
management policies and environmental justice are investigated.”
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Conservation of resources by reusing building components

Wim Debacker, Anne Paduart

wdebacke@vubacbe

“As a part of material culture buildings have to support human needs. But because of their
static nature obtained through design most contemporary buildings and their components
have a negative impact on their surroundings. The huge quantities of waste produced during
demolition and the still rising emission of greenhouse gases created during use of the building
manufacture and waste treatment of its components are environmental indicators of an inef-
ficient and unhealthy design.

Reusing building components is an effective way of conserving embodied resources materials as
well as energy in a life cycle perspective. However this will require innovative design strategies
which anticipate an eventual demolition and provide versatile and adaptable constructions.

This paper shows how the HENDRICKX-VANWALLEGHEM design approach provides con-
structions and their components with the necessary reuse qualities. These are different from
most existing building solutions since they are not designed to deliver an end-product. On the
contrary a multitude of adaptable configurations is realised using a minimum number of different
components. Like in a Meccano building set the components can be reused in other configura-
tions as a result of the formulation of geometrical standardisation rules.

To monitor the environmental load of such Meccano-like designs an assessment method that
focuses on the conservation of natural resources and energy in a life cycle perspective is
detailed in this paper. The technical constraints and environmental benefits of the H-V design
approach are discussed through a case study i.e. a temporary construction.”
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Analysis of the relationship of industrial structure change
and environmental impact in Kawasaki city Japan

Sun Ying, Fujita Tsuyoshi, Hashimoto Shizuka

“Industrial structure as one of factors in determining the relationship between economic growth
and environmental pressure is important. In Japan both serious industrial pollution problems
that people experienced before and waste issues which are happening now are linked to In-
dustrial structure.

In this study to quantitatively highlight the factors of regional environmental improvement and
to provide numerical targets for reducing environmental pressure on a regional level and in-
dustrial sector level we focus on the effects of industries on the environment in the process of
the structural change of industries in Kawasaki city.

Firstly we analyze the relationship between economic growth (GDP and PFC) and environmental
pressure (SOx NOx emission and water consumption and waste generation) in Kawasaki city
over the period 1963-2007 by decoupling procedure. Secondly to show the detailed relation-
ship between economic growth and environmental pressure we highlight the effects of three
factors (technological and industrial change and economic growth) on environmental pressure
in eight main industrial sectors by effects analysis. Thirdly we discuss the factors that lead to
environment improvements such as environmental and industrial policies and external factors
and evaluate environmental measures by the administration or enterprises. Lastly we use IPAT
formula to calculate the rates which the environmental pressure indicators of Kawasaki city and
industrial sectors should attain in order to achieve absolute decoupling.

The main conclusions are as follows. Firstly the relative decoupling happened between GDP
and SOx NOx emissions and water consumption in Kawasaki city during 1996-2007 while
waste generation was linked to economic growth especially in several heavy industrial sectors
such as steel industry chemical industry and service industry. Secondly some environmental
and industrial policies are successful such as the technological change policy and eco-town
policy. Thirdly to decouple the economic growth and environmental pressure Kawasaki city
should focus on the improvement of energy efficiency and the reuse of wastes particularly for
five industrial sectors.”
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Using Foundation Species to Enhance the Resilience
of Urban Service Profiles

E.M. Walsh

“Urban systems are now the primary nodes of physical social and economic organization. As
concentrators of resource capital there is a growing need to manage the mobilization and me-
tabolism of materials associated with the infrastructure systems necessary to support service
provision within these complex urban networks. It is possible to use a combination of material
flow analysis (MFA) and geospatial statistics to characterize the spatial distribution of materials
at the household-level. By extending the ecological metaphor employed in industrial ecology to
consider the identification of foundation species within urban systems important service configu-
rations across the urban landscape can be defined. A foundation species “defines much of the
structure of a community by creating locally stable conditions for other species and by modulating
and stabilizing fundamental ecosystem processes.”(Dayton 1972, Ellison et al. 2005). In urban
systems foundation species can be determined based on their relative abundance and impact
on resource availability. Proxies for aspects of social capacity were combined with descriptors of
the built environment materials stocks and historic risk exposures to identify service demand con-
figurations that exhibit foundational characteristics across the United States. Principle component
analysis (PCA) was used to select a subset of unrelated components that explain the majority of
variation amongst components related to the demand for infrastructure services in urban areas.
Clustering methods were applied to these nonstandardized components to define a number of
classifications or foundation species within urban areas based on historical hazards.(Grabher
1993 Asheim et al. 2006) Implicit in the consideration of urban foundation constituents and urban
infrastructure resilience are dynamic spatial and temporal boundaries. Examination of the foun-
dation species within urban agglomerations can facilitate planning for selective senescence and
renewal through the identification of opportunities for the introduction of transformative alternative
technologies in the event of a natural disaster.”

Asheim B. P. Cooke and R. Martin. 2006. Clusters and Regional Development: Critical reflections
and explorations. Oxon: Routledge. Dayton P. K. 1972. Toward an understanding of community
resilience and the potential effects of enrichments to the benthos at McMurdo Sound Antarctica.
Paper presented at Proceedings of the colloquium on conservation problems in Antarctica. Law-
rence KS.Ellison A. M. M. S. Bank B. D. Clinton E. A. Colburn K. Elliott C. R. Ford D. R. Foster B.
D. Kloeppel J. D. Knoepp G. M. Lovett J. Mohan D. A. Orwig N. L. Rodenhouse W. V. Sobczak
K. A. Stinson J. K. Stone C. M. Swan J. Thompson B. Von Holle and J. R. Webster. 2005. Loss
of foundation species: consequences for the structure and dynamics of forested ecosystems.
Frontiers in Ecology and the Environment 3(9): 479-486.Grabher G. 1993. The Embedded Firm:
On the Socio-Economics of Industrial Networks. London.
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The assessment of ecodesign application using the Analytic Hierarchy Process:
a case study in three furniture companies.

Miriam Borchardt, Giancarlo Medeiros Pereira, Miguel Afonso Sellitto

riamb@unisinos.

“This paper presents a case study in which the assessment of ecodesign items application was
performed based on a multi-criteria decision support method the Analytic Hierarchy Process
(AHP). The assessment took place in three furniture companies. A methodology was developed
considering that the application in other industries is available. First a theoretical framework
about ecodesign concepts and practices were made. After a focused group with a multidis-
ciplinary team with specialists in eco-conception and furniture manufacturing was made and
the constructs able to represent the top term ecodesign was established. The constructs are:
materials components products and process characteristics use of energy products distribution
and stocks packaging and scraps. Each construct was deployed in items. Using a AHP with
a multidisciplinary team from each company the ecodesign constructs were weighted and the
relative importance for each company was defined. At the end a questionnaire was answered
by the team from each company in order to check the performance of each item. By compar-
ing the assessed performance with the relative importance of each ecodesign constructs it is
possible to prioritize strategies for environmental improvement related from eco-conception.”
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Eco Design in Malaysian Industries: Challenges and Opportunities

Zahari Taha, Novita Sakundarini, Raja Ariffin, Raja Ghazila, Julierose Gonzalez

“Malaysia has long established manufacturing industries as one of main source of nation’s
economy. Malaysian manufacturers have long demonstrated a strong global market presence
but that is now threatened with growing pressures from tighter environmental regulations stronger
green consumerism demand and decreasing natural resources due to the lack of implementa-
tion of sustainable manufacturing practices. This paper attempts to investigate the current state
of ecodesign implementation and local driving force in local Malaysian industry. The pilot study
conducted through interview survey has shown that the current state of implementation and
awareness among local industry is fairly low. The soft approach of the local legislation does
not contribute much towards seeing a major change in attitude as will be discuss further in the
paper. The above two concerns are major challenges that requires immediate attention. None
the less there seem to be growing concerns from the industry and the government that pushes
the need for options that could leap frog the current situation. This present an opportunity for
the local research community to come up with various strategies that will be discussed. The
approach from early intervention as well as end pipe solution will be discussed and its contribu-
tion towards sustainable manufacturing practices examined. Finally the paper would propose
a more comprehensive strategy which is tailored to local business environment in order for the
local industry to be capable of maintaining its market presence.”

60


mq43
Cross-Out


Dealing with unknowns — How to optimise nano material production

Marcel Weil, Sascha Crizeli, Stefan Forero

“Nanotechnology is seen as the key technology of the 21st century which initiates (in a certain
way) a new industrial revolution with forecasted tremendous impacts on industry society and
environment. Not all properties of nano materials are even identified but in many visions the
possible advantages in applications are well discussed. Already over 800 nanotechnology
consumer products as well as a growing number of industrial products are on the market due
to the technical advantages. From a life cycle point of view the consequences of these products
are less investigated and understood.

Nanotubes belong to a new material group with very promising technological properties like
tensile strength (by low weight) good electric and heat conductivity. Using filtration techniques
of carbon nanotubes dispersions free standing papers can be produced. This paper consists
of 100% multi walled carbon nanotubes meaning without any supporting fibres.

Carbon nanotube papers referred to as bucky papers are attracting a growing attention in dif-
ferent disciplines and application fields. The production of bucky papers is still considered to
be too elaborate and costly for a broader application. Additional there are limitations for the
size of producible bucky papers.

In the presented approach Life Cycle Thinking is used to optimise the manufacturing process
of bucky papers by the consideration of technical but also economic and ecological aspects.

For a decision support to identify the most promising optimisation option a qualitative assess-
ment is conducted which also considers potential hano particle emissions.

The result provides crucial information for the upscale of bucky paper production which is es-
sential for a broader application in the future.”
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Eco-Design by Natural Materials: Jute Fibers

Cristiano Alves da Silva, Samuel Ceziano R. Furtado, Paulo Ferrao, Arlindo Silva, San-
dra M. da Luz, Manuel Freitas

“In developing countries design innovation associated to sustainable design is getting the best
strategy to improve companies and to keep up their products and process to expand the mar-
ket share. To promote this there is the necessity to make industrial products and processes
more sustainable based on social environmental and economical factors and its boundaries.
Nowadays a lot of companies and people look and perceive industrial products besides their
look and perform in fact they are asking about all its life cycle how they are made and how are
disposed of. So is very important the designer’s role to increase awareness regarding to the
social and environmental problems in developing societies.

According Edwin Datschefski (2001) by analyzing the materials used in a product we can make
a significant environmental improve but some times change materials doesn’t mean the best
environmental act. In fact change materials also can mean negative environmental impacts
if so its employment in industrial products needs to be analyzed by Life-Cycle approach into
Eco-Design context. Since design phase is too important to entire life-cycle of products LCA
approach since the beginning of project can improve de decisions make of companies.

In this context the present work shows the inclusion of the environmental factors in the beginning
of the development of projects through the management of materials. Its goal is to analyze and
cover the study of environmental advantages and mechanical behavior of composite materials
reinforced with renewable resources of vegetable fibers. After that the results are compared
with usually used industrial composite material (Fiberglass — GFRP) highly pollutant. The
composites were studied according to ASTM methods and by Simapro (LCA). All specimens
used in practical tests were manufactured by Resin Transfer Molding (RTM) process in which
regarding to technology was necessary to achieve new setup procedures to produce green
products different from those already used to produce fiberglass components due to the par-
ticularity of vegetable fibers.

Although the lower mechanical properties of jute fiber than fiberglass the results pointed out
them as great solution to promote technical environmental and economical improvements in
industrial products by Eco-design concepts. They also showed social advantages such how
important are that materials to achieve sustainable incomes for small communities in Brazil
and then avoiding rural exodus.”
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Strategic perspectives on ecodesign practice in small
to medium sized manufacturers

Simon O’Rafferty, Frank O’Connor, Sohail Hajatdoost

simen@edew-erg

“Over the last decade there has been an evolution in environmental policies related to products
and materials. Emphasis is now given to preventative strategies and integrated approaches to
sustainable consumption and production. Ecodesign as a strategic design management process
takes into account key environmental and social impacts throughout the life of a product or
service. Ecodesign is currently high on the policy agenda because a proportionally high degree
of environmental and social impact of products is determined at the design stage.

This paper aims at providing empirically-based insights into strategic and operational perspec-
tives on ecodesign practice in small to medium sized manufacturers. The paper is based on
case study data originating from 12 month national ecodesign demonstration projects in Wales
UK. The rationale behind the ecodesign demonstration projects is that SMEs face significant
barriers when implementing ecodesign and existing market and policy mechanisms have been
inadequate in increasing ecodesign implementation.

While placing the activities in the broader manufacturing context the paper will use single com-
pany case study data to explore specific issues for the opto-electronics sector. The investigation
will include a characterisation of design-led businesses from the opto-electronics manufacturing
and service sectors undertaking product development projects when environmental performance
requirements could be considered. The purpose of the paper is to inform a methodological
framework for future capacity building activities with these businesses and the wider sector.”
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Technology selection for improvement of fuel economy across
an automaker’s vehicle fleet

Trisha Montalbo, Theresa M. Lee, Richard Roth, Randolph Kirchain

isha@rmit.ed

“Despite recent decreases in gas prices improving fuel economy remains a key goal in vehicle
design for automakers. Not only do the manufacturers have to meet increasing CAFE standards
in the coming years they also have to ensure their vehicles align with consumer preferences.
Complicating this objective though are the numerous technology options automakers have to
choose from as well as the many vehicle model designs each automaker has to modify—often
years in advance of their market release dates.

To address this selection decision we developed a multi-product multi-period technology se-
lection model designed to identify a portfolio of preferred technologies for implementation on
a fleet of vehicles over the coming years. The model employs a genetic algorithm to identify
which technologies best enable an automaker to satisfy CAFE as well as optimize profit based
on estimated consumer preferences for fuel economy. Since the selection decision takes place
over time time-dependent effects such as learning curves for new technologies are incorporated
into the model.

We illustrate this model with a simple case in which an automaker has to decide when (if at
all) to implement four generic technologies on its three vehicles over a time span of four years.
Model results indicate that net revenue can be improved when the four years over which the
technology selection decisions take place are considered collectively rather than as four inde-
pendent periods with a selection decision made for each period.”
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Comparison of Traditional Retail and E-commerce Logistics
for Electronic Products

Chris Hendrickson, Paulina Jaramillo, Scott Matthews, Amy Nagengast, Rachel Nealer,
Chris Weber

eth@emu-edy

“Consumers now have the option of driving to a traditional retail store or shopping on-line for
many products. US E-commerce has grown from less than 1% of retail sales in 2000 to 3% in
2008. The alternative retail channels have some distinct differences. Retail stores have over-
stock inventory and physical store spaces with environmental costs. However the individual
packaging and last mile delivery are energy intensive for e-commerce. Similarly bulk packaging
and primarily truck delivery can reduce energy use and cost for traditional retail but individual
consumer trips account for significant CO2 equivalent emissions. We use Life Cycle Assess-
ment (LCA) to quantify these variations using data received from the e-commerce industry for
electronic products and building on prior logistics LCA research. This paper reviews our LCA
detailed analysis provides conclusions and offer recommendations to decrease logistics LCA
uncertainties.”
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Green by design: Conceptualization of a smart materials database
for designers

Rita Margarido, Paula Antunes, Anténio Camara

“Design has a crucial role in the creation of a strong sustainability. On one hand it is recognized
as a tool for market-oriented value creation in companies on the other hand a sustainable society
asks for a social learning process where different forms of creativity knowledge and organizational
skills will be valued. Design can act as a trandisciplinary facilitator that integrates companies’
visions with consumers’ desires and needs guiding and materializing a new material culture and
mentality. To play this role designers need tools. This paper specifies a database for material
selection with environmental concerns by designers. In our culture material objects we possess
became indicators of our perception of well-being. Materials matter. Material selection is not
only reflected in the technical performance of a product but also in what a product reflects as
an object of desire and life style aspirations. Therefore materials selection is an innovation tool
and one of the most important aspects in the product development process. Designers have
specific needs of information due to their singular way of problem solutions learning style and
work habits. This separates them from the classic engineering and so tools to this profession
must be created within these considerations. The database aims to cover a big part of the gaps
detected in most of the ecodesign tools in literature. It is an open participatory and dynamic
methodology which seeks to incorporate environmental issues in the selection of materials in
an intuitive easy and effective way. The presence of technical social environmental aesthetic
and sensorial profiles of materials complemented with inspirational and educational information
results in an innovative tool. Tools that help designers to optimize their work can be drivers of
their role as actors of change giving them more time and freedom to creatively look for new
solutions that help change paradigms.”

66


mq43
Cross-Out


(®)) 2000 isie

Conference

Environmentally Extended Input Output

67



68



The Interregional Waste Transportation Model for the Compilation
of Interregional Waste Input-output Table

Makiko Tsukui

iko@tiv-ae]

“Waste treatment issue is closely related to economic and social structure of each local region.
It may frequently cause frictions among local policies of various regions. Then it is important to
develop some analytic tools to support policy making to accommodate such frictions by con-
sidering the public weal of the whole society.Interregional waste input-output (IR-WIO) analysis
is one of the powerful tools to analyze the economic activities and waste emissions simultane-
ously (Nakamura et. al. 2002 Takase et. al. 2002 Urabe 2001 and Tsukui 2004 2007). In our
previous work we compiled IR-WIO table of Tokyo however we didn’t sufficiently consider the
environmental loads and the inputs of goods services and energy that were necessarily ac-
companied with the waste transportation between regions. In this study we shall try to improve
the estimation method of waste treatment model of our previous work and then construct a
waste transportation model with more practical and detailed assumptions than the preceding
study (Kagawa Kondo 2007). From the related statistical data we can grasp the flow of waste
between prefectures in Japan and find that most of those wastes are for landfilling. We can
also obtain the information about measure means of waste transportation i.e. by truck or ship.
Based on those practical data we construct a waste transportation model which can be applied
to the estimation of IR-WIO table with improved waste treatment sub-model. In the model we
first estimate the input and the environmental loads of each region. Then we apply the waste
transportation model to estimate those inventories accompanied with the waste transportation
between prefectures. After that we estimate the amount of waste to landfill and summarise the
inputs and the environmental loads in each region.”
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Searching for the frontier of emission reduction:
A linear programming model based on wastewater treatment 10 model

Chen Lin

linchen@Sii. o

“This paper proposes a linear programming model to search for the frontier of emission reduc-
tion of the wastewater treatment system. The model can be considered as a decision analytic
extension of the wastewater treatment Input—Output model. Then the model was applied by
using Tokyo Metropolis data. In a space with landfill volume GWP and BOD as its x-axis y-
axis and z-axis respectively a frontier of emission reduction the points on which are not strictly
dominated by any other was given by using this model. Finally the model was used to discuss
the effects of application of high temperature incineration. The results obtained shows that the
application of high temperature incineration can bring the frontier of emission reduction nearer
to the origin.”
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Global dimensions of sustainable growth in Europe

Christian Lutz, Stefan Giljum

ltz@gws-os-de

“The paper presents results of the petrE project that will finish in June 2009. PetrE is a three-year
project one of four funded by the Anglo-German Foundation as part of its “Creating sustainable
growth in Europe” research initiative. Analysis is based on the extensive and disaggregated
GINFORS model that explicitly contains 50 countries and two regions and their bilateral trade
relations energy balances macro-economic and structural data including input-output tables.
Material input models are based on a global material extraction dataset. GINFORS is closed
on the global level.

GINFORS is applied to analyze the impacts of major environmental tax reforms (ETR) and the
EU ETS to reach the EU GHG reduction targets until 2020. The ETR includes a carbon tax for all
non-ETS sectors and a material tax. Scenarios look at unilateral EU action and at international
co-operation of all OECD countries and the major emerging economies. The paper will focus
on the global dimensions of more sustainable growth in Europe investigating the implications
for world-wide patterns of natural resource extraction and of production trade and consumption
and the policy implications.”
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An automated data handling protocol for environmentally
extended input-output models

Richard Wood, Manfred Lenzen

“A common problem in compiling and updating input-output models especially large multi-
regional input-output (MRIO) models is that of incomplete data. Missing matrix elements may
be due to a variety of reasons such as costly and therefore incomplete industry surveys the
suppression of confidential information or simply classification changes. Further handling data
in a number of different classifications or including external data points can quickly become
confusing and messy.

Significant time and effort is put in by analysts in order to get data into a useable format — often
by using bi-proportional scaling methods such as RAS on subsets of a large system. Instead
we describe here an automated data handling protocol developed at the University of Sydney
specifically for handling input-output and associated data.

The three components of the system include the initial estimate of the full system in all its gen-
erality a variable length list of constraints describing relationships between sub-components
of the system and between sub-components of the system and external data sources in any
classification and an optimisation routine. Generating the list of constraints is often the most
onerous task and we describe methods undertaken to simplify and generalise these efforts.

Such a framework is very flexible and easily expandable. Time series applications adding trading
partners including additional primary inputs etc all become straightforward within the general
architecture of the framework.”
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The EU Integrated Project (IP) EXIOPOL

Arnold Tukker

arpeld-tuldcer@tnon!

“The EU Integrated Project (IP) EXIOPOL (A New Environmental Accounting Framework Us-
ing Externality Data and Input-Output Tools for Policy Analysis) has been set up by FEEM and
TNO under the EU’s 6th Framework Program. It has a budget of 5 Mio Euro and runs between
Spring 2007 and 2011. A key goal is to to set up an environmentally extended (EE) Input-
Output (I-O) framework with environmental extensions in which as many of these estimates as
possible are included allowing the estimation of environmental impacts and external costs of
different economic sector activities final consumption activities and resource consumption for
countries in the EU. The EE 10 part is supported by many well known European players from
the IE community such as NTNU Wuppertal Institute and CML

The EE I-O work in project forces scientists that worked on rather separate fields such as 10
analysis (IOA) Material Flow Analysis (MFA) and Life cycle assessment of products (LCA)
to organise their approaches and data in a unified framework. Where in theory such unified
frameworks have been developed (e.g. SEEA UN et al 2003) EXIOPOL is probably one of the
first projects that integrates data on such a broad scale. In this paper we want to discuss the
architecture of the project This paper discusses the architecture of the proposed database and
our experiences and proposed solutions for problems related to integrating data and indica-
tors systems that have been set up using different conventions (FEEM&TNO 2006 Tukker et
al. 2007).

In the scoping phase of the project a great number of choices has been made. This paper in-
troduces the project indicates the scoping choices and provides the ’big picture’ of the project.
Subsequent talks in the EE 10 session by the EXIOPOL team will go in more depth into key
activities in the project (transforming/harmonizing SUT and IOTs gathering extensions linking
SUT and IOT via trade the development of a relational database system and how the database
can be used for policy applications and used with models). Other talks in the EE 10O sessions
have been sollicited from other projects working on EEIO with as implicit hope that IESIE can
contribute to a joint global effort across such EE 10 projectsin producing a true global data-
base.”
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Environmentally extended input-output tables (EE-IO) at the regional level —
a case study for the Flemish region of Belgium

An Vercalsteren, Theo Geerken, Peter Vercaemst, Liesbet Vranken

“The presentation will discuss the process of composing environmentally extended input-output
(EE-IO) tables for the Flemish region of Belgium with a focus on the environmental extension
part.

As in most countries a monetary input-output table is available at a national level in Belgium.
However since the three regions in Belgium are fully competent for their environmental policy
there is a need for a regional 10 table including environmental extensions.

We first developed a regional monetary |0 table for Flanders with a dimension of 117x117 sec-
tors. Next we developed an environmental extension table consistent with the regional monetary
IO table. Conversion tables to move from a national to a regional 10 table and to link this table
with environmental data for different industrial sectors were elaborated and a method for inte-
grating the various modules was designed. As a result the core of the Flemish EE-IO table is
ready and we now moved to the second phase of the project in which we gather more detailed
environmental data about i) non-Flemish production (i.e. the environmental pressure related
to imported products) and ii) the final consumption (i.e. the environmental pressure related to
the consumption of goods and services produced in Flanders).

In a third and final phase of the project the EE-IO model will be made fully operational and a
user-friendly software tool will be developed in order to simplify the use of the model and the
process of updating data. It is expected that the full version of the model will be operational
by 2010.

The presentation discusses the development of EE-IO tables from a regional perspective and
includes a discussion of the commissioner’s (government) objectives the cooperation between and
the integration of knowledge of experts of different research fields (economic and environmental
sciences) the data inventarisation (with a focus on the environmental data bottom-up versus
top-down) the bottlenecks and opportunities to develop a consistent EE-IO model. In addition
we will present the approach for integrating into the model information about the environmental
pressure of non-Flemish production (imports) and the (non-industry) consumption matrix as well
as the method for including data on resource use in the environmental extension tables.”
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Modeling the emissions of characteristic electricity consumption profiles
of various customer groups in the EU

Raquel Santos Jorge, Edgar Hertwich, Troy Hawkins

“Input-output (I0) models become a useful tool for environmental analysis when they can ac-
curately be used to model the problem formulated by the practitioner. A better understanding of
impacts from the production and use of electricity using Environmentally-Extended 10 analysis
can be achieved if detail is increased in the models. For electricity consumption one of the
challenges is that different consumers such as households services or industry have different
characteristic profiles of power demand on a daily and seasonal basis. While some industries
operate with a roughly constant electricity demand other consumers such as the services
sector consume most of their electricity at peak demand hours. Differences in demand profile
and contracts will result in differences in the price and the power mix consumed by each type
of customer. Here we contribute to understanding these issues in the context of IO modeling.
First we provide increased detail for electricity production by disaggregating the generation
technologies: coal gas nuclear hydro wind and others (including biomass and waste) as well as
transmission and distribution. The disaggregation presented here has been developed for use
in the EXIOPOL multiregional (MRIO) database and the work will focus on European countries.
We provide a quantitative analysis of how consumption of peak and off-peak electricity by dif-
ferent customers affect LCI results for electricity consumption by different customers. Finally
we provide a qualitative discussion of power imports and how they affect the consumption mix
for European countries. Previous work has been done in this topic but for the US. We will also
discuss challenges of modelling capital investments in the power sector using IO models.”
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Creating a global environmental database for input-output applications

Stephan Moll, José Acosta, Stefan Giljum, Stephan Lutter, M.P.J. Tinus Pulles, Jeroen
Kuenen

smell@tonline-de

“The main objective of the input-output related cluster in the EXIOPOL project is to develop an
Environmentally Extended Input-Output (EE 1-O) database linked through international trade
and extended by environmental data on the sectoral level. The database covers the EU-27 and
its most important trade partners (16 additional countries covering over 90% of the global GDP
and over 80% of the imports to the EU). Environmental extensions are divided in the two broad
themes Natural resources (inputs into the economy) and Residuals (outputs from the economy)
and will cover the following categories: material extraction land occupation energy use water use
and emissions to air soil and water. For all countries considered in the EXIOPOL database the
team will prepare sectoral environmental data which will be attached either to the corresponding
monetary flow data in the supply-and-use tables (SUTs) (in the case of products) or as physical
extensions to these tables (in the case of primary resources and emissions). This paper presents
ongoing work in the development of the database module on environmental extensions. For
each category of environmental extensions we present the number of disaggregated categories
and the main data sources used. We discuss the main limitations imposed by availability of
primary data and levels of disaggregation when applying the data in an input-output framework.
We discuss how primary data is transformed into a sectoral matrix structure and how data is
integrated into the overall EXIOPOL database. Finally we provide an outlook towards how the
created EE I-O database can be applied in the future to calculate environmental indicators in a
world-wide context including among others indicators on global warming acidification nitrifica-
tion and indicators on the use of materials energy land and water.”
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The Ecological Footprint as a Sustainable Development Indicator:
Critical Review and Connection with the System
of Integrated Environmental and Economic Accounting

Stéphanie Uhde

“The ecological footprint provides “a measure of the hectares of biologically productive area
required to support a human population of given size” (OECD). This is an evocative indicator:
were they shared by all world inhabitants the consumption modes in Québec (Canada) would
require about three planets. Based on a literature review the study examines the relevance of
the ecological footprint as a sustainability indicator.

The interpretation of the ecological footprint as a sustainability indicator is not straightforward. It
excludes qualitative changes to the stock of natural capital such as the accumulation of pollut-
ants in the biosphere and the loss of biodiversity. On the global scale it defines sustainability as
staying within the carrying capacity of the planet and hence represents a minimum requirement
for sustainable development. On the country or regional basis the ecological footprint can only
help to assess the equity of consumption among regions.

The policy objective underlying the ecological footprint — to reduce human appropriation of
biological productivity - is of little use to decision making. Moreover the weighting factors allow-
ing for the conversion of physical units to hectares are arbitrary relative to social preferences.
Besides reducing the ecological deficit of a population may suggest orienting development
towards autarky. Specifically the methodology of the Global Footprint Network (GFN) lacks in
transparency since the accounts it is based on are protected by a licence.

As an alternative to the GFN methodology the input-output approach based on the System of
national accounts (SNA) makes calculations more robust. This approach helps link the eco-
logical footprint measurement to more generally accepted frameworks such as the System of
integrated environmental and economic accounting. The input-output method makes it easier
to analyze the variation in ecological footprint according to changes in various industries and
hence makes the ecological footprint more relevant for policy analysis.”
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A Consistent Set of Environmentally-Extended Supply and Use Tables
bridging Monetary Transactions and Material Flows:
Experiences and Opportunities of the EXIOPOL Database

Troy R. Hawkins, Evgueni Poliakov

“The continued use of MFA and LCA to analyze increasingly complex supply webs requires
increasingly sophisticated databases describing the relationships between a wide variety of
products and processes occurring in many different countries. To enable future industrial ecology
studies to build upon past experience it is necessary to improve models and data structure.

The use of input-output models together with environmental data is generally accepted as
a method for reducing cut-off error associated with process-based life cycle inventories [1].
Hybrid 10-LCA models are becoming increasingly common in published LCA studies [2]. In
many environmental policy assessments environmentally-extended input-output databases
are already used directly to calculate the economy-wide social environmental and economic
impacts of proposed policy.

Here we provide experiences in creating a global multi-regional input-output dataset describ-
ing flows of products between industries and consumers. The dataset based on national-level
supply and use tables for the EU27 and other major world economies is created as part of the
EU FP6 project ‘New Environmental Accounting Framework using Externality Data and Input-
Output Tools for Policy Analysis (EXIOPOL) [3]. By coupling these economic transactions data
with environmental emissions and material use the EXIOPOL database provides a valuable
background database for MFA and LCA studies.

The EXIOPOL supply and use tables include 130 product/industry sectors for 44 countries. To
reach the desired level of detail use tables created by national statistical offices are disaggre-
gated using statistics published by the International Energy Agency [4] Food and Agriculture
Organization British Geological Survey International Labor Organization United Nations [5]
Eurostat [6] and other international statistical institutes. Flows of energy and materials are
incorporated in the EXIOPOL database both in monetary and physical units. Here we discuss
the assembly disaggregation and balancing of the EXIOPOL supply and use tables and the
opportunities they offer for advanced analysis of material flows and environmental impacts
associated with societal consumption.”

1. Lenzen M. Errors in Conventional and Input-Output-based Life-Cycle Inventories. Journal
of Industrial Ecology 2001 4 (4) 127-148.
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Degrees of truncation: When are multilateral trade linkages significant
in multiregional input-output analyses?

Robbie Andrew, James Lennox, Glen Peters

andrewr@landearcreseareh-se-nz

“Researchers in many countries have used input-output analysis to quantify the environmental
impacts (e.g. energy greenhouse gases water) embodied in their consumption and/or trade.
Traditionally researchers have relied on single-country input-output models and have assumed
that greenhouse gas emissions associated with imports are the same as if they had been pro-
duced domestically (known as the domestic technology assumption DTA). While the method
of multi-region input-output (MRIO) analysis has been long established applications have been
infrequent because of limited and inconsistent global datasets. With the recent development of
consistent global datasets MRIO has been used in several studies to quantify greenhouse gas
emissions embodied in imported good and services. It has been reported in the literature that a
full MRIO analysis is unnecessary and that only single international trade linkages are required
to capture the majority of imported emissions. However there is little information available on
which to base a decision whether to use DTA or full MRIO. This paper uses the GTAP-based
MRIO model of Peters et al. (2006) to determine the approximation error introduced in the
estimates produced by the simpler methods compared to those produced by MRIO for each
country/region in the GTAP database.”
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Virtual Global Carbon Network Supporting Japan’s Economy: Application
of Global Link Input-Output Model

Keisuke Nansai, Yasushi Kondo, Shigemi Kagawa, Sangwon Suh

o Bries.go]

“Today’s globalized national economies are embedded in structures associated with high CO2
emissions both domestically and internationally. At the same time measures to reduce these
emissions are set to be introduced increasingly around the world. This study considers the policy
implications of these two concurrent trends by focusing on the structural relationship between
a country’s economy and the global CO2 emissions it induces.

World input-output models are useful for measurement of CO2 emissions generated outside a
country by that country’s production and consumption. They have been widely used worldwide.
One advantage of using world input-output models is that they help identify CO2 emissions
from foreign production activities induced by consumption of a particular country’s products.
Constructing data that describe domestic and international transactions of goods and services
nonetheless involves serious challenges. There are not many countries and production activity
sectors that can be considered realistically in the world input-output system. In particular devel-
opment of detailed data for countries producing oil and mineral resources upon which Japan
relies for a large part of its imports proves to be a complex task. Conventional world input-output
models are incapable of facilitating the analyses that involve such countries.

Taking Japan as a case study the study develops the Global Link Input-Output (GLIO) model
and uses it to calculate the CO2 emissions of the global supply chain network supporting Japa-
nese household consumption. Also the GLIO model identified the global virtual carbon network
formed by Japan’s economy by focusing on the embedded CO2 emissions of the global supply
chain network.”
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Embodied carbon emissions in a multi-regional input-output model

Jodao Rodrigues, Tiago Domingos

“In the modern world economy value chains are often long and cross borders.

Under these conditions environmental damage such as greenhouse gas emissions that con-
tribute to global warming is often generated at a specific location in order to provide revenue
and satisfy consumer demand located elsewhere in the world.

In this paper we try to quantify the displacement between the actual location of greenhouse gas
emissions - and we shall focus specifically on CO_2 (or carbon) emissions - and the location
of the economic beneficiaries of those emisisons.

This is achieved by computing embodied carbon emissions the sum of direct emissions that
take place throughout the life cycle of an economic flow and which can occur upstream and
downstream of the flow.

We compute carbon emissions using a global multi-regional input-output (MRIO) model. An
input-output (I0) model divides the economy into a finite set of economic sectors and lists the
economic transactions between them. By linking economictransactions and direct carbon emis-
sions data it is possible to compute the embodied emissions of economic flows.

We obtained the source data from the GTAP database which reports economic transactions for
the year 2001 for a set of 87 world regions and 57 sectors per region and also reports carbon
emissions resulting from fossil fuel combustion in an auxiliary document. We processed this
source data in order to build the full MRIO model.

We reported carbon responsibilities of world regions and observed that small open economies
can have carbon responsibilities that strongly deviate from direct emissions. We reported car-
bon intensities of economic sectors and observed that there is strong variability either across
sectors in the same region or across regions for the same sector. “
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Using Input-Output Models to Identify Carbon Risk

Deanna Matthews, H. Scott Matthews

dhm@ermu-edy

“Industry executives are tasked with managing the risk their corporations face in developing
new products and expanding operations. Increasingly this risk management extends beyond
capital resources to include environmental and social concerns and specifically carbon emis-
sions. However most industries tend to focus on their direct operations - the carbon emissions
from their own facilities - rather than taking a life cycle perspective and recognizing the indirect
emissions that occur in the supply chain.

Economic input-output (I-O) accounts show how industries interact specifically they show
how industries provide input to and use output from each other to produce the gross domestic
product. Leontief IO models are used to identify the industry sectors that make up the sup-
ply chain for a single industry sector with increased demand. In a reverse manner Ghosh 10
models use the same economic 10 accounts and relationships to identify how a given sector
contributes to the supply chain of many industry sectors down stream. It starts with the input
industry and estimates the top direct and indirect sectors that use that sector’s output in their
own supply chains.

Ghosh models have been used to analyze critical infrastructure relationships in supply chains.
For example electric power generation is dependent on supplies from the natural gas sector as
fuel while at the same time the natural gas sector requires electric power to operate pipelines
to deliver its product. A breakdown in the possible supply of output from either industry sector
leads to cascading problems in the supply chains of numerous industries. Ghosh models can
be used in a similar manner to identify areas of high environmental risk in supply chains. Our
talk will explore the use of Ghosh models as an industrial ecology tool to identify critical supply
chain paths such as those with high carbon risk.”
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A Waste Input-Output Framework with Cumulative Product
Lifetime Distributions and its Application

Shigemi Kagawa, Keisuke Nansai, Yasushi Kondo, Tomohiro Tasaki, Shinichiro Naka-
mura

“In Kagawa et al. (2006, 2008, 2009) we not only contributed to modeling a structural decom-
position method with cumulative product lifetime distributions and a simple social accounting
method with cumulative product lifetime distributions but also argued how product lifetime
shifts of automobiles affect impacts of changes in final demand patterns on embodied energy
consumptions but also income flow throughout the entire economic system. However the social
accounting framework lacks waste treatment processes of scrapped automobiles and household
waste productions affected by the product lifetime shifts. In this paper we not only proposed a
new social accounting framework which includes the waste treatment processes of scrapped
automobiles and the household waste productions following Nakamura and Kondo (2002) Kondo
and Nakamura (2004, 2005) and Kagawa (2005) but also quantitatively examined the relation-
ship among the embodied energy consumptions associated with the automobile production and
automobile use landfill consumptions associated with the scrapped automobiles and income
flow associated with the automobile production and disposals of the scrapped automobiles.”
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Assessing impacts with a local perspective: a combined global
multi-regional 10 model pollutant diffusion through air and food
and environmental health impacts.

Damien Friot, Olivier Jolliet, Shanna Shaked

ienrict@nmi : y

“Assessing environmental impacts of goods services and regions with Multi-Regional Input-
Output models has lately attracted considerable interest. Accounting for the regional and not
only global environmental impacts of current production and trade patterns requires however
going one step further to also consider the effective trans-boundary transfers of pollutants on
a large scale. We present here the final results of the TREI-C (Tracking Environmental Impacts
of Consumption) project extending a world MRIO model with two ways of transferring local pol-
lutants (air and food) and the resulting impact assessment on human health.”
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From industrial eco-innovation to circular economy:
The application of industrial ecology in China

Guiming Wang, Raymond Cété, Fengling Gao

“The conflict between from high input- low output productivity economic growth and the natural
environmental depletion is becoming a bottleneck to China’s sustainable development in the long
term. This paper explores the opportunity to create harmony between economic development
and environmental quality improvement via industrial ecology. To realize the ultimate goal of a
circular economy it is necessary to integrate industrial eco-innovation ecological industrial park
construction regional economy and environmental sustainable development. On industrial eco-
innovation level traditional firms and industries need technology innovation and organizational
transformation to realize green manufacturing and clean production on ecological industrial
park level it is necessary to make effective and efficient use of materials and energy by form-
ing industrial symbiosis network and industrial ecological systems to exchange by-products or
wastes under the planning and guidance of industrial ecology principles on regional level the
integration of economic social and environmental policies related to sustainable development
will foster a circular economy.

A case study from Cangjiang eco-industrial park in Foshan region of south China is presented
in this paper. We demonstrate that industrial eco-innovation and transformation can improve
resource productivity reduce production cost and protect environment simultaneously. With the
construction of Cangjiang eco-industrial park industrial symbiosis and wastes exchange reduce
discharges of wastes and pollutants and monitoring data indicates that regional environmen-
tal quality also improved remarkably. The process of fostering a circular economy integrating
industrial eco-innovation and eco-industrial park construction requires the involvement of en-
terprise government and public within a coherent policy framework. It is worth to note that the
government regulations and industrial policy (such as tax financial support and subsidy) also
play a key role in the fostering eco-industrial park development.”
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Development of circular economy in heavy pollution Industry Park —
a case study in China

Huiquan Li, Hui Zhang, Weijun Bao, Haitao Liu, Yi Zhang

“Development of circular economy is an important method in China for solving the bottle-neck
problems between resource and environment. The legislation of the promoting recycle economy
will be implemented in Jan. 2009. At present a group of recycle economy demonstrations have
be started while the key is focused on the development of circular economy in heavy pollution
Industry Park. Qingshuitang Industry Park in Hunan province is a typical chemical and metallic
enterprises density region with lag technology and seriously pollution and it became a recycle
economy demonstration in China.

Based on the typical case of Qingshuitang Industry Park the development mode of recycle
economy in a high consumption heavy pollution and enterprises density region had been
established. Through metabolism analysis of the important resource the bearing capacity of
the resource and energy in this region has been investigated firstly and a indexes system for
the development of circular economy was suggested. Moreover based on the key technology
analysis integrated technological system scheme for the development of circular economy
was also suggested. Finally three networks involving sulphur recycling utilization waste water
recovery and minimizing discharge large-scale solid waste exchange have been constructed.
And the industry ecological linkage network in Qingshuitang Industry Park was also proposed
based on those networks. According to the above mentioned program it can be concluded that
the resource utilization efficiency will be increased above 40% while the waste discharge will
be reduced by 30% in this Industry Park.”
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Eco-innovation in the emerging industrial ecosystems—the case of China

Dong Ying, Shi Lei

doinghv@163-com

“Eco-innovation referring the innovation contributing to the ecologically specified sustainability
targets and/or the reduction of environmental burdens has received increasing attention re-
cently. However our understanding is still limited on what eco-innovations happen in industrial
ecosystems and how they contribute to the evolution of industrial ecosystems. This paper with
four parts examines the eco-innovation in some typical industrial ecosystems in China includ-
ing the Guigang cane-processing system the Lubei fertilizer chemical system and the Baotou
aluminum production system.

The first part introduces what is eco-innovation and its underlying theoretical basis such as inno-
vation economics and evolutionary economics. The second part describes what eco-innovations
happened in industrial ecosystems including innovation creation acquisition integration as well
as the supporting network formulation. The potential benefit of eco-innovation and what chal-
lenges in establishing industrial ecosystems are also identified. The third part discusses the
co-evolutionary process and determinants of eco-innovations by examining complex interrela-
tions between technological organizational and institutional issues. The last part gives policy
implication and options on how to promote eco-innovation for industrial ecosystem.”
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Material and Energy Use in Brazil 1970 - 2005

Andreas Mayer

“During the last decades the largest South American country, Brazil, has undergone a phase
of rapid industrialization and is about to become a global player on a political and economic
level. Brazil is characterized by a low population density and a high endowment with natural
resources. Hence Brazil extracts a lot of resources and provides those on world markets. The
metabolic profile of the Brazilian economy is characterized by a high share of biomass in overall
material use and a comparatively low share of fossil energy carriers in primary energy supply.
In reaction to the oil crisis Brazil has chosen an alternative path of energy supply. It was among
the first countries that aimed at getting independent from petroleum imports and launched 1975
the PROALCOOL program which fosters the substitution of biomass based fuels for fossil fuels
for transportation.

In order to understand the structure of the social metabolism of the Brazilian economy and the
resulting pressures on the environment a comprehensive examination of material and energy
flows is necessary. This presentation will highlight the changes in the biophysical and energetic
basis of the Brazilian economy during the process of industrialization and the “valorisation” of
the rich natural endowment in the period from 1970 to 2005. Apart from standard material flow
indicators like domestic material extraction (DE) material use (DMC) and physical trade balances
(PTB) I will focus on the linkages between material and energy flows and their contribution to
domestic energy demand and exports.”
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Collection point system to manage environmental impacts
of informal reuse/recycling of electronics

Eric Williams, Jinglei Yu, Ramzy Kahhat

ewilliams@astsed

“International flows in end-of-life electronics has emerged as a new challenge for sustainability
management. There are environmental challenges to address the environmental impacts of
informal recycling in developing countries as well as to extend product lifespan. There are social
and economic challenges to increase the availability of low-cost IT equipment in the developing
world and to promote work opportunities. It is important to explore alternative e-waste policy
approaches which attempt to realize triple-bottom line objectives.

We propose a new policy approach: eliminate environmentally damaging processes in the in-
formal chain by paying recyclers not to process certain parts which cause the most significant
environmental damages: circuit boards copper bearing wires and non-sellable waste. The
concept of the new system is to set up three types of collection points in informal recycling
areas. The first type collects circuit boards the second copper-bearing wires and the third
takes unsellable residues. Informal recyclers are paid to bring material to collection points at
a price set to create an incentive for informal recyclers to deliver parts rather than process on
their own. Circuit boards are collected and sent to formal recycling facilities currently among
the five advanced smelters in Europe Japan or Canada. Copper-bearing wires collected are
sent to a formal wire chopping/separation plant. Unsellable residues are shipped to a properly
managed sanitary landfill.

It is our working hypothesis that the main environmental impacts of informal recycling would
be largely mitigated by this three tiered collection point system. We build an economic model
of the overall system including labor processing and transport costs and revenues based on
sales of recovered materials. Even if the economics of the collection points runs a net cost the
overall economics of the overall reuse/recycling system could yield a net profit due of income
generated through efficient reuse of machines and parts.”
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Transferring Japanese Urban Symbiosis Model to China

Xudong Chen, Tsuyoshi Fujita, Yong Geng, Shizuka Hashimoto

“A distinguishing feature of Japanese eco-towns is urban symbiosis which refers to utilizing
municipal solid waste as alternative materials or energy in adjacent industrial parks. Similar
to industrial symbiosis urban symbiosis is based on the synergistic opportunity arising from
the geographic proximity transferring “waste materials” to resource in production and creating
environmental and economic benefits. Due to continuous resource depletion and environmental
degradation in China it is appropriate for Chinese cities to transfer such an urban symbiosis model
from Japan. However many challenges and barriers may exist to such a transfer. The potential
for applying urban symbiosis in Chinese cities needs to be investigated in case studies. This
study is one attempt by investigating Kawasaki in Japan and Shenyang in China. First the case
of Kawasaki is introduced to identify several key factors for its success in industrial and urban
symbioses. The potential of applying such a model in Shenyang is then analyzed with regard
to the local realities. Several key aspects such as legislation and policies market demands for
recycled products key recycling technologies environmental infrastructure and public awareness
and participation will be examined in detail. Furthermore this study also proposes a simulation
model to quantitatively assess the potential environmental benefits of urban symbiosis. The
simulation model contains a database that includes GIS data social statistics data and tech-
nological inventories. By employing a life cycle assessment approach this model can simulate
potential greenhouse gas emission reduction and landfill saving in Shenyang under various
policy scenarios and therefore provides evidence and suggestions for decision making.”
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Eco-Industrial Networking for Sustainable Development in Asia —
A Review of Issues and Development Strategies

Sudhakar Yedla, Hung-Suck Park

s—yedla@yahes.cem

“Achieving sustainability of systems needs to satisfy both the criteria of external and internal
sustainability. While the subsets of the system viz. social economics and environment interact
the resulting externalities define the degree of sustainability. Among the five basic components
for sustainability viz. eco-sanitation eco-security eco-landscape eco-culture and eco-industry
this paper addresses “eco-industry” component. Achieving eco-efficiency of production is
guided by various exchange-principles and driven by certain socio-economic factors such as
cost savings and competitiveness reduced infrastructure development cost revenue generation
opportunity for new investments improved human resources and access to new technologies.
This paper addresses all those factors that drive the development of Eco-industrial Parks and
also identifies all critical strategies required at various levels of bureaucracy in order to develop
a new or convert existing industrial clusters/parks in to eco-industrial cluster/parks. It concludes
by addressing the same in the context of Asia and the relevance of EIP development in their
quest towards sustainable development.”
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Flows and Fates of Cadmium in the City of Cape Town

Kyle Mason-Jones, Harro von Blottnitz

“Examining the use and disposal of toxic substances forms an important part of resource and
waste management. Through the use of material flow analysis (MFA) methodology this study
undertakes such an examination for one toxic element — cadmium — in the City of Cape Town.
This heavy metal is incorporated into a variety of consumer products. At the end of their useful
lives many of these are recognized as hazardous wastes yet few effective channels exist for
their special disposal. National and local studies in other countries — primarily in the developed
world — have confirmed that this situation results in considerable quantities of cadmium being
discarded with general waste especially arising from the use of nickel-cadmium rechargeable
batteries. Results in the case of Cape Town indicate that environmentally significant amounts
of cadmium are used of which the majority accumulates in the city economy and in its sanitary
landfill stocks. Whilst most of the cadmium is likely to be immobilized under prevailing condi-
tions in landfills for long time periods this disposal practice is still considered unsafe at least
in terms of the precautionary principle. The existing link between landfill and agriculture — via
leachate treatment and wastewater sludge use — provides a pathway for potential contamina-
tion the food supply. Additionally although there are signs that NiCd batteries are being phased
out of many applications it is likely that a considerable cadmium stock remains both within the
economy and within established landfills which must be considered with respect to future waste
management choices.

The study primarily considers cadmium use as a hazardous waste issue in the city but simul-
taneously offers insight into the characterization of heavy metal metabolism within an African
context where regulation and data availability are often constraints for integrated waste man-
agement planning and practice.”
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Establishment and evolution of a facilitated IS programme
in Toluca-Lerma Mexico

Marina Bergua, Rachel Lombardi, Gabriela Rodriguez, Carlos Benitez de la Garza,
Adrian Murphy

“In 2008 a facilitated industrial symbiosis programme was established in the diverse heavily
industrialized Toluca-Lerma region of the State of Mexico Mexico. The programme was modelled
after the NISP programme in the UK under the auspices of NISP UK funded by the UK Defra
Sustainable Development Dialogs programme. By sharing the best practice that been developed
in the UK over the last 5 yrs the team was able to fast track and develop synergies in the Toluca
area which has already resulted in reduced CO2 reduced materials to landfill reduced costs and
increased revenues for its member companies. In this presentation the development of the
programme will be described in the context of the industries in Toluca Lerma which include major
international corporations and a mixture of small and medium enterprises. UK best practice was
used to train local facilitators/practitioners. Initial synergies will be presented along with their
quantified economic and environmental impacts. The role of critical stakeholders in launching
the programme and getting regional and national buy-in will be described including the national
trade associations national policy makers and regulators and the British Embassy in Mexico.
The national environmental agency SEMARNAT was critical in establishing the programme and
through its support has generated interest in the programme from 4 states beyond that initially
funded. The regional programme in Mexico has already attracted interest from a variety of
other Mexican states and other Latin American countries the Mexico programme also served
as the model for a NISP based Brazil programme which started end of 2008.”
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Waste data collection in developing countries: Connecting the social
and the material dimension

Jakob Lederer

“Reliable information and data is necessary to identify challenges and take decisions regard-
ing urban solid waste management. Particularly in developing countries information on solid
waste flows often lacks the desired quality. Thus a basis for waste management in such regions
needs to be created by a combination of different approaches to estimate solid waste flows.
This paper aims to review such data collection approaches in the context of urban solid waste
management in developing countries and discuss their strengths and weaknesses.

At first selected research projects dealing with urban solid waste management in countries
such as Bangladesh Botswana and Vietnam are reviewed. The aim of these projects the type
of data which were collected and how the data collection was conducted is investigated. Fol-
lowing this scheme also the author’s research carried out by researchers from University Banda
Aceh (Indonesia) and Vienna University of Technology (Austria) is presented. In this research
methods from natural sciences as well as from social sciences were applied to determine the
material flows of Banda Aceh’s municipal solid waste management system. Afterwards the dif-
ferent data collection approaches are briefly discussed.

Research efforts aiming to investigate social issues and material flows are often handled sepa-
rately which is also manifested by the research methods applied (approaches from social and
natural sciences). If research methods from social sciences such as interviews and question-
naire surveys are applied in material flow determination the intention is to overcome the exist-
ing information deficit on the material dimension of data. For future research it is concluded to
connect the material and the social dimension of urban solid waste management not only by
applying one research method “to help the other” (e.g. methods from social sciences to estimate
material flows) but also to draw conclusions in both social issues and material flows.”
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Industrial Ecology in India — Past present and future

Megha Shenoy, Marian Chertow

shenoymegha@gmai-com

“Given India’s rapid growth in population accompanied by recent increases in industrial activity
we cannot deny or ignore the toll that both these trends have taken on our environment. India’s
cities are getting clogged with solid liquid and gaseous pollutants and its forest cover and biodi-
versity have rapidly decreased over the years. While we recognize that efficient use of energy
and materials is our only hope for a sustainable future it is also an economically viable option.
Industrial ecology provides a platform to measure review and plan for future consumption of
resources in the quest for economic and environmental sustainability.

Although this new and exciting field is still gaining familiarity in India there have been con-
siderable efforts in applying concepts of industrial ecology to assess and better manage our
resources. Since the task of sustainably managing resources for over a billion people in India
is far from trivial we need to assess these efforts periodically to proceed in a manner that will
enable our future. In this review we present recent progress in applying industrial ecology to
manage India’s resources. We examine suggestions made by such studies that were followed
in actuality and discuss shortcomings of those that failed to materialize. Through the presenta-
tion we take stock of progress in industrial ecology thus far in addition to assessing relevant
challenges that need to be addressed in the future.”
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EIP Development Strategies in Korea

Ban Yong Un, Jeong Hurnkun, Hwang Gyu Hwan

byubyu@ebruachks

“Despite recent growth in Korea'’s service industry and increasing sophistication in its industrial
structure the manufacturing industry still makes up 28% of the nation\'s industries with strengths
in steel automobile and shipbuilding manufacturing as well as in the petrochemical and electronic/
electric industries. Also Korea\'s companies have a higher level of dependence on industrial
parks than other countries. For example the Companies located inside these industrial parks
have made up 32.3% (as of 2001) of the total production of the nation which also accounts for
20% of total employment. Thus Korea has a great potential for EIP development thanks to its
high intensity of traditional manufacturing-related industrial parks which may help to find various
potential industrial symbiosis networks.

This paper has intended to provide an overview of achievements and analysis on relevant
problems in Korea\'s demo-EIP projects and their implications and to present EIP development
strategies in Korea based on the above analysis. Since 2005 when the first demonstrative EIP
projects was launched in Korea through years of discussions and experiments the basic direction
of the projects has become clearer but more discussion is needed to further clarify EIP\’s basic
strategies. In present as the period of demo-EIP projects is finished it needs to sum up the results
of the projects and to specify the strategies of EIP development in Korea for further stages. The
strategies developed were divided into five categories such as resource circulation networks
ecological spatial planning and development companies’ participation enhancement building
cooperation system with regional society implementation and management systems.”
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Material Flow Analysis and Strategic Environmental Assessment (SEA)
toward a Public Policy EcoDesign

Marcio Gama, Armando Caldeira-Pires

marclegama@unrb-br

“Since “Measuring Material Flows and Resource Productivity” (OECD 2008) and the “Material
Basis of Industrial Economies” (WRI 1997) Industrial Ecology has been used to assess public
policies development steps namely by supplying relevant information to precise measures
application.

Considering the information production and its use at the screening and scoping of public poli-
cies the MFA represents a model for identification and assessment of societies’ metabolism
directly related to productive system structure.

The material needs of each society can thus be quantified in relation to the identification and
categorization of impacts including the complexities the support and point to possibilities of
enhancing productive efficiency reducing the amount of inputs needed to produce desired
economical social and environmental results.

The SEA (Strategic Environmental Assessment) on the other hand aims at strategic and inte-
grated assessment of policies plans and programs using social environmental and economical
data to produce relevant information for planning and decision-making.

This complex economic production of biodiesel represents opportunities of evolution once it can be
analysed under the concept of industrial agro-ecosystems that evolved from Georgescu-Roegen
(1968) and Odum (1988) studies on economic structures and their ecological assessment.

The integration of those tools can provide a sustainability strategy aimed at producing a type I
industrial ecosystem (Lifset and Graedel 2002) at the soybean biodiesel production from Brazil
which represents opportunities to enhance the informational and technological aggregation in
this chain.

The Brazilian policy for biodiesel production was set by the law number 11097 from 2005 and
was designed to provide a national strategy of development which goals were to introduce 2%
of total amount of biodiesel needed to mix with diesel starting in 2008. In this year the Brazilian
producers needed 840 million litters of vegetal oil production which had its main source on soy
oil (80% of the total produced in 2008).

The oil production from soy is an economic activity that lies on large material inputs due to land
use use of fertilizers and pesticides and intensive use of water with the undesirable outputs of
pesticides and fertilizers run-off water pollution and biodiversity loss. The ethanol production
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needed to produce the transesterification reaction is too highly energy and material intensive
with the production of large amounts of residues.

Some of the by-products generated in those processes are being used to produce natural
fertilizers energy by co-generation and animal fodder persisting the problem of soil loss water
contamination and biodiversity loss. Those impacts must be considered in MFA-based policies
and Strategic Environmental Assessments once they can represent a commitment for techno-
logical advances on Eco-designed integrated and complex sustainability policies including the
Brazilian productive chains that affect territorial and social issues.”

Georgescu-Roegen Nicholas. 1971. Chapter IX: The Analytical Representation of Process
and the Economics of Production. IN: The Entropy Law and the Economic Processes. Harvard
University Cambridge 1999.

Lifset Reid and Graedel Thomas. Chapter 1: Industrial Ecology: goals and definitions. IN Ayres
Robert and Ayres Leslie: A Handbook of Industrial Ecology 2002.

Odum Eugene and Barret . Fundamentals of Ecology 2002.
OECD. Measuring Material Flows and Productivity 2008.

WRI. Material Basis of Industrial Economies 1997.
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Assessment of Sulfur Metabolism in a Chinese Fine Chemical Industrial Park

Jinping Tian, Han Shi, Lvjun Chen

“Like most developing countries planning of eco-industrial parks in China is undermined by
lacking comprehensive quantitative assessments of core material and energy flows in the
industrial systems. Examining industrial metabolism through substance flow analysis (SFA)
can lead to a shift in priorities in environmental management from a traditional end-of-pipe
perspective to more holistic systems-oriented perspectives that link the use of resources and
emissions of polluting substances to their underlying causes and transformation processes.
SFA can also help identify the potentials for improving eco-efficiency and forming industrial
symbiosis. In the course of planning an eco-industrial park we carry out an in-depth SFA to
elucidate the complex sulfur metabolism in the Zhejiang Shangyu Fine Chemical Industrial
Park in China which is the world leading manufacturing base of disperse dyes. Sulfur plays
an essential role in the dye synthesis processes in the form of raw materials reaction media
and energy sources. Nevertheless sulfur only has a minor presence in the final dye products
but causes serious soil water and air pollution. The sulfur inputs primarily include elemental
sulfur sulfur-containing chemicals and fuel coal while the sulfur outputs mainly include sulfur-
containing dyes and chemicals by-products such as potassium sulfate sulfur dioxide and other
gaseous emissions industrial wastewater and sludge and industrial solid wastes. In 2007 over
33 percent of 189959 tons of elemental sulfur purchased as raw materials ends up in the solid
waste landfill via industrial sludge and residues and Hangzhou Bay via industrial wastewater
discharges. Although the sulfur-containing gaseous emissions are small in volume they result
in severe public health hazards. The findings of the sulfur SFA assisted by the economic as-
sessment of various sulfur-containing products and residues can shed light on the significant
hidden costs of sulfur-containing residues as compared to their direct treatment and disposal
costs. The results of the research can not only help company managers to refine their produc-
tion and technology innovation strategies but also facilitate the industrial park authorities to
improve their holistic environmental management system.”
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Applying industrial ecology tools to demand-side water management
in Bangalore India

Matthew J Eckelman, Megha Shenoy, Ramesh Ramaswamy, Marian R Chertow

matthew-eckelman@yale-edu

“For many rapidly industrializing regions the lack of a clean regular water supply is one of the
greatest hindrances to economic growth and to increased quality of life. Issues related to water
— its quality supply public access and level of treatment — often dominate development discourse
and are the focus of countless projects by myriad actors. Cities in particular are quite vulnerable
as they concentrate demand and often force reliance on expensive centralized systems prone
to various types of disruption. The combined factors of population growth urban migration eco-
nomic growth and climate change are set to constrain the water resources and infrastructure of
many cities ever further. The fast-growing city of Bangalore India has particularly severe water
constraints as the city is located far from its main surface water source. In order to understand
and quantify the end-uses of water and the demand on local groundwater outside of the formal
municipal system a general survey was conducted among different socioeconomic classes.
By combining industry reporting data with survey results from more than 1000 residential and
commercial respondents a material flow model was constructed as a water balance for the city.
The results include those living in informal housing and slums and shows that overall per capita
water use in Bangalore is well below the published target of the central government except for
those in the very largest homes.”
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Selecting Industrial Ecology tools: strengths and weaknesses
for use in a decision support tool

Belmira Neto, Carolien Kroeze, Leen Hordijk, Carlos Costa

“This study gives an overview of selected Industrial Ecology (IE) tools in current use by industry
and that could be used to assess the environmental performance. The tools selected are con-
sidered to be useful for a decision support tool (DST) that takes a company perspective while
considering environmental and economic aspects on the decision-making process.

We define criteria for a first selection of IE tools. The criteria are related to the usefulness of a
tool in an analysis that: 1) takes a company perspective 2) includes environmental and economic
aspects of decision making 3) includes a complete coverage of the potential environmental
impacts and 4) allows for an assessment of the consequences of pollution reduction strategies.
Based on the purpose of our DST together with the criteria we identified twelve tools. These
twelve tools are reviewed with respect to their purpose methodology final product strengths
weaknesses and relevance for an environmental analysis taking a company perspective.

Next we present the characteristics of the DST. These characteristics allow for identifying the
IE tools that are a promising basis for the DST. These seven characteristics are: the tool con-
siders a gate-to-gate approach the tool considers the processes within the company that are
relevant for the assessment of the environmental impact the tool uses company specific data
easily available from the process owner the tool considers up-to-date and company specific
pollution reduction options the tool provides information on the cost-effectiveness of the reduc-
tion options the tool can be used to express the company’s environmental performance in one
overall environmental indicator and lastly the tool can be used to explore possible user-defined
pollution reduction strategies.

Finally a selection of the tools that are useful for our particular DST is made. We conclude that a
combination of the following seven tools is most promising: Life Cycle Assessment, Substance
Flow Analysis, Multi-Criteria Analysis, Technology Assessment, Sensitivity Analysis, Scenario
Analysis, and Cost-Effectiveness Analysis.”
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Analysing the Sustainability of Wood-Based Bio-refinery
and its Supply Chains

Anthony Halog

“This research pursues a vision of sustainable production of wood-based bio-fuels in view of
the triple dimensions of sustainability. Political leaders policy makers and the public demand
detailed information about the environmental social and economic impacts of any emerging
technology and how it compares with existing mature processes. Thus the need for assessing
the environmental economic and social sustainability implications of promising technology and
product systems over their life cycles are inevitable such as the production of forest-based
bio-fuels.

Sustainability involves recognizing interconnections among ecological social and economic
systems and competing views of acceptable tradeoffs among them. Criteria and indicators are
used to operationalize the overarching principle of sustainable development. Majority of the
existing systems models for analyzing the impacts of biofuels have not considered the triple
dimensions of sustainability and failed to integrate the different tiers of biofuel supply chains.
The current research focuses on the development of a prototype systems model for life cycle
sustainability assessment of biofuel technologies. The primary use of this model is to analyze
the life cycle and long term environmental emissions energy and other resource consumptions
of the wood-based bio-refinery system. Nonetheless social and economic aspects such as
population increase growth in economy and employment are taken into consideration.

Sustainability of biofuel supply chain is modeled using a holistic approach such as dynamic sys-
tem modeling. The interrelationships of critical variables are modeled over a finite time horizon.
A suite of interlinking models for technology assessment in biofuel industry is being developed
to integrate the entire biomass-to-hydrocarbons process. When a valid working prototype is
created scenario analysis is carried out to assess whether the development and use of novel
biofuel technologies can really contribute towards meeting the sustainable development of
biofuel supply chains.”

108


mq43
Cross-Out


Carbon Performance of US Electricity Producers
under different US Carbon Market Scenarios

Timo Busch, Volker H Hoffmann

tebusech@ethzch

“As a result of changes in the business environment such as regulatory efforts towards a
low-carbon society and market pressures resulting from recent price increases for fossil fuels
carbon constraints are emerging that call into question companies’ traditional production and
consumption patterns. Consequently appropriate carbon management becomes increasingly
relevant for companies. Previous research analyzing and comparing the carbon performance
of companies (e.g. by measuring their GHG emissions) mostly pursues a static approach
consisting of assessing the companies’ current contribution to global warming. However only
a dynamic view of corporate carbon performance can provide a holistic picture that combines
firm characteristics with concrete emission scenarios.

Hoffmann and Busch 2008 have proposed a consistent set of four carbon performance indica-
tors: carbon intensity carbon dependency carbon exposure and carbon risk. Based on these
four indicators we suggest a carbon performance assessment framework for the comparative
analyses of companies. We exemplify this framework in detail by applying it to the 100 largest
US electricity producers. Based on two market forecasts and two corporate carbon strategies
(a path-dependent and a low-carbon strategy one) we derive three carbon scenarios.

Our results show that with a path-dependent carbon strategy only a marginal improvement
the companies’ physical carbon performance can be observed in a constant (BAU) as well as
constraint business environment (CACO). A significantly improved physical carbon performance
can be observed in the RENEW scenario which assumes that the companies switch to a low-
carbon strategy when faced with a carbon constrained business environment. Furthermore
when taking into account monetary effects the carbon performance picture becomes much
more heterogeneous. We will close our contribution with recommendations for strategic man-
agement and climate policy.”

Hoffmann V.H. Busch T. 2008: Corporate Carbon Performance Indicators: Carbon Intensity
Dependency Exposure and Risk. Journal of Industrial Ecology 12 (4) 505-520
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A Comprehensive Approach towards MFA and LCA

Laura Schneider, Kathy Reimann, Matthias Finkbeiner

“As environmental protection and sustainable development gained increasing attention a variety
of methods for environmental management have been developed. Two widely applied tools are
Life Cycle Assessment (LCA) and Material Flow Analysis (MFA).

Both tools differ in terms of scope data and application patterns. LCA models the complex in-
teractions between a product system and the environment and is used to quantify and evaluate
these mainly on the micro level. Based on this information the environmental impacts of products
can be distinguished. MFA typically does not focus on individual products but on the circulation
of materials in one “area of need” and is usually applied for macro level questions.

While LCA offers a procedure that leads to recommendations for decision making relating to
environmentally friendlier products MFA provides information about all flows and stocks of a
particular material within a system.

Both approaches have weaknesses: So far most LCAs focus on a single piece of product. The
effects of the whole population of the product are not included. But the future accumulation
or depletion of material stocks and resources in the whole economic system is an important
aspect and should be considered for achieving environmental sustainability. In contrast MFAs
do not directly address environmental impacts of the examined material flows and provide no
conclusion about sustainable resource throughput.

This implies that sustainable consumption requires a comprehensive approach towards LCA
and MFA that goes beyond the separate application of both tools.

In this work the characteristics of LCA and MFA are analysed and compared. Additionally a new
approach to integrate these tools will be outlined. The central purpose is the improvement of
decision making support with respect to the sustainability of human activities. This is achieved
by combining the methodological strengths of LCA and MFA.”
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A Review and Database of National Sustainable Development Indicators -
toward the next generation of sustainable indicator system

Tomohiro Tasaki, Yasuko Kameyama, Seiji Hashimoto, Yuichi Moriguchi, Hideo Hara-
sawa

“This study reviewed sustainable development indicators (SDIs) set by national governments
and international organizations and examined what types of indicators were being used. This
review covered 1541 SDIs of 26 countries regions and international organizations and compiled
a SDI database with categorization of four large groups - environment economy society and
institution - and 76 subdivided categories such as poverty and dependence work climate change
water quality ecosystem economic performance business and industry energy use transportation
environmental management and policy. The database can give answers to questions such as
what kinds of data are considered as elements of sustainable development? what kinds of in-
dicators are developed in certain fields? in which field is a certain indicator being allocated?

Four major issues were identified relating to development of SDIs through the review process:.(1)
how to measure the quality of development (2) how to measure trade-offs between phenomena
and leakages to other countries (3) how and to what extent are future generations considered
in the system of sustainability indicators and (4) how to bridge a gap between national social
capital and individual real life of citizens. In order to promote developing SDIs as well as settle
these issues we designed a framework for SDIs of dual hexagons with a yin and yang symbol
Taiji in the center representing the balance between current and future generations. A hexagon
represents the three pillars of sustainable development (environmental economic and social)
and three combinations between them. Two hexagons represent individual and national neces-
sities for sustainable development. Then criteria for the selection of and categorization of SDls
were examined. Since April 2008 we have been exploring alternative SDIs. Several topics and
remaining issues relating to the ongoing examination will be presented with slight emphasis
on the context of industrial ecology.”
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The CALCAS scientific framework for New LCA

Reinout Heijungs, Jeroen Guineé, Gjalt Huppes

hoi Derlleidenunivanl

“Within the EU-FP6-funding scheme the CALCAS project has focused on three major elements
of LCA development:

1) deepening LCA that is adding more realism and sophistication in the LCA model such as
dynamics economic behavior spatial detail

2) broadening LCA that is adding issues that are currently not addressed in LCA such as eco-
nomic aspects social aspects biodiversity

3) better founding LCA that is making it less an ad-hoc model but connecting it more to estab-
lished disciplines such as decision theory economics ecology.

Following the establishment of the ISO-standards for LCA many developments have taken place
to deepen broaden and provide a foundation for LCA. To mention just a few examples sce-
narios have been proposed for a broader validity of the goal and scope specification economic
elasticities have been proposed to improve the inventory modelling social indicators have been
proposed in connection to LCA and muti-criteria tools have been applied for life cycle interpreta-
tion. Despite the good intentions of all these inputs they together result in a confused picture
because the coherence of the approaches gets lost. An important part of the CALCAS project
is therefore to design a framework for New LCA which accommodates new developments in a
coherent and is more flexible manner than the framework for ISO-LCA. This presentation will
sketch the basic features of the framework for New LCA show how it builds on the framework
for ISO-LCA as well as where it deviates from it.”
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Technological change in Swiss thermal waste treatment -
A socio-technical appraisal

Andy Spoerri, Daniel J. Lang, Roland W. Scholz

“Technology is generally seen as both the root cause of many environmental problems while
also offering the means for reducing environmental impacts associated with fulfilling societal
functions. Understanding the relationship between technological change and the environment
is a critical issue for sustainable development.

Waste management is considered a typical example of a socio-technical system fulfilling the
function “eco-efficient socially accepted and convenient processing of consumed materials and
products”. In Switzerland technological developments have led to a high standard in municipal
solid waste management primarily relying on separate collections and incineration in grate-
firings. Nevertheless the incineration residues still end up in landfills severely contradicting the
guidelines because of their inadequacy for unproblematic final disposal. Despite extensive
discussions on solving this problem no alternative technology that is expected to perform better
in terms of residue quality has reached the market yet.

The aim of the paper is to better understand the mechanisms underlying technological change
in order to provide fundamentals for the governance of innovation-based transformations. We
present a comprehensive socio-technical analysis of technological change patterns based on
a multi-stage elicitation and structuring of the knowledge of 18 leading experts. The analysis
considered the three levels generally used to describe socio-technical transformations i.e.
technology development regimes and context — and all phases of innovation processes i.e.
from stimulus to diffusion. The study identified a set of system elements that significantly af-
fects technological change in general. These general results were subsequently related to three
specific technology options representing different transformation types in order to deepen the
insights about drivers and barriers of technological change in Swiss thermal waste treatment.
The analysis generally showed that Swiss thermal waste treatment is technologically locked-
in i.e. drivers of change are not strong enough to overcome the manifold barriers (technical
institutional etc.) associated with a fundamental technology shift.”
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Exergetic Evaluation of Sugar Cane Sub-Products as Fuels
in Brazilian Cogeneration Systems

Djolse Nascimento Dantas, Aldo Roberto Ometto, Frederico Fabio Mauad

“The sugar cane is known as one of the most important Brazilian agricultural crops. Besides
being in relief as a feedstock in the production of ethanol the biomass from sugar cane has
been outstanding in the Brazilian energy sector due to its potential for producing electricity
and heat in sugar cane industries. As one of the key tools for environmental evaluation exergy
analysis allows the quantification and evaluation of the quality of energy available in particular
cases. The goal is to figure out the specific exergies of the main atmospheric emissions during
the combustion of bagasse and sugarcane straw and indicate the relationship between these
fuels commonly used in cogeneration systems. The calculation is performed by correlating
the exergetic value of these solid fuels with the moisture. The results shows that straw even
with 15% moisture lower than the bagasse which owns 50% denotes almost twice of energy
potential. The exergies obtained were 10.25934 kJ/kg and 20.48545 kJ/kg for bagasse and
sugarcane respectively which indicate the workability of using sugar cane straw as a better fuel
for boilers. The difference among those biomass sources can be explained by their net calorific
values since straw has 15.17349 kJ/kg and bagasse 7.655 kJ/kg which make evident its use
as an energy input in cogeneration systems.”
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Materials Flow Analysis and Dynamic Life-cycle Assessment
of Lightweight Automotive Materials in the U.S. Passenger Vehicle Fleet

Lynette Cheah

lynetie@mitedu

“U.S. passenger vehicles are currently responsible for nearly 70% of the nation’s liquid fuel use
and emit 18% of U.S. greenhouse gas (GHG) emissions. These impact figures are increasing
and motivate policy efforts intended to curb them such as defining higher vehicle fuel economy
standards. To achieve better fuel economy automakers are considering vehicle weight and size
reduction as a possible strategy. This includes using lighter-weight materials better vehicle
design and offering smaller vehicle models.

To consider the effectiveness of lightweighting it is important to take into account the dynamic
life-cycle energy and environmental impacts. For instance primary aluminum one of the light-
weight material candidates requires almost four times as much energy to produce than steel.
Expected efficiency improvements in material processing would modify this ratio over time.
Examining the impact of lightweighting on the overall vehicle fleet-level as opposed to a single
vehicle-level also reveals insights on the timing and degree of the impact reduction.

The research presented explores: (i) the degree of lightweighting that is likely to be employed
to meet fuel economy targets set for year 2020 and (ii) given scenarios of evolving vehicle
characteristics in terms of their weight size and material composition the corresponding fuel
use and life-cycle GHG emission reductions achievable on the vehicle fleet level. Spreadsheet-
based models of the vehicle stock automotive material use and the corresponding life-cycle
energy use over time from 1975-2035 have been developed.

By applying a dynamic approach to LCA in combination with MFA and scenario analysis the
effectiveness of vehicle weight and size reduction to reduce impacts on a vehicle fleet system
level is better understood. Future work is committed to identifying factors in the material pro-
duction and vehicle design stages that are most sensitive to reducing the overall energy and
environmental impact of U.S. passenger vehicles.”
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Sustainable Value in Mineral Extractive Industry

Jodo Henriques, Justina Catarino, Anabela Maia, Fatima Rodrigues, Jorge Alexandre

oao.hen Dineti

“Mineral extractive industry has been for a long time easily classified as a non sustainable
activity because it not only leads to the natural resources depletion but also most of the times
has non adequate environmental practices.

By supplying raw materials to several industrial activities it has an undeniable importance in
the economical development of the country and therefore the mineral extractive industry must
become sustainable by improving its performance not only at the economical level but also the
environmental and the social ones.

The challenge to this industry is to manage in a more efficient way the resources it uses and
on which its business is based according to Sustainability principles.

In order to improve the present situation in Portugal it was decided to implement a methodol-
ogy in a target group of companies that could be representative of the sector being one of the
objectives to maximize resource productivity.

The Sustainable Value methodology was used. It had already been tested with success in other
companies from different industrial sectors. It consists in implementing in an integrated way the
Cleaner Production (CP) and Value Analysis (VA) strategies in the companies’ processes prod-
ucts and services. The objective of this approach is to improve Sustainable Value which means
the relationship between economical environmental and social performance of the companies
and the involved resources. It leads to the improvement of the companies’ eco-efficiency and
competitiveness based in an innovation entrepreneurial culture.

The eight companies involved are associated of a Technological Centre (CEVALOR) in the
Alentejo region — natural marble. The project had one year duration with formal training where
all the companies met together and discuss their problems and individual and tailor made ap-
plication in each company.

At the end of the project each company had made the environmental diagnosis of its produc-
tive process found and evaluated potential improvements and established an action plan to
implement the results.

Each company presented those results in a public session where the eight involved companies

participated together with other from the mineral extractive industry which could be interested
in a future application universities public and private entities.”
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Taking stock of the sustainability of the Oslo water and wastewater network

G Venkatesh, Helge Brattebo

verkatesh—cg@yaheo-com

“The water and wastewater network — an essential and critical component of urban infrastruc-
ture - is composed of pumping stations and treatment plants knitted together with the end-users
by a network of pipelines. Maintaining and managing the water and wastewater network to
provide the basic functions it is meant to provide entails the deployment of money materials
and energy. The material and energy flows (and the associated monetary flows) necessary to
enable and sustain the fulfilment of two primary functions — supplying clean and treated water
to households and collecting and treating the used water (along with surface run-off during
the monsoons) to prescribed standards prior to discharge back into water bodies — merits a
comprehensive study. Sustainability of a water-wastewater network needs to be analysed on
three fronts — social economic (or socio-economic) and environmental — and attaining to it would
mean doing a very fine balancing act checking and re-checking and attempting to restore a kind
of a dynamic equilibrium between the multiple sometimes- conflicting objectives. This paper
looks into how the Oslo Water and Wastewater Department of the Oslo Municipal Corporation
in Norway has performed over the years with an ageing network. An attempt is made to make
the study as comprehensive as possible with the aid of industrial ecology tools — LCA, LCC
and MFA - within the limits imposed by data availability.”
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Greenhouse gas emissions from electricity consumption
and conservation - perspectives and uncertainties

Sampo Soimakallio, Laura Saikku

ol lo@vith

“Unambiguous assessment of emissions from production of electricity required for certain
purpose is difficult as emissions significantly depend on the technology the electricity is pro-
duced. Also it is very difficult to define what kind of technology or technology mix is used just
for particular purpose under consideration. When grid-based electricity is used which is the
most typical case system impacts due to market mechanisms have significant influence on the
overall greenhouse gas impacts of the electricity consumption or conservation.

There is no generally accepted consensus on how the emissions from electricity production or
conservation should be evaluated. It is very typical that the emissions of electricity consumption
for a certain purpose is assumed in accordance with the average production mix of the market
area under consideration. However this kind of approach is in conflict with the fundamental
principle of the reference surface defined as it does not consider system impacts objectively
(Soimakallio et al. 2008).

Decrease or increase in electricity consumption has direct impact on the marginal side of elec-
tricity production constructed by the most expensive production at the point of time. However
it is also possible that the electricity required in the consumption point intentionally increases
the use of renewable energy sources (or other type of energy sources) that would have not
otherwise taken place.

In this study the emissions from production of electricity that is consumed for a certain purpose
or from electricity conservation are analysed. The study provides perspective on the impact of
selecting various goals and scope for the assessment procedure including time-dependent and
equity issues. Significant attention is paid on uncertainties and sensitivities involved. Quantitative
analysis is carried out by using market information from Nord Pool electricity markets.”
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Comprehending Variation and Uncertainty
in Streamlined Quantitative Life Cycle Assessment Methods

Jeffrey B. Dahmus, Elsa A. Olivetti, Jeremy R. Gregory, Randolph E. Kirchain

” et

“As environmental sustainability rises in prominence among both consumers and firms the
role of life cycle assessment in strategic business decisions has grown. With this growth has
come an increased awareness of the considerable data and resource requirements that most
life cycle assessments require. The work presented here focuses on streamlining typical life
cycle assessment methods while still yielding actionable results. These results can in turn be
used to guide strategic decisions that can move firms towards more environmentally sustain-
able products and operations.

The streamlined quantitative life cycle assessment approach developed here involves a com-
prehension of both variation and uncertainty. While these issues are not new to the field of life
cycle assessment the inclusion of such factors in streamlining the life cycle assessment namely
in terms of determining what data — and what level detail of data — is collected is unique. In ad-
dition to streamlining the life cycle assessment process the inclusion of variation and uncertainty
can also play a critical role in determining the range of possible strategic approaches available
to a firm. Thus comprehending these factors is an important component of streamlining exist-
ing life cycle assessment methods.

This work will present a streamlined quantitative life cycle assessment method data on varia-
tion and uncertainty in a sampling of industrial processes and a case study showing how such
streamlined life cycle assessment methods complete with variation and uncertainty data can
guide strategic firm decisions around environmental sustainability.
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Towards Simulation of Transitions in Energy

Emile J. L. Chappin, Gerard P. J. Dijkema

“In this paper we will report on the specication and application of a quantitative modelling and
simulation framework for transitions in energy. Transitions emerge over time as fundamental
change of large-scale socio-technical systems such as energy infrastructures that are the back-
bone of society (Matthews et al. 1997 Rotmans et al. 2001 Loorbach 2007). Security of-supply
and the climate crisis urge us to actively create shape and manage such transitions towards
sustainability. To date however the body-of-knowledge on energy infrastructure transitions is
largely descriptive while transition management has a prescriptive character not only can we
understand transitions we can also shape them (Chappin and Dijkema 2008).

The body of literature on this topic is expanding and largely comprises qualitative analysis. In
transition prescription for sustainability there is however also a need for quantitative analysis
and prediction: do transition policies deliver? The specications of the simulation framework are
derived from a discussion of transition and transition management literature which will include
de nitions of societal and socio-technical transitions and an overview of transition management
principles or tenets. In addition the diferences between radical incremental and fundamental
change will be addressed and the implications of the multi-level perspective and the multi-phase
perspective explored. Results from a case study on the impact of carbon policies on energy
transition will be presented and discussed.”

E.J.L. Chappin and G.P.J. Dijkema. Towards the assessment of policy impacts on system transi-
tions in energy. In 31st IAEE International Conference Bridging Energy Supply and Demand:

Logistics Competition and Environment Istanbul Turkey 2008. IAEE.

D. Loorbach. Transition management - new mode of governance. International Books Utrecht
the Netherlands 2007.

E. Matthews J. Rotmans K. Rung an d J. Waller-Hunter and J. Zhu. Global change and

sustainable development: critical trends. United Nations Department of Policy Coordination
and Sustainable Development New York 1997.

J. Rotmans R. Kemp and M. Van Asselt. More evolution than revolution: Transition management
in public policy. Foresight 3(1):15{31 2001.
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Life Cycle Greenhouse Gas Emissions Embodied in the Production Trade
and Consumption of Primary Aluminum Ingot from 1990 — 2005

Colin A. McMillan, Gregory A. Keoleian

@urrich.

“Temporal and regional variability in the technological characteristics of primary aluminum
smelters affect life cycle greenhouse gas (GHG) emissions embodied not only in the production
but also the trade and consumption of primary ingot. Existing life cycle inventory (LCI) reports
and databases however provide limited detail on the impacts of these sources variation. LCI
data are updated every few years and typically report a single global average GHG intensity of
primary ingot production. With primary aluminum ingot being a globally-traded commodity the
variation in life cycle GHG emissions may have implications for carbon leakage in the event of
unilateral carbon regulation and the use of aluminum for product lightweighting.

A life cycle GHG emissions model is developed with the objective of quantifying the emissions
embodied in the production trade and consumption of primary aluminum ingot in six world
regions (Africa North America South America Asia Europe and Oceania) from 1990 to 2005.
This dynamic model calculates emissions time series based on annual data for smelter elec-
tricity consumption electricity fuel mix carbon intensity of fossil fuel electricity generation and
perfluorocarbon (PFC) emissions. Bilateral primary ingot trade data are used to calculate the
GHG emissions embodied in imports exports and consumption.

Model results indicate that the production of primary aluminum ingot accounted for approximately
0.78% and 0.93% of global GHG emissions in 1990 and 2004 respectively. Most regions exhibited
an increase in absolute GHG emissions over the period with the largest increase occurring in
Asia. Concurrently efficiency improvements and PFC reduction programs have led to a decline
in GHG emissions intensity of production for many of the regions. Analysis reveals that GHG
emissions embodied in primary ingot trade constitute a significant fraction of the emissions
associated with primary ingot for Africa Asia Latin America and Oceania.”
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Hybrid Life Cycle Assessment of Advanced Biofuel Production
and Consumption Scenarios in Scandinavia

Ryan M. Bright, Anders Hammer Stremman

“In Norway and in many other regions greenhouse gas (GHG) emissions from land-based
transport are increasing faster than any other source with sustained increases forecasted well
into the mid-term time horizon. Low emission biofuels particularly those made from non-food
feedstocks can serve to offset some of this growth. The life cycle GHG emission profiles of
today’s biofuels including some “second generations” are increasingly being assessed using
standard unit-process based life cycle assessment methods. However such assessments
may be too narrow in scope failing to consider regional or even global consequential environ-
mental effects associated with their production. Input-output models can be built to increase
an understanding of the economy-wide effects resulting from the infusion of new technologies
into a region such as biofuels and subsequently are well-suited to assess large-scale biofuel
consumption and production scenarios allowing for better insight into any trade-offs or problem
shifting that might arise which is associated with their production.

We develop detailed life cycle unit-process inventories of some of the more promising advanced
biomass conversion technologies. We then assess the various ways biofuel production can be
scaled up in a defined target region such as for example -- through centralized decentralized
or synergetic production with existing process-industry -- which involves the identification and
quantification of region-specific bioenergy potentials and other production factor endowments.
We proceed by creating and assessing a series of biofuel production and consumption sce-
narios using an extended multi-region input-output model with detailed resolution of both the
biofuel producing and consuming sectors. Our main objective is to assess the global warming
mitigation potential of large-scale infusion of advanced biofuels across various regions and
time frames.”
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Visualization of Inter-industry Material Flow Based
on Triangularization of Physical Input-Output Tables

Yasushi Kondo, Kenichi Nakajima, Shinichiro Nakamura

ykerde@wasedadp

“The importance of the triangularization of input-output tables which has a long history is increas-
ing recently. The triangularization of input-output tables was proposed in 1950s as a method for
analyzing industrial structures (Chenery and Watanabe 1958 Econometrica). In the literature of
the inter-industry material flow analysis a novel analytical framework waste input-output material
flow analysis (WIO-MFA) was proposed (Nakamura et al. 2007 Journal of Industrial Ecology).
\Materials\” are theoretically defined based on the triangular structure of an input coefficient
matrix in WIO-MFA. This research proposes a method to visualize an industrial structure for
inter-industry material flow analysis based on the triangularization of physical input-output tables
and applies it to Japanese data. Triangulation problem is defined as a combinatorial optimization
problem to find a permutation of industrial sectors which minimizes the sum of upper triangular
components of an input-output table. Heuristic algorithms (Simpson and Tsukui 1965 Review
of Economics and Statistics Korte and Oberhofer 1970 European Economic Review Fukui 1986
Econometrica) have been proposed because a triangulation problem has a huge number of
feasible solutions and it has been almost impossible to solve the problem even in the case of
a moderate number of industrial sectors. Recent development of digital computer being taken
into account, however this research proposes a representation of the triangulation problem as
a {01} integer program to which a general algorithm can be applied. The developed algorithm
is applied to Japanese physical input-output tables (PIOT) estimated by the WIO-MFA approach
to find triangularized PIOT the visualization of which can reveal inter-industry MFA.”
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Dynamic LCA Approach for Decision Support
on Sustainable Bio-electricity Development

Chris Davis, Igor Nikolic, Gerard Dijkema

“In the drive to reduce net CO2 emissions from electricity production the use of biomass as a fuel
has emerged as a possible means to offset the use of fossil fuels. Not all biomass is produced
in the same way however and the danger exists that the focus on reducing CO2 emissions
leads to other environmental degradation such as loss of biodiversity as illustrated by the recent
controversy over palm oil production. To avoid this a Life Cycle Analysis (LCA) perspective is
needed to assess the combined impact of all the steps from land-use production and harvest
transportation conversion to fuel and/or electricity. The information thus generated could be used
in decision-making by governments and companies alike. However an LCA gives us part of the
sustainability picture. Not only is each of the technologies in bio-electricity systems subject to
social and economic constraints that can limit its viability but also the bio-electricity supply-chain
from land to socket is created by diverse actors that more often than not take one step at a
time. To approach this we need a socio-technical systems perspective where we can examine
the results from LCA for an evolving bio-electricity system. Therein aspects such as markets
regulation and management decisions will effect the shape of the bio-electricity system. We are
developing the combination of LCA and Agent Based Modeling (ABM) to eventually provide a
\"corporate dashboard\"\'. Therein the ABM allows for the modeling of individual technologies
and actors as autonomous agents who make decisions in response to actions taken by other
actors in the system the market and the state of the surroundings. A model was developed to
the explore the effect of different types of decision making on bio-electricity. Through the use
of an LCA actors are given information on their environmental impact and can make decisions
to mitigate this. Results from this model for bio-electricity will be given. Directions in which this
modeling framework that combines system economics and dynamic LCA could be expanded
will be further discussed.”
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Integrated models versus the sequential application of individual models:
an illustrative example

Fausto Freire, Paulo Ferrdo, Sten Thore

“A mathematical programming decision support model for the optimization of the entire life
cycle of products is presented. The model is designated by Life Cycle Activity Analysis (LCAA)
and it is based on the integration of classical economic ’activity analysis’™ originally developed
by Koopmans with the environmental Life Cycle Assessment (LCA) methodology. LCAA is ap-
plied to an illustrative environmental problem aiming at describing the main features of LCAA
in a practical way and evaluating the differences and similarities with other models currently
employed to analyze material flows in the economy. A single hypothetical example of pollution
problem is used which was previously proposed in an article (published in Ecological Econom-
ics: Bouman et al. 2000) to compare three types of models: substance flow analysis (SFA)
environmental life cycle assessment (LCA) and economic partial equilibrium analysis (PEA).
It is shown how Koopmans activity analysis can provide a common heritage to LCA and PEA
models which can be exploited to provide formats of numerical calculation by mathematical
programming thus establishing a basis for the conceptual integration of some of the approaches
that Bouman et al. (2000) are calling for. To demonstrate their numerical example is reworked
suitably adjusted and the various questions that they posed are discussed anew. Bouman et
al. (2000) have concluded that the results of the three models are complementary rather than
contradictory since each of them puts emphasis on different aspects of “the real world”. They
believe that “a sequential application of a number of limited models may therefore be an ap-
proach that provides more useful information than the tedious construction and application of
an encompassing model that integrates these models”. However the results presented in this
paper demonstrate how a mathematical programming model integrating economic activity
analysis with LCA appears to reduce the shortcomings of these models considered isolated
or even sequentially.”
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Global Resource Flows and Product Flows:
Tracking Inter-Regional Pathways from Resource Extraction
to Product Consumption

Faye Duchin, Stephen Levine

“Material flow analysis life cycle assessment and economic input-output models have all been
used to quantify the flows of resources and products through an economy sometimes supple-
mented by graph theoretic methods that track individual paths through the system. In this paper
we combine an input-output model of the world economy with an absorbing Markov chain rep-
resentation of resource and product flows to characterize the paths followed by resources from
their extraction to the consumption of goods in which they are embodied explicitly tracking the
resource contents of both direct and indirect imports (i.e. imports that embody other imports).
This paper focuses on the fundamental matrix of an absorbing chain and demonstrates its sig-
nificance for addressing high-priority policy questions in the context of global production and
consumption. In the process we make use of the graph-theoretic interpretation of this matrix
to resolve some unsolved methodological problems in the analysis of resource and product
flows.”
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A Platinum Market Model to Examine the Risk of Increased Scarcity
for Downstream Firms

Elisa Alonso, Frank Field, Rich Roth, Randolph Kirchain

“This paper examines the risk of materials scarcity and the benefits of addressing this risk for
downstream firms in the supply chain. It is hypothesized that to reduce risk firms may take ac-
tions that lead to more sustainable resource use and improved environmental performance.

Using the platinum market as a case study we have developed a system dynamics simulation
model as an experimental platform for examining the dynamics that could lead to scarcity. This
model captures the delays and inefficiencies that can affect firms before market forces espe-
cially price lead to a balance between supply and demand. To explore the impact of changing
market conditions on material scarcity over time the model represents the platinum market as
a system of non-linear first order differential equations and numerically simulates the behavior
of key material market actors. To build the model we used historical data describing platinum
supply and demand for key industrial applications such as automotive catalysts petrochemical
catalysts glass production hard disks and capacitors.

We apply our model to examine a number of hypothetical scarcity scenarios including one
with a supply group shutdown and examine the statistical significance of the effect of different
strategies in the face of limited supply. We find two strategies that can improve firm resilience:
increased recycling and substitution. Because the delays involved in implementing these strate-
gies may cause unprepared firms to lose market share to competitors who are more prepared
to address these challenges these actions should be considered before price surges occur.
Taking such actions may also lead to improved materials sustainability by reducing the firms’
waste production energy consumption and resource use.”
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Complex patterns in industrial ecosystems

Shi Lei, Shi Haijia

“Industrial ecosystem is an interweaved system comprising many different types of enterprises
at special temporal and spatial scales having hierarchical modular self-organizing and evolution-
ary features. How to reduce the complexity of industrial ecosystem? We present a conceptual
framework with three encompassing concepts to structure this problem. The first concept is
joint production referring to a reality of the physical world where feedstocks are transformed
into products via chemical or physical processes. Under the guideline of joint production we
can establish complex networks for industrial ecosystems. The second concept is industrial
organization belonging to the world of economy and society including enterprise industrial
cluster industrial park and global production network from micro-level to macro-level. The third
concept is scaling by using multidimensional scaling and cluster analysis we can find complex
patterns in industrial ecosystems.

Following the conceptual framework we found both local industrial symbiosis systems and some
special industrial sectors (such as chemical industry and machinery industry) to be complex
networks. For example we study the organic chemical supply chain in China and found it was
a small-world network with three degrees of separation it was not a scale-free network but like
food webs it was a hierarchically organized system with some motifs can be identified.”
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Iron and Steel Industrial Symbiosis System from Thermodynamic Perspective:
A Case Study of Handan City China

Yu Bing, Shi Lei

“Handan City 430 kilometers south to the Capital Beijing is an important iron and steel indus-
trial base with capacity of 19000000 tons of iron 20600000 tons of steel and 14000000 tons
of rolled steel. However all these iron and steel products are not produced from only large-
scale companies but from more than 40 companies. Several categories of industrial symbiosis
systems can be observed based on different combinations of coke iron steel and rolled steel.
All these symbiosis systems are experiencing quick structural changes due to recent financial
crisis raw material markets impact competitions among enterprises increasing resources and
environmental pressure governmental policies and other issues.

Following the identification of industrial symbiosis systems exergy analysis is applied to exam-
ine the resource efficiency and environmental performance for each symbiosis system. The
influence of topological structure and selection of boundaries on economic and environmental
performance is also discussed.

Based on the discussion from thermodynamic perspective three scenarios are set up to be help-
ful in presenting suggestions. The first one is based on product structural change the second
is based on enterprises recombination and the third is based on cleaner production efforts for
each symbiosis system. Finally some suggestions are presented for iron and steel corporations
to resist survive and develop in financial crisis. This research work is being carried out and
some results are expected in April 2009. “
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Zero Emission Park — developing industrial symbiosis towards sustainability:
Theoretical framing upstream and conceptual specification downstream

Ralf Isenmann, Michael von Hauff, Georg Miiller-Christ

“ The contribution provides an ongoing case study on the industrial symbiosis project: “Zero
Emission Park” currently conducted in Germany. Further to a mere project description and
insights on how-we-did-it the contribution also offers input to theory build-ing in the field of
industrial ecology.

While the underlying interest in the first perspective is a rather descriptive one the more promis-
ing - but at the same time also challenging - focus in the second perspec-tive is on explanation
i.e. the interest is also to contribute to theory building at least to a certain degree.

Hence the contribution is of relevance for researchers and scientists with academic interest at
the one hand and decision-makers at different levels with practical interest on the other.

According to the goal and scope the contribution is structured into three parts:

- First (i) the case study: “Zero Emission Park” is presented. Zero Emission Park is an ongoing
research project in Germany with the goal to develop existing industrial parks towards sustain-
ability (http://www.zeroemissionpark.de). Among other stake-holders like chambers of commerce
local authorities administration more than 600 enterprises are involved.

- Based on the outline of the “Zero Emission Park” project we further propose (ii) a theoretical
framing upstream with links to economics and a (iii) conceptual specifica-tion downstream with
links to management and organizational science. Both are thought useful for theory building in
the field especially in terms of economics and management science.

In this contribution the research project: Zero Emission Park is described and early insights are
presented. Further to a mere project description the contribution is em-bedded into an effort of
contributing to theory building in the field: The proposed theo-retical framing upstream — with
links to economics — and the conceptual specification downstream — with links to management
and organizational science — may have the potential to contribute to a more solid body of
theory especially from the point of eco-nomics (upstream) and management and organizational
sciences (downstream).”
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Is there cash in that trash? Exploring industrial symbiosis through
a strategic management lens

Raymond Paquin, Suzanne Tilleman, Jennifer Howard-Grenville

“Industrial symbiosis has gained a following among practitioners and academics interested
in understanding how such an interfirm approach to waste reduction can be encouraged and
sustained. Critical to successful industrial symbiosis however is the recognition by managers of
the potential opportunities to make productive use of otherwise un- or under-valued resources
or by-products. In this paper we draw on the resource-based view of the firm (RBV) a well-
established perspective in the strategic management literature to explore the conditions under
which waste material resources become regarded as valuable by firms sourcing and receiving
such resources.

We explore the formation and development of 1068 IS projects among 6881 firms who have
expressed interest or actively engaged in developing IS projects in the UK between 2005 to
2007. We empirically test two commonly held yet largely untested assertions within the indus-
trial symbiosis literature — first that firms from diverse industries are more likely to undertake
industrial symbiosis because they are able to find unexpected opportunity and value in another
firm’s wastes and second that firms engage repeatedly in industrial symbiosis once they have
experienced a successful project. In the first test we find firms are more likely to engage in
industrial symbiosis with firms in the same industry or with firms that are in downstream indus-
tries rather than with firms in more dissimilar industries. This may indicate the importance of
local search which does not necessarily counter the logic of unrelated industries finding new
value in novel waste. For the second test we find that firms successfully involved in industrial
symbiosis projects tend to successfully complete additional IS projects over time. These find-
ings provide interesting and important implications for RBV researchers industrial symbiosis
practitioners and public policy makers.”
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Resource relevance of Eco-Industrial Networking in Germany

Susanne Hartard

“ Eco-Industrial networks in Germany can be characterized by their different background and
history. The focus of networking companies is not limited on material exchange best known
from the traditional Eco-Industrial Park Kalundborg. German networks can be characterized
as follows:

» combined production (chemical industry)
* supply chain (automotive industry)
» economic promotion (Green industrial parks)

« sustainability (Agenda21eco-profitPIUS) waste management (eco-industrial recycling parks
networks)

* energy supply (zero-emission networkscluster)
« efficiency (material efficiency networks energy efficiency tables).

Main motivation of actual industrial cooperation are rising energy and raw materials prices
and a general change towards renewable energy technologies. German enterprises join new
forms of cooperation in order to achieve material and energy efficiency. Small and medium
sized companies could save money with energy efficiency networking activities up to 150.000
EURO per year.

The actual fast growing amount of local energy efficiency table networks might have effects in
future local energy supply cooperation.

The focus of efficiency networks goes towards information exchange by convoy consulting.
Enterprises meet regularly exchanging ideas of their individual best practice and inviting energy
consultants. The information transfer leads to technology change and implementation of new
energy management systems.

The presentation will give examples of German eco-industrial networks and their resource
relevance. Zero emission networks will have an important future function of an exchange of
materials and combined production on a renewable material based industrial society. It will be
discussed if local energy efficiency tables might have a future function as local energy supplying
units. Resource autarkic networks will increase in importance against the risk future word-wide
resource competitions and conflicts on energy and raw materials.”
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Potential of urban and regional symbiosis among sewage
sludge treatment plants and industrial factories through
sludge-to-liquid conversion technology

Noboru Yoshida, Yugo Yamamoto, Tohru Morioka, Takayuki Ihara, Masayuki Kai, Hirotaka Mabuse

“For recent years increasing attention has been paid to waste biomass as one of renewable
energy resources. Regarding sewage sludge Japan government set up a target of utilizing
sewage sludge as energy up to 29% by 2012 in the plan for achievement of the goals of the
Kyoto Protocol.

In our research project potential and the environmental effect of urban and region wide sym-
biotic networks among sewage sludge treatment plants and various kinds of heavy-oil-using
industries were examined through biomass fuel utilization based on material and energy flow
life cycle inventory GIS and input-output analyses.

First an attempt was made to convert dewatered sewage sludge to liquid fuel using fast pyroly-
sis one of recently developed thermochemical conversion technologies. As a result of bench
and pilot scale experiments the material and energy flow was estimated and it revealed that:
i) sludge-derived pyrolysis oil could be produced using their own calorific values with no ad-
ditional energy supply from outside and ii) characteristic of the pyrolysis oil is similar with that
of heavy oil and could be used as fuel.

Secondly the fast pyrolysis oil conversion was compared with various energy utilization tech-
nologies of sewage sludge using life cycle inventory analysis. The result showed that the fast
pyrolysis oil conversion could reduce more carbon dioxide than other technologies including
methane fermentation and gasification.

Thirdly transport distance of pyrolysis oil from sewage plants to industrial factories was analyzed
by using GIS. As a result we found that the distance could be affected by renovation schedule
of the plants.

Furthermore input-output analysis was applied to estimate the macroscopic effects due to expan-
sion of pyrolysis oil utilization by industrial sectors. The result indicates reduction of carbon dioxide
emission directly and indirectly beyond increased emission due to the oil transportation.”
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Industrial Ecology Applied To Industrial Parks in The French Context

Sabrina Brullot, Paul Schalchli, Dimitri Coulon

“In France it exists between 24 000 and 50 000 industrial parks (also called industrial estates or
business areas). Meeting point for companies local authorities civilian organisations and park
managers industrial parks represent a vast “laboratory” for the implementation of sustainable
development strategies: collective waste and sewage management transportation issues and
accessibility risk management services development consultations and stakeholders participa-
tion etc.

Integrating so many complex issues is a real challenge for local public authorities and firms.
In addition there is an urgent need to develop stronger methodological and technical tools to
lead the decision-making process with the most reliable elements in order to achieve local
sustainable development objectives.

Since 2008 Orée leads the COMETHE* project laureate of the French Programme for Research
into Eco-Technologies and Sustainable Development launched by the French National Research
Agency. This project started in 2008 and lasts 3 years.

COMETHE is based on the joint effort of 15 partners: universities research centres environ-
mental protection organisations planning offices and experts local authorities and companies.
Concretely this project follows four main objectives:

- The production of knowledge in the technological and technical domains as well as in social
and economical sciences

- The creation of a methodological handbook for the implementation of industrial ecology ap-
plied to industrial parks

- The elaboration of an integrated tool articulating four specific modules

- The realization of diagnosis and feasibility studies for the 7 territories involved in the project
(located in 4 different French Regions and involving more than 30 local partners).

Finally more than 1000 firms could benefit of the results of this very first research program at
a national level.”

* Conception of Methodological and Assessment Tools for Industrial Ecology [www.comethe.
org]
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Detecting industrial symbiosis using a GIS based tool

Guillaume Massard, Albin Viquerat, Suren Erkman

“Cycling the use of material in product manufacturing is the conceptual framework of industrial
ecology (El). Within this context industrial symbiosis creates physical exchanges of materi-
als energy water and/or by-products among economic activities that are collocated or spread
though a state or region.

Detecting and analysing potential symbioses on a multifunctional territory first requests physi-
cal input-output data collection from economic activities. Secondly the information needs to
be stored in a way that allows data treatment for symbioses detection and feasibility analyses.
A database is used to store manufacturing processes and related flows information. A clearly
defined terminology allows application of algorithms for treatment and retrieval of information.
In addition a geographic information system (GIS) interface is developed as technical and deci-
sion support for experts. It allows among other things the visualisation of detected symbioses
the evaluation of technical and geographical feasibility the detection of new potential partners
within the manufacturing activities and the identification of optimal location for new economic
activities based on material flows consideration. Interactions with other spatial layers extend
the symbiosis detection to other economic activities such as agriculture housing or services.

The methodology and the tool developed aim at providing useful information for a more efficient
use of resources that may be used to advise decision makers involved in economic and industrial
planning. It may be a valuable instrument in the hands of public and private institutions seeking
information on manufactures and their organisation.

This paper is centred on the experience initiated by the state and republic of Geneva (Switzer-
land). Since 2004 the state’s Agenda 21 supports a project aiming at detecting and implementing
industrial symbiosis on its territory.”
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Interplay between industrial ecosystems and environmental governance
at different spatial scales: The case of the Gulf of Bothnia heavy industries
in Finland and Sweden

Olli Salmi, Jyrki Heino, Janne Hukkinen, Mari Pajunen, Maaria Wierink

“Many scholars of industrial ecology have focused on the institutional and organizational chal-
lenges of building and maintaining regional industrial ecosystems through the synergistic inte-
gration of material and energy flows. Despite the promise that these intellectual developments
hold for the future dematerialization of industrial production they suffer from a blind spot namely
the challenge of trans-national governance of material flows. In this presentation we introduce
some of the issues of trans-national governance of a cross-border industrial ecosystem by way
of a case study the Gulf of Bothnia industrial region in Finland and Sweden.

To illustrate the technological and regulatory bottlenecks in creating regional industrial ecosys-
tems we create three technological scenarios at different geographical scales. These scenarios
describe innovative uses of waste material flows for novel products among the industrial parks
of the Gulf of Bothnia. The first scenario Bothnian Arc Joint Steel Works describes the utilization
of steelmaking dusts and scales from Sweden and Finland for new steel products. Second the
Nickel substitution scenario describes the use of manganese waste from Kokkola Finland as
a nickel substitute in steelmaking in Tornio Finland. Finally the Zink sink scenario describes a
zink clinker production in Rénnskar Sweden from numerous small dispersed sources in Finland
and Sweden. We conclude the article by analyzing the key technological bottlenecks in need of
engineering intervention and governance bottlenecks in need of policy intervention to facilitate
the emergence of industrial ecosystems along the chosen scenarios.”
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Policy and legislative framework on waste management
in the European Union: a key issue of industrial symbiosis

Inés Costa, Guillaume Massard, Abhishek Agarwal

“A recurrent theme across industrial symbiosis (IS) research relates to which structures - insti-
tutional legal and/or economic - are required to facilitate its emergence. However two decades
of research later some European countries still present no widespread achievements on IS
despite “neighbour successes” of Austria or the UK. This encouraged researchers to focus
on European Union (EU) legal structures (policies/legislation) and its impact on realizing IS
as a resource and waste management tool. The research gains additional significance when
considering the recent EU Waste Directive which aims to promote the use of waste as a sec-
ondary resource.

By taking Denmark Portugal Switzerland and UK as case studies this paper aims to: 1. criti-
cally appraise EU waste legislation on its IS impact 2. explore the existing IS practices and the
associated legislative framework and 3. explore the extent to which IS concept can become a
tool for future EU resource / waste legislation development.”
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Life and death in industrial ecosystems

Weslynne Ashton, Marian Chertow

“Industrial symbiosis is held as the embodiment of industrial ecology in practice characterized
by collaborative resource management among firms and significant environmental benefit to
the region where the firms are located. At least initially these partnerships develop for eco-
nomic reasons with firms generally unaware of the spillover benefits beyond their own facilities
while other benefits come into play later on. Kalundborg Denmark has had the longest-term
success in that the actors after they became aware of their industrial ecosystem continue to
adapt to changing conditions. While most partnerships are economically justified the presence
of a culture of cooperation suggests that other considerations also come to bare in perpetuat-
ing industrial symbiosis activities among firms. In contrast the industrial symbiosis activities
in Barceloneta Puerto Rico lasted for a finite period and collapsed when the partnerships no
longer met the needs of the companies there. This paper examines the role of consciousness
about environmental benefit and the importance of recognition as part of a broader industrial
ecosystem on the long-term sustainability of these industrial regions. It compares Kalundborg
and Barceloneta as the main cases drawing on other examples of failed systems and consider-
ing the role of a \dormancy stage\” project as a link between failure and rebirth.”
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MgMetallic - a concise serious game

Gerard P.J. Dijkema

“Mainstream Industrial Ecology focuses on material and energy flows. A much advocated strategy
to reduce unsustainability is to foster by-product exchange and establish eco-industrial parks
which can be viewed as industrial networks on a single integrated industrial site. An active co-
siting strategy would then involve attracting industry to existing sites that would lead to more
exchange between its industrial facilities. Creating sustainable business not only requires an
acceptable ecological footprint however but also solid business economics and stakeholder
acceptance. Any investment can be viewed as a business proposition that must be approved
by senior management conform to appropriate standards and regulation be acceptable to local
government and community and overcome any opposition from interest groups NGO\'s and
other stakeholders.

Using a real case of industrial development a worldscale magnesium producion facility we
have created a paper based game to illustrate the intricacies resulting from the socio-technical
complexities involved in growing an eco-industrial park. MgMetallic is a company that endea-
vours to exploit a unique local resource pure magnesium chloride MgCI2. The company has a
shortlist of two 'equivalent\’ industrial sites with suitable location factors. Apart from pure metallic
magnesium the facility will produce chlorine the use of which to produce chlorinated hydrocar-
bons is technically complex and controversial while converting the chlorine to sodium chloride
would imply a huge loss of exergy. Transport of the chlorine is banned because of transport
safety regulations. By assigning participants to groups that each are given a key stakeholder
role - companies national government local agencies interest groups etc. the complexities in
reaching a decision how to attract or where to locate the magnesium plant are explored. The
game has been succesfully played with academics management civil servants and citizens
participating. At the conference the game can be played.”
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Evaluation of symbiosis effects in eco-industrial parks in Japan

Tsuyoshi Fujita, Shizuka Hashimoto

“Industrial symbiosis is concerned with the recovery and reuse of wastes from one facility as
alternative input in neighboring facilities. The Eco-Town Program in Japan is a program to extend
Industrial Symbiosis into geographic proximity of industrial areas by using previously discarded
waste materials for industrial applications. The program established 26 Eco-Towns and 1.65
billion USD was invested in 61 innovative recycling projects. In 16 Eco-Towns the private sector
was the most important actor supporting local government in realization whilst in 9 Eco-Towns
this was civil society. Firstly qualitative comparison of different eco towns are provided and the
development of policy targets of eco-town projects are also identified namely from accumula-
tion of recycling facilities into urban platforms for circular regions. Secondly taking a Kawasaki
eco-town as a frontrunner current symbiotic networks are identified and extensive future policy
options are designed. Symbiotic network development among urban sectors such as households
and shops spatial extension of circular boundary beyond single municipal government are con-
templated for the scenario design. Finally quantitative evaluation procedure of environmental
effects are developed as well as core indicators and several numerical evaluation are provided.
Evaluation process is developed to apply the technology inventory data with their locational
information for the regional GIS data base. Disaggregated area-scale database is established
on GIS are used by integrating the socio-economic statistical data with basic geographical
information such as municipal borders transportation networks and environmental resources
such as rivers and oceans. Circular technologies are formulated by quantifying material and
energy input and product output of representative plants in eco-towns.”
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Cooperation in a proposed syngas industrial cluster

Andreas Ligtvoet

“Current use of fossil fuels and feedstocks increasingly faces uncertainty of supply due to geo-
logical, financial, organisational and environmental constraints. In the last years, the price of oil
has sky-rocketed and dropped, and gas supplies are threatened due to geopolitical interventions.
At the same time, industries willing to use coal as a substitute for natural gas need to prepare
for carbon capture and storage (CCS) technologies becoming mandatory in the future.

A possible solution to cope with these challenges is the creation of a synthetic gas (syngas)
cluster in the Port of Rotterdam. Syngas could be used as a general fuel/feedstock for the
generation of electricity, the production of transport fuels, the direct reduction of iron, and the
manufacture of a wide variety of chemical products such as ammonia and methanol. These
processes are already taking place in different sites around the world and thus constitute proven
technology. However, connecting such plants to a shared syngas grid would offer the partici-
pating firms flexibility in the use of feedstock. Furthermore, during the process of gasification,
CO2 can be separated in a more efficient manner as compared with other technologies for
capturing carbon dioxide.

At the moment, the design of such a syngas cluster is still in an exploratory phase. Our research
focuses on investigating the willingness of firms to cooperate and how such cooperation could
take place.

Theoretical concepts of cooperation are matched with (possible) stakeholder opinions and
tested in simulations of the development of syngas infrastructure formation. We aim to pres-
ent a range of possible pathways (scenarios) in which cooperation leads to the formation of a
cluster and conditions that determine success or failure.”
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Valuing Diversity in Industrial Ecosystems

Randolph Kirchain, Frank Field

“The notion that industrial systems should mimic ecological ones is a foundational concept within
the field of industrial ecology. In exploring the implications and importance of this, the IE literature
identifies a broad range of traits that characterize successful biological ecosystems which may
be important to realizing sustainable industrial activity. Three that seem to have achieved broad
consensus are efficiency, waste recirculation, and actor (and resource flow) diversity. Although
a significant literature has emerged that provides an economic foundation for the practices of
industrial ecology, this literature has largely focused on motivations that derive from the former
two characteristics: efficiency and waste. Although the benefits of diversity would seem intuitive,
analytical demonstrations of its value have been elusive and few. This presentation will discuss
economic motivations for IE activities that derive from diversification.

Specifically, this presentation will briefly discuss three micro-scale (inter-firm or small collection
of firms) examples, where analytic and numeric models can be used to demonstrate that cases
exist where sourcing diversification improves the economics of production and the incentive
to use secondary resources. These examples will be built around both static and dynamic
models that demonstrate the inherent value of source diversification, particularly for secondary
resources, under conditions where production is subject to uncertain i) product demand, ii) raw
material quality, and iii) supply availability.

Obviously, almost all real-world producers and productions systems confront each of these
issues. As such, the value of diversification emerges not from particularly unique case char-
acteristics, but rather from a proper framing of the industrial decision problem. Nevertheless,
for each case, this presentation will summarize the characteristics of a production context that
amplifies or mutes the economic and environmental gains associated with diversification.”
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E-waste assessment in Minas Gerais/Brazil

Martin Streicher-Porte

“Brazil is considered the fifth largest market for personal computers worldwide. According to
International Data Cooperation there were 10.7 million computers sold in Brazil in 2007 and
the country is expected to reach third place in terms of installed PC base by 2010 -the United
States ranks first with 64 million installed units followed by China Japan and the United Kingdom.
In addition to this with roughly 35% of the region’s revenues Brazil remains Latin America’s
largest telecom market.

As yet the end-of-life management of obsolete Information and Communication Technology
(ICT) equipment in Brazil seems not to have entered into the dire practice of providing waste
material to a largely uncontrolled informal recycling sector -as is the case in India and China. It
is therefore essential that knowledge of the ICT consumption and waste generation be gained in
order to plan a comprehensive e-waste management system. The State Government of Minas
Gerais and Empa are conducting an e-waste assessment in Minas Gerais with the intention
of integrating e-waste into the existing waste management system of the major cities in Minas
Gerais. The assessment will collect data on saturation levels of ICT equipment in households
and businesses as well as data on sales numbers and will estimate the average life span of
ICT appliances. With simple cohort-models the waste volumes can be calculated assuming
the fall out of equipment after their usage period. Based on the quantitative data the study will
also evaluate how the existing informal or semiformal waste sector can be trained and guided
to collect and pre-treat e-waste from ICT equipment. The goal is to establish a business model
which enables underprivileged strata of society to profit from the waste of ICT equipment by
producing tradable waste fractions whilst still preventing polluting emissions from entering into
the environment.”
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Assessing the management of small waste electrical
and electronic equipment through substance flow analysis —
The example of gold in Germany and the USA

Perrine Chancerel, Vera Susanne Rotter

“The demand for precious metals by manufacturers of electrical and electronic equipment
has increased significantly over the past few years. Although precious metal concentrations
in appliances are very low these metals have a high economic and environmental relevance
compared to other substances present in much higher quantity (e.g. iron copper plastics). In
the current context of resource scarcity and high prices more research is needed for a better
understanding and management of these metal flows.

This research project aims at describing and quantifying the flows of small waste electrical
and electronic equipment (SWEEE) in Germany and in the USA for the year 2007. The term
‘SWEEE’ refers to small household appliances IT and telecommunication equipment consumer
electronic tools and toys. Although collection systems were set-up for SWEEE in many cases
SWEEE is not collected separately for recycling but rather disposed of. Regarding treatment of
SWEEE the model differentiates between reuse and treatments carried out by the formal and
informal sector (including illegal export of SWEEE).

The material flows of SWEEE in Germany and in the USA and the flows of gold and palladium
related to SWEE were quantified based on a combination of expansive experimental investiga-
tions carried out at TU Berlin and a review of the relevant literature. The results revealed that in
2007 only around 5% of the gold contained in mobile phones was recovered in Germany and
over 90% was lost for the cycling economy. From mobile phones alone 393 kg of gold was lost
in one year. The investigation revealed similarly low recovery rates for the USA.

In conclusion the current infrastructure seems inadequate to recover gold efficiently from SWEEE
with collection being the main weakness of the system. More efforts are needed to reduce the
losses of precious metals in electronic waste management.”
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Development of Integrated Framework for Sustainability Evaluation
of Sanitation Systems in Small Towns of Vietnam

Pham Ngoc Bao, Keisuke Hanaki, Toshiya Aramaki

“Decision making in sanitation planning is often complex mainly because of the inherent trade-off
between sociopolitical environmental ecological and economic factors. Selection of appropriate
and sustainable sanitation system for domestic wastewater treatment often involves multiple
criteria with conflicting preferences from different stakeholder groups. In order to fulfill conflicting
while complementary objectives a systematic approach called the “analytic hierarchy process”
has been utilized to develop an integrated framework for comprehensive evaluation compari-
son and selection of wastewater treatment scenario with regard to sustainability. This study
presents analytic hierarchy process (AHP) technique in combination with life cycle assessment
(LCA) and a proposed set of sustainability criteria as effective decision support tools for the
sustainability evaluation of wastewater treatment systems through a case study in Toan Thang
small town in Vietnam. A short-listed of three selected scenarios and a set of impact categories
have created a complex decision making process. Characterization of each scenario is based
on a series of impact categories and life cycle assessment addressing environmental social
economic health and technical aspects. Results from this process revealed that the proposed
scenario with a combination between decentralised sanitation solution with household septic
tank and centralised sanitation option with waste stabilization ponds is ranked as the first
priority from all stakeholder groups with 64% support compared to the other alternatives with
13% and 23%. This seems to be the most promising and sustainable choice for the town as it
brings about positive impacts in term of environmental socio-economic health related technical
and functional aspects including low capital O&M costs resulting low user costs high treatment
efficiency possibility of nutrient recovery and safe wastewater reuse especially minimizing the
health risk from effluent which may pose to the local resident. Moreover this scenario offers
equally contribution among dimensions of sustainability. The overall results obtained from this
study shown that this approach is a viable tool and offer good communication among different
stakeholder groups.”
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A knowledge-based transition of managing end-of-life products towards
a recycling society

Henning Wilts

“The global competition for resources accompanied by increasing prices of raw materials
has called attention to waste not just being a disposal problem but also an ,urban mine“for
the extraction of secondary raw materials. Also concerns about security of supply with scare
metals and lower CO2 emissions in comparison to primary raw materials have spotlighted the
accumulated stocks in the anthroposphere. Recent studies underline their relevance. In the
EU political initiatives like the , Thematic Strategy on the sustainable use of natural resources*
are undertaken but still the majority of waste is incinerated or dumped and consequently not
available for a high-quality recovery.

Especially materials beyond the main waste streams like PGM in consumer goods show very
low recycling quota. They represent only a small percentage share but because of their huge
environmental rucksack they contribute significantly to the eco balance of products.

According to our approach the aim of the ,recycling society” is primarily an information prob-
lem. A real transition towards a sustainable resource management presupposes knowledge
generating institutions which are actually lacking at the crucial points of intersection along
the life cycle of products. Required institutions must principally differentiate between mobile
and immobile goods. Based on empirical data this hypothesis is supported by an institutional-
economic comparison between recycling strategies for copper in public infrastructures and
PGM in catalytic car converters. The analysis provides evidence that previous incentives for
a sustainable resource management are minimized by inconsistent legal and economical
systems of regulation. They are even distorted by fostering a burden shifting into regions with
lower environmental standards.

Proposals for solution are discussed for mobile and immobile goods which aim at an increase

of consistency and efficiency of existing regulation systems and hence make a contribution
towards a boost of resource efficiency.”
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Development of a tool for optimizing industrial ecology processes
in WEEE treatment

Eduardo Santos, Sandro Vicente, Pedro Nazareth, Fernanda Margarido, Paulo Ferrao,
Carlos Nogueira

“Producers and importers of electrical and electronic equipments (EEE) have to ensure the
management of the respective waste electrical and electronic equipment (WEEE) by promot-
ing its collection and recovery. In Portugal there are two WEEE take back systems that have
to fulfill legally binding collection and recovery targets.

To meet recovery targets of WEEE at an economically optimized cost is one of the major chal-
lenges of managing entities. This will be possible if the management entities choose the adequate
technologies to treat WEEE considering not only the present but also the future technological
specifications (e.g. amounts and material characteristics of the waste being generated future
recovery targets etc.).

This paper presents the methodology used to develop a tool for assisting the selection of tech-
nologies to treat WEEE. The method involves the modeling of the unit processes constituting
the flowsheet which will be tested by simulation to assess its technical and economical per-
formance based on data obtained from empirical tests in a set of operating ranges. A factorial
analysis to determine the relevant variables of each unit process will be applied for the purpose
of modeling it into the tool.

In the factorial experiment the effects of a number of different variables (factors) are investi-
gated simultaneously. The treatments consist of all combinations that can be formed from the
different factors. In that sense it is analyzed not only the influence of each variable individually
on the process but also the possible interaction between them.

Results were complemented with bibliographical data concerning the specifications of the equip-
ments of each unit process. The developed tool allows obtaining a set of important results for
the selection of WEEE treatment technologies namely cost and efficiency.”
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A comprehensive methodology to calculate WEEE recycling
and recovery rates in Portugal

Monica Luizio, Susana Ferreira, Eduardo Santos, Paulo Ribeiro

“One main challenge for Amb3E the main WEEE collective take back system in Portugal is to
measure the effective performance obtained in WEEE recycling and recovery by its recovery
operators in order to calculate and compare the system’s overall results against the legally
binding recycling and recovery targets.

To that extend Amb3E developed a “Procedure for WEEE Treatment Tests” based on the mate-
rial flow analysis methodology and the WEEE Forum Guidelines and Checklists. The procedure
was carried out in 2007 and 2008 and tests were performed for the WEEE treatment categories
and Amb3E operators.

Given the European dimension of the WEEE management a question that arises is the com-
parability between different systems and countries. Therefore in order to have a standardized
classification of components fractions and technologies Amb3E tests data were inputted to the
WEEE Forum tool — Reptool.

This paper presents the treatment tests methodology and results namely in the context of the
environmental results obtained and in particular of hazardous substances removed. Additionally
the technologies used by the recovery operators and the input and output fractions obtained are
characterized quantitatively and qualitatively and the European method to ensure comparability
of results (Reptool) is analyzed.

Furthermore the technical limitations of Amb3E’s method are identified and discussed and
possible solutions are suggested namely in the context of the Amb3E legal boundary and its
relation with the entire WEEE value chain from the waste collection until the moment where
WEEE materials are effectively reincorporated in new products.”
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Importation and end-of-life processing of computers
in developing countries: Peru’s case study

Ramzy Kahhat, Eric Williams

“This paper considers the import of used personal computers (PCs) to Peru and the forward and
reserve supply chain vis-a-vis development and environment. The empirical pillars of this study
are 1) Analysis of government trade data on the importation of used and new computers, and
2) Surveys and interviews with households computer refurbishers recyclers and sellers in Lima.
Results show that the United States is the primary source of used PCs imported to Peru. Analysis
of shipment value shows that 83-86 percent of all imported computers used had a price higher
than the value of recyclable materials. The main motivation for trade is thus reuse as opposed
to recycling. The reverse supply chain of PCs was found to be efficient with extensive reuse
and recycling. The main environmental problem found is open burning of copper-bearing wires
to remove insulation. Distinct from informal recycling practices in China and India printed circuit
boards are usually not recycled domestically but exported to Europe for advanced recycling or
to China for (presumably) informal recycling. It is notable that purely economic considerations
lead to circuit boards being exported to Europe where environmental standards are stringent
presumably due to higher material recovery rates attained by modern smelters.”
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Artery-Vein Cooperation in Material Cycles

Rokuta Inaba, Minoru Fujii, Keisuke Nansai, Masahiro Osako

“The material cycles of human society has been often compared to the blood circulation of hu-
man body so the recycling system is often called as venous system. The venous system has
presented some problems related to energy and cost. However when coupled with an arterial
system it presents an efficient system for energy and cost reduction. We therefore propose an
artery-vein cooperation (AVC) by which the vein and artery systems represent the mutual use
of substance and energy or sharing of various processes and by which reduction of energy
consumption costs and environmental burdens are achieved. First in this study the patterns
of combinations were classified. Then a life cycle assessment (LCA) of greenhouse gases
(GHG) was conducted to alternatives of waste management system as effects of AVCs. The
alternatives include factors of AVC.”
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Is Economic Value an Effective Proxy for Embodied Energy
and Environmental Impact in Material Systems?

Jeremy Gregory, Susan Fredholm, Randolph Kirchain

“Life-cycle assessment (LCA) has proven to be a valuable tool for evaluating embodied energy
and environmental impact in products and material systems. However LCA is complex expensive
and time-consuming making it inaccessible to many stakeholders making important decisions
in material recovery systems. Unlike product design cycles which can last several years and
afford time to do detailed LCA studies decision-makers in material recovery systems must deal
with constant variation in incoming end-of-life (EoL) products and market demand for secondary
materials and products. They have few practical methods available to evaluate the expected
performance of the many different strategies to materials recovery (e.g. should recyclers focus
on bulk materials like plastics or scarce materials like platinum group metals).

In light of this need two key research questions emerge: Is there information that is accessible
to these stakeholders that could serve as a proxy for LCA to better inform their decisions and
when would it be appropriate to apply this proxy?

Economic value is clearly information that is readily available for materials recovery stakehold-
ers. Furthermore economic value of materials reflects quality the cost of production or use
(including energy consumption) and scarcity rents for current use of that resource. Thus EoL
material recovery metrics that include value provide significant information about the effective-
ness with which resources are reclaimed and returned to productive use providing an indicator
of both retained quality and environmental impact.

This paper uses economic value metrics to evaluate the retention of value of secondary ma-
terials and provides a framework for characterizing value throughout a material and product
life-cycle. These economic value metrics are compared with analogous LCA metrics in order
to determine the conditions under which economic value effectively represents environmental
impact for EoL material recovery decision-makers.

The broader research agenda is to explore whether readily available information can direct
environmental decisions and whether market behaviors lead to lower environmental impact.
The specific research question addressed here is: Can the use of economic value metrics lead
to environmentally informed decisions?”
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The Role of Displaced Production for Reuse and Recycling

Roland Geyer, Vered Doctori Blass

“Recycling of materials and reuse of products or their components is central to the theory and
practice of industrial ecology. The idea of turning the wastes of a product system into resources
for others lies at the heart of the industrial ecology metaphor. The need to ‘close the loops’ of
an industrial society’s metabolism is frequently taken for granted or demonstrated by assess-
ing the environmental benefits of reuse and recycling. Such assessments frequently show that
the environmental benefits of displacing primary production processes, e.g. of virgin material,
are substantially larger than the benefits of avoided landfill or incineration. However, environ-
mental assessments of reuse and recycling, whether based on models or empirical data, all
share one fundamental problem: How do we know that reuse and recycling activities displace
other production processes, and how do we determine which processes are displaced and to
what extent? This is not a trivial matter since any proof of displacement needs to be grounded
in counterfactual reasoning. An example would be: ‘Virgin paper production would have been
x tons higher if y tons of paper had not been recycled.’ This presentation gives an account of
the current theories of displacement in industrial ecology and reviews the existing efforts to
substantiate these theories with empirical evidence. It is surprising and troublesome how little
empirical work exists to date, given the importance of reuse and recycling in industrial ecology.
The second part of the talk presents an empirical analysis framework of displacement and its
application to several case studies.”
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Product End-of-Life Management Networks

Vered Doctori Blass, Roland Geyer

“Interest in product end-of-life management (EoL), from industry, government and academia
alike, has grown tremendously in the last decade. Although theoretically promising, relatively
few circular production structures are in practice self-sustaining without government interven-
tion. While reuse and recycling activities are usually studied as circular material and process
flows, a closer look at the involved agents reveals more complex product end-of-life manage-
ment networks. Using the example of EoL cell phones, we introduce an analytical framework for
studying EoL management networks. This framework is part of our ongoing research to better
understand the relationship between EoL processes, agents, decisions, information, and the
resulting environmental and economic performance of reuse and recycling. We seek to under-
stand how EoL networks evolve and adapt to regulations and market conditions, and evaluate
these changes based on their impact on economic and environmental performance of reuse
and recycling. Understanding how networks of EoL agents and processes evolve and adapt to
prevailing and changing regulations and market conditions will help to identify, understand, and
ultimately remove existing barriers to reuse and recycling. We first discuss previous research
on EoL management and the different dimensions of EoL networks. We specifically explore
product characteristics, EoL processes, agents, decisions, and information availability. Then,
using the example of EoL cell phones, we illustrate EoL network dynamics.”
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Understanding the Meaning Behind Sustainable Household
Consumption Patterns in Metro Manila by Bridging
the Gap Between Social and Environmental Science.

Marlyne Sahakian, Anthony SF Chiu

“The proposed paper is based on a concern for the environmental impact of certain forms of
consumption in so-called developing countries and specifically the National Capital Region
(NCR) of the Republic of the Philippines with its 10 million residents. It proposes to address the
main question: In what way can an understanding of household consumption in the NCR help
identify opportunities for more environmentally friendly consumption? Household consumption
is analyzed in relation to priority areas in terms of resource efficiency: infrastructure develop-
ment food consumption household electricity usage and transportation.

There is an idea that developing countries might be able to leapfrog over the errors of more
industrialized countries by choosing sustainable modes of development (Chiu 2004 Tukker
2005). But how do we chart the transition? We know what forms of consumption tend to
have a higher negative impact on the environment (from material flow accounting life cycle
analysis ecological footprint calculations etc.) but we know little to nothing about consumption
and consumers in specific contexts (beyond the wealth of information that exists in the private
sector from marketing agencies). Industrial ecology and the broader area of environmental
science may benefit from theoretical approaches and findings drawn from anthropology that see
consumption as socially-embedded thus debunking more conventional views of consumption
as a rational individual act based solely on freedom of choice.

Understanding the consumer could be an important element towards achieving more sustainable
environmentally friendly consumption in so-called developing countries or what is being called the
“new consumer” by authors such as Juliet Schor (1999) as well as Norman Myers and Jennifer
Kent (2004). By looking at Metro Manila as an emerging Southeast Asian economy and highly
urbanized city with vast socio-economic differences research on consumption patterns reveals
the meaning behind the action and discourse of consumers in relation to energy efficiency in
the hopes of building one small bridge between environmental science and anthropology.”
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Economic and Greenhouse Gas Implications
of Delivering Canadian Oil Sands in the United States

Aweewan Mangmeechai, H. Scott Matthews, Chris T. Hendrickson, Michael Griffin,
Paulina Jaramillo

“Canada is the largest supplier of crude oil to the U.S. A large investment in emerging Alberta
oil sands production could further support U.S. fuel demand. We developed a life-cycle based
capital cost and greenhouse gas (GHG) emissions comparison between synthetic crude oil
(SCO) derived from Canadian oil sands and existing U.S. crude oil consumption (including
imports). The life-cycle boundary includes the extraction transportation refining and fuel com-
bustion. The results show that imported light crude oil shipped long distances could have lower
life-cycle emissions than conventional heavy crude oil imported from neighboring countries
due to the high production emissions of heavy crude oil and the difference in transportation
emissions by mode (i.e. tanker emissions are less than pipelines). Thus importing light crude
oil from Norway UK Colombia or the Middle East generates lower life-cycle emissions than
importing conventional heavy crude oil from Canada Venezuela Mexico and Ecuador. Across
all options the life-cycle emissions of Canadian SCO are distinctively a worst case. The life-
cycle GHG emissions of Canadian SCO are 5-20% higher (per MMBtu of crude oil) than the
status quo of U.S. domestic and imported crude oil. If the U.S. imports 2 million barrels per
day of Canadian SCO of which 1 Million barrels are heavy crude oil we estimated the overall
life-cycle GHG emissions of U.S. petroleum will increase by 5 Ibs CO2 equiv/million Btu crude
oil. The additional domestic capital costs for energy infrastructure will be $4-14 billion (2006
dollars). The levelized costs of producing and transporting Canadian SCO to a U.S. refinery
are $0.80-$1.02 per gallon.”
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Green procurement of construction materials and products:
from Life Cycle Thinking to environmental procurement criteria definition.

Mario Tarantini, Arianna Dominici

“Green Public Procurement (GPP) has been repeatedly acknowledged by European Commis-
sion as an important tool within Sustainable Consumption and Production policies to increase
innovation and efficiency of use of energy and materials. GPP can be supported by a public
procurement market that accounts for about 16% of Community Gross Domestic Product. Anyway
to make effective this potential scientifically sounded shared and easily verifiable environmental
criteria should be developed and used within procurement procedures.

The paper describes a case study for the GPP of construction materials and products one of
the product categories to which the Italian National Action Plan (NAP) gives priority.

Despite the diffusion of some building certification schemes and the availability of some Type
Il eco-labels (EPDs) of construction materials only limited activities have been since now un-
dertaken in Italy on construction products GPP.

After a description of the general context the paper presents the adopted methodology. The
environmental objectives to be met via GPP are defined in the NAP: efficiency and savings in
the utilization of resources in particular energy and the consequent reduction of CO2 emissions
reduction in the use of hazardous or polluting substances lower levels of waste generation.

LCA has been used to identify the key environmental impacts and the responsible processes
along with a literature review of the existing eco-labels and standards and an analysis of the
European GPP practices. The product technical characteristics which influence the specific
process environmental impact were then defined. Among the possible mitigation measures the
ones which show synergies with other economic policies and are in compliance with future as
well as current legislation were selected.

The windows case study suggested to adopt a methodology to aggregate the GPP criteria at
different construction product scales (materials products components assembly elements).
This methodology seems suitable to make a rationale connection among the building and the
construction materials environmental performances.”
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Munich 2058 — Pathways to a Carbon Free City

Stefan Lechtenbéhmer, Dieter Seifried, Kora Kristof, Clemens Schneider

“Given the necessity to reduce GHG emissions in industrialised countries 80 to 95% by 2050
it is obvious that our cities — as nodal points of industrialised economies and core emitters of
greenhouse gases — have to become virtually “carbon free” soon after the mid of the century.
This re-shaping of cities to carbon free ecosystems will not only be a must to prevent climate
change but also a major factor of success for their economic perspective. However hardly any
larger city has yet made up its mind for this challenge which definitely has consequences for
today’s policies and development strategies.

Commissioned by Siemens AG we have analysed two scenarios “Target” and “Bridge” on
technological options and necessary paradigm shifts to set Munich the third largest and fast-
est growing German city on the path to become almost carbon free by its 900th anniversary in
2058. By using the example of a planned combined existing and new quarter for 30000 inhabit-
ants we demonstrate how to realise carbon free city quarters in the near future as a part of the
strategy to convert the whole city.

The conclusion of our analysis in which several core stakeholders were engaged is in brief:
Technologically an almost carbon free city will be available. However taking this track means
significant investment in the restructuring of the urban (infra)structure. But this investment will
most probably pay off e.g. by reducing energy costs and by mitigating climate risks. And finally
it was recognized by the stakeholders that such a restructuring of the city will not only set an
example for others but also offer the city a strong economic perspective profiling it as a leader
in developing sustainable urban structures and creating business opportunities in the emerging
mega-market of making cities and societies carbon free.”
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Developing local Carbon Footprint based indicators using Input-Output Analysis

Hogne Nersund Larsen

“Cities and local communities are asked to respond to the urgent agenda of reducing emis-
sions of greenhouse gases (GHG). Many municipalities have adopted mitigation targets and
even developed action plans however these commitments have not always been followed up
with sufficient actions to mitigate GHG emissions. Local authorities have often faced a conflict
between economic and environmental objectives and part of this conflict arises out of how the
causality of emissions is addressed in current emission inventories. It is still common to inven-
tory emissions on a territorial basis so that a city would be responsible for the emissions inside
its municipal boundaries. The location of large point sources such as industrial establishments
or heat and power plants hence plays an important role in determining the emission level of a
municipality. Because large point sources usually produce for a larger set of customers than
the local municipality it is sensible to distribute the emissions among all these customers.
The Carbon Footprint (CF) has been produced precisely for this purpose. CF methodology
focuses on consumption rather than production and is therefore not influenced by fluctuation
in production activities. This implies a stronger focus on the environmental impacts resulting
from both private and public consumption and investments. The development of Environmen-
tally Extended Input-Output Analysis (EE-IOA) has proven valuable in improving the footprint
methodology especially in linking consumption to environmental impacts standardization of the
methodology and to avoid cut-off errors. Still improvements have to be performed regarding
improving the detail level e.g. introducing more specific Life Cycle Inventory data. Using some
of the improvements identified we investigate how an EE-IOA based CF model performs as an
indicator of local sustainability in a selection of Norwegian cities.”
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The bare necessities: how much household carbon do we really need?

Angela Druckman, Tim Jackson

“An extensive body of literature exists concerning the relationship between the consumption of
goods and human well-being. It is largely agreed that in developed countries material needs
such as those for food and shelter were basically met in 1950s and since then increased con-
sumption can be construed as attempts to satisfy non-material needs through material goods
and services. However there is little evidence to support the theory that increased consumption
has led to increased well-being. The reasons behind this are complex and must include scrutiny
of the structural environment within which citizens live in addition to aspects of personal choice.
In this paper we use a quasi-multi-regional environmentally extended input-output framework
of the UK to estimate greenhouse gas (GHG) emissions that arise from the production and
distribution of goods and services purchased by UK households. In the framework emissions
are attributed to functional uses such as those for housing food and recreation. The framework
is used as a basis for investigating GHG emissions ascribable to the attempted satisfaction of
non-material needs through the purchase of material goods and also to look at emissions due
to the purchase of ‘non-essential’ goods and services. We explore the extent to which consum-
ers are ‘locked-in’ to consuming material resources in order to meet non-material needs such
as those for participation in society and identity. We also consider what potential there is for
reducing material consumption and the associated GHG emissions to a minimal level without
compromising basic well-being. The paper concludes with an estimation of the impact this could
have for UK GHG emissions into the future and relates this to the legally binding targets set
out in the UK’s Climate Change Act.”
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System innovation for Mobility

Theo Geerken, An Vercalsteren, Mads Borup

“The mobility system is an enabling system that allows human activities which are driven or
influenced by many other societal systems (labour education production spatial planning tax
etc.). Main sustainability problems are the high and still rising contribution to global warming
the increase of congestion and the still far too high number of road fatalities.

Results will be presented from the EU funded SCORE! (Sustainable Consumption Research
Exchanges) project regarding the need area Mobility. Within the first phase of SCORE! different
perspectives ( business development (sustainable) solution design consumer behaviour and
system innovation policy) were combined to analyse changes towards sustainable consump-
tion in general. In a second phase three need areas (Mobility Agro-Food Housing/energy/
electronics) were analysed from a system innovation perspective based on a number of real
implemented cases of SCP.

Changes towards sustainability within the mobility system can happen in three main dimensions:
human behaviour vehicle technology and infrastructure. For Mobility the three main strategies
are reduction of needs and wants promoting the shift to more sustainable (collective) modes
of mobility and promotion of the sustainability performance of all modes of mobility.

A system perspective will be presented including Meta trends and context factors the mobil-
ity landscape stabilising factors that hinder rapid change destabilising factors that call for a
change windows of opportunity for different actors in the system. A number of concrete cases
will be presented and their success and failure factors will be given. Within the Mobility system
many lock-in situations exist and these should be taken into account for any effective change.
The role of public authorities within the mobility system is very pluralistic as a regulator as an
operator as a consumer as a cashier of taxes and many more.”
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Lifestyles Consumption and Resource Use in Australia

Heinz Schand|

“Lifestyles household consumption and time use in Australia have fundamentally changed
since the 1950s and these changes have contributed to increasing resource use and related
environmental impacts. The Australia of the 1950s appeared to be a laid back society however
growth in incomes increased interconnectedness with the rest of the world and changes in values
have contributed to a convergence of consumption and time use between Australia and other
OECD countries. Australia’s urban lifestyles and related consumption activities have resulted
in growing environmental pressures in Australia and elsewhere.

We present a conceptual framework and empirical analysis of Australia’s consumer culture con-
sumption activities and time use patterns resource use and waste and emission consequences.
By employing a social science approach we identify household types that share lifestyle and
behavioural characteristics and consumption and time use characteristics. The household typol-
ogy has been established by combining quantitative and qualitative social science methods. The
resulting household types and their consumption vectors have been linked to overall resource
use by using material and energy flow accounting methods and input-output economics. We
discuss how consumption activities and time use patterns have changed since the 1950s and
link those trends to patterns and dynamics of natural resource use waste and emissions. We
particularly focus on clusters of services in the areas of food and nutrition building and hous-
ing transport and mobility because as previous research has shown these are responsible for
about 70% of resource use energy use and land use.

We discuss how lifestyles and consumption behaviour may eventually change in the future
and show entry points for sustainable consumption in Australia. This research aims to inform
policies that create conditions enabling sustainable consumption in Australia.”
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From Consumer to Prosumer — Development of new trading
and auction cultures to promote sustainable consumption

Lorenz Erdmann, Christine Henseling

“With electronic markets and trading platforms in the internet consumer behaviour is changing
fundamentally. The user operates not only as consumer at the same time he acts as provider
of products and services (e.g. in second hand markets). This offers opportunities for sustain-
able consumption such as the extension of products’ lifespan. Furthermore electronic markets
change the attitude towards consumption and possession: from the idea of accumulation of
goods towards the idea of auction culture temporary ownership and reselling.

The unique project led by the Institute for Futures Studies and Technology Assessment Berlin
is carried out in co-operation with eBay and involves the University of Frankfurt and the Bor-
derstep Institute as research partners. It is funded by the German Ministry of Education and
Research (duration: 2008-2010).

An extensive online-survey comprising roughly 3.000 responding eBay vendors and buyers
of used products has been finished recently. The interpretation unveils ‘hard’ behaviour of the
users as well as motives and attitudes towards sustainable consumption patterns.

These data provide the empirical input into a quantitative reference model which will be completed
by April 2009. The model reflects direct environmental effects (e.g. electricity consumption of
being online) indirect effects (e.g. reduced private car traffic for shopping) as well as systemic
effects (e.g. additional consumption due to lower prices for single products). The integrated
model allows to link lifestyles to environmental impacts.

We have started to develop concrete measures to support sustainable consumption such
as climate neutral packaging services regional trading schemes and concepts for a better
mobilisation of used products. Whereas the innovation strategies are developed and tested
in co-operation with eBay the results of the project address a wide range of actors especially
research and consumer organisations.”
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Material intensity of household products and leisure activities —
how to achieve dematerialisation?

Michael Lettenmeier, Sini Veuro, Satu Ldhteenoja

“Products are often called resource-intensive services and leisure activities immaterial and thus
resource-efficient. However a detailed study on the resource-intensity of 27 Finnish households
shows that this assumption may not stand.

During a research project called FIN-MIPS Household the participating households monitored
their consumption during a period of six weeks. Using detailed diaries for several consumption
areas the total material requirement (TMR) of the households was calculated on the basis of the
MIPS concept (material input per service unit). Housing tourism mobility and foodstuffs turned
out to be the most resource-consuming consumption areas whereas leisure time activities and
household goods and appliances were found to be of smaller relevance.

The paper presents the material intensity of different household products and leisure activities
and their influence on the TMR of households studied. The difference between the least- and
the most-consuming household was factor 27 with leisure time activities (from 600 kg to 16000
kg per person per year) and factor 10 for the household goods and appliances (from 600 kg to
5900 kg). Leisure time activities include many activities that can be seen as services like visit-
ing a theatre or going to a fitness club or gym. The paper discusses the factors influencing the
material intensities and options for decreasing resource consumption. It is pointed out that the
material intensity of both consumption fields is a question of lifestyle and the idea of immaterial
services vs. resource-intensive products cannot sufficiently address dematerialisation.”
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How can the consumers’ action space be enlarged
towards sustainable consumption

Satu Ldhteenoja, Elli Kotakorpi, Michael Lettenmeier, Burcu Tunger

“Moving towards sustainable consumption is a challenge that requires actions from all parts of
the society. Even if the consumption choice is considered an individual decision there are many
social and structural factors affecting it. When the context of consumption choices is taken into
account it becomes clear that information dissemination about better choices is not enough. The
paper proposed for presentation discusses the concept of consumers’ action space and gives
examples on how it can be enlarged. Action space consists of social structural and historical
factors that limit or enable sustainable choices.

The paper is based on the conclusions of a research project called FIN-MIPS Household
where the ecological backpacks of 27 Finnish households were analysed. The most important
con-sumption areas are mobility housing tourism and food. The factors affecting sustainable
con-sumption choices were studied by focus group interviews with the households. It was
found out that social norms affect consumption choices significantly. This is one reason why
consumption choices are not becoming more sustainable although their environmental impacts
are obvious. For example as long as travelling is seen as variety widening one’s picture of the
world travel-ling abroad is unlikely to decrease. Still it is possible for these norms to change.
Examples for this are given in the paper.

Civil society organisations (CSOs) can play a major role in the process of changing social norms
in order to facilitate sustainable choices. However more dialogue and partnering between civil
society and other stakeholders are needed. The last part of the paper introduces a dialogue
platform that offers space for creating new solutions to facilitate change towards sustainable
lifestyles especially in the fields of mobility housing and food.”
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Diversifying options for household mobility:
Reducing vehicle energy consumption with capacity matching strategies

Kevin Bolon, Greg Keoleian, Lidia Kostyniuk

“Personal transportation accounts for 17 percent of total greenhouse gas emissions in the
United States and must be a major component of any climate change mitigation plan. While
technological advancements hold promise for improving efficiency and reducing energy con-
sumption uniformly applying the most advanced technology to all vehicles is not cost-effective.
Atransformational change can be achieved more quickly and at lower cost if the fluctuating and
diverse patterns of users’ mobility needs are more closely coupled to the capabilities of avail-
able vehicles and fleets. Because requirements for passenger and cargo capacity vary from
day to day individuals who rely on a single vehicle typically operate with underutilized capacity
leading to higher energy consumption and potentially higher costs. The extent to which the
set of options is diversified beyond a single vehicle provides an opportunity for more closely
matching trip capacity requirements with vehicle capability.

Using data from the National Household Travel Survey for over 60000 U.S. households an opti-
mization model was applied to analyze two different strategies for reducing energy consumption
through capacity matching. With the first strategy vehicles in existing U.S. household fleets
were optimally assigned to trips. Average fuel savings in the range from 5 to 23 percent was
achieved depending on fleet size and composition. Households with more vehicles in the fleet
and a more diverse range of vehicles to choose from are able to achieve higher savings than
those with more homogeneous fleets. The second strategy of diversifying vehicle choice sets
results in even more significant savings. The extent of savings depends on whether diversifica-
tion is achieved by changing the composition of existing household fleets adding vehicles to
fleets or accessing vehicles outside of the fleet on a temporary basis.”
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Information source and environmentally friendly consumption
in the East Asian perspectives

Midori Aoyagi-Usui

“We sought how people perceive and understand the climate change issues and what the
motivation for taking actions are. We carried out nation-wide public opinion surveys in 2006
2007 and 2008 in Japan and also three Chinese east coast cities 2005 in Shanghai 2006 in
Hong Kong and 2007 in Shenyang. Those surveys are intended to investigate 1) The status of
people’s information gathering about the environmental issues and people’s understanding and
perception on climate change risks and 2) the effects of social capital on the actions for reduc-
ing environmental impacts from everyday lives. Our results are: 1) People\'s climate change
risk perception is categorized into three groups: disasters bio-diversity loss and threatening to
people\'s everyday lives 2) Almost of all people felt “world climate is changing” but they know
governmental campaign for tackling climate change. People could not feel the “reality” of Climate
Change and feelings got people distracted to take actions. 3) Social capital has significant ef-
fects on people’s actions especially “organizational membership”. Also we confirmed the results
from the focus group interviews: people’s misunderstanding climate change issues: both causes
and effects but differently in regions we surveyed.

People’s perception on the climate change issues are affected by existing knowledge of air-
related environmental issues such as air pollution and depletion of ozone layer. Those mis-
understandings are very popular in whole population of the public according to our research
results. Although people are realizing “world’s climate is changing” they have no clue or can’t
have appropriate clue for taking actions against it. People are “exposed” those information from
TV programs TV commercials or newspaper articles newspaper advertisements by govern-
ment or private companies but people just “see” them but not “look” at hem or “examine” them
carefully. Or even they misunderstood them.”
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Intensity of resource consumption at district level

Joana Abreu, Daniel Wiesmann, John E. Fernandez, Nuno Climaco, Tiago Domingos

“Studies have shown that since 2007 most of the human population is living in cities. From a
systems point of view urban concentration may provide the means for the delivery and con-
sumption of resources more efficiently but may also generate new complex consequences.
Motivated by this context we are developing a method which intends to capture the dynamics
of resource consumption in cities.

To define the boundary of analysis regarding the dynamics of material and energy flows in a
city is often a challenging task because large gravitational centers are influenced by nearby
regions. As a consequence it is not sufficient to analyze only individual cities. Therefore the
goal of the authors is to model the material and energy consumption for the Metropolitan Area
of Lisbon (AML) on a district level (freguesias) using System Dynamics.

In this paper we will present an aspect of this model which is the characterization of districts
in terms of intensity for transportation and electricity consumption. In order to understand the
improvement that can be achieved by policies and incentives intended to influence consumer
behavior the consumption patterns will be decomposed into structural and behavioral compo-
nents. Feedback loops will be explored to describe the trade-offs and unintended consequences
of these potential measures.

The structural component is the part of the resource consumption that is independent from the
consumption patterns and has its roots in the physical structures of the area such as size and
age of buildings roads and distance to the center. By normalizing the estimated overall con-
sumption of resources with the structural component we try to obtain a measure for potential
savings on the behavioral side of consumption.”
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Global patterns of material use: The impact of economic development
population and technology on cross country differences
of material consumption.

Julia Steinberger, Fridolin Krausmann

“Global human use of materials at the beginning of the 21st century has been estimated to
range between 48 and 58 Pg per year corresponding to 8 - 10 tons per capita. The use of these
materials is by no means equally distributed around the globe. In the year 2000 industrialized
countries although inhabited by only 15% of the world population benefited from 79% of the
global GDP while using 33% of all extracted materials in contrast the 11% of global population
living in the world\'s least developed countries used only 4% of globally extracted materials.
Across countries global per capita material consumption varies by a factor 20: ranging between
2 and 40 tons/capl/yr.

This paper presents a new global dataset for material use for 175 countries for the year 2000
containing information on domestic extraction imports exports and domestic consumption of
biomass fossil energy carriers ores and industrial minerals and construction minerals. It explores
the differences in the size structure and scale of material use across countries and analyses the
socio-economic and bio-geographic patterns underlying these differences. We used multivariate
regression analysis to identify the socio-economic factors (population income technology) and
bio-physical factors (population density climate) correlated with material consumption imports
and exports. The comparison of the four major material categories shows striking differences in
global consumption patterns. Our analysis reveals stark distinctions between vital or common
materials (biomass and construction minerals) on one hand and economically-driven limited
materials (fossils industrial minerals and ores) on the other. We further identify the drivers cor-
related with specific materials. We discuss the implications of these results for future develop-
ment and dematerialization.”
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Evaluation of Environmental Impact of Different Consumption Patterns based
on Input-output LCA and Uncertainty Analysis

Hwong-wen Ma, Ming-Lung Hung, Chia-Wei Chao, Chun-Chieh Wang

“Traditional environmental assessments only focus their evaluations on the supply side and
place the environmental responsibilities on the producers. However by ignoring the fact that
production is largely driven by consumption the traditional approach disregards the assess-
ments on the consumer side and fails to address issues associated with consumption. Contrary
to the traditional environmental assessments on emissions this study utilized the input-output
life-cycle assessment approach to examine the direct and indirect environmental load caused
by demands and rectify the myth of “no chimneys no emissions”. The demand-side analysis
on environmental impacts shows that 20.52%-34.59% of total burden comes from industrial
activities to meet household demands and 43.57%-65.91% originates from export activities.
This clearly demonstrates that the main environmental burden issues from export activities. This
study also combines the scenarios on consumption activities with uncertainty and sensitivity
analysis to examine the environmental impacts issuing from different consumer spending and
consumption patterns. The differences of consumption patterns of various cities and counties
cause the environmental impact to vary as much as 82.82~92.66% of the average values for
various impact categories indicating the clear influence of consumption patterns. The results
show that while consumer spending has a greater effect on environment impact electricity
agricultural and transport and storage needs are also major factors impacting environmental
changes.”
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The Economic and Environmental Implications
of Technological Transitions: Moving towards a low carbon society in Iceland

Brynhildur Davidsdottir, Maria Maack, Elisabeth Unger, Rosa Gudmundsdottir

“The environmental economic and social implications of technological transitions which are
required to push the world economy towards a low carbon future and towards SED all need to
be assessed. Without such analysis environmentally or economically inferior pathways might
become locked in creating both or either economic and environmental inefficiency in the system
a result that could be prevented. The research project SMART H2 ongoing in Iceland aims at
assessing the environmental social and economic implications of transforming the Icelandic
economy towards running 100% on renewable energy comparing the physical potential and
environmental/economic/social implications of transitioning the Icelandic transportation sec-
tor towards hydrogen biofuels or electric vehicles or something in-between such as plug in
hybrids. The overall goal of the project is to build a total impact assessment of transforming to
a low(er) carbon society in Iceland with a focus on hydrogen or alternative fuels in addition to
alternative motor technologies and measuring the impact through implications for natural social
and man-made capital. The motivation is to build a framework that enables comparative multi-
dimensional assessment of technological trajectories of different options. This paper presents
the analysis of the potential pathways towards a low-carbon future in Iceland in addition to a Well
to Tank to Wheel Assessment of the environmental and economic implications of transforming
the Icelandic energy system to a low-carbon-system wholly reliant on domestically produced
renewable energy.”

176



How to deal with the rebound effect? A conceptual model
for a household environmental management system

Pedro Baptista, Nuno Videira

“The rebound effect is a major concern of environmental policy and for the pursuit of sustain-
ability. The real benefits of environmental policies are lower or can even backfire the estima-
tions due to the micro (substitution and income) and macro (input-output economy-wide and
transformational) rebound effects.

Conventionally the analyses of Sustainable Consumption and Production have a static vision
of the economy leading to the aforementioned effect. Therefore it is necessary to create a new
framework for decision making to deal with the natural trend of growth of the economic system.
On this line of thought the use of indicators of environmental impacts per euro (EI/€) has a
great potential to explore. This approach gives three main guidelines to environmental policy:
reduction of working hours redirection of consumption and reduction of the El/€ of products. In
this paper we present a framework for a household environmental management system based
on the use of this type of indicators.

Unlike conventional simulators of environmental impacts of private consumption the proposed
framework considers all consumption and not only priority categories. In this way the rebound
effect is considered which promotes the environmental optimization of the application of dis-
posable income as opposed to a simple “reduction of consumption” policy. The environmental
management system receives input data on expenditures and household activities and then
generates an environmental profile and personalized measures for improving household en-
vironmental performance.”

177



Carbon Saving and Cost-Effectiveness from Efficiency Measures:Improving
Decision Making Under Uncertainty

Inés Lima Azevedo, Constantine Samaras

“The US residential buildings sector accounted for nearly 35% of US greenhouse gases
emissions (GHG) in 2006. While energy efficiency options are currently being deployed or
considered as means of reducing GHG emissions there is still a large uncertainty on the effect
of such measures on the overall GHG savings. One major source of uncertainty is determin-
ing the baseline emissions displaced via specific efficiency measures. The main objective of
our work is to explore the uncertainty in cost-effectiveness (in $/tonCO2 avoided) and in GHG
reduction potential of different electricity-related residential energy efficiency strategies account-
ing for different plausible carbon and energy use factors. We provide ranges of estimates for
the cost-effectiveness metrics and GHG savings assuming carbon factors at national census
division level Independent System Operator (ISO) areas state time of day and assuming dif-
ferent marginal power plants. For the residential efficiency measures the detailed technology
characterization includes annual electricity use number of hours of operation investment cost
and lifetime of the technology/appliance. Detailed data on residential technology choice market
shares and energy use was adapted from the Annual Energy Outlook (AEO) 2008 underlying
data from the Energy Information Administration (EIA). Data on carbon factors came from the
E-Grid database from the Environmental Protection Agency (EPA) and from the AEO 2008
underlying data. This study allows decision makers to develop successful residential energy
efficiency strategies under uncertainty.”
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Humanitarian aid and ecological sustainability.
The Nicobar Islands in the aftermath of the tsunami

Simron Jit Singh, Willibald Haas

“The paper highlights the role of humanitarian aid in the aftermath of the tsunami in contribut-
ing to substantial changes in both qualitatively and quantitatively the social metabolism of the
indigenous population of the Nicobar islands. Located in the Bay of Bengal some 1200 km off
the East coast of India the Nicobar islands were subject to enormous devastation by the tsunami.
Following the catastrophe was another wave in the form of national and international humani-
tarian aid. Driven by its own logic at helping the Nicobarese were very soon overwhelmed by
huge amounts of money and material goods thus increasing consumption levels and causing
changes in lifestyle of the population within a very short time. At the same time crucial parts of
the pre-tsunami means of production or supply system were made dysfunctional while increas-
ing dependency on aid. The new metabolic profile brings in a high potential for social conflicts
in terms of access to resources land leadership social coherence family structure and contin-
ued access to aid flows. While introducing the notion of ‘complex disaster’ the presentation
will compare the pre-tsunami metabolic profile with that of the present one through the use of
indicators such as material use energy use land-use and time-use. Finally the presentation will
draw linkages between existing humanitarian aid structures with that of sustainable development
and argue for ‘green aid’ in support of sustainable consumption and resource use.”
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Industrial Ecology and Systems of Provision

Stefan Goessling-Reisemann, Arnim von Gleich

“Industrial Ecology (IE) is strongly influenced by thinking in nature analogies and metaphors
especially with respect to the functionality of eco-systems. Natural material flow systems are
seen as role models for designing industrial systems. In the past this has mainly resulted in
describing and analyzing the industrial metabolism. The frame of analysis was usually based
on product life cycles i.e. from cradle to grave including the use phase. However consumers
and their behavior have so far only played a minor role in these analyses. Only recently has
the IE community opened up to discussing the topic of \sustainable consumption\” and the role
of the consumer. The frame of analysis has thus broadened to include not only the system but
also the actors within the system. In the environmental social sciences so far mainly focusing
on the consumer a parallel development has taken place which opened up to the embedment
of consumers in production and consumption systems the so called “systems of provision”
(SOP). While this has extended the frame of analysis from subject to system it has not yet led
to the inclusion of material flows or an analysis of their dependence on consumer behavior. The
focus has been on quantitative aspects (social actors infrastructures of provision environmental
innovations social practices daily routines and environmental heuristics). Here we present an
overview of the contact points of the two approaches (SOP and IE) their scientific background
and their potential for mutual fertilization. We believe there is some explanatory potential for a
combined approach using the scientific rationale from both disciplines. The approach could be
facilitated along three different axes:”"SOP in IE”(J ”IE in SOP”[] and "Design by IE and SOP”[].
We will support our argument with practical examples and try to lay out a path for a potential
research agenda.”
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A Scaling Factor for the Timing of GHG Emissions in LCA

Alissa Kendall

“Recent studies have shown the importance of including greenhouse gas (GHG) emissions from
land use change induced by biofuel feedstock cultivation in life cycle calculations for biofuels.
Land use change GHG emissions occur at the outset of production. When incorporated in
life cycle GHG emissions calculations land use change emissions are typically allocated over
some assumed time horizon of feedstock cultivation by simply dividing the land use change
emissions equally over that time horizon. This method of allocating emissions that occur at the
outset of biofuels production underestimates their true climate impact since the impact of GHG
emissions scales with the time they reside in the atmosphere.

To address this underestimation a time correction factor (TCF) is proposed that accounts for the
climate change impact of emissions that occur at the outset of production relative to their impact
when allocated over the production period. The TCF is calculated using a methodology analo-
gous to the calculation of global warming potentials based on the relative cumulative radiative
forcing between GHGs emitted at the outset of biofuels production to emissions allocated over
the time horizon. Application of the TCF to allocated emissions ensures that by the end of the
allocation time horizon the cumulative radiative forcing from the allocated emissions is equal
to the cumulative radiative forcing of the actual land use change emissions. For time horizons
between 10 and 50 years the TCF falls between 1.7 and 1.8.

The TCF has application to other life cycle assessments (LCAs) particularly those where capi-

tal investments in facilities materials or goods significantly influence life cycle GHG emissions
intensity. For example the TCF may have particular application in the LCA of photovoltaic”
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Ecological assessment of agricultural modernization
with ecological footprint in Japan, Korea and China

Tomoyo Toyota, Daisaku Goto, Shinji Kaneko

“Capital intensive agriculture contributes to improvements in land productivity, as lesser land
input and more production, while production and use of the capital causes environmental pol-
lution and burden. Ecological footprint (EF) is an accounting framework of the land which is
required for assimilating environmental burden. For measuring ecological footprint as required
indirect lands, one might consider environmental pollutions discharged from production pro-
cesses of agricultural machinery and chemical fertilizer and pesticide, carbon dioxide emissions
in use of agricultural machinery, water catchments for irrigation water and etc. The EF enables
to translate the impacts of various different environmental burdens into the area of land, as
a size of environmental externalities. In the process of agricultural modernization, the trade-
off between increases in land productivity and ecological footprint can be observed in such a
way that harvested land to produce one unit of agricultural product (land input) is declining,
whereas the EF is increasing. The study focuses on the optimal ratio between land input and
ecological footprint.

First, ecological footprint of non-modernized and modernized grain production in Japan (1930-
1954, 1956-1975), Korea (1961-1971, 1972-2002), and China (1961-1978, 1979-2003) are
empirically estimated. Second, production functions with two inputs, namely direct land input
and indirect land input are specified. Under the several assumptions including that prices of
direct and indirect land inputs are same, farmers behave with profit maximization principle and
perfect competition of the market, optimal combinations of direct and indirect land inputs are
empirically identified for each period. Third, the gaps of annual combinations of these land
inputs from the optimal combination are measured.

The study found that relative significance of direct land inputs in the optimal combinations is
increased with agricultural modernization. The gaps of annual actual combinations of these
land inputs from the optimal are increasing over time for those three countries.”
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Case Study: Multi Life Cycle Center

Bernd Kopacek

“This case study shows the implementation of a highly innovative re-use and recycling system
for waste of electric and electronic equipment (WEEE). This so called Multi Life Cycle Center
will make use of the latest development in automation and information technology in order
to obtain an efficient economical and ecological process. In this Center implemented as pilot
plant in Vienna Austria WEEE will be transformed back into valuable products. The product
groups treated for re-use include IT (information technology) and telecommunication equipment
consumer electronics electrical and electronic tools toys and leisure equipment. Regarding all
other product groups the collection and recycling will be organized. The management of the
reverse logistic system is based on RFID technology (radio frequency identification). The Multi
Life Cycle Center follows the philosophy to recover WEEE at the highest possible level starting
with re-use of the whole product down to the subassembly and component level and finally to
the recycling of materials. This approach is unique in the world and we are going to prove that
an eco-efficient re-use of WEEE on a large scale can be feasible by using highly sophisticated
technologies. The presented paper gives an overview of the various functions of the Multi Life
Cycle Center and highlights two key technologies: semi automatic disassembling and reverse
logistic based on RFIDs.”
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Evaluation method for Metal Resource Recyclability based
on Thermodynamic Analysis.

Kenichi Nakajima, Osamu Takeda, Takahiro Miki, Kazuyo Matsubae-Yokoyama, Tet-
suya Nagasaka

nakajima.kenichi@nies.go.jp

“In both ferrous and nonferrous metallurgical processes ores of natural resources are used as
raw materials to produce metals these processes also use secondary resources such as by-
products and waste materials. In the case of using natural resources the relationship between
the desired elements and accompanying elements is relatively clear. Using metal wheel charts
Verhoef et al. [2004] showed metal linkages in natural resource processing and pointed out
the importance of consideration of relationships between base metal and its accompanying
elements.

On the other hand the combinations of elements in secondary resources are often different
from those in natural resources. There are even combinations that are not present in natural
resources. Conventional metallurgical processes have been optimized for economical and
efficient extraction of desired elements only from large amount of ores under constant grade.
Therefore in order to extract metals from secondary resources by the conventional metallurgi-
cal process it is necessary to estimate the recoverability of the constituent elements by taking
into account their chemical properties well in advance.

In this study we developed the evaluation method of metal resources recyclability based on
thermodynamic analysis and made clear the element distribution among gas slag and metal
phases during metal recovery based on thermodynamic analysis. In an application of the method
shows that Cu and precious metals (Ag Au Pt Pd) present in mobile phones can be recovered
as metals in the pyrometallurgy process of Cu in a converter while Pb and Zn can be recovered
as vapor. Other elements distributed in the slag phase are difficult to recover. The result of our
analysis reflects the trends observed in the distribution of metals in copper metallurgy thereby
indicating the validity of our proposed evaluation method.”
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Global mapping of in-use stocks of Fe, Al, Zn and Cu

Jason Rauch

“With increasing consumption of metal resources humanity is causing a significant reallocation
of metal from in-ground ore deposits to human-built infrastructure. This human-built infrastruc-
ture is comprised of material dubbed “in-use stocks” or that amount required to provide various
services of which metal comprises an important part. In-use metal stock deposits are growing
in size the discards from which feed the recycling stream as a secondary resource of metal.
As the world trends towards the principles of sustainability more emphasis is being placed on
understanding in-use metals stocks as a sink for mined material and as a source of mineral
resources. This study addresses two basic questions at the global scale: where are in-use
metal stocks and how much is there?

In-use stocks of Fe Al Cu and Zn representing >95% of the metal mass consumed by society
are mapped globally at 1 km resolution for the year 2000. The method relies upon the observed
high correlation between in-use stock magnitudes and Gross Domestic Product (GDP) and GDP
and the Nighttime Lights of the World. Global maps of in-use metal stocks reveal that a full 25%
of the world’s Fe Al Cu and Zn deposits are concentrated in three bands: 1) the US Eastern
seaboard from Washington D.C. to Boston 2) England Benelux into Germany and Northern Italy
and 3) South Korea and Japan. This pattern is consistent across all metals investigated. This
contrasts with the ultimate source of these metals in-ground deposits which are more evenly
distributed between the developed and developing world. This method provides a fast estima-
tion technique for in-use metal stocks from which the total quantity of in-use metal stocks of any
specified geographic region (state/province country world region) can be generated.”
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Implications of ethanol and climate change on future water environment

Yi-Wen Chiu

“The extensive water consumption associated with the US bioethanol industry has drawn con-
siderable attention since the biofuel boom in 2001. Discrete incidents of local water shortages
triggered by individual ethanol facility and irrigation of corn attracted substantial media attention
and National Research Council (NRC) of the United States warned about the potential adverse
impact of biofuel on water resources. Previous studies by the current authors highlighted the
wide spectrum of spatial variations in life-cycle water consumption by ethanol. However given
the rapid dynamics of ethanol industry we found that static analysis falls short in providing
adequate supports for policy makers on ethanol-water issues. We therefore incorporated a
spatially-explicit dynamic modeling to better understand the interaction between the future
ethanol development and the water environment.

This study aims to better understand the water stock-and-flow dynamics under various scenarios
of the elevated ethanol production. We used system-dynamic model combined with geographi-
cal information system in the context of water stock-and-flow model while we had to limit our
analysis within Minnesota to maintain high spatial resolution under the current data availability
situation. Regional agricultural practices land use demographic changes and climate factors —
particularly precipitation and temperature — are taken into account in the model. We expect to
deliver the spatially and temporally explicit results of water stress and public water competition
in association with the sharp increase of ethanol production. Moreover by translating water
stress information into crop water stress index established by Jackson et al. (1981) the potential
feedstock production for biofuel will be estimated. The methods and study results will provide
critical information in supporting decision-making processes addressing 1) site selection for
ethanol facility considering local water availability 2) optimization of ethanol production without
compromising water supply to other users and 3) development of local agricultural water con-
servation plan considering ethanol production.”
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Environmental and economic conditions for landfill mining

Joakim Krook, Mats Eklund, Niclas Svensson

“At the conference we would like to present selected results from an ongoing research project
aiming to address the environmental and economic potentials of landfill mining (LFM) in Sweden.
LFM means the excavation processing treatment or recycling of waste that over the years have
been dumped in waste deposits. In the first part of the presentation the environmental potential
of LFM on the national scale of Sweden will be quantified in terms of selected impact categories
(global warming potential material and energy resource flows etc.). Preliminary results show
that this overall potential is huge and could for instance lead to avoided climate gas emissions
corresponding to 4-5 times the annual Swedish emissions. Critical factors (efficiency of waste
technology transportation distances etc.) determining to what extent such potentials can be
realised in practice i.e. in specific LFM—projects will then be discussed. The second and final
part of the presentation will solely focus on conditions for realisation. Here we will discuss
under what circumstances LFM is profitable and contributes to economic growth. Our ongoing
research show that only the raw material value of Swedish waste deposits is beyond 10 billion
Euros (€). However no matter how large the economic potential appears on the national scale
the realisation of LFM will always be done by actors on the project level. For these individual
companies benefits must simply outweigh the costs. There are however many factors that
may influence the profitability of specific projects such as revenues for recovered materials
efficiency of technology environmental taxes and waste disposal fees labour regulatory compli-
ance expenses and so on. We will categorise such factors into a few critical drivers enablers
and barriers for implementation of LFM and discuss them in terms of technology legislation
and market interactions.”
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Impacts of decoupling on future supply of waste and residues —
The case of wood

Witold-Roger Poganietz, Silke Feifel, Liselotte Schebek

“A strategic goal of the European Union is to achieve a sustainable development by decoupling
the input requirements and the environmental impact from production. Although this goal aimed
to be reached on macroeconomic scale it has to be realized on the scale of technologies. But
this will not happen over the whole economy smoothly but rather uneven. Due to this the short
run economy-wide effects of resource-enhancing innovations are not straight forward. The
“excess supply” of resources could be demanded by other potentially less resource-efficient
industries since the changed relative prices of the abundant resources could promote such
additional demand. Next to the short-run effects a decoupling will lead to a decline of waste
supply in the future. In case of renewables in the short and longer-run the supply of residues
could decline. Possibly both effects could constrain the perspectives of a waste-residual based
strategy as an additional strategy for achieving sustainable development.

The objective of the presentation is elaborate these divergent effects of decoupling on today’s
use of resources and future supply of residues and waste using wood as a case study. Due
to its versatile use wood is of exceptional interest. Comparable to some mineral resources for
recycling of wood products is connected with downgrading of the recycled good e.g. recycling
of paper. Contrasting to mineral ressources wood as a biomass is also part of a biomass-based
energy strategy of the European Union it is also demanded by the chemical industry as an ele-
ment of their “biomass” strategy. This is especially true for wood residuals. The versatile use of
wood will raise the complexity of possible outcomes. The discussion will make use of a dynamic
material flow material stock model of Germany which grounds on CarboMoG.”
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Manufacturing Energy Consumption for Solid State Lighting Systems

H. Scott Matthews, Deanna Matthews, Paulina Jaramillo, Christopher Weber

“Lighting consumes about 9% of the U.S. residential electricity consumption and has been the
focus of energy efficiency and conservation programs for decades. With the advent of compact
fluorescent light (CFL) bulbs in the past decade consumers have seen cost-effective reductions
in their lighting energy consumption versus traditional incandescent bulbs. However CFL bulbs
still face resistance due to warm-up time to full brightness overall light color and questions
regarding exposure to mercury contained in the lamps. While technological advances are
improving the operating characteristics of CFL bulbs the potential mercury hazard continues
to confuse and dissuade consumers.

Emerging lighting technologies face similar significant market tests in terms of operating
characteristics embedded materials and net energy efficiency in order to achieve widespread
consumer acceptance. Solid state lighting (SSL) luminaires are a lighting technology nearing
mainstream consumer use encountering these market tests. SSL luminaires comprise a set of
power light emitting diodes (LEDs) similar in composition to indicator lights on electronic prod-
ucts but with high brightness and white light color. Operating characteristics of SSL luminaires
are easily quantified using standard testing protocols and embedded materials are considered
to be non-hazardous. However while SSL luminaires offer great energy savings during use
the net energy efficiency is under question as the upstream manufacturing processes for the
individual LEDs are energy intensive. This paper examines the life cycle energy consumption
of LED manufacturing and potentially the comparison of SSL luminaire use versus incandes-
cent and CFL lighting technologies. Preliminary estimates indicate that a 1mm square LED
die requires on the order of 10 kWh of total energy-equivalent to manufacture. Considering
an average-sized luminaire with 20 LED in the array this is 200 kWh of upstream energy con-
sumption which easily results in a net energy savings over the life of the luminaire compared
to traditional incandescent lighting.”
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Preliminary Global Cycle of Neodymium

Tianming Chen, Thomas Graedel

“Rare Earths metals are a collection of seventeen chemical elements in the periodic table. They
are considered as strategic materials because they are expanding their utilization in high-tech
products what’s more there are few effective substitutes for them. Neodymium is one of Rare
Earths elements the demand of which keeps growing fastest among all the Rare Earths ele-
ments for a decade. Special magnetic and optical properties make Neodymium more and more
extensively utilized in electronics lasers and other high-tech products. In order to keep the its
demand-supply relation going in a sustainable way | am tracking preliminary global cycle of
Neodymium to understand the its cycles to evaluate the potential for minimizing Neodymium
dissipation and to investigate the policy-relevance aspects of Neodymium use.”
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Material Recyclability Evaluation of Urban Structures using Urban-ore TMR

Eiji Yamasue, Ryota Minamino, Hiroki Tanikawa, Ichiro Daigo, Hideyuki Okumura, Kei-
ichi N Ishihara

“We always discuss on the elemental/material recycling from “urban mine” like not only e-waste
but also urban structures as a new resource. However we have to consider the potential prob-
lem that the recycling sometimes needs more energy and materials inputs than smelting from
natural ore. Thus it is important to evaluate the recyclability of elements/materials in the new
resource. We newly developed a framework of Urban-ore TMR (total materials requirement
to recycle elements from urban ores UO-TMR)[1] which can be compared with Natural-ore
TMR (total materials requirement to smelt the elements from natural ore NO-TMR) reported
by Halada et al.[2].

In this study the elemental/material recyclability for urban structure (wooden light-gauge steel
and reinforced concrete etc.) has been evaluated using urban-ore TMR. The materials composi-
tion in them are determined using literatures (macroscopically) and actual elemental measure-
ment (microscopically) and chronological change in the composition is also considered. Target
elements/materials are steel aluminum concrete wood tile and gypsum etc. For the evaluation
several scenarios are considered changing the recycling rate. Based on the estimated results
the elemental recyclability of the urban structure will be discussed.”

[1] E. Yamasue et al.: Materials Transactions (under reviewing)

[2] Kohmei Halada: Materia Japan Vol.46 No.8 (2007) pp.543-548
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Tracking embodied environmental factors in the global trade system:
the case of CO2 emissions and material flows

Stefan Giljum, Christian Lutz

“The past years saw an increasing debate on the distribution of the environmental pressures
between production and consumption. Whereas production indicators are available from na-
tional statistics and in the case of greenhouse gas emissions reported under the Kyoto protocol
comprehensive indicators on the environmental responsibility of consumption are still under
development. Several so-called multi-regional input-output models have been presented in the
literature in the past few years aiming at calculating this type of environmental consumption
indicators in a global perspective. The Global Resource Accounting Model (GRAM) is one of
these multi-regional environmental input-output models and disaggregates 50 countries plus
two world regions and their bilateral trade relations. In earlier work the GRAM model has been
applied to investigate the raw materials embodied in international trade. In this paper we present
results from a research project funded by the Austrian Climate and Energy Fund in which the
GRAM model is extended by a global data set on CO2 emissions provided by the International
Energy Agency. We calculate physical trade balances of embodied CO2 emissions of different
countries and world regions and thus identify the main net-exporters and net-importers of em-
bodied CO2 emissions in the world economy. As the GRAM model also includes a global data
set on material extraction we can for the first time perform a parallel analysis of both embodied
material flows and embodied CO2 emissions in the global trade system. Focusing in particular
on the European economies we identify the main providers of raw materials for Europe and
investigate whether the main resource suppliers are also those countries with the highest ex-
port of embodied CO2 emissions. The findings have important implications for the design of
policies which aim to increase resource productivity and decrease pressures of consumption
on the global climate.”
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Closing a loop: substance flow analysis of nitrogen and phosphorus
in the Finnish coastal aquaculture

Eero Asmala, Laura Saikku

“Ongoing eutrophication is a great threat to the Baltic Sea ecosystem causing e.g. biodiversity
loss decreased visibility and anoxic bottoms. Eutrophication is by definition the increase of
the primary production in the ecosystem caused by excess nutrients essentially nitrogen and
phosphorus. Aquaculture causes relatively small-scale nutrient emissions considering the whole
Baltic Sea but the local environmental impact may be considerable in the coastal areas. We
used substance flow analysis to identify and quantify the most significant flows and stocks of
nitrogen and phosphorus related to Finnish rainbow trout aquaculture which accounts for over
90% of domestic aquaculture production. The production and consumption system of Finnish
aquaculture is fairly open. In 2004—2007 the average input of nutrients to the system in form
of fish feed was 829 tonnes nitrogen a-1 and 115 tonnes phosphorus a-1. Around one fifth of
these nutrients ended up in human consumption. Of the primary input 70% of nutrients ended
up in the Baltic Sea directly from aquaculture and through waste management. Fish feed used
in Finnish rainbow trout production originates entirely from outside of the Baltic Sea drainage
resulting as a large net flow of nutrients to the Baltic Sea basin. The nutrient cycle could be
closed partially by using local fish in rainbow trout feed instead of imported fish. This would
also act as a restoration method as nutrients from the Baltic Sea would be removed in form
of fish. In our scenario the net nitrogen load of rainbow trout aquaculture would be reduced to
one fourth and phosphorus load to a fraction.”
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Food feed fuel fibre or nature? Towards sustainable land use —
a life cycle multi-criteria approach

M. Brandao, R. Clift, Mila i Canals, L. Basson

“As part of strategy to reduce greenhouse gases (GHGs) emissions government policy world-
wide is promoting the production and use of potentially renewable energy from biotic sources.
This policy also contributes to other political and social objectives such as reduced reliance on
fuel imports and increased income to farmers and rural communities. Debate over the benefits
of biofuels is intense and many issues deserve attention including the limited potential of energy
supply from biofuels and bioenergy competition for land with food crops and other land uses
and rising food prices. A further significant issue is the high variability and sensitivity of study
results regarding potential reductions in emissions of greenhouse gases and changes in carbon
immobilised in the soil and in above-ground biomass.

This research has investigated the potential role of UK land use (LU) in contributing to reduc-
ing global net carbon emissions and simultaneously providing other ecosystem services. The
objective is to identify more sustainable land use options in the UK by systematic Life Cycle
Assessment (LCA) to identify emissions of GHGs associated with different types of land use
along the complete chains of land-use products with focus on food and bioenergy systems.
This required the improvement of existing LCA methodologies on carbon accounting. Other
LCA developments include the modelling of impacts of land use on ecosystem services and
biodiversity.

The LCA results are combined with economic analysis of different crops and cultivation re-
gimes using a form of Value Chain Analysis (VCA). The results are combined to give a model
of environmental impacts and economic benefits which provides the basis for multi-objective
optimisation (MOO) to compare different scenarios and profiles of land use. The results can
be used as input to Multi-Criteria Decision Analysis (MCDA).”
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Advisement and results related to the range of coverage
and the substitution of selected metals

Dominic Wittmer

“Within past decades the material input into the anthroposphere grew steadily. For most mate-
rials notably metals this effects an increased production which cannot be covered at large by
recycled material. Therefore maintaining technical metal cycles is currently highly dependent on
the primary production. However the unrestricted longterm availability of metals was increasingly
doubted and reconsidered in recent years due to rising demands. As a result of this the range
of coverage i.e. the quotient of metal reserves and annual production was adjusted downwards
and new questions arose regarding future scarcity of metals. Consequently several studies were
performed on future use and availability of metals including “criticality reports” that linked these
two levels successfully. However new mining activities that could lower such impending scarcity
are often linked with increasing economic and ecologic efforts per ton of metal. Research in
this field is still fragmentary and not sufficiently structured. The study addresses this linkage
between rising metal demands by hypothesising that such above-mentioned efforts are high
for metals with low coverage.

Firstly an overview on the relative environmental impacts of the primary production of metals
is presented. The study aims at comparing those with economic efforts. Secondly apparent
drawbacks for the coverage are addressed: To provide a basis for sustainable resource man-
agement the definitions and the process of determination of the coverage are reviewed for
selected metals. The study aims at estimating and classifying the uncertainties of the coverage.
Finally the study investigates the trend of coverage for selected metals by comprising trends
for their use intensities. Beside reuse and recycling substitution shows a potential to decrease
the environmental impacts due to balances on their specific environmental impact. The results
shall clarify the need for qualified data on primary production in order to evaluate metal cycles
to the full extent.”
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Non-destructive recycling: a latent opportunity for meeting
the 2050 carbon emissions targets in industry

Julian M. Allwood, Jonathan M. Cullen, Rachel L. Milford

“The need for a reduction in global carbon emissions of 50-80% by 2050 is widely accepted
and the process of translating such cuts into policy has begun. The production of just five key
materials—steel concrete plastic paper and aluminium—contributes 20% of global CO2 emis-
sions. Given that demand for each of these materials is predicted to more than double by 2050
it is important to critically review current emission reduction strategies to see whether they are
sufficient to meet the proposed targets.

There are three key emissions reduction strategies under discussion: improved manufacturing
process efficiency increased recycling energy supply decarbonisation. By analysing the global
flow of these materials and their associated emissions it is shown that the carbon targets can-
not be achieved using existing strategies alone even if the yet-untested technologies proposed
were rapidly and universally implemented. Nevertheless this analysis demonstrates that the
targets could be achieved despite doubled demand if a proportion of all discarded material were
re-used directly with non-destructive recycling.

Non-destructive recycling (NDR) describes the re-use of material in which the energy intensive
structure is not destroyed but instead only modified in shape or form. It results in significantly
lower carbon emissions because the energy intensive processes required to deconstruct the
structure (e.g. melting scrap metals re-pulping paper fibres crushing concrete) and to form new
products (e.g. extruding plastics forming metals papermaking/drying) are no longer required.
The physical reality of such re-use is discussed with examples. However it is unlikely to be
pursued by industrial based research programmes or in current policy because it falls outside
the financial interests of the sector. Therefore support from governments and other funding
agencies in the form of research initiatives and policy change will be required.”
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The role of the automobiles for future aluminium recycling

Daniel B. Mueller, Sebastiano Scacchetti

“Compared to other metals aluminium has a relatively short history of use by humans. The stock
of aluminium in use is therefore growing fast. As a consequence aluminium is mainly produced
from primary resources (bauxite ore) while scrap availability is still relatively small limiting the
potential for recycling. Recent studies showed that one of the largest and fastest growing res-
ervoirs of aluminium in use resides in automobiles. Of particular importance are engine blocks
made of cast aluminium because they constitute the largest aluminium component in new cars
replacing cast iron engine blocks and because cast aluminium engine blocks can be made from
aluminium scrap of any alloying composition providing a lot of flexibility for recycling.

In order to understand future aluminium demand for the automotive industry as well as poten-
tial scrap availability from end-of-life vehicles it is important to understand the dynamics of the
automobile stock and its penetration of aluminium. In this presentation we show the results
of a dynamic model for aluminium in the Norwegian automobile stock. The simulation results
show that aluminium scrap from automobiles is increasing rapidly over the next few decades
as more aluminium cast engines reach end of life. Since engine blocks can currently only be
recycled as engine blocks this will significantly limit the role of engine blocks as a sink of other
aluminium scrap. As the cast aluminium engine block reservoir saturates this imposes significant
limitations to the strategy of downcycling frequently employed today. These limitations would
become even more urgent if the combustion engine will be replaced by alternative engines
that do not require classical engine blocks. New recycling strategies need to be developed to
maintain the value and composition of aluminium which includes better sorting strategies of
post-consumer scrap.”
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Determining the best options for improving global energy efficiency

Julian M. Allwood, Jonathan M. Cullen

“Improving the efficiency of energy use will play a crucial role in the global effort to reduce carbon
emissions. However the current basis for selecting between efficiency options appears to lack
any clear or consistent physical basis. Previous attempts to explore energy efficiency options
provide useful technical examples but rarely prioritise the options described. At best efficiency
options are ranked according to their marginal costs of reducing emissions however these stud-
ies survey only known technologies identified in current research and development. However
in assessing the long-term benefits of energy efficiency technologies it is important to remove
the influence of today’s market drivers from the assessment. Therefore this analysis compares
efficiency options based on their physical potential for improvement at the global level.

The first part of the analysis tracks the global flow of energy from primary energy sources (such
as fossil fuels and renewables) through numerous conversion steps to final services (such as
thermal comfort illumination and transport). Particular emphasis is given to the technical ele-
ments of this flowpath: energy conversion devices (for example engines motors furnaces and
lightbulbs) and passive systems to which energy is delivered (for example vehicles buildings
and factories). The second part of the analysis assesses the efficiency with which energy
is converted in the global energy system by considering the multiple conversion steps along
each energy flowpath. Exergy efficiency (or availability) is used as a measure because it al-
lows devices to be compared to their theoretical ideal and takes into account the “quality” of
energy or its ability to perform useful work. The global loss of energy in conversion devices is
then broken down into useful categories. The resultis a consistent platform based on technical
engineering limits which can be used to direct future research and policy initiatives in the area
of energy efficiency.”
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Challenges in closing the cycle for scarce metals in consumer products —
an industry perspective

Christina E.M. Meskers, Christian Hageliiken

“Consumer products in particular electronic devices contain a large number of elements as a
highly complex mixture of metals plastics ceramics and glass. As such they represent a con-
siderable material resource in society. The recovery of materials from End-of-Life products in a
sustainable manner contributes to materials supply security a decreased environmental impact
of metals production and a positive societal impact.

Typical for consumer goods is also their relatively short life time high number of devices high
global mobility and multiple changes of ownership which results in an open life cycle for these
products and the materials in them. At End-of-Life not all products are recycled due to inefficient
collection or disappearance in illegal export flows. During recycling losses occur as well. Metals
are not recovered because they do not enter the appropriate recovery process because of lack
of (efficient) technology or economic drivers for example. This affects steel copper or aluminium
recovery but even more the recovery of scarce metals like gold silver palladium or indium.

Atransition towards a closed product and material life cycle requires a holistic approach and a
suitable array of tools. The former includes looking at the entire life cycle each stage and the
interactions within on a global regional local and product/process level. In addition it has to
include technical economic legislative and societal aspects.

Suitable tools take into account the detail and complexity necessary for analyzing and quantifying
what happens. This can range from more macroscopic (regional) material flow analysis or carbon
footprint calculations to microscopic (detailed) calculations of recoveries and environmental
impacts or advanced recycling and process models on a process or plant level. Combined in
a complimentary manner they can provide necessary information for quantitative evaluation of
the current situation as well as for the transition towards closed life cycles.”
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Material Constraints of new Energy Pathways

Rene Kleijn, Ester van der Voet

“The supply distribution and use of energy is connected to large flows of materials both in the
form of the energy carriers themselves and in the form of materials that are needed for mining
processing and transport infrastructure. We have used a combination of life cycle assessment
and a dynamic material flow analysis to compare new energy pathways to existing ones on the
basis of material inputs en CO2 emissions. We considered pathways related to both electricity
generation and mobility. The results show that although some technologies have the potential
to significantly reduce CO2 emissions the generally require larger and less basic material inputs.
Furthermore it is shown that if these new technologies were to be scaled up to the level of the
current world demand for electricity and mobility the amount of material needed can exceed
the current total world supply of these materials. The work suggests that an energy transition
to non-fossil and/or CO2 neutral energy pathways will lead to a substantial increase and diver-
sification of material demand. This in turn will lead to higher levels of mining and exploration
with all economic social and environmental effects that are connected to this. In some cases
the material constraints might even be show-stoppers. Cases that will be discussed are the
hydrogen economy battery electric cars and carbon capture and sequestration.”
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Closing the loop: implications of multi-generation extension
to secondary batch planning decisions in aluminum production

Gabrielle Gaustad, Elsa Olivetti, Randolph Kirchain

“Compositional variation within scrap streams defines one of the long-term challenges for
increased recycling. This is due in part to the presence of high levels of unwanted or “tramp”
elements for example iron and silicon in the case of aluminum particularly in post-consumer
scraps. Recent literature on this issue cites several causes for this accumulation of elemental
impurities including inherent contamination during processing as well as ineffective segmenta-
tion at end-of-life. Previous work by the authors has shown that certain modeling techniques
specifically chance-constrained optimization provide a tool to increase the potential for usage
of recycled materials as well as manage compositional uncertainty for single generation batch
planning. However devising strategies to mitigate the problem of accumulation requires an
extension of these models to comprehend a multi-generation closed loop recycling system. Previ-
ous research examining the accumulation of tramp elements in recycled streams has generally
neglected economic implications and the active role of stakeholders within the recycling system.
In order to consider the important trade-offs between economic and environmental impacts it is
necessary to consider them in combination. The expansion of batch planning models to multiple
generations aims to address some of these shortcomings. Results from this multi-generation
model will be compared to results in the literature that make use of a variety of methods includ-
ing: 1) historical extrapolation of material flow analysis and 2) simulation based models. Initial
results suggest that it is possible to identify and inform proactive production strategies that
reduce accumulation and therefore increase scrap use compared to these cases.”
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The Heat Exchanger Network Optimization
of the Glyphosate Production System

Wangyuan, Yuan Zeng-wei, Bl Jun

“The wastewater from pesticides or glyphosate production system has seriously polluted the
environment. As one of the largest producers of glyphosate in the world most of China’s gly-
phosate production is of large energy consumption and serious wastewater pollution. This study
targeted at a large Pesticide Group in China and applied the industrial metabolism analysis to
its glyphosate production system. Through the quantitative analysis of the water metabolism
in the glyphosate production system the main water-using units were checked and screened.
On this basis this study applied the pinch design method to the main water-using units to opti-
mize its water network in order to minimize its water consumption and waste water. The result
showed that the glyphosate water system was found to be of a few shortcomings including the
redundancy of the steam units the single heat exchanger network with a large steam usage
and a serious waste of condensate and a lack of the water-reusing. Among which the methanol
and triethylamine recovery units were both the main steam consumption units. Therefore the
one-way energy integration to the single process was applied to these two units to maximize
the recovery of its internal heat and to reduce its external steam consumption and waste con-
densate. In other words first realized the heat exchange between the hot and the cold material
flows in a single process or device then the rest material flows were heated or cooled by the
public utilities.”
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Sustainable resource management in food production — the ecological back-
pack of food products

Holger Rohn, Michael Lettenmeier

“Within the field of nutrition numerous important social ecological and economic aspects are
involved: The food industry belongs to the most significant economic sectors worldwide and
the increasing population of 9-10 billion in 2050 will cause a growing demand on food. Chang-
ing lifestyles especially the global rising consumption of meat and dairy products enhance
environmental damage like erosion soil degradation biodiversity reduction climate change etc.
Concerning resource consumption the share of the food sector amounts to approx. 20% (Ger-
man situation). Moreover our health and wellbeing are the direct result of healthy or unhealthy
nourishment and influence follow-up indicators like work productivity.

In terms of sustainability it is crucial to optimize both the products and their ingredients and the
production processes along the whole value chain in relation to ecological social and economical
aspects. This must cover the whole life cycle of the products from the extraction of raw materials
to the processing industry distribution/trade phase of consumption to recycling and disposal.

To use more sustainable ways of fulfilling food needs it’s essential to create systematic knowl-
edge of the demand of natural resources for providing different agricultural products (herbal- and
livestock-production food and energy-products). A broad overview of average material intensi-
ties for different foods is still lacking. To specify the material flows caused by agriculture and
food products the MIPS methodology (Material Intensity Per unit Service) can provide relevant
data and information.

The authors would like to present research results from different research projects in the sector
of food and nutrition which provide a first overview of material-intensities for selected products
form herbal- and livestock-production as well as estimates for subsequent processing. This will
include an outlook on next possible steps and important research questions for the material-
intensity evaluation and a more sustainable resource management of food production and
consumption.”
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A Tale of Two Countries: Patterns of Iron Use in China
and India and Their Global Impact

Tao Wang, Daniel B. Miiller

“Patterns of iron use in China and India were investigated by tracking the historic flows of
production trade and use of iron products and assessing the material stocks embodied in
buildings infrastructure and capital goods-in-use. For China the study was conducted with two
complementary approaches: a top-down approach that characterizes the national iron cycle
in 1950-2005 and a bottom-up approach that examines the stocks of several hundred iron-
carrying product categories and their iron concentrations. For India the analysis was mainly
made from a top-down angle. The results show that in 2005 China’s iron stocks have climbed
to approximately 2.0 metric tons per capita (t/cap) with a current increase rate of 8% per an-
num. Nearly half of the iron is contained in buildings followed by 30% in industrial equipment
and 14% in infrastructure. With a pace of urbanization and the development of manufacturing
industry less rapid than China India’s iron stocks have reached 0.5 t/cap of which the majority
can be found in construction. But the rate of stock increase is accelerating in recent years.
These patterns of iron stocks reflect the two countries’ rising need for goods and services and
the diversified features of iron utilization in providing these products. If China and India sustain
the current growth rates of iron stocks a saturation level of 8-13 t/cap observed in several de-
veloped countries will be reached in the period 2025-2035 in China and 2065-2075 in India.
China may require an additional 15-27 Pg (109 metric tons) of iron in the coming decades
and the requirement of India is expected to be 17-31 Pg. A significant fraction of today’s glob-
ally known iron ore reserves (containing about 79 Pg of iron) is likely to be depleted and truly
extraordinary energy and environmental consequences will be caused.”

206



Comparing the Life Cycles of Bioenergy Feedstocks to Choose the “Best” Biofuel

Shelie Miller, Jim Chamberlain, Saumya Sarkar

“Governments around the world are mandating the use of biofuels as fossil fuel substitutes.
Although there is some debate regarding the extent to which biofuels should be promoted it
is clear that biofuels will continue to become an increasing proportion of our global energy
portfolio. If biofuel adoption is inevitable it is necessary to take a close look at the types of
bioenergy crops we are growing and determine their relative environmental profiles and optimal
use. Prior life cycle analyses have indicated that the major environmental impacts associated
with biofuels are land use and water quality impacts. In order to use land resources effectively
bioenergy crops are compared on the basis of nutrient and land use requirements in order to
determine their relative impacts. Twelve current and potential bioenergy crops are compared
on the basis of their energy yield land use climate change and eutrophication potential. None
of the chosen feedstocks is preferable in all four categories however some interesting trends
emerge. Oilseed crops such as soybean and rapeseed tend to have the most unfavorable
profiles whereas sugar crops (sugarcane sugar beet) perform well in almost all of the chosen
categories. Algae also indicate significant potential to have relatively few environmental im-
pacts. Factors such as indirect land use change and technological barriers to implementation
will also be discussed.”
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Increasing use of secondary and renewable materials in production planning

Elsa Olivetti, Gabrielle Gaustad, Frank Field, Randolph Kirchain

“Increasing the efficient use of both secondary (recycled) and renewable (bio-derived) resources
provides one strategy in achieving more sustainable consumption. Secondary recovery enables
reduced energy use forestalls depletion of non-renewable resources and avoids the deleterious
effects of extraction and winning (albeit by substituting some effects of its own). The benefits for
renewables including carbon sequestration reduced energy use and non-renewable depletion
remain controversial for many current technologies but the trend in technology development
is promising.

Use of either secondary or renewable materials suffers from at least one shared barrier related
to economic implementation — increased quality variation in incoming raw materials. In many
instances variability in quality is larger for raw materials derived from waste or bio-derived sources
than that from more conventional resources (i.e. primary or synthetic sources). Controlling varia-
tion is crucial for producing materials that reliably meet quality specifications. The most prevalent
batch planning tools a key means for production planning in process industries overestimate
this disincentive and thereby underutilize highly variable raw materials. This research examines
the benefits in terms of increased recycled and renewable materials use of one approach to
batch planning that explicitly considers feedstock variability a chance-constrained (CC) model
formulation. This work examines the pervasive nature of quality variability management through
examples in both recycled and renewable materials contexts including cases from industries
such as metals recycling rubber processing and biomaterials production. Methods to manage
feedstock variation could benefit a broad range of seemingly disparate industries by enabling
incorporation of increased amounts of secondary and renewable raw materials. We explore the
generality of the benefits of a CC-based batch planning model over more conventional batch
planning strategies the drivers of that benefit and the conditions that maximize benefit.”
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Urbanization in China and its implication for iron and steel industry

Mingming Hu, Stefan Pauliuk, Tao Wang, Daniel B. Mueller, Gjalt Huppes, Ester van der Voet

“Urbanization is a key driver for material demand in China which has significant implications for
global raw material markets especially metals. We focus on iron and steel in this paper. China
has become the largest iron and steel consumer as well as the largest producer in 2007 China
accounted for 36% of world crude steel production which can be attributed to a large extent to the
growth of Chinese cities and transport infrastructure. Therefore understanding the development
dynamics of the building and infrastructure systems in China is essential to forecast China’s
future iron and steel demand and its impact on the global iron and steel industry. Residential
construction and demolition has a major share in China’s primary iron and steel demand and
secondary scraps supply. A dynamic MFA model was developed to analyze the dynamics of
the rural and the urban housing systems. This model is expanded to specifically cover the iron
and steel demand and the scrap availability from housing demolition. The evolution of China’s
housing stock is simulated from 1900 through 2100. For almost all scenario calculations the
simulation results indicate a strong drop in new housing construction demand over the next
decades which will cause a significant decline in iron and steel demand from the housing sector.
The magnitude of this drop in construction activity and iron and steel demand depends heavily
on the assumed lifetimes. Most scenarios show that the demolition level will not change signifi-
cantly in the next couple of decades releasing relatively small amounts of scrap for recycling.
Only with extreme short life times for the houses built during the first building surge starting
first half of the Nineties as expected by some specialists will the drop in housing production be
less severe and will scrap come on the market earlier. The service lifetime of China’s houses
is the most relevant factor for the long-term behavior of iron and steel in dwellings which not
only depends on the quality of houses and city infrastructure but also on cultural economic
institutional and political factors and is therefore worth to be investigated further.”
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A model for assessing food production systems’ sensitivity
to phosphate rock shortages at the world scale

Marion Dumas, Roland Scholz

“Phosphorus is an indispensable and non-substitutable resource as agriculture is impossible
if soils do not hold adequate amounts of this nutrient. Phosphorus is also considered to be a
non-renewable and increasingly scarce resource as phosphate rock reserves — as one mea-
sure of availability amongst others — are estimated to last for 50 to 100 years at current rates
of consumption. The work we present is a thought-experiment by which we imagine that we
run out of phosphate minerals for fertilizer production and we estimate by how much and over
what time scale food production would decline in different regions of the world all other factors
kept stable. To this end we build a simple stochastic simulation model where annual phospho-
rus flows are computed on a yearly basis reflecting the important plant-soil nutrient dynamics
the distribution of cropland and grassland soil erosion the recycling flows of food products and
their imports and exports between regions. The world is divided in regions to reflect the natural
constraints stemming from climate soil properties and those stemming from management and
past fertilization histories factors which all influence the vulnerability of a given region to the
potential shortage.

The model aims at bringing together several decades of research and measurements from soil
science plant nutrition and long-term agricultural experiments from around the globe to explore
the structure and vulnerability of the global agricultural phosphorus cycle. It also creates the
basis to construct future trajectories for management of this resource such as building up re-
serves in the poorest soils and getting closer to a closed-cycle by effective recycling of waste
flows. The first results from three different regions will be presented in addition to the model
and database structures on which they are based.”
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Impacts of PHEV and Renewable Energy Technologies
on Marginal Displacement of GHG Emissions

Jarod C. Kelly, Gregory A. Keoleian

“Gasoline and diesel automobiles dominate current personal transportation in the United
States. The automotive industry has been developing PHEVs (plug in hybrid electric vehicles)
in response to increased concerns related to US reliance on these petroleum products and the
adverse effects of the related GHG emissions. The wide spread acceptance of a need to move
away from reliance upon these fuels has lead to the emergence of public interest in PHEVs
for personal transport. PHEVs reduce reliance on liquid fuels by coupling a traditional internal
combustion (IC) engine with electric motors and batteries. Some PHEVs are driven entirely
by an electrical motor. This differs from current hybrid vehicles which can use the IC engine to
drive the automobile. For short trips (~50 km) PHEVs are expected to be capable of running
entirely on battery power thus all electrical power would come from the existing electrical grid.
For longer journeys an onboard IC engine would provide the needed energy.

As PHEVs achieve market penetration the current electrical grid will be subject to increased
demands to meet the additional capacity of charging the PHEV batteries. Half of the US grid
electricity is generated from burning coal a highly carbon intensive fuel source. In order to
drastically reduce GHG emissions a transformation of the grid to renewable sources is required.
Wind and photovoltaic energy systems are the fastest growing renewables that can generate
electricity and displace carbon intense sources

Itis important to understand how the grid will respond to the penetration of both PHEVs and re-
newable energy technologies specifically photovoltaics and wind turbines. Itis equally important
to quantify the impact that those technologies will have on GHG reduction. This paper looks
at the impact of increasing electrical demand by simulating this new PHEV load with historical
electrical demand data. This new load will place increased stress on the current electrical system
and require more electrical power supplies to be dispatched to meet that load. An analysis is
conducted to examine the mix of generating assets (renewable vs nonrenewable)that would
be utilized in a test case that explores deployment of PHEV in Texas. The findings show the
reductions in GHG emissions given in grams per mile driven for differing rates of PHEV penetra-
tion and for the type of renewable technology used photovoltaics or wind turbine. All results
show a significant decrease in GHG emissions versus the baseline of traditional automobiles
and the current electrical grid.”
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Potential Dematerialization of the Australian Economy

Graham M. Turner, Heinz Schand|

“Dematerialization has been proposed as a general means for reducing an economy’s resource
use and output of wastes and emissions. We test the long term dematerialization potential for
Australia in terms of materials energy and water use as well as CO2 emissions. We create a
dematerialization scenario based on specified efficiency targets for major sectors. Using the
Australian Stocks and Flows framework we model all system interactions to understand the
contributions of large scale changes in technology infrastructure and lifestyle to decoupling the
economy from the environment. Major improvements are introduced in the construction and
housing transport and mobility and food and nutrition sectors in the Australian economy and
coupled with significant reductions in the resource export sectors these substantially improve
the current material energy and emission intensive pattern of Australia’s production and con-
sumption system. The modelling shows a considerable reduction in overall natural resource
use while energy and water use decrease to a much lesser extent because a reduction in
natural resource consumption creates a trade-off in energy use. While related CO2 emission
trajectories also show a large reduction they are insufficient to achieve proposed targets for
avoiding dangerous climate change. The results also show that trade and economic growth
may continue but at a reduced rate compared with a business-as-usual scenario. Additionally
there are important impacts on labour employment in many of the sectors associated with high
material flows. The eventual level of dematerialization achieved depends on the socio-economic
response to these labour force issues highlighting the role of the rebound effect. It is evident
from our results that Australia cannot rely on incremental efficiency gains but has to undergo
a sustainability transition to achieve a low carbon future to keep in line with the international
effort to avoid climate change and resource use conflicts.”
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Energy and Civilization: A history of energy production
and consumption in a global cultural technological and economic context

Carolyn Mattick, Eric Williams, Braden Allenby

“Global energy production has a history of complex and interdependent interactions with the
human population. From hunter-gatherer societies to the current industrial/knowledge (or
production/consumption) economy innovation led to the discovery and utilization of fuels with
increasing energy densities which led to further innovation resulting in a positive feedback loop of
increasing productivity. However with greater productivity came greater output growing incomes
and expanding consumption accompanied by increasing emissions and waste in developing
nations. Further concerns that oil production may reach a peak with no obvious substitute point
to great uncertainty regarding the future of global energy availability.

This paper looks at historical trends of energy production and consumption in a global context.
The work centers on historic energy production and consumption data for primary sources of
energy: from biomass for food and fuel to renewable sources such as water and wind to fossil
and nuclear fuels. Population and economic data from the same time frames are then overlaid
to highlight parallels and trends. Finally causes and effects in the quantitative data are analyzed
through the qualitative lens of cultural and technological theories such as those discussed by
Jared Diamond David Landes and Arnulf Gribler.”
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Resource Management and Integration of a Sea Water Pumped-Storage System
in the island of Sao Miguel

Filipa Amorim, André Pina, Carlos Silva, Christos S. loakimidis, Paulo Ferrao

“The energy system of the islands of Azores is an isolated autonomous energy system with
limited prospects of inter-connection due to the large depth of the sea and the diversity of the
territorial dimensions. At the same time this energy system is largely dependent on imported
fuels for the diesel/heavy oil engines exposing the region to the economic burden of fluctuating
global oil prices. However there is significant renewable potential with Sdo Miguel - the largest
island in the Azores - presenting a number of different potential sources (e.g. geothermal wind
hydro). Future investments plans show a commitment by the local government to increase the
RES penetration yet this investment is limited due to the low base demand during the nights
which makes necessary the use of a storage system. Such a solution could be the Sea Water
Pumped-Storage system which could store excess energy from weekends and night hours so to
be used during peak hours. In this way it could be able to have increase installation of different
renewable energy sources while it would be economically and technically viable. The scope of
this paper is to present how the above multiple and complicated (due changes through time)
integration of the different renewable energy sources in the energy system of the island can
be properly managed in such a way so that to be profitable as well as sustainable for investors
and local people.”

214



Billions and Billions: Reusing Non-Hazardous Industrial Waste

Marian Chertow, Carlos Camara Ortiz, Tara Parthasarathy

“The largest waste stream identified in US environmental policy is the category called non-
hazardous industrial waste with generators in industries such as electric utilities pulp and paper
and food processing. Huge quantities of wastewater and solid materials constituted the nearly
eight billion tons estimated by US EPA in the mid 1980s at a time when municipal solid waste
(MSW) was closer to 200 million tons. It is attention to the billions and billions of tons of the
vast resource of non-hazardous industrial waste that following significant reduction through
cleaner production can be put to use as a mainstay of industrial symbiosis activities in the US
and around the world. This paper reports on data and information from the only US state that
comprehensively tracks detailed information about non-hazardous industrial waste. Since
1994 the State of Pennsylvania has tracked 110 material categories and 13 waste destinations
including four types of recovery from all generators discarding at least 13 tons per year. From
these data lifecycle estimates of environmental measures and other quantification have been
completed and are reported here. Total waste declined from 700 million tons in 1994 to 525
million tons when wastewater is included. For solid residues total generation declined from 37
million tons to 20 million tons. Trends in reuse and disposal are shown through GIS mapping
so that when and where materials are found can be figured into a broader program of sustain-
able resource management.”

215



Measuring resource productivities of motor vehicle
and liquid crystal display industries in South Korea

Sangwon Suh, Yunhwa Chung, Kelsey Jaeger, Brian Remackel, Sang-Jun An

“Resource productivities of Motor Vehicle (MV) and Liquid Crystal Display (LCD) industries
in South Korea are measured for priority resources for the years 1995 2000 and 2003 using
hybrid input-output accounts (IOAcc). Priority resources are surveyed for these industries and
input-output tables are augmented and hybridized using data gathered for those resources.
Resource productivities of these industries are measured by life-cycle resource embodiment
per unit production both at each material-level and also at an aggregated level using material-
specific weights. Sets of material-specific weighting factors are developed considering scarcity
price volatility and supply-security. The results show general trends of improvement in resource
productivities of these industries for the selected resources. For instance according to the results
South Korean MV industry achieved 23% - 39% reduction in iron and steel use per unit Korean
Won (KRW nominal) of product between 1995 and 2003. More reduction has been achieved
by ‘“Trucks’ and ‘Heavy equipment vehicles’ than ‘Passenger cars’ and ‘Buses’. Uses of copper
aluminum and molybdenum per a KRW of production by MV industry during the same period
however have been increased in 3% - 13%. LCD industry reduced the use of iron and steel
copper and aluminum by 6% - 15%.”
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National Environmental Indicators for the Mining Sector of Slovenia

Slavko Solar, Ana Burger, Deborah J. Shields

“Information sharing and public participation are two important aspects of sustainable resource
management. Indicators are a tool that can be used to monitor progress toward sustainability
goals and also keep the public debate informed with relevant accurate and integral information.
The goal of the Slovenian National Mineral Resource Plan (NMRP) is to ensure sustainable
mineral resource management. By regulation the NMRP must have a Comprehensive Environ-
mental Impact Assessment (CEIA) that has been approved by the Ministry of the Environment.
Both the NMRP and its subsidiary CEIA have the same environmental goals: minimize negative
environmental impacts of present minerals supply / extraction and assure access to resources
for future generations. Indicators are a mandatory part of a CEIA’ which is consistent with and
complements the NMRP’s monitoring and reporting requirements on environmental as well as
economic and social aspects of mining activities. Furthermore the exercise of creating a set of
environmental indicators was a welcomed action to fill the gap on the environmental dimension
as that data had not previously been collected. A set of 19 indicators has been created that
comprises information on: air water soil (agriculture land) landscape (mining) waste climate
change material flow nature conservation cultural heritage local community health and safety
access to resources. The indicators were populated with data by extracting mineral information
from existing environmental and other existing databases and also by minor supplemental data
collection. Sources included the EU minerals indicators set the Slovenian Environmental Agency
the Ministry of Economy the Statistical office of Slovenia the Geological Survey of Slovenia and
other data sources. The first round of data collection and interpretation has been completed. It
has been made available to decision makers and the general public providing them with a more
complete picture of the Slovenian mining sector and its contribution to sustainability.”
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Life cycle assessment of an integrated biofuels production system in Brazil

Simone Pereira de Souza, Sergio Almeida Pacca, Claudinei Andreoli, Marcio Turra de Avila

“Sugarcane and palm oil plantations produce the highest biofuel yields per area 6 to 7.5 thousand
liters of ethanol per ha and 3.5 to 7 thousand liters of vegetable oil per ha respectively (UNICA
2005 LIMA et al 2000). About 30% of the life cycle energy input in ethanol production in Brazil
comes from diesel consumption during the agricultural and transportation phases. It is expected
that the future expansion of mechanical harvesting which is supported by the law phasing out
pre harvesting burning will increase diesel consumption for ethanol production. Therefore we
propose an alternative system of sugarcane production in which part of fossil fuel inputs are
displaced by palm oil. The proposed combined cropping scheme aims to reduce fossil fuels
consumption and their corresponding greenhouse gas (GHG) emissions thus increasing the
sustainability of sugarcane’s ethanol production. We assessed the effects of substituting B30
for diesel in tractors and trucks used in ethanol production. Based on 7000 liters of ethanol
per ha and 4000 liters of palm oil per ha yields we calculated the net energy ratio and GHG
emissions of the biofuel systems. The energy intensities and greenhouse gas emission factors
were obtained from EBAMM and GREET models. The net energy ratio for biodiesel and ethanol
separately produced was 10 and 6 respectively. The GHG emissions of the coupled system
using the B30 use was 26% lower than emissions due to ethanol production using diesel. This
reduction corresponds to 18% when the full ethanol life cycle is considered. In order to run such
a system we estimated that for every 28 hectares of sugarcane it is necessary to cultivate 1
hectare with palm trees so that the B30 demand for ethanol production is met.”
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Supply chain carbon footprint model for forest industry in New Zealand

Barbara Nebel, David Drysdale, Julie Sandilands, lan Nicholas

“Changes in consumer and retailer demands are driving substantial changes in the value chains
related to New Zealand’s primary industries. There is an increasing expectation that products
should have sustainability credentials and that these can be verified. Cabinet agreed in Sep-
tember 2007 to the development of a comprehensive strategy for greenhouse gas footprinting
for the land-based primary sectors. A key part of this strategy is the development of sector-
specific methodologies for GHG footprinting based on life cycle assessment approaches. The
results will be used to allow each sector to learn about their specific GHG emissions in produc-
ing a product and will also provide the information and tools to measure manage and mitigate
emissions along a supply chain. Given the differences between specific primary sectors the
development of sector-specific methodologies in New Zealand will also provide guidance (and
a comparison) as to the robustness of generic methodologies for measuring the GHG footprint
of a primary product.

For the forestry sector an average results for log production was generated. Case studies for
saw milling particle board production bioenergy and pulp production were also undertaken.
Based on the case studies generic guidelines for these sectors were developed. This will en-
able other players to implement the approach more easily. A key aspect in the study was the
uptake and storage of carbon during the useful lifetime of the product.

Similar projects are undertaken for the kiwifruit wine lamb and dairy industries. Collaboration
between these projects ensures that a significant part of the primary sector in New Zealand will
be represented based on the same underlying data and methodologies.”
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Dynamics of the interrelationship between material cycles:
the case of nickel and stainless steel in 2000 and 2005

Barbara K. Reck, T.E. Graedel

“Metals are indispensable materials in industrialized societies. Their use has grown exponentially
over the last century and continues to grow due to increasing demand from rapidly develop-
ing economies. Metals are used in elemental and in alloy form. Some substitution between
metals is possible it is generally driven by availability and price. This study investigates the life
cycles of nickel and stainless steel through material flow analysis. Nickel is an example of a
widely utilized industrial metal which is selected among other reasons for its toughness high-
temperature stability and elevated corrosion resistance. Stainless steel is a corrosion-resistant
high-performance alloy made of iron and chromium. It is produced in different chemical compo-
sitions most commonly classified into austenitic and ferritic grades. Nickel and stainless steel
are highly interdependent: 74% of stainless steel crude production is for austenitic grades that
contain nickel. The nickel used for austenitic grades corresponds to two thirds of refined nickel
production. For both materials this study provides detailed life cycles for more than 50 countries
eight regions and the world for the years 2000 and 2005. The cycle starts from ore extraction
in the case of nickel and alloy production in the case of stainless steel and it includes fabrica-
tion and manufacturing use and waste management and recycling as main life stages. The
analysis shows how the two material cycles are interdependent in terms of demand and supply
for primary and secondary materials. It also demonstrates how their relationship has changed
over the time period investigated. While in 2000 austenitic stainless steels were exclusively
chromium-nickel grades this rate dropped to 85% in 2005 following the rapidly increasing nickel
price during this period. Chromium-nickel steels were substituted by chromium-manganese
ones a trend initiated by India and China and still ongoing.”
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How uncertainty issues affect life cycle GHG emissions
and energy efficiency of biodiesel

Joao Malca, Fausto Freire

“Many studies have addressed the environmental life cycle (LC) impacts of biodiesel but they
often neglect data uncertainty assessment and the implications of modeling assumptions
which affect the results and compromise the reliability of the studies’ outcomes. This research
addresses uncertainty issues —namely related to parameters and concerning how co-product
credits are accounted for (uncertainty due to modeling choices)— in the LC modeling of RME
(rapeseed methyl ester biodiesel). An evaluation of the implications in terms of energy savings
and avoided greenhouse gas (GHG) emissions of RME as an energy carrier displacing fossil
diesel (FD) has been performed based on a systemic description of a typical European RME
life cycle. In particular emissions from land use change have been estimated which result in
different carbon stock change values. Energy renewability efficiency and GHG emissions of
RME have been calculated in terms of probability distributions using system expansion three
allocation approaches and ignoring co-product credits. Primary energy savings and avoided
GHG emissions when RME displaces FD have been also calculated: 0.7—1.0MJ of primary
energy and 37-65gC0O2eq per MJ of FD replaced depending on the co-product evaluation
method chosen. It was found out that uncertainty due to modeling choices is more relevant
than parameter uncertainty when assessing the energy renewability efficiency while parameter
uncertainty dominates over scenario uncertainty in the calculation of greenhouse gas emissions.
Avoided GHG emissions show considerably higher uncertainty than energy savings mainly due
to land use (nitrous oxide emissions from soil) and land use conversion (carbon stock changes).
Another important source of uncertainty arises from glycerin’s various potential uses which
generate very different credits and depend on market conditions. Results demonstrate the rel-
evance of applying uncertainty approaches and emphasize the need to reduce uncertainty in
the LC modeling of biofuels so that sound decision making can be reached towards improved
sustainable resource management.”
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Climate Infrastructure Analysis for Sustainable Resource Management:
How Fast Should We Build? How Fast Can We Build?

Constantine Samaras, Inés Lima Azevedo

“Climate policy in the U.S. is beginning to gain momentum and it is likely that a framework for
GHG emissions trading is forthcoming. A disconnect remains both in the academic literature
and public discourse between climate economic analysis and climate infrastructure analysis
i.e. differences in prescribed technologies and the reality of funding construction and integra-
tion of new technologies. The establishment of a carbon allowance price does not directly and
instantly result in emissions reductions via new power plant infrastructure. Flow analysis and
methods from industrial ecology can assist stakeholders improve climate policy and resource
management under this reality.

Using data from the U.S. EPA and U.S. Energy Information Administration we construct a model
to assess the stocks and flows of U.S. power plants from 1950-2006 as well as the build rates
capacity and GHG emissions. We then use a bounding analysis to prospectively examine the
required rates of U.S. future power plant construction under carbon constraints. In addition to
the uncertainty in approximating input flow and useful life variables we include the uncertainty
regarding the construction time from permit approval to commencement of operations. This time
lag generally measured in years has the ability to considerably affect the number and build rate
of low-carbon plants required to meet emissions reduction targets (e.g. 80% below 1990 levels
by 2050). Our results show achieving specific considerable emissions reductions from U.S.
power plants by 2050 is more difficult than currently envisioned absent a climate emergency
that induces widespread deployment.

The methods and results of this analysis are critical to both integrated sustainable resource
management and climate policy. By thinking about the timing and magnitude of climate infra-
structure construction society can make informed choices on mitigation options and better plan
for the final demand for material resources such as steel cement and copper.”
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Applying the sustainability potential analysis framework
on scarce metals supply systems and identifying implications
for sustainable scarce metals supply management

Patrick A. Wéger, Daniel J. Lang

“Until recently only little attention has been paid to potential supply restrictions for geochemically
scarce metals. However with the mass diffusion of emerging technologies - which have functionalities
that are significantly depending on such metals - this issue is rapidly gaining in importance.

According to the National Research Council (2008) significant restrictions to supply may occur due
to the following reasons:

(1) demand may increase significantly and unexpectedly

(2) relatively thin (or small) markets may find it difficult to quickly increase production if demand
increases significantly

(3) supply may be prone to restriction if production is concentrated in a small number of mines a
small number of companies or a small number of producing countries

(4) minerals whose supply consists significantly of byproduct production may be fragile or risky

(5) markets for which there is not significant recovery of material from old scrap may be more prone
to supply risk than otherwise.

In our contribution we will take Sustainability Potential Analysis (SPA) described by (Lang et al.
2007) as a framework to evaluate primary and secondary scarce metals supply systems from a
systemic sustainable development perspective. Sustainability Potential Analysis (SPA) applies criteria
which refer to evolutionary developmental and cybernetic system theories and are among others:
performance and efficiency well-structuredness interdependencies with other systems buffering
capacity and resilience.

The analysis will be based on a description of the characteristics and particularities of selected scarce
metals supply systems with focus on the interdependencies governing the dynamics of scarce met-
als supply systems (i.a. the interrelations between primary and secondary supply systems).

In view of establishing governance structures that allow to sustainably manage scare metals supply
and demand we will briefly discuss some implications of the analysis for key actors on different
societal levels (company branch state international community).”
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The metabolic scale of the world economy in the past century —
dynamics drivers impacts.

Marina Fischer-Kowalski, Fridolin Krausmann, Julia Steinberger, Nina Eisenmenger

“This contribution will a) present material flow data by material categories for the past 100 years
on a global scale on the basis of a newly developed and cross-validated database b) show
the results of a decomposition analysis of global material flows to identify the drivers of this
dynamics. Several long term country case studies both from industrialized and from developing
countries will be used to validate and in some cases to more clearly specify the results of the
decomposition analysis. ¢) We will explore into the potential impacts of each of the component
material flow categories in the form of mind maps that can be partially quantified. d) By the
parameters attained we will construct future scenarios for global material resource use make
an attempt to evaluate them concerning environmental impacts and discuss the relevance of
existing and potential policy targets.”
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Ecological assessment of agricultural modernization
with ecological footprint in Japan, Korea and China

Tomoyo Toyota, Daisaku Goto, Shinji Kaneko

“Capital intensive agriculture contributes to improvements in land productivity, as lesser land
input and more production, while production and use of the capital causes environmental pol-
lution and burden. Ecological footprint (EF) is an accounting framework of the land which is
required for assimilating environmental burden. For measuring ecological footprint as required
indirect lands, one might consider environmental pollutions discharged from production pro-
cesses of agricultural machinery and chemical fertilizer and pesticide, carbon dioxide emissions
in use of agricultural machinery, water catchments for irrigation water and etc. The EF enables
to translate the impacts of various different environmental burdens into the area of land, as
a size of environmental externalities. In the process of agricultural modernization, the trade-
off between increases in land productivity and ecological footprint can be observed in such a
way that harvested land to produce one unit of agricultural product (land input) is declining,
whereas the EF is increasing. The study focuses on the optimal ratio between land input and
ecological footprint.

First, ecological footprint of non-modernized and modernized grain production in Japan (1930-
1954, 1956-1975), Korea (1961-1971, 1972-2002), and China (1961-1978, 1979-2003) are
empirically estimated. Second, production functions with two inputs, namely direct land input
and indirect land input are specified. Under the several assumptions including that prices of
direct and indirect land inputs are same, farmers behave with profit maximization principle and
perfect competition of the market, optimal combinations of direct and indirect land inputs are
empirically identified for each period. Third, the gaps of annual combinations of these land
inputs from the optimal combination are measured.

The study found that relative significance of direct land inputs in the optimal combinations is

increased with agricultural modernization. The gaps of annual actual combinations of these
land inputs from the optimal are increasing over time for those three countries.”
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Understanding Linkages Among Resources

E. van der Voet, T.E. Graedel

“Various categories of resources are crucial for the survival of humanity, such as energy, materi-
als, water and land. Each of these is the subject of a wide research field, including statistics and
database creation, modelling, technology development and assessment, scenario development
and forecasts, indicator development, etc. Although these research communities operate inde-
pendently, the insight grows that the use of these different resources is related, and that these
linkages need to be taken into account to assess developments and identify progress on the
road to sustainable development. An already well known example is the relation between land
and energy, especially related to land-requiring bio-fuels. A transformation towards a bio-based
economy may thus lead to unwanted side-effects in the area of food provision. A similar linkage
can be expected with the use of water: presently, already 70% of water use is for agriculture;
when crop production must be multiplied because of energy crops, the water requirement rises
as well. Another important linkage is discovered between energy and minerals: the energy de-
mand due to decreasing ore grades may require energy levels unforeseen in the established
energy forecasts. And there are many more of such examples. To go forward on the route of
sustainable development, it is essential that such linkages are identified and quantified, and
that the approach to sustainability becomes truly interdisciplinary. We will present a number of
specific examples of resource linkages and discuss how those linkages may constrain options
in ways heretofore unidentified.”
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How Complex are Subway Networks?

Sybil Derrible, Christopher Kennedy

“The study of complex networks is a growing field in Industrial Ecology. Public transit systems
consist of stops/stations linked by transit vehicles they are obvious physical networks. Consider-
ing public transportation is gaining importance around the globe the objective of this research
is to analyze transit networks seeing how complex they are and how they grow.

In this research we look at 33 subway networks in the World. First we use graph theory to
transform transit networks into workable graphs where all nodes and links are itemized. We then
try to identify a pattern of development. As far as complex networks are concerned emphasis
is put on transfer-stations as they are the hubs of public transit. The third step is to compare
them to scale-free networks that are traditionally categorized as being “natural” networks. The
principal measure is calculated via a histogram showing the number of stations for each node
degree (number of lines shared per station). A scale-free network systematically follows a
power law distribution.

From this point forward we can effectively assess how complex subway networks are. We find
that subway networks are scale-free networks. However where a degree exponent between
2 and 3 is typical for such networks subway systems lie between 2.5 and 4. What is more this
number does not seem to change as network grows. In fact larger systems tend to dwell around
a degree exponent of 3. Consequently it is possible to build a model on how transit networks
should grow. The results may help transit planners to design better suited and more attractive
transit networks.”
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From Life Cycle Analysis (LCA) to Life Style Analysis (LSA)

Timothy Gutowski

“In this talk we use the Input/Output LCA technique to estimate the environmental impacts for
19 different life styles (ranging from the homeless to the very rich) in the United States. This
approach requires detailed personal information (mostly obtained from personal interviews)
and has all the advantages and disadvantages of the input/output technique. For example it
can address the impacts associated with one’s economic life but on a highly aggregated ba-
sis. In spite of these and other issues (which will be addressed in the talk) the approach has
several significant advantages: 1) It reorients the discussion to focus on how people live rather
than about the details of products. We believe this to be a far more productive viewpoint for
addressing sustainability. 2) The method takes into account the so-called rebound effect. 3)
With the appropriate national data one can verify the accuracy of this modeling technique by
returning national average impacts from national average expenditures. 4) The method of-
fers a way to evaluate potential improvements associated with life style changes and 5) The
method clearly reveals certain system effects. For example from this study we were able to
determine a national impact floor. That is there is a level below which no one drops. For the
case of CO2 even the most modest life styles in the United States (homeless person member
of the Amish community Buddhist monk) never dropped below 8.5 metric tons (Mt) per year.
While this is less that half the U.S. average (20 Mt) it is still about double the world average.
The method also revealed significant constraints on voluntary actions to reduce ones impacts
as well as possible paths forward.”
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Principles of Ecology:
Analogies for Resilient Regional Eco-Industrial Development

Paul D. Jensen, Malcolm R. Bailey, Lauren Basson, Emma E. Hellawell, Matthew Leach

“The triple-bottom-line benefits delivered through the successful implementation of industrial
symbiosis (IS) by the United Kingdom’s National Industrial Symbiosis Programme (NISP) are
manifold. It is recognised that many of the synergies (IS company agreements) have arisen
to-date on an opportunistic one-to-one basis. The one-to-one synergies delivered by NISP
have significantly aided the UK’s drive for greater sustainability whilst also making a consider-
able contribution toward the country’s Kyoto Protocol obligations. However it is argued in this
paper that possessing the ability to implement IS in a systematic manner on a regional basis
viz. regional eco-industrial development would generate cumulative triple-bottom-line benefits
above and beyond those already being delivered.

The proposed framework for regional eco-industrial development is based on the practice of
modelling industrial processes and developments on systems observed within nature which led
to the emergence of the field of industrial ecology. Although a considerable amount of research
has already been conducted on the metaphoric comparison of anthropogenic industrial systems
and biospheric ecosystems this paper argues that the ecological sciences posses further as
yet unexplored insights into the genesis evolution and maintenance of complex ecosystems
suitable for providing the foundations of a model for resilient eco-industrial development.

By exploring the concept of an IS conducive environment the paper presented will detail how
ecological theories and concepts such as energy-stability-area theory niche theory keystone
species and island biogeography theory can all be used to inform regional spatial strategies and
planning. In addition the paper will present the practical application of the theoretical research
via GIS based strategic IS planning maps for the UK. This work suggests that planning spatial
developments based on the concept of an IS conducive environment will allow for the system-
atic evolution of industrial ecosystem resilience and thus industrial ecology driven sustainable
development.”
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A framework for sustainable development processes

Philip Sinclair, Damiete Ogunkunle, Roland Clift

“It is a generally accepted principle that sustainable development requires participatory pro-
cesses involving the interactions between human economy society and the environment.
These processes encompass communication learning and decisions. Part of the challenge of
sustainable development is to find frameworks within which these processes can be undertaken
effectively.

Building on existing frameworks for decisions that are provided by Multi-Criterion Decision
Analysis (MCDA) Multi-Objective Decision Making (MODM) and other processes such as Life
Cycle Impact Assessment (LCIA) and Cost-Benefit Analysis (CBA) this presentation will propose
a framework which includes all these processes as specific cases and therefore provides a basis
for developing further possibly more comprehensive processes. The framework recognises
that all participatory processes must be iterative and also reflexive in the sense that information
must be able to pass in both directions between participants and domains of knowledge. The
construction and use of this framework will be illustrated using case studies including some
carried out in the sustainability assessment of bioenergy in the UK. Other potential applications
of the framework will be discussed.”
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Succession Ecology
as an Analogue for Sustainable Community Development

Michelle Adams

“It has been suggested that succession ecology follows an orderly predictable progression of
ecological change towards a stable ecosystem in equilibrium with the surrounding environment.
Secondary succession is normally initiated with either a catastrophic disturbance to the cur-
rent system such as a fire or hurricane or evolves more slowly due to alteration in resources
such as those resulting from climate change (e.g. changes in precipitation pattern). These
predictable patterns have provided some of the foundation for restoration ecology the process
of “kick-starting” the succession process through human intervention. In effect restoration
ecology is an attempt to follow the pattern of succession ecology in a more timely nature. This
work hypothesizes that the redevelopment patterns found within succession ecology may be
expanded beyond the restoration ecology and provide a methodological approach that could
facilitate sustainable development within (human) communities as well.

Like the precursors to the succession trigger the underpinnings of communities typically give
way in two fashions: (a) the catastrophic collapse where for example the sudden loss of a major
economic driver (such as a mill closure) could be likened to an ecological event such as a fire
or (b) the gradual alteration in resource patterns where the gradual decline in the world-wide
economic value of pulpwood for example could be likened to a decline in water supply due
to changes in precipitation. Within a natural system the barriers and drivers to the successful
evolution of that system are related to the biophysical needs of the participating species as
they interact and compete for resources and how resources are introduced and cycled within
the system. It is intended to show that by evaluating these interactions and cycles which are
already known to ultimately result in a stable ecological system an analogue may be developed
to provide insight on how to support and alter the economic social and environmental interac-
tions and cycles needed to promote sustainable development within communities.”
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Agent-based scenario analysis: a new approach to planning industrial ecosystems

Ruud Kempener, Jim Petrie

“The success of an industrial ecology depends on the exchange of energy and resources be-
tween different entities within the system be these industrial organisations business units or
public infrastructure services. Although each organisation may commit to optimise resource use
within the ecosystem of which it forms a part their performance is also affected by exogenous
events which can affect their activities and objectives now and in the future. Future uncertainty
and its implications for organisational activities makes it difficult to design and plan industrial
ecosystems over long periods of time.

This presentation discusses the use of agent-based scenario analysis as a methodology to
explore different potential futures and their consequences for the performance and evolution
of an industrial ecosystem. The methodology combines scenario analysis with an agent-based
model which describes how organisational behaviour affects the dynamics of resource exchange
over time. Firstly conventional scenario analysis is used to develop a set of possible futures on
the basis of different uncertain external factors (e.g. different assumptions about the future oil
price the effects of globalisation population growth etc.). Subsequent to this a set of different
agent-scenarios is developed each describing different organisational responses towards future
uncertainties captured by the scenarios and how these responses affect strategic investment
and exchange decisions of entities within the network. In combination this agent-based sce-
nario analysis provides a number of “worldview scenarios” each consisting of a set of different
evolutionary pathways which reflect the consequences of different organisational responses
towards future uncertainty. This set of possible evolutionary pathways can subsequently be used
to explore how interventions (either from external agents such as government instrumentalities
or eco-industrial park management or from organisations within the industrial ecosystem) might
affect the sustainable development of the system.

The structure and implementation of this agent-based scenario analysis is demonstrated using
a case study of a regional bioenergy network in South Africa.”
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Mineral Carbonation as the core of an Industrial Ecology
for Energy-Intensive Minerals Conversion

Jim Petrie, Geoff Brent

“As the planet grapples with the real consequences of inaction against climate change the ability
of the minerals sector to survive in the longer term is likely to hinge on innovative solutions to the
challenge of energy intensity and CO2 management. Carbon capture and storage technologies
are perceived as attractive mitigation options for CO2 release. However the focus to date has
been almost entirely on geo-sequestration and there is little confidence in such a technology
being deployed in time and at sufficient scale to make a major impact on desired CO2 reduction
targets. As an alternative mineral carbonation the reaction of carbon dioxide with magnesium
silicate minerals such as serpentines represents a thermodynamically favourable safe and readily
auditable route to the sequestration of carbon dioxide. But this technology is itself both energy
intensive and resource intensive though our modeling studies have shown that at a plant level
a net sequestration capability of about 85% is possible for capture-ready CO2 steams under
realistic conditions. Opportunities for its successful deployment will require innovative thinking
beyond this process plant boundary to give due consideration to all material and energy life-
cycle issues and to optimize its integration within the energy-minerals complex.

Industrial Ecology represents a framework within which synergistic opportunities for mate-
rial and energy exchange are exploited to the mutual benefit of all partners in a collaborative
network.

This paper explores the potential of situating a minerals carbonation plant at the heart of an
integrated minerals-energy complex to stimulate its own industrial ecology. Consideration is
given to energy minimization water conservation by-product utilization and waste management.
The added value created by such a complex has the potential to significantly off-set the direct
costs and energy penalties of mineral carbonation. What this suggests is that greenfield miner-
als beneficiation and metals refining plants should consider closer integration with the power
production and energy provision plants on which they depend and where mineral carbonation
is a critical element of such integration. Whilst this is a conceptual study the insights generated
go some way to the promotion of sustainable practices within the minerals sector.”
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Strategies and tools for refashioning the social metabolism:
IE as a key to the transition to sustainability

Edgar Hertwich, Marina Fischer-Kowalski, Reid Lifset

“The world has acknowledged the lack of environmental sustainability of our current develop-
ment. Both exhaustible and renewable resources are rapidly being depleted biogeochemical
cycles are being altered with fundamental implications for ecosystems and the climate and
some toxic trace substances have reached disconcertingly high concentrations. Ayres and
Kneese recognized already in 1969 that environmental externalities were pervasive significant
and a systemic feature of our economic model. Sustainable development requires taking into
account the material and energy flows causing these externalities controlling these flows to
address the array of problems sketched above. We briefly outline the required redesign of our
social metabolism using the need of reducing GHG emissions to 1tCO2e/person-year for il-
lustration. We argue that IE is indispensible for a transition to sustainability: (1) A fundamental
understanding of the evolution of social metabolisms provides insights into development patterns
socio-ecological connections and required changes. (2) A systematic evaluation of the efficacy
of proposed transition strategies and their energy material and ecological implications allows
society to avoid costly mistakes such as biofuel mandates. (3) Specific solutions need to be
designed implemented and evaluated. An understanding of metabolic organisational behavioural
political and economic dimension can assist the development and diffusion of specific solutions.
(4) Transition strategies will focus simultaneously on micro meso and macro levels changing
the technology and aspiration of households the systems and infrastructure of provision and
global production networks and resource governance. Metabolic measures that are consistent
across levels allow us to study the interaction of simultaneous changes on several levels com-
plex systems approaches offer insights into the emergence of phenomena on a higher level.
Justifying planning and assisting