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ECOLOGY

| The%Study of the structure and
“function of organisms and groups

- of organisms, and their interactions
with each other and their
physical/chemical environment
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Why are big fierce animals rare?



trophic structure = the structure of energy
transfer and loss between populations in the
ecosystem
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INDUSTRIAL ECOLOGY

The study of energy and
material flows — and their
environmental impacts - In
iIndustrial—-societal systems



P ooad Inclustrial Ecosystem at Kalundborg, Denmark
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Institutions

Organisations
and
marketing
methods

Eco-innovation targets

Processes
and
products

Conceptual relationships between sustainable
manufacturing and eco-innovation (OECD 2009)

Industrial
ecology
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Historical Development of IE

SCIENTIFIC

SFECIAL

AMERICAN " ssue

MANAGING

Frosch & Gallopoulos, SLAREL A

Strategies for Manufacturing.
Scientific American, 261 (3),
144-152 (1989).
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Frosch & Gallopoulos:

"why would not our industrial system
behave like an ecosystem, where the
wastes of a species may be resource to
another species? Why would not the outputs
of an industry be the inputs of another, thus
reducing use of raw materials, pollution, and



Industrial ecology: an historical view

S. Erkman

Early IE focussed on
e Eco-industrial parks

e Dematerialization of the service sector
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ISIE Sections

e Eco-industrial Development

e Socio-Economic Metabolism

e Sustainable Urban Systems

e Organizing Sustainable Consumption & Production
* Environmental Extended Input Output

e Life Cycle Sustainability Assessment



ECO-INDUSTRIAL DEVELOPMENT
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Quantitative Assessment of Urbhan
and Industnal Symbiosis in
Kawasaki, Japan

RENE VAN BERKEL,'
TSUYOSHI FUJITA,#

SHIZUKA HASHIMOTO,* "

AND

MINORU FUJIIT

TABLE 7. Classification of Physical Exchanges in Kawasaki®

purpose for application

1. byproduct exchanges

2. utility synergies
3. new recycling industries

4. traditional recycling
operations

total

physical transfer

industrial origin

» alternative cement fuel

» alternative cement raw
materials

» substitute cement clinker

« power from BF gas

* Mixed paper recycling

» plastics reuse in
form-boards

» scrap recycling (steel
production)

» scrap recycling (stainless
steel production)

8

urban origin

» alternative BF reductant
» synthesis gas (ammonia
production)

» industrial water reuse

» chemical recovery of PET

» home appliances
dismantling
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Carbon Emissions of Infrastructure Development

Daniel B. Miiller, Gang Liu,” Amund N. Lovik,’ Roja Modaresi,” Stefan Pauliuk,’
Franciska S. Steinhon,T and Helge Brattebo |
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Low Carbon Infrastructure Strategies for Cities

(Kennedy et al 2014)
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ENVERONMENTAL INPUT ~OUTPUT
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International trade drives biodiversity threats in
developing nations

M. Lenzen!, D. Moran!, K. Kanemoto'?, B. Foran'?, L. Lobefaro™* & A. Geschke!

O 70 Mal=ysian spacies threatenad by forsign consumption ™
O 18 All species threats driven by German consumption



Materials
extraction

Materials Recycling

processing
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Disposal (end-
\ of-life)

é ﬁ Use

LIFE CYCLE SUSTAINABILITY
ASSESSMENT



The 1.7 Kilogram Microchip: Energy and Material Use in the
Production of Semiconductor Devices




Comparative Environmental Life Cycle
Assessment of Conventional and Electric

Vehicles

Trory R. Hawkins, Bhawna Singh, Guillaume Majeau-Bettez, and Anders Hammer Stramman




Key threshold for electricity
emissions

Christopher Kennedy
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Journal of
Industrial Ecology

In its 19" year in 2015,

JIE has been rated as the top
journal devoted to industry and
the environment by North
American management
researchers (Cohen, 2005).

5-year impact factor: 3.15
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Teaching IE

Over 400 courses in |IE are INDUSTRIAL
taught in universities around

the world.
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Several universities have established programs
or certificates in IE, e.qg.:

Chalmers University

Erasmus Mundus

Leiden / Delft

NTNU

University of Michigan

Yale University

Shandong University

Northeast University

Beljing University of Science and Technology
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Elements of Model IE Program

Technology and Global Environmental Change
Fundamentals of 3 metabolism (IM, SEM, UM)
Methodological (LCA, MFA)

Business-oriented (corporate env. management,..)
Design for Environment

Energy Systems

Environmental Policy

Foundational (economics, stats, systems analysis)
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Elements of Model IE Program

Advanced courses (examples)

- Industrial Symbiosis

- EIO modelling

- Thermodynamics

- Waste management & recycling technologies
- Renewable energy technologies

- Environment & Resource economics

- Green finance
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Achievements of IE

Guidelines behind the 1ISO standards for LCA
Furthered EIO models for economy-wide env.
Impacts.

MFA In Environmental Accounts of OECD countries
UN International Resource panel reports on
resource decoupling, metals, biofuels, global land
use change,...

Led or contributed to chapters of the IPCC’s 5th
Assessment Report

Standard approaches for inventorying GHGs for
cities
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