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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



Why are big fierce animals rare?  



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

http://www.hear.org/starr/hiplants/images/600max/html/starr_001026_8001_poa_pratensis.htm
http://www.hear.org/starr/hiplants/images/600max/html/starr_001026_8001_poa_pratensis.htm
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INDUSTRIAL ECOLOGY

The study of energy and 
material flows – and their 
environmental impacts - in 
industrial–societal systems
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Duvigneaud & Denayeyer-De Smet (1977)



(Cullen & Allwood)



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



Historical Development of IE 

Frosch &  Gallopoulos, 
Strategies for Manufacturing.  
Scientific American, 261 (3), 

144–152 (1989).



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 
saving on waste treatment?”



Early IE focussed on

• Eco-industrial parks

• Dematerialization of the service sector



ISIE Sections 

• Eco-industrial Development

• Socio-Economic Metabolism

• Sustainable Urban Systems

• Organizing Sustainable Consumption & Production

• Environmental Extended Input Output

• Life Cycle Sustainability Assessment



ECO-INDUSTRIAL DEVELOPMENT
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19SOCIO ECONOMIC METABOLISM





Urban Metabolism

21SUSTAINABLE URBAN SYSTEMS
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BIPV = building 
integrated 
photovoltaics, 

DE= district 
energy,

EV = electric 
vehicles, 

GSHP= ground 
source heat 
pumps,

HRT=heavy 
rapid transit, 

IRE=import 
renewable 
electricity

Low Carbon Infrastructure Strategies for Cities 
(Kennedy et al 2014)
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ENVIRONMENTAL INPUT - OUTPUT





LIFE CYCLE SUSTAINABILITY 
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Recycling

Materials 
extraction

Materials 
processing

Manufacturing

Use

Disposal (end-
of-life)









Journal of  
Industrial Ecology

In its 19th 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



Teaching IE

Over 400 courses in IE are 

taught in universities around 

the world.



Several universities have established programs 
or certificates in IE, e.g.:

Chalmers University 
Erasmus Mundus 
Leiden / Delft 
NTNU
University of Michigan 
Yale University
Shandong University
Northeast University
Beijing University of Science and Technology



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)



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



Achievements of IE
• Guidelines behind the ISO 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


	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Urban Metabolism
	Slide Number 22
	ENVIRONMENTAL INPUT - OUTPUT
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34

