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oLast week 2

▪ EW-MFA in Switzerland: key indicators
▪ EW-MFA Cross-country comparisons

▪ EW-MFA and adaptability to other boundaries

▪ Example of Swiss Cantons

▪ Validation of methodology and insights
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8:15 - 9:00 and 9:15 - 10:00 13:15 - 14:00

Introduction to the course and general concepts

EW – MFA and EW – MFA in the Swiss context

Examples of EW – MFA. Scaling EW-MFA to Cantons

Urban Metabolism and Circular Economy

MFA method and the Stock-Flows-Service Nexus

Dynamic MFA

Autumn break

Applications of MFA – case study

Input-Output Analysis and Material Flow Cost Accounting

Spatial MFA

Combined approaches: MFA + LCA; MFA + sociodemographics. 

Combined approaches: MFA + surveys; Quasi-dynamic MFA

Social metabolism

W1 - Sep 11

W2 - Sep 18

W3 – Sep 25

W4 - Oct 02

W5 - Oct 09

W6 - Oct 16

Oct  23

W7 - Oct 30

W8 - Nov 06

W9 - Nov 13

W10 - Nov 20

W11 - Nov 27

W12 - Dec 04

All

External Guest –
Florian Kohler

FMC

FMC

CRB

External Guest –
Guillaume Massard
External Guest –
Vincent Moreau

FMC

AS & FMC

GF & FMC

CRB

Exercise

Exercise

Exercise

Exercise

Exercise

Exercise

Exercise

Exercise

Exercise

Exercise

Exercise

Past exam

CRB

Agent-based modelW13 - Dec 11 CRB, FMC, MAH, 
SLC Project

Group Project Presentation W14 - Dec 18 All Project

Project

Project

Project

Project

Project

Project

Project

Project

Project

Project

Project

Project

Project

Project

14:15 - 15:00

Block I: 
EW-MFA 
global / 
national

Block II: 
MFA 

regional / 
urban

Block III: 
Social 

sciences
and 

public
policy

Course outline
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▪ Urban Metabolism vs. Urban MFA

▪ System boundaries of cities

▪ Accounting approaches 

▪ Where to find data

▪ Urban metabolism examples

▪ Circular economy and MFA

▪ Circular economy policies and insights

Content of lecture 4
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Urban Metabolism 
vs Urban MFA

Definitions, relevance

5

Source : Behance

https://www.behance.net/gallery/18873937/Urban-Metabolism
https://www.behance.net/gallery/18873937/Urban-Metabolism
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Urban Metabolism ≠ Urban MFA
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oWhat is
Urban Metabolism?

7
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oWhat is
Urban Metabolism?

An (unconsolidated) field studying urban flow/stocks 
and actors from a systemic perspective

8
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oWhat is
Urban Metabolism?

Use of « urban metabolism » over time

Marx
Social Ecology

Burgess
Human Ecology

Wolman
Urban Metabolism
Industrial ecology

Duvigneaud
Urban Ecology

Swyngedouw
Political Ecology

Newell
Political-Industrial Ecology

Source : Constellate

9

https://constellate.org/builder?unigrams=patients,%20health
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▪ … a model to facilitate the description and analysis of the flows of the materials 
and energy within cities (material flow analysis of a city).

▪ Industrial ecology: UM as the total technical and socio-economic processes 
within a city. Mass-balance accounting (MFA) of the related flows of water, 
materials and energy, input-output; city-hinterland.

▪ Marxist ecology / Urban political ecology (Human geography): UM to 
characterize alienation of nature from society under capitalist regimes and 
urbanization, social power and the shaping of urban space. Qualitative analyses of 
the socioeconomic relations shaping the infrastructure, space and metabolism; 
dialectic nature-society.

▪ Urban ecology: UM as a complex system, the urban system as an ecosystem, 
structure and function, transformative processes emerging from system properties. 
Complex system models; nature-society hybridity.

Definitions:
Urban Metabolism

Source : Newell & Cousins 2016; Broto et al. 2012

10

https://iopscience.iop.org/article/10.1088/1748-9326/10/11/114002
https://onlinelibrary.wiley.com/doi/10.1111/j.1530-9290.2012.00556.x
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Metabolism relevant?

11

Interrelationship between urban activities and flows
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System boundaries
of cities

12

Source : Wang et. Al, 2020

https://www.sciencedirect.com/science/article/pii/S0959652620306119?casa_token=2F6dHig_83YAAAAA:n4ZucwHvzAy_AN8HIAyHTyAHhjh4Px0KQOD0eGfY42KmtZuPc8lF3Tztbxhg0dHprCtyzAXtwu_n#fig2
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oReminder: Steps of MFA 13

Step I: System definition 
Problem definition, definition of system boundaries, selection of processes and flows of 
materials/substances (qualitative model)

Step II: Measurement
Data collection of flows and stocks of materials/substances and characterization 
of uncertainties (measurements, literature data, estimations)

Step III: Calculation
Calculation of unknown quantities by balancing of materials based on the 
principle of mass conservation (MFA software)

Step IV: Illustration and interpretation
Sources, stocks, flows and sinks

Step V: Recommendations
How can the system be optimized? 
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oWhat is a city? 14

Source : OFS, 2022

Basel Zürich St-Gallen

Bern

Genève

Luzern Winterthur

Lausanne Lugano

https://www.atlas.bfs.admin.ch/maps/162/fr/17750_12156_12155_12154/27382.html
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oWhat is a city? 15

Source : Eurostat, 2016

https://ec.europa.eu/eurostat/documents/4031688/7672011/KS-04-16-588-EN-N.pdf
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16
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Accounting 
approaches 
and methods

17

Source : Behance

https://www.behance.net/gallery/40339307/The-Metabolism-of-Albania
https://www.behance.net/gallery/40339307/The-Metabolism-of-Albania
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oAccounting approaches 
and methods

18

▪ Top-down
▪ Bottom-up

▪ Territorial-based
▪ Consumption-based
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Bottom-up

19
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oTop-down
accounting

Source: Marwa Adel & Nourhan Magdy, 2016

20

https://www.researchgate.net/publication/305385834_Ecological_Threshold_As_An_Approach_for_Balancing_Carbon_Metabolism_in_Cities?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoiX2RpcmVjdCJ9fQ
https://www.researchgate.net/publication/305385834_Ecological_Threshold_As_An_Approach_for_Balancing_Carbon_Metabolism_in_Cities?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoiX2RpcmVjdCJ9fQ
https://www.researchgate.net/publication/305385834_Ecological_Threshold_As_An_Approach_for_Balancing_Carbon_Metabolism_in_Cities?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoiX2RpcmVjdCJ9fQ
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oBottom-up accounting

Source : Kempeneers, 1982

Kenitra, Morocco, 1982 21

https://archive.metabolismofcities.org/datavisualizations/15-the-urban-ecosystem-of-kenitra
https://www.adb.org/sites/default/files/publication/59693/urban-metabolism-six-asian-cities.pdf
https://www.adb.org/sites/default/files/publication/59693/urban-metabolism-six-asian-cities.pdf
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oBottom-up accounting

Source : Kempeneers, 1982

Kenitra, Morocco, 1982 22

https://archive.metabolismofcities.org/datavisualizations/15-the-urban-ecosystem-of-kenitra
https://archive.metabolismofcities.org/datavisualizations/15-the-urban-ecosystem-of-kenitra
https://archive.metabolismofcities.org/datavisualizations/15-the-urban-ecosystem-of-kenitra
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oBottom-up accounting

Source : Kestemont & Kerkhove, 2010

Sarowar village, India, 
1982

23

https://www.sciencedirect.com/science/article/pii/S0961953410001030
https://www.sciencedirect.com/science/article/pii/S0961953410001030
https://www.sciencedirect.com/science/article/pii/S0961953410001030
https://www.sciencedirect.com/science/article/pii/S0961953410001030
https://www.sciencedirect.com/science/article/pii/S0961953410001030
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▪ Comparable to other  
years/cities

▪ Frequently published data

▪ Comparable to economic &  
urban data

▪ Reliable data

▪ Relatively easy to develop

▪ Provides behavioural aspects

Top-down vs 
Bottom-up. 

24

▪ Not available in data 
scarce environments

▪ Treats city homogeneously
▪ Requires institutional 

infrastructure
▪ Not always enough 

knowledge on what’s 
measured

▪ Difficult to reproduce
▪ Time consuming

Pro’s of top-down

Pro’s of bottom-up 

Con’s of top-down

Con’s of bottom-up 
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Consumption-based accounting

25
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oTerritorial/production vs
Consumption-based accounting

Focused on your territory, frequently available data, sometimes accurate data

Source : Athanassiadis, et al., 2017

Brussels, 2010 26

https://rest.neptune-prod.its.unimelb.edu.au/server/api/core/bitstreams/0be458e3-5a1f-560a-95b2-09e56d57a492/content
https://rest.neptune-prod.its.unimelb.edu.au/server/api/core/bitstreams/0be458e3-5a1f-560a-95b2-09e56d57a492/content
https://rest.neptune-prod.its.unimelb.edu.au/server/api/core/bitstreams/0be458e3-5a1f-560a-95b2-09e56d57a492/content


• Laboratory on 
Human-
Environment 
Relations in 
Urban Systems

Bi
nd

er
, F

éli
x M

ar
tín

 d
el 

Ca
mp

oConsumption-based
accounting

Embodied gross metal use in Brussels final demand

Indirect/embodied flows, hinterland, need of local IO tables

Source : Athanassiadis, et al., 2017

27Brussels, 2010

https://rest.neptune-prod.its.unimelb.edu.au/server/api/core/bitstreams/0be458e3-5a1f-560a-95b2-09e56d57a492/content
https://rest.neptune-prod.its.unimelb.edu.au/server/api/core/bitstreams/0be458e3-5a1f-560a-95b2-09e56d57a492/content
https://rest.neptune-prod.its.unimelb.edu.au/server/api/core/bitstreams/0be458e3-5a1f-560a-95b2-09e56d57a492/content
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oConsumption-based
accounting

Indirect/embodied flows, hinterland, need of local IO tables

Source : Athanassiadis, et al., 2017

28Brussels, 2010

https://rest.neptune-prod.its.unimelb.edu.au/server/api/core/bitstreams/0be458e3-5a1f-560a-95b2-09e56d57a492/content
https://rest.neptune-prod.its.unimelb.edu.au/server/api/core/bitstreams/0be458e3-5a1f-560a-95b2-09e56d57a492/content
https://rest.neptune-prod.its.unimelb.edu.au/server/api/core/bitstreams/0be458e3-5a1f-560a-95b2-09e56d57a492/content
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▪ Accurate data

▪ Frequently published data

▪ Enables time series

▪ Appropriate at urban scale

▪ Easy to use

▪ Large pool of case studies

▪ Available spatial data

▪ Indirect flows

▪ Spatialises hinterland

▪ Link global-local

▪ Systemic overview

29

▪ No indirect flows

▪ No standard methodology

▪ Some flows are not available

▪ Uncertainties

▪ No IO tables at urban level

▪ Needs experts to use them

Territorial/production vs
Consumption-based accounting

Pro’s of “territorial”

Pro’s of “consumption”

Con’s of “territorial”

Con’s of “consumption”
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oNo unique
accounting method

▪ Depending on the 
available data 
(bottom-up, top-
down, local IO 
tables, etc.)

▪ Depending on the 
research question
(what are you trying 
to answer?)

Source : Metabolism of Cities

30

https://library.metabolismofcities.org/methods/
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oNo unique
accounting method

Source : Musango et al.., 2017

31

https://rest.neptune-prod.its.unimelb.edu.au/server/api/core/bitstreams/0be458e3-5a1f-560a-95b2-09e56d57a492/content
https://rest.neptune-prod.its.unimelb.edu.au/server/api/core/bitstreams/0be458e3-5a1f-560a-95b2-09e56d57a492/content
https://rest.neptune-prod.its.unimelb.edu.au/server/api/core/bitstreams/0be458e3-5a1f-560a-95b2-09e56d57a492/content
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oUrban metabolism studies

Source : Metabolism of Cities

33

https://library.metabolismofcities.org/casestudies/map/
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oWhere to find data?

80+ urban metabolism
studies using
specifically MFA 
methods

Source : Metabolism of Cities, 2025

34

https://library.metabolismofcities.org/casestudies/
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oWhere to find data?

Source : Metabolism of Cities

35

https://data.metabolismofcities.org/dashboards/


• Laboratory on 
Human-
Environment 
Relations in 
Urban Systems

Bi
nd

er
, F

éli
x M

ar
tín

 d
el 

Ca
mp

oWhere to find data?

Source : Metabolism of Cities

36

https://data.metabolismofcities.org/layers/context/
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oWhere to find data?

Source : Metabolism of Cities

37

https://data.metabolismofcities.org/layers/context/
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oExamples MFA at Urban/City scale

Source : Hoekman, & von Blottnitz, 2017

38

https://www.researchgate.net/publication/311167046_Cape_Towns_Metabolism_Insights_from_a_Material_Flow_Analysis_Cape_Towns_Metabolism
https://www.researchgate.net/publication/311167046_Cape_Towns_Metabolism_Insights_from_a_Material_Flow_Analysis_Cape_Towns_Metabolism
https://www.researchgate.net/publication/311167046_Cape_Towns_Metabolism_Insights_from_a_Material_Flow_Analysis_Cape_Towns_Metabolism
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39
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Source: Metabolic Institute

Mg= Megagrams = 1 ton

City of Gdansk, Poland, 2021

Circularity rate: 65%

40

https://www.metabolic.nl/publications/circular-cities-program-gdansk/
https://www.metabolic.nl/publications/circular-cities-program-gdansk/
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oUrban Metabolism

Mg= Megagrams = 1 ton

City of Krakow, Poland, 2021

Circularity rate: 17%

Source: Metabolic Institute

41

https://www.metabolic.nl/publications/circular-cities-program-gdansk/
https://www.metabolic.nl/publications/circular-cities-program-gdansk/
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oUrban Metabolism City of Utrecht, Netherlands, 2021

Circularity rate: 49%

Source: Metabolic Institute

42

https://www.metabolic.nl/publications/circular-cities-program-gdansk/
https://www.metabolic.nl/publications/circular-cities-program-gdansk/
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oUrban Metabolism City of Bern, Switzerland, 2019 43

Circularity rate: 69%

Source: Circle Economy 2019

https://library.metabolismofcities.org/items/1004770/
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oUrban Metabolism City of Basel, Switzerland, 2018 44

Circularity rate: 49%

Source: Circle Economy 2018

https://library.metabolismofcities.org/items/1004773/


• Laboratory on 
Human-
Environment 
Relations in 
Urban Systems

Circular Economy 
and MFA

45
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Circular Economy 46

“This [future world] will be a small, closed, limited, 
planetary society, almost certainly dependent on solar 
energy for its input or power, and it will have to recycle 

virtually all its materials into a circular economy, in 
which the dumps become the mines”

Kenneth E. Boulding, (1972)
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https://journals.sagepub.com/doi/10.1177/000276427201500303
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Circular Economy 47

▪ Modern societies: 
Linear “take-make-dispose” 
economy

Societies need cars, buildings, electronics, etc.

Energy
Food
Water
Goods

Emissions
Organic waste
Inorganic waste

Living things need food and water
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Definition of Circular Economy 48

“Economic system of production, 
trade and consumption that, from 
the design of a product through 
to its end of life, is designed to 
optimize the use of resources 

and reduce the impact of 
economic activity on the 

environment”

CleantechAlps, (2021)
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oCharacteristics of Circular
Economy: Link to MFA

49

▪ Restorative and regenerative economic model

▪ Aim: keep products, materials, and resources in use for as long as possible

▪ Core strategies:
▪ Narrowing flows: resource efficiency, less input per service

▪ Slowing flows: extend product lifetimes, reuse, repair, sharing

▪ Closing loops: recycling, recovery, return to production

▪ Not only about waste management! It also concerns design, business 
models, and governance
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oMFA, Urban metabolism & 
Circular Economy

50

▪ MFA (method): Analytical lens  Tracks flows and stocks, identifies hotspots

▪ MFA answers “what is happening in the city?”

▪ UM (concept): systemic view of flows, stocks, actors

▪ UM: Broad, multidisciplinary field (industrial, social, political ecology)

▪ CE: Normative framework  Proposes strategies for intervention

▪ CE answers “how should we intervene?”

▪ Together: Diagnosis (UM/MFA) + prescription (CE) 
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oCircular Economy: 
strategies

51

▪ Buildings and infrastructure
• Material passports, reuse hubs

▪ Food systems
• Nutrient recovery, urban composting, redistribution

▪ Mobility
• Shared fleets, repairable e-bikes, modular batteries

▪ Energy
• Industrial symbiosis, cascading heat use, district loops

▪ Consumer goods
• Reuse centres, repair cafés, etc.
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Source: Circle Economy 2019

City of Bern, 
Switzerland, 

2019

https://library.metabolismofcities.org/items/1004770/
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Source: Circle Economy 2018

City of Basel, 
Switzerland, 

2018

https://library.metabolismofcities.org/items/1004773/
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▪ Circular material use rate: Share of material inputs from secondary / 
recycled sources.

▪ Waste (urban) per capita (incinerated + separately collected materials): 
Gives baseline for how much waste and how well collection/sorting is done.

▪ Recycling rates by material category (e.g. packaging, construction 
materials, waste paper/glass/metal)

▪ Material footprint per capita vs sustainable threshold: gives sense of 
overuse relative to planetary limits.

▪ Complement to MFA indicators: from “what is” to “how circular is”
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policies
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Source: European Comission, 2015

https://ec.europa.eu/regional_policy/en/newsroom/news/2015/12/12-02-2015-cohesion-policy-supports-the-circular-economy
https://ec.europa.eu/regional_policy/en/newsroom/news/2015/12/12-02-2015-cohesion-policy-supports-the-circular-economy
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oCircular Economy
policies at city scale

Sources: Gosuin, Fremault & Laanan, 2016; Mairie de Paris, 2017; LWARB, 2017

56

https://document.environnement.brussels/opac_css/elecfile/PROG_160308_PREC_DEF_FR
https://document.environnement.brussels/opac_css/elecfile/PROG_160308_PREC_DEF_FR
https://document.environnement.brussels/opac_css/elecfile/PROG_160308_PREC_DEF_FR
https://document.environnement.brussels/opac_css/elecfile/PROG_160308_PREC_DEF_FR
https://document.environnement.brussels/opac_css/elecfile/PROG_160308_PREC_DEF_FR
https://document.environnement.brussels/opac_css/elecfile/PROG_160308_PREC_DEF_FR
https://cdn.paris.fr/paris/2020/02/26/b85d0bec45856a13799caa2015c733d4.ai
https://cdn.paris.fr/paris/2020/02/26/b85d0bec45856a13799caa2015c733d4.ai
https://ek45a9hw9ht.exactdn.com/wp-content/uploads/2021/03/LWARB-Londons-CE-route-map_16.6.17a_singlepages_sml.pdf


• Laboratory on 
Human-
Environment 
Relations in 
Urban Systems

Bi
nd

er
, F

éli
x M

ar
tín

 d
el 

Ca
mp

oCircular Economy
policies - Brussels
▪ Urban metabolism study in 2014-2015
▪ 3 ministries, 4 administrations
▪ 4 strategic themes

• Transversal (43 measures): define a 
favorable normative and legal framework

• Sectoral (48 measures): Construction 
(13), resources and wastes (24), logistics 
(7), retail (4)

• Territorial (8 measures)
• Governance (12 measures)

Source: Gosuin, Fremault & Laanan, 2016
57

https://document.environnement.brussels/opac_css/elecfile/PROG_160308_PREC_DEF_FR
https://document.environnement.brussels/opac_css/elecfile/PROG_160308_PREC_DEF_FR
https://document.environnement.brussels/opac_css/elecfile/PROG_160308_PREC_DEF_FR
https://document.environnement.brussels/opac_css/elecfile/PROG_160308_PREC_DEF_FR
https://document.environnement.brussels/opac_css/elecfile/PROG_160308_PREC_DEF_FR
https://document.environnement.brussels/opac_css/elecfile/PROG_160308_PREC_DEF_FR
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Circular Economy
policies - Paris
▪ Urban metabolism study in 2007

▪ Etats Généraux de l’Economie Circulaire in 2015 
(120 organisation proposed 65 initiatives) 

▪ First roadmap in 2017 
(15 actions for 3 scales) 

▪ Planning and construction (3) 
• Reduction, reuse and repair (4) 
• Support for actors (5) 
• Public procurement (2) 
• Responsible consumption (1) 

▪ Second roadmap from 2018 to 2019 

58

Source : Mairie de Paris, 2017

https://cdn.paris.fr/paris/2020/02/26/b85d0bec45856a13799caa2015c733d4.ai
https://cdn.paris.fr/paris/2020/02/26/b85d0bec45856a13799caa2015c733d4.ai
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Circular Economy
policies - London

▪ Urban metabolism study in 2002
▪ ReLondon (formerly LWARB) 

governmental entity, CE Route map
• Built environment (13 actions): CE design (5), managing 

building materials (4), operation of buildings (4)

• Food (9 actions): preventing avoidable food waste (3), valuing 
food waste and food surplus (3), maximising use of urban 
space for food growing (3)

• Textiles (10 actions): design (1), embedding CE into the 
textile supply chain (6), re-use and recycling

• Electricals (11): design (2), extending the life of products (6), 
and effective collection and recycling (3) aspects. 

• Plastics (7 actions)

59

Source: LWARB, 2017

https://ek45a9hw9ht.exactdn.com/wp-content/uploads/2021/03/LWARB-Londons-CE-route-map_16.6.17a_singlepages_sml.pdf
https://ek45a9hw9ht.exactdn.com/wp-content/uploads/2021/03/LWARB-Londons-CE-route-map_16.6.17a_singlepages_sml.pdf
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oCircular Economy
policies at city scale
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▪ Local targets is one of the drivers for secondary materials

▪ Use of UM / MFA: to identify hotspots and prioritize sectors 
(construction, food, plastics, textiles)

▪ Potential expected outcomes: reduced landfilling, new local value 
chains, pilot reuse facilities
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limits of CE in cities
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▪ Scale mismatch: Cities depend also on global supply chains

▪ Rebound effects: efficiency gains could increase total consumption

▪ Lack of standardized urban CE metrics: examples of cities previously 
shown

▪ CE strategies often framed as win-win: risk of policy “greenwashing”

▪ Need to address not only materials, but also behavior, equity, governance, 
etc., more holistic.
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▪ Cities are not at all self-sufficient
• The reliance on external flows highlights the vulnerability of cities to 

disruptions in supply chains and resource availability, especially as 
population growth and urbanization continue

▪ Scale matters
• To optimize resource management and urban planning, it’s crucial to 

understand the specific context of the scale at which material flows are 
being assessed

▪ Difficult to make circular
• To create more circular systems, cities would need to redesign 

production, consumption, and waste processes. This includes 
strategies that prioritize infrastructure for material recovery, 
encouraging modular and reusable design, and shifting economic 
incentives toward resource conservation

Final thoughts 62
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▪ Cities are not at all self-sufficient – Need to prioritize local 
resources. 

▪ Policies that support localized systems for food, energy, and material recovery can 
significantly enhance urban resilience.

▪ Scale matters - Adapt Circular Economy strategies
▪ A city-level strategy might prioritize household recycling and community-based 

resource recovery, while regional policies might target industrial by-products and 
broader recycling infrastructure

▪ Difficult to make circular - Support Circular Design and Waste 
Infrastructure. 

▪ Circular economy policies can drive eco-design and modular construction
approaches, which reduce waste at the source and allow materials to be recovered more 
easily.
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your attention!
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