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=PFL Last week

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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=PrL

Block I:
EW-MFA
global /
national

Block II:
MFA
regional /
urban

Block IlI:
Social
sciences
and
public
policy

Course outline

W1 - Sep 11

8:15 - 9:00 and 9:15 - 10:00

Introduction to the course and general concepts

All

13:15 - 14:00

Exercise

14:15 - 15:00

Project

W2 - Sep 18

EW - MFA and EW - MFA in the Swiss context

External Guest -
Florian Kohler

Exercise

Project

W3 - Sep 25

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

FMC

Exercise

Project

Urban Metabolism and Circular Economy

vic

Exercise

* W4 - Oct 02

W5 - Oct 09

MFA method and the Stock-Flows-Service Nexus

Exercise

W6 - Oct 16

Exercise

Project

Project

Oct 23

W7 - Oct 30

External Guest -
Guillaume Massard

Exercise

Project

W8 - Nov 06

Input-Output Analysis and Material Flow Cost Accounting

External Guest —
Vincent Moreau

Exercise

Project

W9 - Nov 13

Spatial MFA

FMC

Exercise

Project

W10 - Nov 20

-
Dynamic MFA
Autumn break
Applications of MFA - case study

Combined approaches: MFA + LCA; MFA + sociodemographics.

AS & FMC

Exercise

Project

W11 - Nov 27

Combined approaches: MFA + surveys; Quasi-dynamic MFA

GF & FMC

Exercise

W12 - Dec 04

Social metabolism

CRB

Past exam

Project

Project

W13 - Dec 11

W14 - Dec 18

Agent-based model

CRB, FMC, MAH,
SLC

Project

Group Project Presentation

All

Project

Project




=PFL  Content of lecture

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

uuuuu
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Urban Metabolism
vs Urban MFA

Definitions, relevance

Wy ——r

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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Whatis
Urban Metabolism?
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=PFL. - Whatis
Urban Metabolism?
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An (unconsolidated) field studying urban flow/stocks
and actors from a systemic perspective

Environment
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Whatis
Urban Metabolism?
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Use of « urban metabolism » over time

Source : Constellate
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https://constellate.org/builder?unigrams=patients,%20health

=PrL

uuuuu

Definitions:
Urban Metabolism

... 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 accountlng (MFA) of the related flows of water,

Marxist ecology / Urban poI|t|caI 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 mOde|S, nature-SOCIety hybrldlty Source : Newell & Cousins 2016; Broto et al. 2012

[
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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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Why is Urban
Metabolism relevant?

Interrelationship between urban activities and flows

Water Wastewater
Energy GHG
Built
Environment
Materials Materials

[y
=
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Local resources
and environment

H Recycling

Manufacturing [_
Agriculture S I I [
A I
Eg s
Construction Of C I t I es
9 Q\x !
e
Domestic
Mirkng Consumption
Energy Transportation
Conversion

Industrial products Metallic minerals Non-metallic Fossil fuels
minerals
Source : Wang et. Al, 2020

Biomass
ﬁt}
Recycled material Pollutants & Balancing item Hidden flow

Dissipative materials


https://www.sciencedirect.com/science/article/pii/S0959652620306119?casa_token=2F6dHig_83YAAAAA:n4ZucwHvzAy_AN8HIAyHTyAHhjh4Px0KQOD0eGfY42KmtZuPc8lF3Tztbxhg0dHprCtyzAXtwu_n#fig2

=P*L. - Reminder: Steps of MFA

Step I: System definition

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

~

J

Step II: Measurement

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

~

Step llI: Calculation

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

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

Step V: Recommendations
. Laboratory on How can the system be optimized?

Human-
Environment
Relations in
Urban Systems
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=F*L - What is a city?

- Laboratory on

Human-
Environment
Relations in
Urban Systems
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https://www.atlas.bfs.admin.ch/maps/162/fr/17750_12156_12155_12154/27382.html

- Laboratory on

=P*L. - What is a city?

Spatial units

Data are collected for several levels:

« A City is a local administrative unit
(LAU) where the majority of the
population lives in an urban centre of
at least 50 000 inhabitants.

The city of Paris has approximately
2 200000 inhabitants

« The Greater city is an
approximation of the urban centre
when this stretches far beyond the
administrative city boundaries.

The greater city of Paris has
L approximately 6 700 000 inhabitants.
Environment

Relations in
Urban Systems

The Functional Urban Area
consists of a city and its commuting
zone.

The functional urban area of Paris has
approximately 11 800 000 inhabitants.

Metropolitan regions are

NUTS 3 regions or a combination of
NUTS 3 regions which represent all
agglomerations of at least 250 000
inhabitants. These agglomerations
were identified using the Functional
Urban Area (FUA). Each agglomeration
is represented by at least one NUTS 3
region. If in an adjacent NUTS 3 region
more than 50% of the population also
lives within this agglomeration, it is
included in the metropolitan region.
The metropolitan region of Paris has
approximately 12 000 000 inhabitants.

Paris

=TT

0 25 50 75100km

I city

B Greater city

[] Functional urban area (FUA)
1 Metropolitan region

Source : Eurostat, 2016
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https://ec.europa.eu/eurostat/documents/4031688/7672011/KS-04-16-588-EN-N.pdf
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What boundaries
to choose?

Territory C ;
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Global

trends and demands, international

markets and actors and regional
networks are projected top-down

FLOW ANALYSIS AREA APPROACH

Energy Densities d h d
Air & Heat Public space a n met O S
Water Waterfronts

Food Parks

Cargo Public transport

Waste Street sections

Sand & Sediments Parking

People Ownership

Biota Employment

Data Health services

Accounting
approaches

actors and assets, urban trends and

bt ?r*];ﬁ“* ' Local
: t
}/'l et 1 : '| LI Sy
e €' # Te’.
demands and personal networks arise

t
gne,er ! bottom-up



https://www.behance.net/gallery/40339307/The-Metabolism-of-Albania
https://www.behance.net/gallery/40339307/The-Metabolism-of-Albania

=L Accounting approaches
and methods

Top-down
Bottom-up

Territorial-based
Consumption-based

uuuuu
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=PFL - Top-down vs
Bottom-up
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=PFL. Top-down
accounting

P |::> Ohemanie Wastes
: (Land fill, 5ea

> Emissions
(COg, N,
- |::> Inorganic

wrastes
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Environment
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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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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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Bottom-up accounting

Kenitra, Morocco, 1982
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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

7. Bottom-up accountin
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Environment
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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

=PFL Top-down vs
Bottom-up.

Pro’s of top-down

= Comparable to other
years/cities

= Frequently published data

= Comparable to economic &
urban data

Pro’s of bottom-up
= Reliable data

= Relatively easy to develop

+ Laboratory on

Human- = Provides behavioural aspects
Relations in
Urban Systems

Con’s of top-down

= Not available in data
scarce environments

= Treats city homogeneously

= Requires institutional
infrastructure

= Not always enough
knowledge on what's
measured

Con’s of bottom-up
= Difficult to reproduce

= Time consuming

N
H
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=P*L - Territorial/production vs
Consumption-based accounting
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=L Territorial/production vs Brussels, 2010

Consumption-based accounting

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

ENERGY

B Industry

@ Tertiary

O Residential
OTransport

WATER IN
B Precipitations
O Water use

O Wastewater FL

MATERIALS IN

B Water transport

ORail transport

. Laboratory on ORoad transport

Human-
Environment
Relations in
Urban Systems

GHG Emissions

O Industry

O Tertiary

O Residential
@ Transport
B Other

) P 4 WATER OUT
ey g B Wastewater
EE|EEE EE‘EEE O Evapotranspiration
103 "r‘3 My, : . A Wa'd \
N ’ OWastewater FL
| MATERIALS OUT
[l Water transport
ORail transport

ORoad transport
O Waste

Source : Athanassiadis, et al., 2017
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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

=PrL

- Laboratory on

Human-
Environment
Relations in
Urban Systems

Consumption-based
accounting

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

Embodied gross metal use in Brussels final demand

-~

Legend
Rest of the Word
EU27 + Turkey
B fustratia
0 Russia
I Brasil
USA + Canada + Mexico
China
India
I indonesia
- Japan
Metal flow (in kt)
50

Y

I

Brussels, 2010

Source : Athanassiadis, et al., 2017
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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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Consumption-based
accounting

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

Brussels, 2010

Embodied gross energy use in Brussels final demand

-~

Legend
Rest of the Word
EU27 + Turkey

I Australia

- Russia

- Brasil
USA + Canada + Mexico
China
India

- Indonesia

I e
Energy flow (in T))
—— 5,000

[ 70,000

. 150,000

Source : Athanassiadis, et al., 2017
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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

=P*L - Territorial/production vs
Consumption-based accounting

Pro’s of “territorial”

Accurate data

Frequently published data
Enables time series
Appropriate at urban scale
Easy to use

Large pool of case studies

Available spatial data

Pro’ S of “consumption”

+ Laboratory on

Human-
Environment
Relations in
Urban Systems

Indirect flows
Spatialises hinterland
Link global-local

Systemic overview

Con’s of “territorial”

No indirect flows
No standard methodology

Some flows are not available

Con’s of “consumption”

Uncertainties
No 10 tables at urban level

Needs experts to use them

N
o
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=PFL No unique
accounting method

THE METABOLISM OF CITIES
LIBRARY (

Material accounting methods

This section provides an overview of the principal material accounting methods used in urban metabolism literature. These methods are grouped in broader
categories, which can be seen below. Learn more about each category, the relevant individual methods, and the case studies undertaken using these methods by
exploring this section.

4 = oy

Energy assessment methods Flow analysis methods Footprint methods

0
O- <_
Hybrid methods Input/output methods Life cycle assessment methods

i

l

+ Laboratory on

Human-
Environment
Relations in
Urban Systems

Depending on the
available data
(bottom-up, top-
down, local 10
tables, etc.)

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

Source : Metabolism of Cities

w
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https://library.metabolismofcities.org/methods/

=F*L No unique

accounting method
30
25 .
8
=
=1
o
s
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E
=
ARG RN SO e LU S S QA S gt SRS SRR S S S A AN S S
Year Published
B Simulation I Process: LCA I0A Hybrid I Footprint Analysis B Accounting
" jEboratory on Figure 5: Number of urban metabolism assessment studies over time, showing
Environment the increasing diversity of approaches utilised.

Relations in Source : Musango et al.., 2017

Urban Systems

w
=
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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

Where to find
data?
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Urban metabolism studies

mﬁﬂlmmﬂmmmmcﬁ-ﬂ%&&_hwomm

Source : Metabolism of Cities

w
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https://library.metabolismofcities.org/casestudies/map/

=PFL. - Where to find data?

80+ urban metabolism
studies using
specifically MFA
methods

Laboratory on
Human-
Environment
Relations in
Urban Systems

Publication

Baselining for a circular Toronto: Material Flow Analysis
Report
Circle Economy

Circular Ambit B30
Report
Circle Economy

Circular Kongsvinger Region
Report
Circle Economy

Using spatially explicit commodity flow and truck activity data to map urban
material flows

Journal Article

Lynette Cheah Lih Wei Yeow

Integrating lifecycle assessment and urban metabolism at city level:
Comparison between Spanish cities

Journal Article

Gonzalez-Garcia and Dias

Incorporating Metabolic Thinking into Regional Planning: The Case of the
Sierra Calderona Strategic Plan

Journal Article

Daniela Perrotti Juanjo Galan

Examining urban metabolism: A material flow perspective on cities and their
sustainability

Journal Article

Cuietal

Year

2021

2020

2020

2019

2019

2019

2019

| Location

Torento

Barcelona

Singapore

Bilbao

Sevilla

Valencia

Guangzhou

34
g
£
Method(s)
MFA
MFA
MFA
MFA

Hybrid MFA-LCA

EF
Energy Accounting
MFA

EW-MFA

Source : Metabolism of Cities, 2025



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

Lausanne
Switzerland

(= 212 documents

b Context

£%% Biophysical characteristics
kg Infrastructure

>4 Stocks and flows

~"  B3% data collection completion

RSO iIsival 4 Contribute

C ¢C O O

Geneva
Switzerland

(& 266 documents

b Context

£X4 Biophysical characteristics
kg Infrastructure

¢ Stocks and flows

v 97% data collection completion

RSO tval & Contribute

C C OO

Zurich
Switzerland

(= 69documents

b Context

£ Biophysical characteristics
kg Infrastructure

> Stocks and flows

v 51% data collection completion

RSO Yein Al 4F Contribute

Source : Metabolism of Cities
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https://data.metabolismofcities.org/dashboards/

=PrL

Laboratory on
Human-
Environment
Relations in
Urban Systems

Where to find data?

THE METABOLISM OF CITIES

DATA HUB

Datainventory: layer overview

& Layer 1: Context

£34 Layer 2: Biophysical characteristics

1 Layer 3: Infrastructure

>4 Layer 4: Stocks and flows

1.1. Administrative boundaries [ 151 ]
1.2. Economic activity - descriptions
1.3. Economic activity - figures
1.4, Population 182
1.5. Policy documents [ 141 ]
1.6. Actors

This is an open source, community effort

Join us now!

@ Community portal

¥ Subscribe Y= View open tasks OB Translate

Source : Metabolism of Cities

w
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https://data.metabolismofcities.org/layers/context/

=PrL

Laboratory on
Human-
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=L Examples MFA at Urban/City scale

Table 6 Comparison between Cape Town, Paris, Hamburg, Vienna and Leipzig. All indicators are t/cap

jel Campo

Hamburg  Vienna  Leipzig  Paris (PPC)  Paris (Ile-de-France) ~ Cape Town — Cape Touwn

2001 2001 2001 2003 2003 2010 2013
Total population (million) 3.26 2.12 1.09 6.32 11.3 3.50 3.85
Total km? 8,616 4,596 4,386 762 12,012 2,401
Density (capita/km?) 379 461 249 8,295 937 12,059 1,564
Domestic material consumption 11.4 8.8 253 4.6 7.1 11.3 3.5
Domestic extraction used 0.0 2.1 1.6
Imports 11.0 10.2 58"
Exports 7.9 5.2 3.9"
Domestic processed output 4.3 6.8 2.3
Physical trade balance 3.1 5.0 1.9
Direct material inpurt 11.0 123 6.2"
Direct material output 12.2 12.0 737
Net addition to stock 0.7 2.6 2.5

Note: *This study was published in 2010 but the data sources date back to previous years. **These figuresinclude throughput.

- Laboratory on
Human-
Environment

Relations in Source : Hoekman, & von Blottnitz, 2017
Urban Systems



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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=PFL Urban Metabolism City of Gdansk, Poland, 2021

Classification of waste and material
was based on European Waste
Catalogue (EWC) codes, and might

therefore differ slightly from locally
used categories.

The fraction of municipal waste that — e o o =

Binder JFélix Martin del Campo &

—
undergoes the ‘Unknown’ treatment is
e Il P An unknown fraction of municipal sent to  third party, and we do not | |
Heat recovery by the Utilization Plant waste which is organic. This fraction know what happens 1o it
was not taken into consideration due is not separated by citizens and ends 1 |
to lack of data. up in the mixed fraction. This is
L potential lost value. 154 Mg 168 170 Mg
COLLECTION METHOD WASTE CLASSIFICATION tential lost value. MATERIAL (226 154 M I RECOVERY (168 170 M
(226 256 Mg) (225 903 Mg) I
86% of municipal waste is |
collected by Suez; 14% by GUK.
Recycling of paper and plasic,
Waste collected Mixed municipal waste composting of biodegradable I
from residents Municipal (172 000 Mg) (123 000t) waste (115000 Mg) |
: (190 000 Mg)
GDANSK |
MUNICIPAL WASTE Recycling/reclamation of metals (23 400 Mgi
Biodegradable waste

(226 000 Mg) Unknown (17 100 Mg)

(34 800 Mg)

Construction and

Purchase points Demolition (2% 500 Mg)
(30 200 Mg)

Metal (26 700 Mg)

Separated Packaging Paper and cardboard (9 180 Mg) Recycling of inorganic materials (11 200 Mg}

( } Bulky waste (7 440 Mg)
PSZOK (3 000 Mg) {24 200 Mg) e " Storage of wastes (1 470 Mg)
] « Other (113 Mg) el et
parison municipal vs Recycling containers ) ' Mixed packaging (5 350 Mg)

industrial waste: 226 000 Mg vs on streets (2 990 Mg) Residual Waste from

319 000 Mg respectively. . Waste Treatment (90 Mg)
Household hazardous

waste (66 Mg)

Concrete and bricks (3 300 Mg)

@

Other C&D waste (1 930 Mg) DISPOSAL (52 530 Mg)

Mg= Megagrams = 1 ton Plastic (585 Mg) Incineration (45 600 Mg)

Landfill (6 930 Mg)

LEGEND 0 q . AEO IRRLY Wood (52 Mg) -
et 00 Circularity rate: 65% .
« Laboratory on
Human-
Environment

Relations in Source: Metabolic Institute
Urban Systems

* = Other hazardous waste (18 Mg)+ ="



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

=PFL Urban Meta bolism City of Krakow, Poland, 2021

239 000 Mg/y (65%) of municipal waste is incinerated.

This is a mixture of waste sent directly to incineration as

well as residuals from the waste separation process. In —— e —
terms of revalorization, incineration is a low form of
waste treatment (second lowest value after landfill).

WASTE COLLECTION This is a large value loss.

(364 700 Mg) MATERIAL (365 350 Mg) DISPOSAL (252 000 Mg)

Binder, Félix Martirjdel Campo B
[

Mixed municipal waste
(222 000 Mg) 13000 Mg/y (4%) of municipal waste goes Incineration (239 000 Mg)
1o landfill.
Municipal Collection
(341 000 Mg)

KRAKOW

MUNICIPAL WASTE
(365 000 Mg)

Paper, plastic, metal

and glass (80 900 Mg) ‘\\ V——

Biodegradable (40 900 Mg)

Landfilling (13 000 Mg)

OTHER (45 430 Mg)
Stored (21 500 Mg)

Separated waste dropped
off at buy-back centers
(12000 Mg)

Bulky (15 800 Mg)

Other (5 750 Mag)
Waste drop-off at
collection sites
(11700 Mg)

Processing Losses (15 700 Mg)

Unknown (8 230 Mg)

©

RECOVERY (68 220 Mg)

Mg= Megagrams = 1 ton

Recycling of paper, plastic, metals, glass
and composting of biodegradable waste I
(61700 Mg) I

Circularity rate: 17%

- Laboratory on 61 700 Mg/y (17%) of municipal waste
Human- is recycled. The municipality's recycling
Environment goal is 50%. There is a room for
Relations in ks bl Source: Metabolic Institute
Urban Systems

Refuse Derived Fuel (6 520 Mg)



https://www.metabolic.nl/publications/circular-cities-program-gdansk/
https://www.metabolic.nl/publications/circular-cities-program-gdansk/
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MATERIALEN
(2.940 kton)

Fossiele energiedragers
(691)

Cokes en aardolieproducten
(298)

Producten van de akkerbouw,
tuinbouw, bosbouw
en visserij (308)

Overige voedingsmiddelen
a7

Veeteeltproducten (132)

Zuivelproducten (67,9)
Genotmiddelen (62,7)
Aardappel-, groente- en
fruitproducten (43,4)

Graan- en zetmeel-
producten (38,8)

Vis- en vieesproducten (38,4)

Chemische en farmaceutische
producten (321)

Rubber en kunststot
producten (27,3)

Overige delfstoffen (286)

Metaalproducten (90,2)
Machines en apparaten (36,6)
Vervoermiddelen (12,5)
Meubelen en overige
producten (73.6)

Hout en houtwaren (48.3)
Textiel, kleding en
lederproducten (15,4)
Bouwmaterialen (96,5)
Papier, papierwaren en

Urb

2].

i City of ht, Netherl 2021 | *

Q

S

MATERIAALGROEP SECTOREN PRODUCTIE o
(2.940 kton) (2.940 kton) (1.270 kton) D
Dierlijke en plantaardige ©

preducten (487) =

s

Fossiele energiedragers, =
cokes en aardolieproducten >
(989) =

Industrie (1.240) Chemische producten, [

kunststof en rubber (277) £

k=]

=

Metaalproducten, machines, o

Dierlijke en plantaardige
producten (863)

Huishoudens (721)

apparaten en vervoermiddelen
a7

Bouwmaterialen (125)
Meubelen, houtwaren, textiel, kleding
en lederproducten (77,2)

Fossiele energiedragers, cokes en
aardolieproducten (69,6)

| Papier, papierwaren en
] drukwerk (37,8)
- Overige delfstoffen (24,9)
- Chemische producten,
kunststof en rubber Productie en distributie
- {348) van energie (360)
Owerige delfstoffen Publieke instanties, zorg
(288) en ondenwijs (216)
mﬁ?aﬁlp‘gg’g:g‘;ﬁ en Zakelijke dienstverlening r e — l
vervoermiddelen (139) (220)
‘Winning en distributie van
Meubelen, houtwaren, J— _ -
textiel, kieding en water, afval en ahvatwater AFVAL VERWERKING
lederproducten (137) Gront- en EIE‘LE”EI’]EI'EF (971 kton) (971 kton)
reparatie van auto's (85,9) Breken & Scheiden (253)
Bouwmaterialen (96} g dienstverlenin LrE
verige \enss riening - ] Mineralen (642)
Papier, papierwaren Landbouw, bosbouw Onbekend (247)
] en drukwerk (77,9) envisser (14.5)
@ . Gemengd (115) Hergebruik & recycling (159)

drukwerk (77,8) L] BOUWMATERIALEN GEBOUWDE Dierlijk/plantaardig {94,3) Verbranden (125)
(935 kton) OMGEVING i (33.3)
(935 kton) Metalen (17,2) Microbiologisch behandelen (71)
Beton (692) Woonfunctie (592) Papier/Karton (17.1) Reinigen (58,7)
QOverig niet-chemisch (17) — . 2a3)
— redderen/Knippen (29,

- = . () (.3\3_5 8.7
Laborator Ci rcularlty rate: 49% Chemischafval (75)  — Storten (26,1)
H ) Overig grofvuil (6,9) — - Laten zitten (1.1)

uman- Minzralen en T Kunststot/rubber (28]  — L=l —

Environmeiic stenen (152) ir=n Overig Sloopafval (2.4) —

z i Metalen (44.7) Textiel (0.9) — . : :
Relations in Gverig (32) . soatiombteriogl 08) — Source: Metabolic Institute
Urban Systems Isolatie (9,2) = M Rijbaan lokale weg (60,5)

Hout (5,6, Voetpad (2.7)
Glas {[1.6% - Parkeerviak (1,2)
Asfalt (0,3) — Fietspad {0,9)



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

Pl Urban Metabolism/| City of Bern, Switzerland, 2019 | ©
@ I ® et %

@ Materiai cascaging %

® o g

Material
recyciing

Circularity rate: 69%

- Laboratory on Stroam Color Logond
Human-
. W MIXED MATERIALS [tonnes]
Environment B BIOMASS [zonnes] -
: A paper & cardbosrd, wood, food wasts =
Relations in W METALS (tonnes]
Urban Systems BN MINERALS & CHEMICALS [tonnes]
lass. plasti ret hat, & other materials

mm DIRECT EMISSIONS [¢CO,8q] Source: Circle ECOnOmy 2019



https://library.metabolismofcities.org/items/1004770/

12400 tons I

L9 1

a . .

EPFL . Urban Metabolism | City of Basel, Switzerland, 2018 :
I I 5
| [ %

e | | @ RecrctinG g

E— e comeorra SRR @ o100 | =
|
|

ORGANIC WASTE B 25600 tons

TOTAL WASTE
TexiLes 1360 ton: PRODUCTION
2 ons
SEWAGE SLUDGE I Unknown INCINERATION [KVA] @ sl Enercy |
OTHER PLASTIC @ 7900 tons
CLASS § 5600 tons
PET W7 700 Lo, i
REUSED CLOTHES (MOSTLY EXPORTED) ®
METALS W 7850 tons PROCESSED INTO BROKEN WOOL —
HEUSED AS CLEANING RAGS —
ELECTRIC APPLIANCES I 3.500 tor: PROCESSED INTO INSULATION MATERIAL
BATTERIES
C - I .t t . 490/ HAZARDOUS WASTE DISPOSAL - DISPOSAL =
ircuiari y rate: o OIRECT EMISSIONS [ 151.000 to02eq
EMISSIONS TO AIR
74,000 tCO2eq
EMISSIONS @ 974,000 tCO2eq e & AIR QUALITY

- Laboratory on R
H uman- EMBODIED EMISSIONS | L L]

Environment
Relations in
Urban Systems

Source: Circle Economy 2018



https://library.metabolismofcities.org/items/1004773/
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=L Circular Economy

Binder, Félix Martin del Campo

“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”

uuuuu

Kenneth E. Boulding, (1972)



https://journals.sagepub.com/doi/10.1177/000276427201500303
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=L Circular Economy

Energy ﬁ s
Food

Water

Goods

Binder, Félix Martin del Campo

| == . .
ﬁ w0 , Emissions
ek g Organic waste

Inorganic waste

Societies need cars, buildings, electronics, etc.

UL

= Modern societies:
Linear “take-make-dispose”

RAW MATERIAL DESIGN DISTRIBUTION CONSUMPTION INCINERATION economy
PROCESSING & PRODUCTION & USE & LANDFILL

TR - A Ee P el PP ——— R WA EE e 3.5 - e s
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Definition of Circular Economy

“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)

Y
[}

Binder, Félix Martin del Campo



=PFL  Characteristics of Circular
Economy: Link to MFA

- 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

- Laboratory on

Human-
Environment
Relations in
Urban Systems

»
o

Binder, Félix Martin del Campo
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=7 MFA, Urban metabolism &
Circular Economy

Binder, Félix Martin del Campo

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)

uuuuu



=L Circular Economy:

- Laboratory on

Human-
Environment
Relations in
Urban Systems

strategies

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.

v
ey

Binder, Félix Martin del Campo
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"L Circular Economy: strategi

THREE PRIQRITY
® sremmsves ® g SUEE S EEED
@ Materlal cascading @ m

Waste Municipal Food
management real estate
@ Value loss
In mixed waste

Material
recycling

EVALUATION
OF DIRECTIONS

€ @ 8

ECONOMY ENVIRONMENT FEASIBILITY

INDUSTRY
WORKSHOP

¢

STRATEGIES FOR PILOT
PROJECTS

MIXED MATERIALS [tonnes]

BIOMASS [tonnes] L ‘

City of Bern,
Switzerland,
2019

Stream Color Legend

paper & cardboard, wiood, food waste ,”
METALS [tonnes]

— TOOLKIT AND
e Source: Circle Economy 2019 PROJECT D

DIRECT EMISSIONS [:COeql

LIGHTHOUSE
EFINITION

()]
N
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https://library.metabolismofcities.org/items/1004770/

=PFL - Circular Economy: strategies

WASTE CATEGORIES WASTE MANAGEMENT FINAL OUTPUTS THREE PRIORITY
AREAS OF BASEL
5350 tons PRODUCT REUSE & Construction n;:;::f:.:" Households
RECYCLING
RECYCLING
PAPER & CARDBOARD (INCL. COMPOST & DIGESTION)

12400 tons

IMPACTS B CIRCULAR
MATERIALS  DIRECTIONS

BAL
NDS

Ho
o
mo

ORGANIC WASTE l 23500 tons
{based on the 7 key elements)

TOTAL WASTE
TEXTILES B 1360 ton: PRODUCTION
INCINERATION [KVA] ENERGY
SEWAGE SLUDGE I Unknown } | EVALUATION
OF DIRECTIONS

City of Basel, BN A

OTHER PLASTIC § 7900 tons

Switzerland, |

GLASS § 6600 tons

INDUSTRY
201 8 = WORKSHOP
PET B 100 Lo

REUSED CLOTHES (MOSTLY EXPORTED) = 750 tons
METALS W 1850 Lons PROCESSED INTO BROKEN WOOL — 200 tons
REUSED AS CLEANING RAGS — :
FLECTRIC APPLIANCES I 500 ton PROCESSED INTO INSULATION MATERTAL
BATTERIES
HAZARDOUS WASTE It DISPOSAL . DISPOSAL =
DIRECT EMISSIONS [ 157,000 tc02eq STRATEGIES FOR PILOT
PROJECTS

Environment & AIR QUALITY
Relations in
Urban Systems

" Hamane " 0000
Human- EMISSIONS @ 974,000 1CO2eq e Sl ol

EMBODIED EMISSIONS [ B23.000 1CO2eq

4]
w
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https://library.metabolismofcities.org/items/1004773/
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Measuring circularity

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”

v
'y

Binder, Félix Martin del Campo
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Circular economy -
Cohesion Policy RESOURCE EFFIGENCY

g B e policies
//"\\\\% 8/ \ - wsre ...ﬁlm

Eg promoting /

resource efficiency § RESEARCH &

& INNU\MTION
veloping innovative opprooches
LOW-CARBON

| g
ECONOMY Q/ \ CircularEconomY

Eg stimulating
energy efficiency

- Laboratory on
Human-
Environment
Relations in
Urban Systems



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

=L Circular Economy
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PROGRAMME REGIONAL EN ECONOMIE CIRCULAIRE
2016 -2020
Mobiliser les ressources et minimiser les richesses perdues :

Pour une économie régionale innovante

be circular
be.brussels %

Mars 2016

policies at city scale

MAIRIE DE PARIS Q)| .

ECONOMIE

CIRCULAIRES®
de PARIS

ADOPTE AU COMSEIL DE PARS
DES3,4ET5 JUILLET 2017

2017-2020

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

& LWARB

LONDON'S CIRCULAR ECONOMY ROUTE MAP

@ circular London

)]
(<)

Binder, Félix Martin del Campo


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

=L Circular Economy
policies - Brussels

- Laboratory on

Human-
Environment
Relations in
Urban Systems

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

PROGRAMME REGIONAL EN ECONOMIE CIRCULAIRE
2016 -2020

Mobiliser les ressources et minimiser les richesses perdues :

be circular
be.brussels %

Mars 2016


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

"L Circular Economy sl
policies - Paris

= Urban metabolism study in 2007

= Etats Généraux de I'Economie Circulaire in 2015
(120 organisation proposed 65 initiatives)

First roadmap in 2017

(15 actions for 3 scales)

Planning and construction (3) . q‘
PLAN ‘

«  Reduction, reuse and repair (4)

«  Support for actors (5) ECONOM|E y

*  Public procurement (2) CIRCULAIRE ’
- Responsible consumption (1) de PARIS
+ Laboratory on = Second roadmap from 2018 to 2019 T

Human-
Environment
Relations in

Urban Systems 2{]1 T-2 UZU



https://cdn.paris.fr/paris/2020/02/26/b85d0bec45856a13799caa2015c733d4.ai
https://cdn.paris.fr/paris/2020/02/26/b85d0bec45856a13799caa2015c733d4.ai

- Laboratory on

Source: LWARB, 2017

=7l Circular Economy & LWARB
policies - London )

Landan Waste and Recyeling Board

- Urban metabolism study in 2002

- RelLondon (formerly LWARB)
governmental entity, CE Route map

e 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. LONDON'S CIRCULAR ECONOMY ROUTE MAP

Environment *  Plastics (7 actions) © Ccirculer London

Relations in
Urban Systems


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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Circular Economy
policies at city scale

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

<]
(=]

Binder, Félix Martin del Campo
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=L Challenges and
limits of CE in cities

Binder, Félix Martin del Campo

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.

uuuuu
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=L Final thoughts

= 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,

Human- encouraging modular and reusable design, and shifting economic

Environment

Relations in incentives toward resource conservation

Urban Systems

(2]
N
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Human-
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Final thoughts

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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Thank you for
your attention!
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