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Material Flow Analysis (MFA) is a systematic
assessment of the flows and stocks of materials
within a system defined in space and time .

Brunner & Rechberger, 2016

= MFA connects the sources, pathways and sinks of a material.

= MFA results can be controlled by a mass balance comparing all
Inputs, stocks, and outputs of a process/system measured in kg
(principle of mass conservation).
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Step I: System definition A
Problem definition, definition of system boundaries, selection of processes and flows

of materials/substances (qualitative model) )

Step Il: Measurement A
Data collection of flows and stocks of materials/substances and characterization

of uncertainties (measurements, literature data, estimations) )

" Step lII: Calculation h

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
How can the system be optimized?
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Input Economy Output
Domestic .
extraction of Domestic
nBaEt erials processed
(DE) outputs
(emissions
etc.) (DPO)
Imports > Exports >

Material flows within the economy, Water flows and electricity flows
are not represented in EW-MFA
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Material Flow Analysis
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(
etc.) (DPO)

- Material accumulation or net additions to stock (NAS): measure
of physical growth in an economy.

- New materials in form of buildings, infrastructures, durable
goods such as e.qg. cars, industry machinery, or household
appliances are added to the economy’s material stock each year
(gross additions).

- Old materials are removed from stock as buildings are demolished,
and durable goods disposed of (removals).

=PrL
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Basic flow types

- Domestic extraction (DE)

- Domestic processed output (DPO)
- Imports (IMP)

- Exports (EXP)

Flows types are basis for indicators

- Domestic material input (DMI) = DE + IMP

- Domestic material consumption (DMC) = DE + IMP — EXP
- Physical trade balance (PTB) = IMP — EXP

- Net additions to stock = DMI - DPO - EXP

=PrL
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Domestic Material Input in 2017, by country/region and material group
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Domestic Material Consumption of Switzerland in 1970-2017, by material group
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Domestic Material Consumption in 2017, by country/region and material group
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PTBin CH

Is a country a physical net-importer or net-exporter of raw materials?

Trends of Physical Trade Balance (PTB) in Switzerland (1970 - 2017) & -
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PTB in China

Is a country a physical net-importer or net-exporter of raw materials?

Trends of Physical Trade Balance (PTB) in China (1970 - 2017)
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MFA (Eurostat): additional “monetary” indicators

Material productivity = GDP [€ of added value] / DMC [t of material input]

- Material productivity: measure of economic output (goods or
services) per unit of material input.

= Increase in material productivity = decoupling material use and economic
performance.

Material intensity = DMC [t of material input] | GDP [€ of added value]

- Material intensity: measure of material input used per
economic output (good or service)

- Decrease in material intensity = more efficient material use.
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Material productivity OECD-37
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Let's talk ahout decoupling (absolute, relative, sutficient)
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https://data.oecd.org/materials/material-productivity.htm#indicator-chart
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Let's talk ahout decoupling (absolute, relative, sutficient)

Six countries that achieved strong economic growth while reducing CO: emissions (SRR
En ' ' | - in Data

ssions are adjusted for trade. This means that CO. emissions caused in the production of imported goods are added to
domestic emissions; for goods that are exported the emissions are subtracted

. +52%

Sweden : United Kingdom France
g GDP per canita ! +48% . +31%

-29% N -46% o 722%
1690 2018 T Has e 1990 2018 1960 2018

LS - +46% Germany . +45% Denmark
: . +38%

- =149 5 — -42%
2 ~ =31% :
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'ther intries achieved the same. Data for more countries 1 be found on OQurWorldinData.org

QurWorldinData.org

https://ourworldindata.org/carbon-price

=PrL
U ENV-370 @ Binder, Athanassiadis, Payet | 2024



https://ourworldindata.org/carbon-price

Material flow diagram for
European Union (27 countries) 2019
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imports Exports
Direct
material Processed
Muts %%terial B;gsipative flows

E missions to air

X%ste landfilled
Natural :
sasources
extracted
Material
2 gfumulation
Backfilling j
Source: Recycling

https://ec.europa.eu/eurostat/cache/sankey/circular _economy/sankey.html?geos=EU27&year=2019&unit=G_T&materials=TOTAL&highlight=0&nodeDisagg=0101100100
&flowDisagg=false&translateX=200&translate Y=70&scale=0.6&language=EN&xyz=89&material=TOTAL
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EW-MFA: Use at a territorial level (French case study)

Addition au stock
396 000 (6,1)

BO : Flux d’équilibrage
312000 (4.8)
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ors metars owen) T30 Bilan de matieres
Extraction intérieure brutes, France, 2010'

Bl : Flux d’équilibrage
498 000 (7,7)

Extraction
intérieure utilisée
634000 (9,8
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inutilisée
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inutilisée
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Flux indirects associés
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Source: https://www.youtube.com/watch?v=W1FgghlxlaM&list=PLeU78T5dtVW6wWH7xsbDc2KdU30OmnIT8RC

E I : L ENV-370 @ Binder, Athanassiadis, Payet | 2024
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Figure 3.3 : AFM de la région ile-de-France en 2003

En milliers de tonnes (tonnes par habitant)
Entrées Sorties

2 . Addition nette au stock
Flux d'équilibrage (BI) 29300 (2,6)

107 000 (9,5)

Flux d'équilibrage (BO)
Q P

Extr. int. utili

Vers I'air 53 800 (4,8)
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ile-de-France

Importations
114 400 (10,2)
Recyclage 7 300 (0,7)

Source - S. Barles, 2009

Figure 3.4 : AFM de la région Midi-Pyrénées en 2006

En milliers de tonnes (tonnes par habitant)

Entrées Sorties

Flux d'équilibrage (BI)
24 000 (8,

Addition nette
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utilisée 47 000 (16,9)
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Midi-Pyrénées | (55)
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Exportations 20 000 (7,2)

Importations 24 600 (8,8)
Recyclage 7 300 (1,3)

Source - S, Barles, 2014

Figure 3.5 : AFM de la région Bourgogne en 2010
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Source : AREC - Données 2017 - Edition 2020
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Systéme socio-économique
Nouvelle-Aquitaine

Recyclage
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SORTIES
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Vers 'air
35 641 kt (5,8 t/hab)
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135254 (22 thab)

Exportations (E)
40 477 kt (6,6 t/hab.)

Flux indirects associés
aux exportations
183 595 kt (30.1 t/hab.)

Figure 6. Schéma de principe et principaux indicateurs de I'analyse de flux de matiéres de la

* DPO

Nouvelle-Aquitaine en 2017. Sources : « Analyse de flux de matiéres de la Nouvelle-Aquitaine ».

Les synthéses de I’AREC - ORDEC Edition 2020 - année 2017.

Source: https://www.ecologie.gouv.fr/sites/default/files/EIT%20-%20comptabilite%20des%20flux%20de%20matieres.pdf /

https://www.institutparisregion.fr/fileadmin/NewEtudes/000pack2/Etude 2625/EtudesMetabolisme Recensement VFE.pdf
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EW-MFA: Use at a territorial level (French case study)

Les territoires dotés d’étude de métabolisme Lis tiritoires dotis 4 slics do mdtabolisiie
avant 2010 entre 2010 et 2015
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© LINSTITUT PARIS REGION, 2021

© LINSTITUT PARIS REGION, 2021 Source : L'institut Paris region

Source : L'institut Paris region

Source:https://www.institutparisregion.fr/fileadmin/NewEtudes/000pack2/Etude 2625/EtudesMetaboli
sme Recensement VF.pdf
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EW-MFA: Use at a territorial level (French case study)

Les territoires dotés d’étude de métabolisme
entre 2010 et 2015
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Carte n°3 : Etudes de métabolisme territorial en France métropolitaine en 2020

Source:https://www.institutparisregion.fr/fileadmin/NewEtudes/000pack2/Etude 2625/EtudesMetaboli

sme Recensement VF.pdf
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EW-MFA: advantages vs. disadvantages
Advantages

= Trend representation within countries

= |dentification of proportions and hotpots

= Comparative analysis across countries/regions

= Development of physical indicators which can be set in relation to
economic indicators

= Monitoring and assessment of overarching policy goals (e.g. SDGs)

= Circular Economy monitoring

Disadvantages

= Black-box approach

= Difficulties in explaining trends

= Difficulties in deriving causalities

= None of the indicators show the full picture

]
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= Eurostat
https://ec.europa.eu/eurostat/web/environment/material-flows-and-
resource-productivity

- International Resource Panel (IRP)
https://lwww.resourcepanel.org/global-material-flows-database

= OECD Statistics
https://stats.oecd.org/

= World Resource Institute
http://www.wri.orq/

= WU Vienna/ CSIRO
http://www.materialflows.net/

= Material flows of Switzerland
https://www.bfs.admin.ch

=PrL
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https://www.resourcepanel.org/global-material-flows-database
https://stats.oecd.org/
http://www.wri.org/
http://www.materialflows.net/
https://www.bfs.admin.ch/
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Method 2:
Material Flow Analysis

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

Step Il: Measurement h
Data collection of flows and stocks of materials/substances and characterization of
uncertainties (measurements, literature data, estimations) y
g N
Step llI: Calculation
Calculation of unknown quantities by balancing of materials based on the principle of
\mass conservation (MFA software) y

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

Step V: Recommendations
How can the system be optimized?
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Definitions: MFA system

MFA system: comprises a set of material flows, stocks, and
processes within a defined boundary.

- System boundary is defined in space and time.

- Temporal boundary: time period over which the material
balance is calculated (e.g. 1 hour for waste incineration
process, 1000 years for landfills, 1 year for a city).

- Spatial boundary: geographical area (e.g. municipality,
region, city)
or virtual limits (e.g. private households, company).

=PrL
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Materials: substances and goods.

Chemical elements

e.g.

.............

Chemical compounds

N., o AP
o*>0 H™\"H 4 - J:EI}
E

0 )
Sulfur dioxide Ammonia Dibenzodioxin Caffeine

Goods

LS
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dioxide) composed of uniform units.

Chemical elements

e.g.
|
Chemical compounds
= o &
P AN P He {
o W SO e
S
H o e
Sulfur dioxide Ammonia Dibenzodioxin Caffeine
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waste, sewage sludge) economic values.

Goods

Spoos5)

E I : L ENV-370 @ Binder, Athanassiadis, Payet | 2024



Definitions: process

Process: any kind of transformation, transport or storage
of a material that is characterized by input and output flows.

= \Waste incineration process

= \Wastewater treatment plant

= Energy production process

= Recycling process

= Human physiological process
= Landfill

= Gas tank farm
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Stocks: material reservoirs or material quantity within a process.

- Stocks can stay constant, increase or decrease in size.

- Accumulation/depletion of stock: difference between process inputs
and outputs between two time steps.

Accumulation of stock Depletion of stock
10 ty 5 tly 5 tly 5tly 5 tly 10ty
. — e
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Geogenic stocks Anthropogenic stocks

« Concrete and steel in buildings
= Copper wires in buildings

Surface and ground water

. auf\rlnes (e.g. granit, limestone) and goods
+ Metal ores = Urban mines (e.g. landfills)
= Oil and gas fields = etc.

etc.
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symbols used in MFA diagrams
(Baccini/ BI’IIIIIIGI‘/ Rechheraer)

Delinition

Name of
process

Process

Stock
Rate of change

Name of (low/[lux

Flow
Flux

T N D N
( ] [Unit for flows/fluxes]
System I I [Unit for stocks]
boundaries I
(space/time) I

Name of system

=PrL

Example

Car wash

Litho-
sphere (5}?_0)
10,000

(GGasoline

[t/yr or kg/(c.yr)]
[tort/c]

ULISA, 1998
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symbols used in MFA diagrams

| Change rate

Name Process (1)

Stock

=PrL

!

A1,2

m Flow

|
I
|
I
| Flow name A1,3
|
|
I
|
|

Name Process (2)

Change rate

Stock

!

p -
N
o

G

N

A3,2 @

Name Process (3)

;

Change rate

Stock

B Process

System boundary
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Time InMFA

= Steady state: constant flows and stocks
««d«Mstock/dt =0and M stock (O) stock (t)

w W\NWV

AP PNNNG

= Dynamic: System state at f is a function of the state a -1.
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Example - Recycling glass

Verre usage collecté en Suisse 2011

en tonnes par année
350'000 349'858

300'000
250'000
200'000
150'000
100'000

50'000

0

O A O NDPOH A ND O A LD DO A LD ND
FLELLEEFEFEF S ES F ST

Evolution du verre usagé collecté dans toute la Suisse (Source :
www.vetrorecycling.ch)

=PrL

vetroswiss

... pour un recyclage efficace du verre ...

Taux de recyclage du verre en Suisse 2011
en % du verre utilisé

100%

90% 94.2%
80%

70%

60%

50%

40%

30%

20%

10%

0%

A D NDOA D ND O A DD LS A D ND
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Evolution du taux de recyclage du verre en Suisse (Source :
www.vetrorecycling.ch)
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Example - Recycling glass

(Step I: System definition b
Problem definition, definition of system boundaries, selection of processes and flows of
tmaterials/substances (qualitative model) )
~
Step Il: Measurement
Data collection of flows and stocks of materials/substances and characterization of
uncertainties (measurements, literature data, estimations) )
N
Step llI: Calculation
Calculation of unknown quantities by balancing of materials based on the principle of
tmass conservation (MFA software) y

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

Step V: Recommendations
How can the system be optimized?

E I 0 L ENV-370 @ Binder, Athanassiadis, Payet | 2024




Example - Recycling glass

Formulate a precise question.
What problem should be tackled with the material flow analysis?

Define the system in space and time.
Determining the spatial and temporal boundary for material flow modelling.

Characterize the material balance system.
Which processes and material flows are relevant to the question formulated
and have to be taken into account in the model?

Select material flow indicators.
Which material flow indicators are relevant for answering the question?

]
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Example - Recycling glass

= Research question for glass bottle management in CH:

How does glass recycling change the system?
a. How much glass needs to be imported?

= System boundary: Switzerland, 1 year

Unit for flows/fluxes: kg/c,yr
Unit for stocks: kg/c

= Processes: glass production, glass consumption
= Material flows/fluxes: glass, waste glass
= [ndicators: glass import rate, energy use

=PrL
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Example - Recycling glass

Material flow/flux: glass, waste glass

e —— —— — — ———— — — — — ——— — — N
| |
I |
Import A31 Sale A12 Waste A23
: #| Production1 #| Consumption 2 | >
Recoil Ayq
B e i e e et -
System boundary

Simplified material system for glass bottle management in Switzerland.

Baccini & Brunner, 2012
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Example - Recycling glass

Procedure for mathematical system definition:

= Define the system unknowns.

= Setup the system of equations.

= Complete the system of equations with specific relationships.
= Solve the system of equations.

= Analyze the results and check for errors.

F
.
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IMPORT m — = — = — e e e e e e e e e ——— — ,
AO,1 r

|
Production (1) A1.2 Name Process (2) | | a2p
Change rate | Change rate |

|
|
: Stock | Stock |
| |
l T '
: |
| |
| RECYCLING |
I A2.1 :
|

/-l-'_‘-ln.\ I
| flow
| |

m Flow m Process  system boundary

General case: 8 system unknowns (stocks, stock changes, flows)
Steady state: 6 system unknowns (stocks, flows)
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Example - Recycling glass

kg/c,yr
S P e P S S T S S P P S O B S S Y
| |
| l
Import Az Production Consumption Waste A3
@ distribution 2 o
1

System boundary

Simplified material system for glass bottle management in Switzerland.
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Example - Recycling glass

Consump-
tion

cPrL
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Example - Recycling glass

________________ “kglcyr T \I
|
Consump- Waste Ay,
tion
2

How to check the results?

a. Compare with statistical data
b. Compare with literature data
c. Get feedback from field experts

cPrL
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Example - Recycling glass

Consump- Waste Ay
tion = 49,23
-

System boundary

Indicators (as defined earlier)

a. Import rate

cPrL
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Londons food footprint online.pdf

. Biomass
unit = tonnes
— Waste Or |OSS

tannes

Food Rescue and
Redistribution

Vit = tonnes

7 Emissions
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Gombining top-down &
hottom-up
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Global environment

: City’s Construction Sector

Figure 21: Genenc value chain of construction materials

Source: https://cityloops.metabolismofcities.org/media/uploads/libraryitem/report/CityLoops WP4 D4.3 Sector-
Wide Circularity Assessment Method.pdf
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https://cityloops.metabolismofcities.org/media/uploads/libraryitem/report/CityLoops_WP4_D4.3_Sector-Wide_Circularity_Assessment_Method.pdf
https://cityloops.metabolismofcities.org/media/uploads/libraryitem/report/CityLoops_WP4_D4.3_Sector-Wide_Circularity_Assessment_Method.pdf

Source: https://cityloops.metabolismofcities.org/media/uploads/libraryitem/report/CityLoops WP4 D4.3 Sector-
Wide Circularity Assessment Method.pdf
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https://cityloops.metabolismofcities.org/media/uploads/libraryitem/report/CityLoops_WP4_D4.3_Sector-Wide_Circularity_Assessment_Method.pdf
https://cityloops.metabolismofcities.org/media/uploads/libraryitem/report/CityLoops_WP4_D4.3_Sector-Wide_Circularity_Assessment_Method.pdf
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An (unconsolidated) field studying urban flow/stocks
and actors from a systemic perspective
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Why is Urban Metaholism relevant?
Interrelationship between urban activities and flows

D

-’ .
! |
I
Water | | Wastewater
- I
: i
: Economy i
Energy : | GHG
' I
! |
I Bwlt :
: Enwronment :
Materials l | Materials
' i
! |

U
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Monitoring urban resource
use and pollution emissions
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ENERGY

M Industry

@ Tertiary

O Residential
O Transport

WATER IN

B Precipitations
O Water use

O Wastewater FL

MATERIALS IN

@ Water transport

O Rail transport

O Road transport

GHG Emissions

O Industry

O Tertiary

@ Residential
@ Transport
@ Other

WATER OUT

B Wastewater
@ Evapotranspiration

O Wastewater FL

[l Water transport
O Rail transport
ORoad transport
O Waste

Athanassiadis, A, P. Bouillard, R. H. Crawford, and A. Z. Khan. 2017. Towards a Dynamic

Approach to Urban Metabolism: Tracing the Temporal Evolution of Brussels' Urban
Metabolism from 1970 to 2010. Journal of Industrial Ecology 21(2): 307-319

Example - Brussels’ metabolism in 2010

=PrL
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UM : 10A CBA

118,612 T) o m
67,436 m? o *i 1‘*61
m*‘&%‘*& *‘*:

8,459 kt @ A

4,833 kt @

mption-based approach to assess the local and

of cities. Journal of Cleaner Production 173: 112-123.

vironmental performance

Athanassiadis, A, M. Christis, P. Bouillard, A. Vercalsteren, R. H. Crawford, and A. Z. Khan. 2018.

Comparing a territorial-based and a consu

global en

Example - Indirect effects/impacts
of cities
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R il tons/year caiden west2

[+, tons/jear processed waste

STA containerpark
ANTERZA containetpark
INET BRUSSEL containerpark
‘Compast conteinerpark
INCOVO containerpark
| mixed area (office, Horeca, facllties)
‘[ residential area
| green areas
[ nmatunalareas

o0 00 0O

s "
A

Example - Mapping flows & manifesting
actors/infrastructure
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MAIRIE DE PARIS .

PROGRAMME REGIONAL EN ECONOMIE CIRCULAIRE
2016 - 2020
Mabtiiser les ressources et minimiser les richesses perdues *

Pour une économie régionale innovanie

be circular
be.brussels &
PLAN

ECONOMIE )
CIRCULAIRE #®

Mars 2016 de PARIS
ADOPTE AU CONSEIL DE PARIS LONDON'S CIRCULAR ECONOMY ROUTE MAP
DES 3,4 ET § JUILLET 2017
@ Circular London
2017-2020

Developing policies
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Density

Average income |Density of off'icé space| Number of buildings

Identifying drivers
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Athanassiadis, A. and P. Bouillard 2013. Contextualizing the Urban Metabolism of Brussels: Correlation of resource
use with local factors. In Proceedings of CISBAT 2013, Intemational Conference, Cleantech for Smant Cities &

Building from Nano to Lirban Scale. Lausanne: EPFL-Lausanne.



GHG emissions
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ts of urban building stocks. Building and Environment 114: 187-202.

Mapping the urban mine

Stephan, A. and A. Athanassiadis. 2017. Quantifying and mapping embodied environmental
requiremen
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Stephan, A. and A. Athanassiadis. 2018. Towards a more circular construction sector: Estimating
and spatialising current and future non-structural material replacement flows to maintain

urban building stocks. Resources, Conservation and Recycling 129: 248-262.



system houndary

definition (city)
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~
(Step I: System definition
Problem definition, definition of system boundaries, selection of processes and flows of materials/substances
t(qualitative model)
4
N\
Step Il: Measurement
Data collection of flows and stocks of materials/substances and characterization of uncertainties
(measurements, literature data, estimations)
)

Step lll: Calculation
LCalculation 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
How can the system be optimized?
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How doyou define acity ?
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How do you define a city 2

=PrL

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.

eurostat

News

CITIES (URBAN AUDIT)

Overview ‘Regions & cities'
Background
«Data

Publications
SPATIAL UNITS
Perception surveys
Statistics illustrated

Your key to European statistics

European Commission > Eurostat >

Sign In | Register ®
-
Legal notice | Cookies | Links | [\ My alerts | Contact  English v
Publications About Eurostat Help

Units

SPATIAL UNITS

What is a city? - Spatial units
Data are collected for several levels:
« ACity is a local administrative unit (LAU) where the majority of the population lives in an urban centre of at least 50
000 inhabitants.
« The Functional Urban Area consists of a city and its commuting zone. (This was formerly known as larger urban zone
(LUz)).
« The Greater city Is an approximation of the urban centre when this stretches far beyond the administrative city
boundaries.

For more detalls on the spatial dimension of citles, see: Reglons and cities glossary

Composition of spatial units

Spatials levels for Dublin
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What boundary to choose? And for what? (Q&A)

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.

E
eurostat

Your key to European statistics

News

European Commission

CITIES (URBAN AUDIT)

Overview ‘Regions & cities'
Background
«Data

Publications
SPATIAL UNIT
Perception surveys
Statistics illustrated

Publications

SPATIAL UNITS

What is a city? - Spatial units

Data are collected for several levels:

« ACity is a local administrative unit (LAU) where the majority of the population lives in an urban centre of at least 50

000 inhabitants.

« The Functional Urban Area consists of a city and its commuting zone. (This was formerly known as larger urban zone

(LU2))

* The Greater city Is an approximation of the urban centre when this stretches far beyond the administrative city

boundaries.

For more detalls on the spatial dimension of cities, see:

Composition of spatial units

Spatials levels for Dublin

City Greater city

sign In | Register ®
g | Reg a

English v

Help

/lec.europa.eu/eurostat/web/cities/s

[72)

=

7
| ©
Ol =
=| ®©
=
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In practice

- Find an administrative scale closest to the city you focus

- Find a scale where there is data (and also a perhaps a statistical
office)

- Look at existing studies (either existing MFA or related studies)

]
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Urban Urban MFA
Data layers EW-MFA (balanced)

e Structured e Structured  Topic specific
data data  Very analytic
collection collection - Data heavy

* Flexible * Balanced  Great for

 Not standard * Indicators modelling

« Easy to « Comparable and forecast
compare? to countries e Difficult to

 Black box compare?
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Data Layers (Kennedy et al. 2014)

Table 3: Parameters for a basic urban metabolism

Layer

Description

Layer 1: Context

Examine context of the city: spatial boundaries; constituent cities;
population; economy

Layer 2: Biophysical characteristics Examine the biophysical characteristics: land area; urbanized area;

climate; building gross floor area

Layer 3: Urban energy metabolism Examine urban metabolism parameters: consumption of

parameters

materials, water, food, energy - all types; electricity sources; and
sectors related to energy consumption (water; waste water, food;
transport; housing), waste generated from consumption

Layer 4: Role of utilities Number and ownership of distributors and suppliers of resources:

water, energy (electricity; natural gas; access to basic services),
food, waste

Layer 5: Policy frameworks Existing policies that shape the direction of resource flows

=PrL

Adapted from Kennedy et al. (2014) and Musango et al. (Forthcoming)

Musango, J.K., Currie, P. & Robinson, B. (2017) Urban metabolism for resource

efficient cities: from theory to implementation. Paris: UN Environment.
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Data Layers (Kennedy et al. 2014)
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Kennedy, C. A., Stewatrt, ., Facchini, A., Cersosimo, |., Mele, R., Chen, B., ... & Sahin, A. D.

(2015). Energy and material flows of megacities. Proceedings of the National Academy of
Sciences, 112(19), 5985-5990.
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Paris (P), 105 km?2,
2 2 million inhab.

Suburb (PC), 657 km2,
4.2 million inhab.

Dense urban area (PPC),
762 km?2,
.. 6.3 million inhab.

’

-

aUrban sprawl and agricultural
& (GC).
250 km<, 5.0 million inhab.

“Region
" Ne-de-France (IdF),

12,012 km2,
" _11.3 million inhab.

= A

Barles, S. 2009. Urban metabolism of Paris and its region. Journal of Industrial Ecology 13(6): 898-913.
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Urban EW-MFA
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Figure 4 Domestic material consumption (DMC), 2003 (tonnes per capita). P = Paris; PC = dense suburb

of Paris; PPC = dense urban area (PPC = P + PC); GC = urban sprawl and agricultural area; IdF =
lle-de-France region.

Barles, S. 2009. Urban metabolism of Paris and its region. Journal of Industrial Ecology 13(6): 898-913.
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Voskamp, I. M., Stremke, S., Spiller, M., Perrotti, D., van der Hoek, J. P., & Rijnaarts, H. H. (2017).

Enhanced performance of the Eurostat method for comprehensive assessment of urban metabolism: A

material flow analysis of Amsterdam. Journal of Industrial Ecology, 21(4), 887-902.
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= Analyser un produit ou nu service avec ACV

= (Calculer les impacts environnementaux d'un produit

= Anticiper les évolutions réglementaires en environnement

= Optimiser les performances environnementales des produits
Critiquer une étude existante

= Elaborer des stratégies holistiques pour boucler les flux de matiere
= Critiquer les strategies et plans environnementaux des villes et pays
= Analyser les flux de ressources et de déchets

]
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= Planifier des actions et les mener a bien de fagon a faire un usage
optimal du temps et des ressources a disposition.

= Recevoir du feedback (une critique) et y répondre de maniere
appropriée.
= Ecrire un rapport scientifique ou technique.

= Utiliser les outils informatiques courants ainsi que ceux spécifiques a
leur discipline.

= Etre responsable des impacts environnementaux de ses actions et
décisions.

=PrL
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