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Technologies

CO2 emissions by fuel type, World

Annual carbon dioxide (CO:) emissions from different fuel types, measured in tonnes per year.

Ottier
35 billion t Skl
Cement
30 billion t Gas
25 billion t
20 billion t o
15 billion t
10 billion t
Coal
5 billion t
0t
1750 1800 1850 1900
Source: Global Carbon Project OurWorldInData.org/co2-and-other-greenhouse-gas-emissions/ » CC BY

=PrL

a) Feasibility of climate responses and adaptation, and potential of mitigation options in the near-term

Climate responses and
adaptation options
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b) Potential of demand-side
mitigation options by 2050
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Howtodoit?
Give me some solutions ?
Individuals
Efficiency Sufficiency

CPEL Governments
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Whatis a system? Elements, interrelations, system
houndaries
System input

System structure
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After Bossel, 2004; Mrotzek, 2009
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From world to countries (why some countries extract
more?)

& Download selected data & Download current chart Show data table & Share your chart
Year Indicator/flow Material category
1570
m Domestic Extraction per capita v Biomass v
% E
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materialflows.net/visualisation-centre

E P Lo L Source: http://www.materialflows.net/visualisation-centre/data-visualisations
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Extraction of materials Consumption of goods and services
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Resource Footprint of Nations. Carbon, water, land and materials embodied in trade and final consumption calculated

Tukker, A, T. Bulavskaya, S. Giljum, A. de Koning, S. Lutter, M. Simas, K. Stadler, and R. Wood. 2014. The Global
with EXIOBASE 2.1, Leiden/Delft/Vienna/Trondheim
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Material Flow Analysis
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First method to include in your arsenal: MFA

Export
process D

Process 1
A target process i
ImP ()._l._t A for low 1 Exp(nt
PEOLESS 50Urce process process C
for flows 3 and 4
Import
process B

System boundary

Export
process E

Brunner & Rechberger, 2016
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Brunner & Rechberger, 2016

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

= 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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History of MFA

= Santorio Santorio (1561-1636)
Human metabolism Brunner & Rechberger, 2016

= Antoine Lavoisier (1743-1794)
Law of mass conservation in chemical processes

= Wassily W. Leontief (1906—1999)
Economic input-output tables

= Abel Wolman (1965), Duvigneaud & Denayeyer-De Smet (1975),
Newcombe, Kalma & Aston (1978)
Metabolism of cities: hypothetical American city, Brussels, Hong Kong

]
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Inputs: food, beverages
Outputs: excretions
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Brunner & Rechberger, 2016
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Inputs: food, beverages
Outputs: excretions

T ITE

Mass balance: input # output 9?7
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Brunner & Rechberger, 2016
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Brunner & Rechberger, 2016

Inputs: food, beverages
Outputs: excretions

Mass balance: input # output

Air in and out was not measured!
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- Early detection of harmful/useful material accumulation or
depletion in anthropogenic/natural subsystems (e.g. metal
enrichment in landfills due to the deposition of slag).

- Prediction of future quantities in anthropogenic/natural
subsystems.

- ldentification of the need for action in the areas of
environmental, resource, waste and policy management.

- Evaluation of the effectiveness of current/planned measures.

- Design of ecologically-optimized products, processes and
systems
(e.g. green design, eco-design).

]
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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?

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




=PrL

Method 1
EUROSTAT

Economy-Wide
Material Flow Analysis
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Firstway to perform a MFA: EN-MFA Definition

- Economy-wide material flow accounting and analysis (EW-

MFA)
Is the quantification of the material flows into and out of an
economy (socio-economic metabolism).

- EW-MFA describes the interaction of the domestic economy
with the natural environment and the rest of the world
economy.

Environment

Eurostat, 2018
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Firstway to perform a MFA: EN-MFA Definition

- EW-MFA represents national accounts in physical instead of
monetary terms.

- EW-MFA are compatible with other national accounts,
enabling integrated analyses of environmental
and economic aspects.

Environment

Eurostat, 2018
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History of EW-MFA (in Europe)

- 1990s: European Statistical System (ESS) started its work on the integration
of environmental and economic information systems.

- 2000: Eurostat task force developed a methodological framework to record
material flows and defined material flow indicators.

- 2004-2006: Eurostat task force developed a classification of materials,
standard tables and harmonized compilation procedures.

= 2011: EU Regulation No. 691/2011 for member states to report the
EW-MFA data to Eurostat.

= 2013: First mandatory annual data collection. Environment

= 2018: Latest methodology out

Eurostat, 2018

]
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EW-MFA (globally -2021)

The use of
natural resources
in the economy

A Global Manual on
Economy Wide Material Flow
Accounting

environment
programme
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BETTER POLICIES FOR BETTER LIVES

https://www.resourcepanel.org/reports/global-manual-economy-wide-

material-flow-accounting

UN® % eurostatl® @) OECD


http://www.resourcepanel.org/reports/global-manual-economy-wide-

Economy-wide material
flow accounts

nanosook | 2018 edition

‘ eurostat

Source: https://ec.europa.eu/eurostat/documents/3859598/9117556/KS-GQ-18-006-EN-
N.pdf/b621b8ce-2792-47ff-9d10-067d2b8aac4b?t=1537260841000

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



https://ec.europa.eu/eurostat/documents/3859598/9117556/KS-GQ-18-006-EN-N.pdf/b621b8ce-2792-47ff-9d10-067d2b8aac4b?t=1537260841000
https://ec.europa.eu/eurostat/documents/3859598/9117556/KS-GQ-18-006-EN-N.pdf/b621b8ce-2792-47ff-9d10-067d2b8aac4b?t=1537260841000

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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e u ro s t a t m [] Enable automatic checks when dosing workbook

5 4 Check the whole
Economy-wide material flow accounts (EW-MFA) questionnaire
2020 EW-MFA questionnaire
INTRODUCTION

version 25 August 2020

This is Eurostat's electronic questionnaire for the 2020 data collection on economy-wide material flow accounts (EW-MFA). It includes a number of sheets — an overview is
provided in sheet ‘structure’. Reporting Tables A. B, and D are based on Regulation (EU) No. 691/2011.

Please specify your country by selecting from the drop-down list: :I

Deadline for returning back the 2020 EW-MFA questionnaire is: 31 December 2020

The sheet "instructions’ provides you with detailed information on filling in the questionnaire. Please address any questions to the following e-mail address:

ESTAT-MFA@ec.europa.eu

This electronic questionnaire shall be submitted to Eurostat using the EDAMIS reporting system (Electronic Data files Administration and Management Information System).
Please ensure that the following EDAMIS parameters are entered:

Domain: ENVPFLAC

Data set: ENVPFLAC_MFA_A

Year: 2018 (which is the most recent legally mandatory reference year). Eurostat greatly appreciates receiving EW-MFA data starting from 2000 ranging up to 2019.
The eDAMIS system has been installed in all National Statistical Institutes and your local eDAMIS coordinator will give you a user-id and password
Should you have any questions regarding data transmission, please contact your local eDAMIS coordinator or the Eurostat eDAMIS helpdesk at:

estat-support-edamis@ec.europa.eu

or call +352 4301 33213.

Please provide the primary contact person for EW-MFA in your country (institufion, unit, name, email, telephone ):

3 i intro ‘ footnote instructions footnotes_list | Table A Table B

Table_D TableF | Table.G | TableH | Table.l

Source: https://ec.europa.eu/eurostat/documents/1798247/6191533/Economy-
wide+material+flow+accounts+%28EW-MFA%29+questionnaire
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https://ec.europa.eu/eurostat/documents/1798247/6191533/Economy-wide%2Bmaterial%2Bflow%2Baccounts%2B%28EW-MFA%29%2Bquestionnaire
https://ec.europa.eu/eurostat/documents/1798247/6191533/Economy-wide%2Bmaterial%2Bflow%2Baccounts%2B%28EW-MFA%29%2Bquestionnaire
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Country: | | Go to Footnotes Show Footnote |

Check
Data

Unit 1000 Metric tonnes Clean Checks |

TABLE A: DOMESTIC EXTRACTION

u|m| | 2019

2020

MF.1 Biomass
MF.1.1 Crops (excluding fodder crops)
MFALI Cereals
MFA12 Roots, tubers
WMFA13 Sugarcrops
WMFi14 Fulses
MFALE Muts
MFALE Dil-beating crops
MFALT Vegerables
MFA1E Fruits
MF113 Fitres
MFALA Other crops [erchiding fodder srops] e,
MF.1.2 Crop residues (used), fodder crops and grazed biomass
MFA21 Crop residues [used)
MF.L21T Straw
MF.1212 Other orop residues (sugar and fodder beet leaves, et
MF122 Fodder oraps and grazed biomass
MF1221 Fodder orops (including biomass hare st from grassland)
MF1222 Grazed biomass
MF.1.3 Wood
WFA31 Timber [industial roundwood)
MF13:2 Wood fuel and cther suraction
A L TAGERRT: SV et erment o timbies STooR fmeme tem. |
MF.1.4 Wild fish catch, aquatic plants and animals, hunting and gathering
MFA41 Wil fish satch
MF142 All other aquatic animals and plants
WF14:3 Hunting and gathering
MF.2 Metal ores (gross ores)
MF.2.1 lron
MF.2.2 Non-ferrous metal
MF2.2.1 Capper
AL AT Gy - metal Content
MF 2.2.2 Mickel
ASERELMEMEG Mok ed- metal ccoent
WMF22.5Lead
AERZ FMEMGL 650 - et b Ement
MF2.2.4 Zine
S22 S AMEANT 2000 - Mt ad oxtent
MF22.5Tin

» m m footnote instructions footnotes_list

Table A

Table_B

Table

Country: | | Go to Footnotes Show Footnote | Check
Unit 1000 Metric tonnes Clean Checks ‘ liats
Table B: Imports - total trade (intra + extra EU-28 trade) 1990
MF.1 Biomass l

MF.1.1 Crops (excluding fodder crops}
MF.111 Cereals
MF.112 Roots, tubers
MF.113 Sugar craps
MF.114 Pulzes
MF115 Ruts
MF.116 Dikbearing srops
MF.117 Yegetables
MF.118 Fruits
MF.113 Fibres
MF.114 Other crops (=xoluding Fadder crops) ne.s.
MF.1.2 Crop residues (used) and fodder crops
MF.12. Crop residues [used)
F1211 Straw
IF1212 Other crop residues [sugar and Fodder beet leaves, ete.]
MF.12.2 Fodder crops and grazed biomass
IIF 1221 Fodder crops (including biomass harvest rom grassland]
MF.1.3 Wood
MF.13. Timber [industrial raundwood]
MF.13.2 Wood fuel and other extraction
MF.1.4 Wild fish catch, aquatic plants and animals, hunting and gathering
MF.14.1 Wild fish catch
MF.14.2 Al other aquatic animals and plants
MF.1.5 Live animals and animal products (excluding wild fish, aguatic plants and animals, hunted and gathered animals)
IMF.15.1 Live animals [excluding wild fish, aquatic plants and animals, hunted and gathered animals]
MF.15.2 Meat and meat preparations
MF.15.3 Dainy products, birds eqgs, and honey
MF.15.4 Other products fram animals (animal fiores, skins, furs, leather etc.)
MF.1.6 Products mainly from biomass
MF.2 Metal ores (gross ores)
MF.2.1 Iron
WMF.2.2 HNon-ferrous metal
MF.221 Copper
MF.222 Mickel
MF223 Lead
MF.224 Zine
MF.225 Tin

MF.2.2E Gold, silver, platinum and other precious metal

3 footnote instructions footnotes _list

Table A

Source: https://ec.europa.eu/eurostat/documents/1798247/6191533/Economy-

wide+material+flow+accounts+%28EW-MFA%29+questionnaire
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Table B


https://ec.europa.eu/eurostat/documents/1798247/6191533/Economy-wide%2Bmaterial%2Bflow%2Baccounts%2B%28EW-MFA%29%2Bquestionnaire
https://ec.europa.eu/eurostat/documents/1798247/6191533/Economy-wide%2Bmaterial%2Bflow%2Baccounts%2B%28EW-MFA%29%2Bquestionnaire

- Domestic extraction (DE): all raw materials that are extracted from
the domestic environment and further used in production processes
(excluding air and water).

- Raw material classification
Biomass (crops, wood, animals, etc.)
Metal ores (iron, copper, zinc, etc.)
Fossil energy materials/carriers (coal, oil, natural gas etc.)
Non-metallic minerals (limestone, sand, salt etc.)

- Data sources: national extraction/mining statistics, e.g. crop, forestry
or mining statistics. (for instance FAO, USGS, ...)

]
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What quantities of raw materials are domestically extracted to sustain economic activities?
Which raw material groups contribute most to the domestic extraction and how has this changed over time?

Domestic Extraction of Switzerland in 1970-2017, by material group

B Non-metallic minerals
B Biomass

tonnes

http://www.materialflows.net/
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http://www.materialflows.net/

Domestic Extraction of Switzerland in 2017, by material group

Domestic Extraction

Limestone

http://www.materialflows.net/
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http://www.materialflows.net/

tonnes

Domestic Extraction of China in 1970-2017, by material group
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Metal ores
Fossil fuels
Non-metallic minerals

Biomass

http://www.materialflows.net/
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http://www.materialflows.net/
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Domestic Extraction of China in 2017, by material group
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http://www.materialflows.net/

& Download selected data & Download current chart Show data table & Share your chart
Year Indicator/flow Material category
1570 2015
- Domestic Extraction per capita v Biomass v

0-2t/cap
2-3ticap
3-6tcap
6— 10 t/cap

B 10-15ticap
NA

Leaflet

Reference-Disclaimer: WU Vienna (2020): Material flow by country. Visualisation based upon the UN IRP Global Material Flows Database. Vienna University of Economics and Business. Online available at:

http://www.materialflows.net/
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http://www.materialflows.net/

Input Economy Output

MFA (Eurostat): imports

- Imports (IMP): imported and traded goods at all stages
of processing, from raw materials to highly processed
products.

- Methods: products are allocated to specific material categories,
e.g. imported car produced from steel as the main component is
allocated to iron ore.

- Data sources: foreign trade statistics, either from national or

international (EU, UN) statistical sources. (see COMEXT, CN,
NST)

]
U ENV-370 @ Binder, Athanassiadis, Payet | 2024



How many goods is a country importing in addition to domestic extraction?
How dependent is the productive sector of an economy on raw material imports?

Imports of Switzerland in 1970-2017, by material group

40M
35M
30M

25M

Metal ores
Fossil fuels

20M Non-metallic minerals

tonnes

Biomass

15M
10M

5M

9970 1975 1980 1985 1990 1995 2000 2005 2010 2015
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Imports of China in 1970-2017, by material group

1.5B

tonnes

1B

0.5B

9970 1975 1980 1985

=PrL
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Non-metallic minerals

Biomass
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(
etc.) (DPO)

IIIIIII Exports >

- Domestic processed output (DPO): total mass of waste materials
generated along the value added chain, including resource
extraction, processing, manufacturing use, and waste management.

- DPO includes emissions to air, water, and landfill.

=PrL
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Input Economy Output

accumul
r n o .
materials
(DE) outputs
(
etc.) (DPO)

MFA (Eurostat): exports

Exports

=1

- Exports (EXP): exported and traded goods at all
stages of processing, from raw materials to highly
processed products.

- Methods: products are allocated to specific material categories,
e.g. exported car produced from steel as the main component is
allocated to iron ore.

- Data sources: foreign trade statistics, either from
national or international (EU, UN) statistical sources.

=PrL
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Exnnrts i“ cl'l How many goods is a country exporting?

40M vs 9M

Exports of Switzerland in 1970-2017, by material group

oM
8M
M

oM

Metal ores
5M Fossil fuels

Non-metallic minerals

tonnes

Biomass
4M

3M
2M

iMm

|%97'[] 1975 1980 1985 1990 1995 2000 2005 2010 2015
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Exports in Ghina 2,58 vs 400M

Exports of China in 1970-2017, by material group

400M
350M
300M

250M
Metal ores
Fossil fuels

tonnes

200M MNon-metallic minerals

Biomass

150M
100M

50M

9970 1975 1980 1985 1990 1995 2000 2005 2010 2015
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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
U ENV-370 @ Binder, Athanassiadis, Payet | 2024



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) & -

B Imports

'... III IIIII B Exports
L~ .-' ..IIIII I II Balance

=
1 “_‘.-.l-|-ll.|.l..|.lllll

tonnes

1970 1975 1980 1985 1990 1995 2000 2005 2010 2015
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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)

2.5B

B Imports
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Balance
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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% :
1990 2018 1900 2018 1990 2018

'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
Gigatonnes

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)
Vers I'atmosphére
457000 (7,1)

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

Extraction intérieure
inutilisée
453000 (7,0)

inutilisée

453000 (7,0) milliers de tonnes
(tonnes par habitant)

Flux indirects associés

Flux indirects associés

aux exportations
aux importations 906 000 (14,0)

1160000 (18,0)

Source: https://www.youtube.com/watch?v=W1FgghlxlaM&list=PLeU78T5dtVW6wWH7xsbDc2KdU30OmnIT8RC
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https://www.youtube.com/watch?v=W1Fgqh1xlaM&list=PLeU78T5dtVW6wH7xsbDc2KdU3QmnlT8RC

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)

Vers a nature (autres) 22 400 (2,0),

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
au stock
32800 (11,8)

Flux d’équilibrage (BO)

Extraction intérieure s %
17 300 (6,2)

utilisée 47 000 (16,9)

Vers I'air 15 500 (5,6
Midi-Pyrénées | (55)

Vers la nature (autres) 10 000 (3,6,

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

En milliers de tonnes (tonnes par habitant)
Entrées

Addition nette
au stock
11000 (6,7)

1

Extraction intérieure {

ENTREES

Flux d’équilibrage (Bl)
151 216 kt (24,8 t/ha

inutilisée 20 100 (12,2) =
Extraction intérieure E
Lt L tilisée 20 100 (12,2) .
e ‘ Extraction intérieure
. ; Vers Fair 11200 (6,8)  nutilisée
g 61 498 kt (10,1 t/hab.)
-
Recyclage Extraction intérieure
400035 50 utilisée (DEU)
2,43 3 3,04 - ==
el 87 570 kt (14,4 t/hab.)
Importations (1)
| 41 399 kt (6,8 t/hab.)
LR
' Flux indirects associés
Flux indirects associés ' Flux indirects associés 5 R
| auximportations | aux exportations aux importations
131400 (79,9) ! 120 600 (73,3) 207 996 kt (34‘1 t/hab.)
Source : AREC - Données 2017 - Edition 2020

Addition nette au stock (NAS)
35653 kt (5,9 t/hab.)

Systéme socio-économique
Nouvelle-Aquitaine

Recyclage
Entre 9 491 et 9 615 ki (1,6 Uhab)

SORTIES

Extraction intérieure
inutilisée
61 498 kt (10,1 t/hab.)

Vers 'air
35 641 kt (5,8 t/hab)
Vars i3 nature (autres)

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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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_VF.pdf

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
o Lille TerritoiT ?ricerné
Te:rimi,re ?n_cemé SCot du Havre de Caux Estuaire et g : oot
A SCot du Pays des Hautes Falaises -
Région o
Plaine Commune
o Paris ePans
BRETAGNE > 2
Loire- Oﬂe.ans
Atlantique BOURGOGNE :3;?(031?@ d’une étude
Aussois ST
MIDI-PYRENEES SCoT Ouest Etang de Berre
A 0
& L & Sl
& —

© 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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https://www.institutparisregion.fr/fileadmin/NewEtudes/000pack2/Etude_2625/EtudesMetabolisme_Recensement_VF.pdf

EW-MFA: Use at a territorial level (French case study)

Les territoires dotés d’étude de métabolisme
entre 2010 et 2015

SCot du Havre de Caux Estuaire et

SCot du Pays des Hautes Falaises
o
Plaine Commune
® Paris
ALSACE
BRETAGNE
L
Loire- Orléans
Atiantique BOURGOGNE
Aussois
L]
MIDI-PYRENEES SCoT Ouest Etang de Berre
} o]
Hatites-
Pyrénées

Les territoires dotés d’étude de métabolisme
a partir de 2016
Territoire concerné par une étude

Territoire concerné o2 entre 2016 et 2020

Haute- ® Commune
Normandie © Intercommunalité
"9 Département
/ 3 Région, aprés fusion de 2016
Py Région, avant fusion de 2016
> Lorraine

Région

1 - Cceur d'Essonne Agglomération
2 - CU le Mans Métropole
3 - Est Ensemble
4 - Métropole de Lyon
. i . 6 5 - Métropole Européenne de Lille
Territoire doté d’une étude =0 VAL DE LOIRE 6 - Métropole de Nantes
avant 2010 7 - Rennes Métropole
Commune 8 - Paris
9 - SIETREM de Lagny-sur-Marne
10 - CA Angers Loire Métropole

Région

* se référer aux carles présentant 2 . .
Ia situation antérieure Martinique Territoire doté d'une étude

avant 2016*

Commune, Intercommunalité
ou SCot

La Réunion Département ou Région

* se référer aux cartes présentant
1a situation antérieure.
N

No  ioowm y g
N
© L'INSTITUT PARIS REGION, 2021 v -
Source : L'insttut Paris region
© L'INSTITUT PARIS REGION, 2021
Source : L'institut Paris region

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://ec.europa.eu/eurostat/web/environment/material-flows-and-resource-productivity
https://ec.europa.eu/eurostat/web/environment/material-flows-and-resource-productivity
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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Export
process D

Import
process A

Process 1
target process
for flow 1
source pl'()(fCSS
for flows 3 and 4

Import
process B

\

System boundary

Export
process L

Export
process C
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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

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




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)
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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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[ “black box” ]
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E P :: L Brunner & Rechberger, 2016
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Water use
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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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Flows: materials flowing from one process to another.

- Flows: ratio of mass per time (e.g. t/y)
- Fluxes: flow per cross section (e.g. person, private
household, area)

- Flows/fluxes entering a process: inputs

- Flows/fluxes exiting a process: outputs ¢
- Flows/fluxes across system S .
. . ® \
boundaries: imports and
s%r’\%&\&% o
exports Eag .'
D \\"5‘@. st
¥ \‘:\C\J&Q‘\O\ (} A P \
=N //S;st Switzerl /l

Brunner & Rechberger, 2016
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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
L ELEEFFESEESE ES F S S

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?
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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?
b. How much energy can be saved?

= 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

F
.
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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
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0 ENV-370 @ Binder, Athanassiadis, Payet | 2024



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
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Example - Recycling glass

Consump- Waste Ay
tion = 49,23
-

System boundary

Indicators (as defined earlier)

a. Import rate
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B 5 N https://relondon.gov.uk/wp-
(B vemern) SO content/uploads/2021/11/Relondon

S e
(B)Y@ vesctavless rrut
(C)@ sy proscss )
@ sowrse)

Londons food footprint online.pdf

. Biomass
unit = tonnes
— Waste Or |OSS

tannes

Food Rescue and
Redistribution

Vit = tonnes

7 Emissions
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Course organisation

=PrL
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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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