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Enable you to carry out environmental system analyses and assessments
(through using different assessment methods for different scales)
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1. Par rapport au contenu de la semaine passé?
2. Par rapport a I'organisation du cours?
3. Vous avez digéré les chiffres?

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



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



Recap - what number surprised you the most?
From 1900-2015

=PrL

Population: 4.6x
Rural Population: 2.6x
Urban Population: 14x

Global primary energy consumption: 15x/year

Global freshwater use: 6x/year
Global material extraction: 12x/year
Material stocks: 27x
Waste/Outflows: 11x/year

CO, emissions: 15x/year

GDP : 27x
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RECAP - Global inequalities over use
(a)

https://doi.org/10.1017/sus.2020.12
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Fig. 3. Average carbon footprint (CF) distribution by consumption category in the European Union (EU) (top). The bottom graph depicts the average CF shares by
consumption category and countries of EU top 10% emitters on the left (with CF >15 tCO,eq/cap) and EU bottom 5% of emitters on the right (with CF <2.5 tCO,eq/cap).
See Sl4 for country averages. EU household weights applied. See Section 2 for country codes.

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



What about Energy Transition ?

National 13+
categories material
flows

National 4+ categories

material flows

National material
totals and ratios

Filter countries = Clear filter Filter categories = Clear filter

m v

Fossil fuels

Metal ores

Filter flow types | Clear filter

DE (Domestic Extraction,... -

Country « Category $+ Flow 3 | 2020 = 2021 § 2022 ¢ 2023 = 2024 5

World Fossil fuels DE 362,033,658 15,823,307,613 15915,740,174 15,998,218,386 16,102,490,158

World Metal ores DE 105,077,100  9,830,519,158 10,070,051,181 10,321,586,529 10,619,770,397

»

https://www.resourcepanel.org/global-material-flows-database
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What ahout Energy Transition ?

All the Metals We Mined

{ From iron ore to rare earths, here are all the metals we mined in 2019.
IN ONE CHART : '

Ir § fron ore made up roughly :
on ore 94% of the 3.2 billion tonnes i ’ = 1.000,000 tonnes

! 3;0&0.“00;000 tonnes ’ of metals mined in 2019. :E""'"'"'"'"““"'“""“"“““""""é

l Industrial metals
207,478,486 tonnes

. - ) Tech and
uminum is the world’s second-most \: Manganese is mainly used in iron and steel .
used metal after iron, found in everything manufacturing and is a key ingredient in preclous metals

from electronic devices to aircraft parts. lithium-ion batteries. 1 335 8&8 t
------------------------------------------------------- 1 1,335,848 tonnes

Copper production is one-third that of HEO Chromium enhances the hardenability and :

aluminum, though it has several uses "N=Z" corrosion resistance of stainless steel. -

ranging from wiring to construction.

i Ores are naturally occurring rocks that Metals are the valuable parts of
*  contain metals or metal compounds. ores that can be extracted and sold.

Niobium is a rare metal used in superalloys

¥ for jet and rocket engines.

Lithium and cobalt are critical ingredients

of lithium-ion batteries for electric vehicles.

. Indium is used to make indium tin oxide,

* an important part of touch screens, TVs,
and solar panels.
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https://www.visualcapitalist.com/all-the-metals-we-mined-in-one-visualization/
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What about Energy Transition ? Metal needs

Global metal demand by commodity for clean energy technologies in a STEPS and SDS scenario respectively (Mt*) % metal required in 2050 for clean energy technologies vs.
2020 overall use (Global SDS ambitious climate scenario).™* T
Al
0 Current climate policies — STEPS (Mt) a0 - High climate ambition — SDS (Mt} . - Lithium Silicon
7 1 - Ni Dysprosium Terbium
60 — 60 — . Zn Cobalt c
] oba opper
0 | B @
- . Si Tellurium Aluminium
© 1 o “1 o -
_— — O Scandium Tin 28%
0 4 — - 30 . Mn
| — - 0 4 - o Nickel Germanium 24%
0 4 o 4 . Co Praseodymium Molybdenum 22%
1 || || | o || [ | I Oth  Gallium 77% Lead 22%
2030 2040 2050 2030 2040 2050
Neodymium Indium 17%
! Platinum 64% Zinc 14%
2050 Metals demand 45 Mt 2050 Metals demand 75 Mt Iridium 63% Silver 10%
Current climate policy Ambitious climate policy

"Mt = million tonnes, annual (including lithium expressed as metal equivalent)

https://www.eurometaux.eu/media/hr2ftbp3/2022-policymaker-summary-report-final-13-5-22.pdf
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What ahout Energy Transition ? (Lithium need in EU Xx39)

World Mine Production and Reserves: Reserves for Argentina, Australia, Brazil, China, the United States, and

“Other countries” were revised based on company and Government reports.

United States

Argentina
Australia
Brazil
Canada
Chile
China
Portugal
Zimbabwe

Other countries®
World total (rounded)

Mine production

2022

W
6,590
74,700
€2,630
€520
38,000
€22,600
¢380
¢1,030

146,000

2023°

W
9,600
86,000
4,900
3,400
44,000
33,000
380
3,400

180,000

Reserves?

1,100,000
3,600,000
6,200,000
390,000
930,000
9,300,000
3,000,000
60,000
310,000
2,800,000

——

28,000,000

https://www.usgs.gov/centers/national-minerals-information-center/lithium-statistics-and-information
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hat about Energy Transition 2 In Eu ? Opening of new Mines 2

Aluminium (Mt)

21 Mt

14 Mt

+33*

2020 2050

EVs Solar @ Electricity networks

Top transition uses:

Zinc (Mt)
2.8 Mt 2.8 Mt

+11%

2020 2050

Top transition uses: Q Es Solar

o Energy transition uses Other uses
Copper (Mt)
5.9 Mt
43 Mt .
+35*

2020 2050

Top transition uses: Ells @ Electricity networks @ Wind
=

Silicon (kt)

865 ki

435 kt

2020 2050

Solar @ EVs

Top transition uses:

BATTERY METALS

Europe will require significant new supplies of nickel, lithium, and
cobalt for its domestic battery cathode manufacturing plans. Of
these metals, Europe only has a significant existing market for
nickel, which is mainly used in stainless steel

By 2050, batteries will be Europe’s major use for lithium, nick-
el, and cobalt under all the study's scenarios, with new demand

reaching up to 3500% of Europe’s lithium consumption today,
330% of cobalt, and more than 100% of nickel

Uncertain technology developments after 2030 will likely impact
these long-term projections. Regular attention is required to the
battery market and potential breakthrough technologies.

Lithium (kt, LCE) Nickel (kt) Cobalt (kt)
861kt 895kt 967kt
-
-
sgq | +103%
+3535*
184kt

PET
2020 2050 2020 2050 2020 2050

Top transition uses (all battery metals): @ Elis @ Battery storage

RARE EARTH METALS

Significant volumes of rare earth elements in permanent magnets
will be required in Europe’s electric vehicles and wind turbines
But Europe will only require new supplies of rare earth metals if
it is successful in building up domestic permanent magnets pro-
duction - competing against China’s near monapely of the rare
earths/permanent magnets market

Dysprosium (kt)
0.22kt

2020 2050 2020

Top transition uses (rare earth elements): @ Els @h Wind
=

Neodymium (kt)

-
=
+827%
0.229kt
0.007 ki

Even a moderate level of European domestic magnets produc-
tion would transform the European rare earths market, requiring
between 600% and 2700% exira compared with Europe’s con-
sumption today.

Praseodymium (kt)
2.30kt 0.718 kt
-
+587*
0.094kt
2050 2020 2050

https://www.eurometaux.eu/media/hr2ftbp3/2022-policymaker-summary-report-final-13-5-22.pdf
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m Actualités Economie - Vidéos Débats Culture~ Le Godt du Monde v Servicesv

ECONOMIE - INDUSTRIE

Une premiere mine de lithium va étre
exploitée en France, avec I'ambition d’équiper
700 000 véhicules en batteries par an

Le leader mondial des spécialités minérales pour I'industrie Imerys a annoncé, lundi, le
lancement d’un important projet d’exploitation a Echassiéres, dans I'Allier.

Par Jean-Yves Vif (Moulins, correspondant)

Publié le 24 octobre 2022 4 08h01, modifié le 25 octobre 2022 a 06h01 - & Lecture 3 min. - Read in English

[ Lire plus tard =

Article réservé aux abonnés

i i

https://www.lemonde.fr/economie/article/2022/10/24/imerys-annonce-l-ouverture-

Les études et carottages prévoient la présence en profondeur de
fortes concentrations d’hydroxyde de lithium, au total un million de
tonnes d'une teneur entre 0,9 % et 1% d'oxyde, confirmant les
estimations du Bureau de recherches géologiques et miniéres
(BRGM). Ce gisement permettra I'extraction de 34 000 tonnes
pendant vingt-cing ans. Imerys deviendra ainsi un fournisseur de
premier plan du marché européen, avec une capacité d'‘équipement
de 700 000 véhicules en batteries lithium-ion par an.

Lire aussi: Réindustrialisation : « Le gouvernement a O
lancé la machine, mais il reste le plus dur, changer les esprits »

Outre les études déja réalisées pour 30 millions d’euros, le projet
nécessitera un investissement minimum d'un milliard d’euros, sur
la base d'un cotit de production du lithium estimé entre 7 euros et

9 euros le kilo. Imerys le juge « trés compétitif, en particulier sur le

de-la-premiere-production-de-lithium-en-france-qui-fera-de-l-entreprise-un-acteur-

de-poids-du-marche-europeen 6147060 3234.html
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IPCC Pathways that stay under15C

Characteristics of four illustrative model pathways

Different mitigation strategies can achieve the net emissions reductions that would be required to follow a
pathway that limits global warming to 1.5°C with no or limited overshoot. All pathways use Carbon Dioxide
Removal (CDR), but the amount varies across pathways, as do the relative contributions of Bioenergy with
Carbon Capture and Storage (BECCS) and removals in the Agriculture, Forestry and Other Land Use (AFOLU)
sector. This has implications for emissions and several other pathway characteristics.

Breakdown of contributions to global net CO2 emissions in four illustrative model pathways

Fossil fuel and industry

Billion tonnes CO, per year (GtCO2/yr)
20 P1

& AFOLU

BECCS

Billion tonnes CO, per year (GtCOz/yr)
P3

Billion tonnes CO, per year (GtCO2/yr)
40 P2 A(

Billion tonnes CO, per year (GtCO2/yr)
P4

2020 2060 21

P1: Ascenario in which social,
business and technological innovations
result in lower energy demand up to
2050 while living standards rise,
especially in the global South. A
downsized energy system enables
rapid decarbonization of energy supply.
Afforestation is the only CDR option
considered; neither fossil fuels with CCS
nor BECCS are used.

2060 2100 202C 2060 2100

P3: A middle-of-the-road scenario in
which societal as well as technological
development follows historical
patterns. Emissions reductions are
mainly achieved by changing the way in
which energy and products are
produced, and to a lesser degree by
reductions in demand.

P2: A scenario with a broad focus on
sustainability including energy
intensity, human development,
economic convergence and
international cooperation, as well as
shifts towards sustainable and healthy
consumption patterns, low-carbon
technology innovation, and
well-managed land systems with
limited societal acceptability for BECCS.

2020 2060 2100
P4: Aresource- and energy-intensive .
scenario in which economic growth and |
globalization lead to widespread '
adoption of greenhouse-gas-intensive
lifestyles, including high demand for
transportation fuels and livestock
products. Emissions reductions are :
mainly achieved through technological |
means, making strong use of CDR
through the deployment of BECCS.

Source: IPCC, 2018: Summary for Policymakers. In: Global Warming of 1.5°C. An IPCC Special Report on the impacts of global warming of 1.5°C above pre-industrial levels and related global greenhouse gas emission
pathways, in the context of strengthening the global response to the threat of climate change, sustainable development, and efforts to eradicate poverty [Masson-Delmotte, V., P. Zhai, H.-O. Portner, D. Roberts, J. Skea,

=PrL

P.R. Shukla, A. Pirani, W. Moufouma-Okia, C. Péan, R. Pidcock, S. Connors, J.B.R. Matthews, Y. Chen, X. Zhou, M.l. Gomis, E. Lonnoy, T. Maycock, M. Tignor, and T. Waterfield (eds.)]. Cambridge University Press,
Cambridge, UK and New York, NY, USA, pp. 3-24, doi:10.1017/9781009157940.001.
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Fossil fuel and industry @ AFOLU BECCS

Billion tonnes CO, per year (GtCO2/yr) Billion tonnes CO, per year (GtCOz/yr) Billion tonnes CO, per year (GtCOz/yr) Billion tonnes CO, per year (GtCOz/yr)
3 P1 *0 P2 " P3 " P4
20 20
( 0 {
- 20
202( 2060 2100 2020 2060 2100 2020 2060 2100 2020 2100
P1: Ascenario in which social, P2: A scenario with a broad focus on P3: Amiddle-of-the-road scenario in P4: Aresource- and energy-intensive |
business and technological innovations sustainability including energy which societal as well as technological scenario in which economic growth and
result in lower energy demand up to intensity, human development, development follows historical . globalization lead to widespread
2050 while living standards rise, economic convergence and patterns. Emissions reductions are . adoption of greenhouse-gas-intensive
especially in the global South. A international cooperation, as well as mainly achieved by changing the way in lifestyles, including high demand for
downsized energy system enables shifts towards sustainable and healthy which energy and products are : transportation fuels and livestock
rapid decarbonization of energy supply. consumption patterns, low-carbon produced, and to a lesser degree by : products, Emissions reductions are
Afforestation is the only CDR option technology innovation, and reductions in demand. mainly achieved through technological
considered; neither fossil fuels with CCS well-managed land systems with means, making strong use of COR
nor BECCS are used. limited societal acceptability for BECCS. ¢ through the deployment of BECCS.

Source: IPCC, 2018: Summary for Policymakers. In: Global Warming of 1.5°C. An IPCC Special Report on the impacts of global warming of 1.5°C above pre-industrial levels and related global greenhouse gas emission
pathways, in the context of strengthening the global response to the threat of climate change, sustainable development, and efforts to eradicate poverty [Masson-Delmotte, V., P. Zhai, H.-O. Pértner, D. Roberts, J. Skea,
P.R. Shukla, A. Pirani, W. Moufouma-Okia, C. Péan, R. Pidcock, S. Connors, J.B.R. Matthews, Y. Chen, X. Zhou, M.I. Gomis, E. Lonnoy, T. Maycock, M. Tignor, and T. Waterfield (eds.)]. Cambridge University Press,
Cambridge, UK and New York, NY, USA, pp. 3-24, doi:10.1017/9781009157940.001.
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Fossil fuel and industry @ AFOLU BECCS

Billion tonnes CO, per year (GtCO2/yr) Billion tonnes CO, per year (GtCOz/yr) Billion tonnes CO, per year (GtCOz/yr) Billion tonnes CO, per year (GtCOz/yr)
90— P1 40 P2 4 P3 40 P4
20 20
( 0 {
20 20
202 2060 2100 2020 2060 2100 2020 2100 2020 2100
P1: Ascenario in which social, P2: A scenario with a broad focus on P3: Amiddle-of-the-road scenario in P4: Aresource- and energy-intensive |
business and technological innovations sustainability including energy which societal as well as technological | scenario in which economic growth and |
result in lower energy demand up to intensity, human development, development follows historical . globalization lead to widespread '
2050 while living standards rise, economic convergence and patterns. Emissions reductions are . adoption of greenhouse-gas-intensive
especially in the global South. A international cooperation, as well as mainly achieved by changing the way in lifestyles, including high demand for
downsized energy system enables shifts towards sustainable and healthy which energy and products are : transportation fuels and livestock
rapid decarbonization of energy supply. consumption patterns, low-carbon produced, and to a lesser degree by : products, Emissions reductions are
Afforestation is the only CDR option technology innovation, and reductions in demand. mainly achieved through technological
considered; neither fossil fuels with CCS well-managed land systems with | means, making strong use of COR
nor BECCS are used. limited societal acceptability for BECCS. ¢ through the deployment of BECCS.

Source: IPCC, 2018: Summary for Policymakers. In: Global Warming of 1.5°C. An IPCC Special Report on the impacts of global warming of 1.5°C above pre-industrial levels and related global greenhouse gas emission
pathways, in the context of strengthening the global response to the threat of climate change, sustainable development, and efforts to eradicate poverty [Masson-Delmotte, V., P. Zhai, H.-O. Pértner, D. Roberts, J. Skea,
P.R. Shukla, A. Pirani, W. Moufouma-Okia, C. Péan, R. Pidcock, S. Connors, J.B.R. Matthews, Y. Chen, X. Zhou, M.I. Gomis, E. Lonnoy, T. Maycock, M. Tignor, and T. Waterfield (eds.)]. Cambridge University Press,
Cambridge, UK and New York, NY, USA, pp. 3-24, doi:10.1017/9781009157940.001.
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Many options available now in all sectors are estimated to offer substantial potential to reduce

-
n net emissions by 2030. Relative potentials and costs will vary across countries and in the longer
H term compared to 2030.

T -
ecnn0Ingles [ Wind energy

CO2 emissions by fuel type, World

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

35 billion t

30 billion t

25 billion t

20 billion t

15 billion t

10 billion t

5 billion t

0

Potential contribution to net emission reduction, 2030 (GtCO,-eq yr')
Mitigation options

Solar energy

Bioelectricity

Hydropower

&| Geothermal energy

£ | Nuclear energy

Carbon capture and storage (CCS)
Bioelectricity with CCS

Reduce CH, emission from coal mining
L Reduce CH, emission from oil and gas

W

Other indus
Flaring
Cement

Carbon sequestration in agriculture

Reduce CH, and N,0 emission in agriculture
Reduced conversion of forests and other ec
Ecosystem ff X i i

?

=

@
8
AFOLU

pi inable forest
Reduce food loss and food waste
L Shift to balanced, sustainable healthy diets

Avoid demand for energy services

Efficient lighting, appliances and equipment
New buildings with high energy performance
Onsite renewable production and use
Improvement of existing building stock
Enhanced use of wood products

Buildings

[ Fuel-efficient light-duty vehicles
Electric light-duty vehicles

Shift to public transportation
Shift to bikes and e-bikes
Fuel-efficient heavy-duty vehicles

t
1750

Source: Global Carbon
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Transport

1800 1850 1900 1950 2000 2019 Electric heavy-duty vehicles, incl. buses
emissions/ » CC BY Shipping - efficiency and optimisation
Aviation ~ energy efficiency

Biofuels

OurWorldInData.org/co2-and-other-greenhou

el

Net lifetime cost of options:

I Costs are lower than the reference

I 0-20 (USD 1COyeq)

I 20-50 (USD tCOy-eq”')

I 50-100 (USD tCO-¢q)

I 100-200 (USD tCO,-eq")

I Cost not allocated due to high
variability or lack of data

|

T"T] |

Energy effidency

Material efficiency

Enhanced recycling

Fuel switching (electr, nat. gas, bio-energy, H,)
Feedstock decarbonssation, process change
Carbon capture with utilisation (CCU) and CCS
Cementitious material substitution

Reduction of non-CO, emissions

Industry

1 Uncertainty range applies to
the total potential contribution
to emission reduction. The
individual cost ranges are also
associated with uncertainty

[ Reduce emission of fluorinated gas
Reduce CH, emissions from solid waste
L Reduce CH, emissions from wastewater

I |
i

GiCOeqyr'
Figure SPM.7 | Overview of mitigation options and their estimated ranges of costs and potentials in 2030.

Source: IPCC, 2022: Summary for Policymakers. In: Climate Change 2022: Mitigation of Climate Change. Contribution of Working Group Il to the Sixth Assessment Report
of the Intergovernmental Panel on Climate Change [P.R. Shukla, J. Skea, R. Slade, A. Al Khourdajie, R. van Diemen, D. McCollum, M. Pathak, S. Some, P. Vyas, R.
Fradera, M. Belkacemi, A. Hasija, G. Lisboa, S. Luz, J. Malley, (eds.)]. Cambridge University Press, Cambridge, UK and New York, NY, USA. doi:
10.1017/9781009157926.001.
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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
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a) Feasibility of climate responses and adaptation, and potential of mitigation options in the near-term

Climate responses and
adaptation options

Energy refiabilkty (e.q
diversification, access, stabiity)

Resilient power systerms

Improve water use efficiancy

Elficient vestock systesms

improved cropland management

Water use efficiency and water
fesource management

Biodwersity management and
ecosystem connectivity

Agraforesry

Sustainable aguaculture and fisherles
Forest-based adaptation

Integrated coastal zone management

Coastal defence and hardening

LAND, WATER, FOOD ENERGY SUPPLY

Sustainable whan water management
Sustainable kandd use and wban planning

Green infrastructure and
ecosystem services

g
o
w

z2
-
=H
gi

Enhanced health senices
{e.g, WASH, nutrition and diets)

[heaLTH]

Risk spreading and shanng

Social safety nets

Climate services, induding
Early Waming Systems
Disastes risk management

AND ECONOMY

Humen migratsan

SOCIETY, LIVELIHOOD

Planned relocation and resettioment

Livedibood diversification

Feasibility level and synergies

beudficiont

b) Potential of demand-side
mitigation options by 2050

& Tetal emissiors {2050)
- 4B % Percerrage of possibie reduction
Demancdside mitigation potert
Porential range

Confidence level in
with mitigation and n synerg

B vigh I Medium Low wes High

odi v

V4 s Lo :
Mitigation options  potential contrbution to

net emission reduction, 2030 &
e ————
Wind | -
“ n Reduce methane from cool ol and gos -
n - Bioelectricity (includes BECCS)
- Geothermal and hydropower
Nudes .
Fossil Carbon Capture and Storage (CCS) IR
n “ Reduce conversion of natural ecosystemns
nn Carben sequestration In agnculture
e o
n " Shift to sustainable healthy diets
“ n Impeoved sustainable forest management N
n Reduce methane and N0 In agriculture -
Reduce food loss and food weste
Efficient bulldngs  REG—_—
n Fuel efficient vehicles  IEEEG—_G
“- Electric vehicles
Efficient lighting, appllances
=l "I
Public transport and bicycling N
Biofuels for transport NI
Effickent shipping and aviation I
n - Avoid demand for energy services N
Onsite renewables N
[ - | Fuel switching G
“ Reduce emission of flworinated gas IR

J

Energy efficioncy

Material efficiency

Reduce methane from
wastelwastewater

Construction materials substitution

w
b
<
=
e
=
<
>
S
=
=5
-
-1
2

Enhanced recycling

Carbon capture with
utilisation {CCU) and CCS

ntial feasibdity
tigation

Net lifetime cost of options:

wer than the reforence - 0-100 (USD par t€0,-0q)

0 200 (USD pet 100

veith v

oo Mudium  * Low

cated doe
ck of data

varnabiity or

( Food

T <ll Land transport

| Buildngs
Industry

scarfciun (+60%)

Electricity 73% reduction (before
additional electrification)

Source: IPCC, 2022: Summary for Policymakers. In: Climate Change 2022: Mitigation of Climate Change. Contribution of Working Group Il to the Sixth Assessment Report
of the Intergovernmental Panel on Climate Change [P.R. Shukla, J. Skea, R. Slade, A. Al Khourdajie, R. van Diemen, D. McCollum, M. Pathak, S. Some, P. Vyas, R.
Fradera, M. Belkacemi, A. Hasija, G. Lisboa, S. Luz, J. Malley, (eds.)]. Cambridge University Press, Cambridge, UK and New York, NY, USA. doi:

10.1017/9781009157926.001.
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Howtodoit?
Give me some solutions ?
Individuals
Efficiency Sufficiency

CPEL Governments

ENV-370 @ Binder, Athanassiadis, Payet | 2024



What is happening 2 Paris agreement (2013)
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SDGs (2030)

NO GOOD HEALTH QUALITY GENDER CLEAN WATER
POVERTY AND WELL-BEING EDUCATION EQUALITY AND SANITATION

v | NI

DECENT WORK AND INDUSTRY. INNDVATION 10 REDUCED 1 SUSTAINABLE CITIES 12 RESPONSIBLE

ECONOMIC GROWTH AND INFRASTRUCTURE INEQUALITIES AND COMMUNITIES CONSUMPTION
AND PRODUCTION

M Ol 7 e

v

13 GLIMATE 1 LIFE BELOW 1 LIFE 16 PEACE, JUSTICE 17 PARTNERSHIPS
ACTION WATER ON LAND AND STRONG FOR THE GOALS 6"’,
~ INSTITUTIONS i =h
8 s
o - |
- For Sustainable Development
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[ A new Circular Economy Action Plan ]
I * Strategy on the sustainable use of chemicals

® Clean Air and Water Action Plans

[ Biodiversity Strategy for 2030 l

Transition to a
Circular Economy

Preserving Europe’s

. A zero pollution Europe
natural capital

¢ TBD with the
commissioner-

designate x .
e Sustainable Transport Farm to Fork —[ Farm to Fork Strategy |
; European 7 ® Vision for Inclusive
* Revising 2030 Achieving Climate Green The transformation of R ik Arnae
Climate targets Neutrality agnculture and rural areas ® Africa Europe agenda
* Extending ETS
® Climate Pact Deal
hd limate Law
* Carbon Border Tax g
Clean, Reliable and Towards a modernised and CAR vl spandiel I
Affordable energy simplified CAP
¢ Review Energy
Legislation
¢ European
F sork for g :
5 TSI e 2 Leave no one behind
Review Energy Financing the transition

Taxation directive

(Just Transition)

® European Investment Bank as European Climate Bank ® just Transition Instrument, including the Just Transition Fund
® Sustainable Europe Investment Plan ® Mainstreaming the Just Transition in the MFF

® Green Financing Strategy

® Mainstreaming dimate transition and sustainability in the MFF
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Exampies at a city level (Lausanne climat)

%X Ville de Lausanne vﬁq%
\i"

-
Voo

PLAN CLIMAT
CANTONAL 2030

2¢ GENERATION

ion des éi s du Grand Gen (TCO? ) depuis 1910, et objectifs de
ion 0501 utralité carbo ette)

bt
,-Eﬂ -
ﬂ ‘mm-

Source: https://www.ge.ch/teaser/plan-
climat-cantonal-geneve-2030/plan-
climat

Plan climat

ca I’bO ne PARTIE I: Objectifs et stratégie
PARTIE II: Plan de mesures 2021-2023
100% Il ElE=

Source: https://www.ge.ch/document/24973/telecharger
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Examples at a city level (Transition Towns)
’Transnlon 000 Qs Login / Register

u etwor -Org About the Movement Transition Near me Stories Do Transition News and blog

A movement of communities
coming together to reimagine 3
and rebuild our world

https://transitionnetwork.org/
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Everyday choices —what can you cut off?

£ carbone4d (o) HY
Empreinte carbone moyenne
en France en 2019

2500
Autres
Z30kg
2000 Poisson - 120 kg [r— u Services
Fruits et légumes 30 immatériels
o MMEQ Déchets, eau - 120kg _ — Services
c Electricité S s — — matériels
§ 160kg E -— R Biens
g 1500 Aut ﬂ 0 — | | mateériels
240 kg 5 o B — — B Travaux
;_ Construction Santé, éducation - 80 kg A 5 _—_ = || - Alimentation
2 bt b L. g e — — B Transport
8 U m ] ﬂﬁ' | | — — | Carburant
g) 1000 alctmniqn.bbca’nl E 10 B Logement
180 kg Administrations
STLLLLLTL | S
500 :
Enseignement )
300 kg D1 D2 DI D4 D5 Do DT DE DY DIO
% . Administration Sources - Insee, BDF 2011 ; calculs personnels
Viande Gaz et fioul ot défense
920kg 1180kg 310kg
0
Je me déplace Je mange Je me loge Jachéte Dépense publique
2650 kg 2350 kg 1900 kg 1600 kg 1400 kg
CO,eq/personne CO,eq/personne COjeq/personne CO,eqg/personne CO,eq/personne

Gaz inclus : CO2 (hors UTCATF France), CH4, N20, HFC, SF6, PFC, H,0 (trainées de condensation).
Source : MyCO2 par Carbone 4 d’aprés le ministére de la Transition écologique, le Haut Conseil pour le Climat, le CITEPA, Agribalyse V3 et INCA 3.

Source: Pottier, A., Combet, E., Cayla, J. M., de
Source: https:/bonpote.com/comment-calculer-son-empreinte-carbone/ Lauretis, S., & Nadaud, F. (2020). Qui émet du
CO2? Panorama critique des inégalités
écologiques en France. Revue de 'OFCE, 169(5),
73-132.
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Where to now? Let's vote w

Degrowth Technofix

m Deg rowth Individual A B

= Technological fix Policy C D

= Policy vs everyday choices

} “—— ‘ J
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Link from Planet to Product
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Link from Planet to Product - what systemic vantage point?

Manufacturing - companies
Products - consumption

Big economic policies
Global challenges
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Link from Planet to Product - accounting methods

Life Cycle Assessment

Material Flow Analysis

Input-Output Analysis
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Systems thinking
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What is a system?
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The elephant and the blind men-what is a system?
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0 ENV-370 @ Binder, Athanassiadis, Payet | 2024



ECOSYSTEME
SIMPLIFIE
DE LA FORET

Duvigneaud, P. (1974). A synthesis of ecology: populations, communities, ecosystems, biosphere and

noosphere. Doin, editeurs..

ENV-370 @ Binder, Athanassiadis, Payet | 2024



What is a system?

A system is anything that is composed of system elements connected
in a characteristic system structure. This configuration of system

elements allows it to perform specific system functions in its system
environment.

These functions can be interpreted as serving a distinct system
purpose. The system boundary is permeable for inputs from and
outputs to the environment. It defines the system’s identity and
autonomy. (Bossel, 1999)
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Whatis a system? Elements, interrelations, system
houndaries
System input

System structure

Sy
2 ~.
= -
. S
’ .
. ~.
A -~
» o
R .~
=
.
=
.
-
-
-
—‘—.—
-
-
-
-
-
-

. System environment
» System output

System |

elements !}

System input

After Bossel, 2004; Mrotzek, 2009
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System boundary
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Let's say this is a city: what are the functions ? what are elements 2
What are the feedbacks 2 What are the houndaries ?

System structure

PRT.
~.
-~
......
~.
~.
~.
~.
-~

System input

System environment

System output

System
elements

Feedback

—

System input” el AN
~~~~~~~~~~~~ ; "~ System boundary
After Bossel, 2004; Mrotzek, 2009
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What is a system? System houndary

« Defines what is inside of the system to be analysed and what
belongs to the system context

« Defines inputs and outputs of the system

 Elements of a system boundary: space and time.

]
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1. System houndary - importance of space
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1. System houndary - importance of space

120
B Non-metallic minerals
W Ores
M Fossil energy carriers
90 ™ Biomass

DE in Gt/yr
(@)
o

30
0
G O 80 0 bg o b o o o on
O d N M & 1 O K ©® O © od
A O O O O O O O O O © OO
Lo B e B I = D T B o D B o B o I o I o [ @

Krausmann, F., Lauk, C., Haas, W., & Wiedenhofer, D. (2018). From resource extraction to outflows of wastes and emissions:
The socioeconomic metabolism of the global economy, 1900-2015. Global Environmental Change, 52, 131-140.
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)) MATERIAL STORIES  VISUALISATION CENTRE RELEVANCE METHODS ABOUT
The Material Flow Analysis Portal

- & Download selected data ‘ & Download current chart Show data table & Share your chart
Indicator/flow Material category
ent indicators - m
Domestic Extraction v Total v
Total Domestic Extraction in 2013
n,1970-2017  (CEECHED
Compare various indicators and <&
o - v
Elon 0 - their trend over fime for any \\\,\
country or region. [
(
|
gions, 1970-  (ECHa® \ .
\ |
)
/‘“
/
//
,1970-2017

of origin

/countries

materialflows.net/visualisation-centre

E P Lo L Source: http://www.materialflows.net/visualisation-centre/data-visualisations
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http://www.materialflows.net/visualisation-centre/data-visualisations

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

0-2t/cap
2 -3 t/cap
3-6t/cap »
6— 10 ticap P4
10-15t/cap
NA

Leaflet

materialflows.net/visualisation-centre

E P Lo L Source: http://www.materialflows.net/visualisation-centre/data-visualisations
I
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http://www.materialflows.net/visualisation-centre/data-visualisations

& Download selected data & Download current chart Show data table & Share your chart
Year Indicator/flow Material category
1570 2017
- Imports »: Total .

62,607 — 56,175,746 kt
56,175,746 — 144,160,746 kt
144,160,746 — 383,172,739 kt
| 383,172,739 — 747,642,645 kt
. 747,642,645 — 2,352,803,275 kt
NA

Leafiet

E P F L Source: http://www.materialflows.net/visualisation-centre/data-visualisations
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http://www.materialflows.net/visualisation-centre/data-visualisations

& Download selected data & Download current chart Show data table & Share your chart
Year Indicator/flow Material category
1970
Exports v Fossil fuels e
970 1975 1980 1985 1990 1995 200¢
+

Ny

3,279 — 32,359,501 kt
32,359,501 — 104,990,361 kt
104,890,361 — 280,114,560 kt
280,114,560 — 463,265,878 kt

|| 463,265,878 —683,723.486 kt

NA
Leafiet

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:

E P F L Source: http://www.materialflows.net/visualisation-centre/data-visualisations
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http://www.materialflows.net/visualisation-centre/data-visualisations

& Download selected data & Download current chart Show data table & Share your chart
Year Indicator/flow Material category
0 Raw Material Consumption per capita v Total v
1 200 1 >

07 ticap LY.

7 —17 ticap ‘

17 — 30 t/cap Y
I 30— 50 ticap &

50— 131 t/cap

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:

E P F L Source: http://www.materialflows.net/visualisation-centre/data-visualisations

ENV-370 @ Binder, Athanassiadis, Payet | 2024


http://www.materialflows.net/visualisation-centre/data-visualisations

Transmission &
Distribution Losses
(electricity)

On-ste Lanalills &
Wastewater Treatment

o Commuting
e;ducuo

Sobd Waste

Contracted Wastewater

SCOPE 1. SCOPE 2: SCOPE 3:
Groenhouse gas emissions Groenhouse gas emissions Greenhouse gas emissions from
from sources that are owned or resulting from the generation of SOUrces Not owned or directly
controlled by a Federal agency. electricaty, heat, or steam controlied by & Federal agancy

purchased by a Federal agency, Dut related 1o agency activities

E P F L https://www.wbdg.org/images/greenhousegas fb 03.jpg
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Country Profile for Afghanistan -

& Download data for all section

MATERIAL USE GHG EMISSIONS AIR POLLUTION LAND USE
12y o 12y e 5.0 N o 0.9y
MATERIAL FOOTPRINT/ CARBON FOOTPRINT DOMESTI LAND FOOTPRINT/CAPITA
(IN TONNES/CAPITA) (IN TONNES CO2 EQ./CAPITA) (IN MILLI-DALY/CAPITA) (IN HA/CAPITA)
Material use and development o

To achieve sustainable raw materizal use, it is essential to decouple 2 society’s development, measured by means of GDF or HDI, from the use of raw materials.
One indicator used to evaluate the use of raw materials by society and the achievement of the related SDGs is the “material footprint”, measuring the sum of all
raw materials used along the supply chains of goods and services consumed in a country.

Raw material use trends, Afghanistan, 1990-2015

----- Domastic material extraction

« Matarial footprint (MF)

MF/Capita
Matarial productivity (GDP/MF)

Population

% change

----- EDP (eanstent 2010 USD)

o e Hol
ISV*;C 19‘95 000 ZC"DS ZD‘IC Z-JIIS
Sustainability trend (1990-2015) @ Trade in raw materials (2015) [ ] Country comparison (2015) (i ]
Afghanistan achieved €
d 7 of economic (7) Malawi
development from raw material
consumption.
(9) Haiti
Imports | Exports Globzl aversge
(in Million Tonnes) o s 10

Source:

Country Profile for Switzerland-

& Download data for all sections

MATERIAL USE

GHG EMISSIONS AIR POLLUTION LAND USE

Material use and development (i)

To achieve sustainable raw material use, it is essential to decouple a society's development, measured by means of GDP or HD|, from the use of raw materials.
One indicator used to evaluate the use of raw materials by society and the achievement of the related SDGs is the "material footprint”, measuring the sum of all
raw materials used zlong the supply chains of goods and services consumed in a country.

Raw materizl use trends, Switzerland, 1990-2015

""" Domastic matarial axtraction
Material footprint (MF)
MF/Capita
Material praductivity (GDPIMF)

Population

% change
o
*

----- GOP (constant 2010 USD)

O HDI
=25° . 3 . '
1850 1995 2000 2008 2010 201s
Sustainability trend (1990-2015) @ Trade in raw materials (2015) e Country comparison (2015) i ]
Switzerland achieved no decoupling
of economic development from raw (158) Estonia
material consumption.
(159) Switzerland
(160) Stovakia
Imports | Exports Global average
{in Million Tonnes) % it 54 5

http://scp-hat.lifecycleinitiative.org/module-1-country-profile/

=PrL

ENV-370 @ Binder, Athanassiadis, Payet | 2024


http://scp-hat.lifecycleinitiative.org/module-1-country-profile/

Country Profile for Afghanistan -

& Download data for all section

MATERIAL USE GHG EMISSIONS AIR POLLUTION LAND USE
Q 12N o 12N e 50N o 09w
(IN TONNES/CAPITA) (IN TONNES CO2 EQ./CAPITA) (IN MILLI-DALY/CAPITA) (IN HA/CAPITA)

L]

GHG emissions and development

To reduce societies’ contribution to climate change it is of utmost importance to reduce GHG emissions produced. while at the same time achieving development
of different kinds — e.g. measured by GDP or HD| Hotspot areas are mobility, housing and nutrition. Apart from the emissions produced within a country
(domestic GHG emissions), it is important to also account for the sum of all GHG emissions produced along the supply chains of goods and services consumed in
a country (“carbon footprint”). Both domestic emissions and the carbon footprint can be translated via characterisation factors into their "global warming

potential”.
Q -
GHG emissions trends, Afghanistan, 1990-2015
300z ke dai Glebsl GHE emizsions
—— Damestiz GHG emissicns
200- ——— Carben fostprint (CF)
%‘ ——— CF/Capita
_.:f saz ——— Carbon productivity (GDP/CF)
o Iy A S i < TN 1 1 AR Population
----- ED? (canstant 2010 USD)
= HDI
IQISC
Sustainability trend e Trade in GHG emissions (2015) [: ] Country comparison (2015) [: ]
Afghanistan achieved relative
decoupling of economic (11) Rwanda
development from supply-chain
_ g2 (12) Afghanistan
wide GHG emissions (carbon
footprint). (13) Bangladesh
Imports | Exports Global average
{in Million Tonnes CO2 e5.) o 2 3 by

Country Profile for Switzerland-

& Download data for all sections

MATERIAL USE GHG EMISSIONS AIR POLLUTION LAND USE

2952

By o ol

{(INH

GHG emissions and development

To reduce societies’ contribution to climate change it is of utmost importance to reduce GHG emissions produced, while at the same time achieving development
of different kinds — e.g. measured by GDP or HDI Hotspot areas are mobility, housing and nutrition. Apart from the emissions produced within 2 country
(domestic GHG emissions), it is important to also account for the sum of all GHG emissions produced along the supply chains of goods and services consumed in
a country ("carbon footprint). Both domestic emissions and the carbon footprint can be translated via characterisation factors into their "global warming

potentizl”.

GHG emissions trends, Switzerland, 1990-2015

----- Global GHE smissions
a0-
—— Domestic GHG emissicns

—— Carbon footprint (CF)

—— CF/Capita

arbon productivity (GDP/CF)

----- opulation

% change

10-
----- GDP (constant 2010 USD)

HDI

1550 1555 2000 2005

Sustainability trend e Trade in GHG emissions (2015) [: ] Country comparison (2015) (: )

Switzerland achieved relative
decoupling of economic
development from supply-chain
wide GHG emissions (carbon
footprint).

(152) New Zealand

{153) Switzerland

(154) Kazaknstan

Imports | Exports Global average

(in Miflion Tonnes CO2 eq.)

Source: hitp://scp-hat.lifecycleinitiative.org/module-1-country-profile/
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Country Profile for Afghanistan -

& Download data for all section

MATERIAL USE GHG EMISSIONS AIR POLLUTION LAND USE

12N o 12N 50 N o 09N

(IN TONNES/CAPITA) (IN TONNES COZ EQ./CAPITA) (IN MILLI-DALY/CAPITA) (IN HA/CAPITA)

Air pollution and development (]

As economies develop, an increase in air pollution can be observed. The main goal is to decrease relevant emissions especially from the main sources such as
vehicle emissions and coal-fired power plants. By that means, health and environmental impacts of air pollution shall be reduced and decoupled from human and
economic development (HDI and GDP, respectively). To measure progress, the amount of air pollutants emitted, both domestically as well as along the supply

chains of consumed goods, can be used as pressure indicator. The main indicator is DALY - disability-adjusted life years, as consequence of air pollution.

% change

Sustainability trend

Afghanistan achieved relative
decoupling of economic
development from supply-chain
wide health impacts.

=PrL

Air pollution trends, Afghanistan, 1990-2015

2000 2005 2010

Trade in air poliution (2015) [: ]

©

Imports | Exports
(in kilo-DALY)

® -

= Domestic sir pollution

Air pollution factprint
Population

----- GOP (constant 2010 USD)

Hoi
2015

Country comparison (2015) [: ]
(80) Tunisia
(81) Afghanistan
(82) Azerbaijan
Global average

0 s 10

MATERIAL USE

2952

MATERIAL
(INTON!

PRINT/CAPITA

Air pollution and development

GHG EMISSIONS

6.1 139 N

DOM

{IN MIL

AIR POLLUTION

Country Profile for Switzerland-

& Download data for all sections

LAND USE

172

LAND FOOTPRINT/CAPITA
{IN HA/CAPITA)

As economies develop, an increase in air pollution can be observed. The main goal is to decrease relevant emissions especizlly from the main sources such as
vehicle emissions and coal-fired power plants. By that means, health and environmental impacts of air pollution shall be reduced and decoupled from human and
economic development (HDI and GDP. respectively). To measure progress, the amount of air pollutants emitted, both domestically as well as along the supply
chains of consumed goods, can be used as pressure indicator. The main indicator is DALY - disability-adjusted life years, as consequence of air pollution.

% change

—20-

1330 1995

Sustainability trend

Switzerland achieved absolute
decoupling of economic
development from supply-chain
wide health impacts.

Air pollution trends, Switzerland, 1990-2015

Trade in air pollution (2015) [ ]

Imports | Exports
(in kilo-DALY)

Source: hitp://scp-hat.lifecycleinitiative.org/module-1-country-profile/

Domaestic air pollution

Air pollution foctprint
Pepulation
~~~~~ GDP {constant 2010 USD)

HO!

Country comparison (2015) o

(162) China

63) Switzerland

{164) Saudi Arabia
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What are some additional insights that you can see at
country level? (which were invisible at global level)
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Extraction of materials Consumption of goods and services

U 129%
187% EU
USA 11.0%
13.9% USA
APAC 234 %
223% APAC
CN  229%
226% CN
CAN 1.6% mm
LAM 123% -1 CAN
) Io.4% LAM
AUS 25% 2
E : " ——l 15% AUS
ME 6.6% e B, e
il Is.o'x. ME
AR 68% . 52% AR

Extraction of copper ore

U 62% I

Consumption of goods and services

222% U
USA 165%
APAC 17.7 % 20.1% USA
o saxf
VIREY | 16.3 % APAC
228% CN

LAM 384 %

aus 7% ]

Me 29% W

AR 45% 19% AFR
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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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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).

Brunner & Rechberger, 2016
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History of MFA

= Santorio Santorio (1561-1636)
Human metabolism

= 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

Brunner & Rechberger, 2016
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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?
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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

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



EW-MFA (globally -2021)

The use of
natural resources
in the economy

A Global Manual on
Economy Wide Material Flow
Accounting

environment
programme

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

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
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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

308
258
208
15B
10B

5B

1970 1975

=PrL

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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ENV-370 @ Binder, Athanassiadis, Payet | 2024


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)
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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

1950

1995

2000

Metal ores
Fossil fuels
Non-metallic minerals

Biomass

2005 2010 2015
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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.
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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
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Domestic Material Input in 2017, by country/region and material group

35B
30B
25B
B Metal ores
o 208 )
2 B Fossil fuels
g B Non-metallic minerals
+ .
B Biomass
15B
10B
5B
0

China Spain Switzerland
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120M

100M

80M

60M

tonnes

40M

20M

99?0

=Pir-L

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

Almost no
imports

30B

25B
w 20B B Metal ores
8 B Fossil fuels
5 B Non-metallic minerals
ha .

B Biomass
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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
o B Exports
Balance
1.5B
)
Q
c iB
c
S8
0.5B
 § P —
-0.5B
1970 1975 1980 1985 1990 1995 2000 2005 2010 2015
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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

Material productivity Total materials, US dollars/kilogram, 2019 or latest available Source: Material resources: Material resources
Show: Chart Map Table ozl S =M <sshare | Y download ¥ X My pinboard ¥
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Let's talk ahout decoupling (absolute, relative, sutficient)

130
125
120

115

110

105

100

95

20

85

80

Resource productivity OMC —GDP

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
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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 - comptabilite des flux de matieres.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
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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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https://www.institutparisregion.fr/fileadmin/NewEtudes/000pack2/Etude_2625/EtudesMetabolisme_Recensement_VF.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
entre 2010 et 2015
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© L'INSTITUT PARIS REGION, 2021 v -
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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
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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/

Course organisation
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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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