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Socio-economic trends Earth system trends
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Updated Great Acceleration Graphs
Source: Will Steffen et al. “The trajectory of the Anthropocene: The Great Acceleration.” The Anthropocene Review, March 2015
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GLOBAL ANNUAL PRODUCTION

CEMENT |

Height 1,195 m

Volume 1.7 billion m
Weight 4.1 billion tonnes

urj Khalifa, Dubai STEEL
S0 m 1 Height 610 m

Volume 227.8 million m?
Weight 1.8 billiontonnes

Y

B ‘ul b

=
SAND/GRAVEL
Height 555 m

Volume 171.0 million m?
Weight 265 million tonnes

Cement makes up the concrete
foundations of our buildings along
with the streets and sidewalks we
drive and walk on.

Steel'sstrength is essential for the
frames and roofs of buildings, along
with bridges, tunnels, and railways.

Industrial sand/gravel contains silica
which allows it to make glass along
with otherconstruction materials like
metal castings, flooring compounds,

and roofing shingles.
Source: U.S. Geological Survey

The Earth’s natural resources powerour
ELEMENTS everyday lives.VC Elements breaks down We liveina

the building blocks of the universe,
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All the Metals We Mined

| N U N E c H A R .I. ' From iron ore to rare earths, here are all the metals we mined in 2019.
- . s ; £ % 0 Metals vs. Ores
II'OII ore Yo lronore mace 1p foughly. P § "’ =1,000,000 tonnes i\ ST : oresare naturally occurring rocks that  Metals are the valuable parts of
o \‘M *  contain metals or metal compounds. ores that can be extracted and sold.

94% of the 3.2 billion tonnes : :
| 3.0&0'000.000 tunnes of metals mined in 2019.

Industrial metals

207,478,486 tonnes

. Aluminum 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 precl()us metals

from electronic devices to aircraft parts. lithium-ion batteries.

.................... . 1,335,848 tonnes
. Copper production is one-third that of Chromium enhances the hardenability and ;

aluminum, though it has several uses corrosion resistance of stainless steel
ranging from wiring to construction.

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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The Earth's natural resources power our
everyday lives.VC El:'ments breaks down
the building blocks ofthe uni

material world.
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Structural raw materials — concrete, steel, Al, Cu
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High Tech metals

DALLE TACTILE + VITRE
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Quelle place pour la transition énergétique ?
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Infographie:

A boire, a boire !

[...] « Historique », c’est ainsi qu’avait été saluée la découverte de pétrole au
large de la Guyane [...] Selon les derniéres données de Shell, le bassin
pétrolier guyanais comporterait

Libération, 28/06/2012

En combien de temps I'lhumanité consomme-t-elle cette

quantité de pétrole actuellement ?

CEID CECE
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Infographie:

A boire, a boire !

[...] « Historique », c’est ainsi qu’avait été saluée la découverte de pétrole au
large de la Guyane [...] Selon les derniéres données de Shell, le bassin
pétrolier guyanais comporterait

Libération, 28/06/2012

En combien de temps I'lhumanité consomme-t-elle cette

quantité de pétrole actuellement ?

e C:1mois
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Notre dépendance aux énergies fossiles

159 litres
50 par 80 cm

100 millions
barils/jour

80 000 km de
haut

Terre-Lune en 5

jours :
384 400 km
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Source: P. Adams Schwertransporte, LinkedIn “Finishing the year with a set of 67m rotor blades on a challenging route”

ISTerre - The Shift Project — Colloque des départements MT2E, 9 juin 2022



Source: P. Adams Schwertransporte, LinkedIn “Finishing the year with a set of 67m rotor blades on a challenging route”
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Infographie:

300m

HALIADE-X
14 MW 33 4oty
260 m

200m

100 m

@ =

GENERAL ELECTRIC
Prototype started operation
in October 2021

The first company to
operate a turbine at
this power output.
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SG 14-236 DD
14 MW S& 4+t
Site Specific Height

V236-15.0
15 MW 3¢ -
280 m

1S Gamesa g Vestas 5=

The first prototype will be Prototype installation is
installed in 2022 scheduled for H2 2022

The nacelle —that houses all of It has the industry’s largest
the generating components— swept area —43,742 v,

weighs 500 tons. equivalentto 6 soccer fields.

300 m

MYSE 16.0-242
16 MW ; +444

200 m

100 m

=

MINGYANG SMART ENERGY
Under construction, Expected
to be online by 2026.

Smaller prototype
version Is running at the
company’s test center.




Vers une pénurie de métaux?
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Most Common Elements
in Earth's crust

The Earth's crust is only 1% of the planet's volume but it contains
the materials we use everyday. Here is the abundance of elements
in the Earth's crust by percentage (%).

While gold, silver, copper
and other base and precious
metals are among the most

08 | sought after elements,
, 09 together they make up
07 Potassium (K) | less than 0.03% of the
d 2.09%  Titanium(T) 10 | Earth's crust.
Magpesium (Ma). ¢ 0.565% Hydrogen (H) |
Sodium (Na) 3.3 % b 0.140% | Copper: 0.006%
06 0 Rest of elements ‘ Zinc: 0.007%
2.36% 0.48% Nickel: 0.0084%

Gold: 0.000004%
Silver: 0.0000075%
Platinum: 0.0000005%
| Palladium: 0.0000015%

05 calcium (Ca)
4.15%

0 4 Iron (Fe)

5.63%

o

Iron is the world's
most mined metal,
essential for steel
production. Fe

Aluminum (Al)
03 8.23%

01

Aluminum is the
most abundant
metal found in
the Earth's crust.

Silicon (i) ‘:-‘__7_’ '

28.2% ~ -
Source: World Atlas
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e Oxygen (O)
46.1%

Oxygen is highly
reactive and can
bond with minerals,
and is found in many
common compounds
in the Earth's cru

‘ RankingRoyals




Exemple du Cuivre
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Source: Henckens et al. 2020
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Cu reserves have been growing because the
average ore grade of exploited deposits has
been decreasing

World Copper Reserves: 1900-2010

O Varous Authors
X Tillon & Lages (2007)
Govelt & Govelt {1876)
Brook Hunt {2007)
s 1568
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Price = a.(1/Cmetal)"
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Progres technologique
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Il y a-t-il assez de matieres premiéeres pour la transition ?
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Au prix de quels impacts ?
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Mine de Cuivre de Palabora
© Google Earth 2021 (date des images
satellite : 16/05/2021)

Systext 2021 — Controverses minieres Volet 1
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100Mt Cu/year in 2050

Palabora X 25

Mine de Cuivre de Palabora
© Google Earth 2021 (date des images
satellite : 16/05/2021)

ilvee Palabora « S
Bsition parte piidtographe * dilloniarsh.co
q con Licensg flaticon.com

Systext 2021 — Controverses miniéres Volet 1
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An average day in a large-sized copper mine

Waste rock
270 000 tonnes per day .
About 270 000 tonnes of rock The non-economical
Non-economical Fihe'mi fraction (about 180 000
ore PO are.dug SULE t_e e tonnes are classified as
igﬁi‘éﬁﬁgﬂgﬁﬁgg{ﬂgai dd waste rock) is disposed 180 000 t/day
! of on-site.
Economical /'

ore

The processing of the economical fraction Mixing 90 000 tonnes of ore with

Water use 114 000 tonnes of water gives
The economical The processing of around 1 750 tonnes of
fraction of the 90 000 tonnes of ore concentrate
ore is sent for requires around 114 4
processing. 000 m? of water. 1750 t/day
90 000 t/day 114 000 m3/day The concentrate is now

ready for refining into
metal. This produces a
waste slag.

/X

Z
-~ 20 t/day

; e : ; . : o 20 tonnes of liquid remains with
After processing, the tailings remain as a mixture of solid and liquid the concem,ag Some of this Is

| recycled after dewatering of
PR A concentrate.

Solid and liquid parts of tailings I mg;,) gf:ezsédei:l 3:2'
| processing of new ore.
|
| Slurry tailings

88 250 t/day 114 000 m3/day Approx. 200 000 tonnes of
| slurry tailings are pumped into
large tailings dams everyday,
- S N

year-round often for 20+
years and left in situ when the

Approx. 200 000 t/day mine closes.

v

t = Metric tons or tonnes

GRID Source: Numbers provided by Mudd, 2015
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The Global Tailings Review estimates that the '
total number active, inactive and closed storage

Annual tailings growth

facilities is )0 with
enough to fill a cube 6km hlgh \ /
GLOBAL TAILINGS
Height
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Weight
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Visual Capitalist: -
All of the World's Mine Tailings, in One Visualization (visualcapitalist.com)
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https://elements.visualcapitalist.com/visualizing-the-size-of-mine-tailings/

FIG 3 VERY SERIOUS AND SERIOUS FAILURES BY DECADE 1950-2018

16

. By actuarial prediction 18 Very - ¢ = 01657 318.78 m

Serious failures for the current Serious R!=0.586]

12 decade 2015-2024
10 2]

g

y=0.16x - 309.64
6 R« 0.94912
Very Serious

4 (5]

2

0

o o O O )

& \"9 ) o \“ep '»ép & &

Initial Year of Decade

WORLD MINE TAILINGS FAILURES DATABASE THROUGH 12/31/2018 AS KNOWN JANUARY 13,2020

Source: World Mine Tailings Failures—from 1915 — supporting global research in tailings failure root cause, loss prevention and trend analysis
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https://worldminetailingsfailures.org/

DYNAMINE
La mine, prédatrice et dangereuse

o @

Travail des Accident ou Conditions de o 5 :
enfants catastrophe miniére travail dangereuses o )" ‘

Mise en péril des Trafics et
eaux domestiques délinquance

Contamination du
milieu de vie

Répression et actes
de violence

Association SystExt - Septembre 2020 - CC BY-NC-SA 3.0 FR

S0€0
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The Accumulation of Anthropogenic Mass

As accumulation rates increase, the
amount of human-mac Nnass 15 preagicted

5t triple the total amount of
global llvmg biomass by 2040.

The current rate of
accumulation for
human-made mass is
approximately 30 Gt
of mass per year.

}

ELEMENTS

lcapitalist.con

»

We live In a material world.

La question ne devrait pas étre « va-t-on en manquer ? »
mais « »
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Un exemple:
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Carlos Moreno
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Romuald Meeigneux




« Avec

un bulldozer qui
fonctionne a
'‘energie solaire, on
neut raser
'Amazonie. »

Aurélien Barrau

Questions

&

¥/ THE SHIFT
~ PROJECT

M
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Structural raw materials — concrete, steel, Al, Cu

50 GLOBAL STEEL PRODUCTION VISUALIZED |

YEARS OF
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Steel is an essentiol bullding block of our material world, the WorlE RSSO N 2017, E
1M1 =1 Million
Mot T
Lighty dusable oy : s ol |
10 produce 5 S |

Global crude stesl production has more than triplad in the ket
0 years, with China dominating sines the turh of the century,

1M1= Mimion
Matric Tone

MOM

365 M

T8 Mt

RUSSIA

1974-1984 Rest

e North  Americs ast
{ﬂn A decling in stool demand sow LS. steel Ameriea of Cis
0roductio incustry emoloyment
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2008 + — —_—
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H He
C N (0] F Ne
o Al | si P s | c A
K Ca Sc \'} Cr Mn Fe Co Ni Cu Ga Ge As Se Br Kr
Rb [ sr | ¥ Mo | Tc | Ru | Rh | Pd Cd | In Sn | Sb | Te I | Xe
Cs Os Ir Pt Hc Tl Bi Po At Rn
Fr Ra Ac Rf Db Sg Bh Hs Mt Ds Rg Uub | Uut Uuq Uup | Uuh Uuo
Lanthanides Eu [ Gd | Tb Hm [ Er [ Tm | Yb [ Lu
(Rare Earth)
Actinides Np Pu Am Cm Bk Cf Es Fm Md No Lr
Stockage de I'énergie Production et transport de I'électricité Eclairage
Connectique Industrie électrique nucléaire Supraconducteur:
Economies d'énergie Photovoltaique
Catalyse_(automobile, piles a Aimants permar_lents (véhicules Compilation: P, Christmann, BRGM
combustible) electriques, éoliennes, TGV...)

Les symboles chimiques des éléments semi-conducteurs sont indiqués en lettres rouges
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