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Y Sustainable Environment group

Cerege

Ovur skills ¢ Bio-physical-chemical processes and reaction mechanisms

Ovur Expertire : Characterize and Minimize the Impact on the
Environment of Anthropic Activities

with an approach ranging from molecular scale to
plots, coupled with flow balances.

Water
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A Flora
ir
Human

Material



Our research themes

Theme 1. Dynamic, cycle, and tracing of elements in ecosystems
Coordinator : Blanche Collin, Zuzana Fekiacova

Theme 2. Reactivity of nanosized phases
Coordinator : Jérome Labille

Them 3. Inovation for the Environment
Nanomaterials, metals, soil, water
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https://www.cerege.fr/fr/users/blanche-collin
https://www.cerege.fr/fr/users/zuzana-fekiacova
https://www.cerege.fr/fr/users/jerome-labille
https://www.cerege.fr/fr/users/clement-levard
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*  Economic and Management Sciences ED372
*  Spaces Cultures Society ED355
* Legal and Political Sciences ED67
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Research Themes
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international visibility strengthened
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Starting point (s) ?




S  Global warming - Climate change

Droits réservés - © 1992-2016 Michel Petitti,
montage Thibault Lorin



7 (i
L Lo

@
=

Y  Global warming - Climate change

Droits réservés - © 1992-2016 Michel Petitti,
montage Thibault Lorin



S Global warming - Climate
Cerege change

1914 2004

Photos: NOAA Photo Collection and Gary Braasch — WorldViewOfGlobalWarming.org



S Are Global Average Temperatures
Chege  Rising Significantly compared to
Recent Geologic History? Yes.
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Departures in temperature (°C)
from the 1961 to 1990 average

-1.0 _
Data from thermometers (red) and from tree rings,
corals, ice cores and historical records (blue).
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> Global Temperatures are increasing

—=— Annual Mean
—— 5-year Mean

. Green bars show 95%
confidence intervals

0

-.d

| the 15 hottest years all occurred since 1990
| B&I) 15200 1920 1 S4() | 96l 198 2000

http://data.giss.nasa.gov/gistemp/graphs/



NATURE CLIMATE CHANGE

- Mediterranean

* Is warming 20% faster
than the rest of the planet

Mean temperature anomalies (K}

T T T
1880 1800 1920 1940 1960 1980 2000 2020
Year

Fig. 1| Historic warming of the atmosphere globally and in the Mediterranean Basin. Annual mean air temperature anomalies are shown with respect
to the period 1880-1899, with the Mediterranean Basin (blue) and the globe (green) presented with (light curves) and without (dark curves) smoothing.
Data from http.//berkeleyearth.org/



S  Effects of Global Warming

Rising Sea Level Increased Temperature

I
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Habitat Damage and _
Species Affected Changes in Water Supply




Why such global
warming?




Heat energy radiated
into space

A

Heat energy re-radiated by
greenhouse gasses

By A loose necktie - Own work, CC BY-SA 4.0,

Sustainable Environment team @ CEREGE - ) _ )
https://commons.wikimedia.org/w/index.php?curid=78336181
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Compared to natural
changes over the past
10,000 years, the spike in
concentrations of CO, &
CH, in the past 250 years is
extraordinary.

Humans are responsible for
the recent dramatic
Increase emissions. Fossil
CO, & CH, lack carbon-14,
and the observed drop In
atmospheric C-14 is
measurable.

(IPCC AR4 WG1, 2007)
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MITIGATING CLIMATE CHANGE

Cér ege
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WHAT WE KNOW

The level of greenhouse gases in the atmosphere have
increased, causing the Earth’s temperature to rise.

&i,

rege

One greenhouse gas in particular, carbon dioxide (CO,) has
steadily increased over the past century largely due to
human activity (anthropogenic).

We know that emissions have a significant impact on the
world around us. How can we reduce the amount of
carbon that is emitted?




Renewable

EARTH:

What Renewable Energy Sources Is the World Using?
As of 2006, only about 18 percent of the energy produced worldwide for electricity

was renewable. The bulk of that comes from hydroeiectric dams—which we now

know disrupt freshwater ecosystems. Other ty f energy, however, are on the

rise. This is a look at which countries are producing the mosl renewable energy

for electricity

Source: International Energy Agency
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S Life Cycle Assessment on electricity
Cdrege generation

i

<

Sources : Rapport GIEC (2011),
Ademe (2015),
Ecoinvent (données 2011)
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utilisée ~
: o = i~ o
Eolien Solaire  Hydraulique Nucléaire Charbon Gaz naturel Fioul

Emission
directe de CO2 0 0 0 0 345 272 204

(gC02-aq /kWh)

http://www.quiestvert.fr/contenus/electricite-verte/quel-est-limpact-environnemental-des-energies-renouvelables/



S Life Cycle Assessment on electricity
Cdrege generation
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Sources : Rapport GIEC (2011),
Ademe (2015),
Ecoinvent (données 2011)
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Technologie J) ™ . . s
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e = il o o 3 =
Eolien Solaire  Hydraulique Nucléaire Charbon Gaz naturel Fioul
Emission
directe de CO2 0 0 0 0 345 272 204
(gC02-aq /kWh)
Emission
directe de CO2 125 55 6 6 1060 730 418

ACV (gcoz -eqmwn)

http://www.quiestvert.fr/contenus/electricite-verte/quel-est-limpact-environnemental-des-energies-renouvelables/



& Growth in Population, Agricultural
Gorege Production, and Energy Use, 1961-
2010

6
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=== Agricultural Production = ==«--- Population Energy = = GrossWorld Product

Sources: Population and Agriculture, FAO, 2012; GWP, IMF ww.imf.org; Energy, EIA www.eia.gov
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Carbon Dioxide Emissions from

Fossil Fuel Consumption, 1860-
2008
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Source: Carbon Dioxide Information Analysis Center (CDIAC), http://cdiac.ornl.gov/



140,000 TWh
120,000 TWh
= 390 :
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1800 1850 1900 1950 2000 2018
Source: Vaclav Smil (2017) and BP Statistical Review of World Energy

(| Other

renewables
Wind
MNuclear

Hydropower
Matural gas

Crude oil

Coal

Traditional
biofuels
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<& Evolution of hydro, solar and wind

u}?‘ge energy production for the next 40 ""
years
12000
The available global energy
scenarios rely on a strong e
iIncrease in the share of solar
and wind energy g
g 6000 ﬁ
G : 4000 Hy&w
WORLD 2000
ENERGY
QUTLOOK g
ILHEPEEKEJ!:I;[[ gfﬁﬁgl:rq[na‘g - 2010 2020 2030 2040 2050
17% 25 t0 50% 100%

of global electricity generation

o)
Source: Olivier Vidal, CNRS, ISTERRE France (EDGUEUzs BTG RE) S OcEm



§\ Solar and wind sources are diluted
Cérege and require large facilities

Latest wind turbine generation:
6 Mw, basement at 60 m depth,
rotor > 150 m, >1500 t of steel

L=

>100 kg rare earth elements N /
400 '
Steel intensity \
(MW capacity)
300 !
< 250 QO Wind o
200
Nuclear 20 . !
. Hydro
0

800 of such wind turbines are necessary to
produce the same energy (Wh) as a 1300 MW
nuclear plan

Source: Olivier Vidal, CNRS, ISTERRE



S Materials requirements for wind
Cdrege and solar energy production

fa o|]o o
clirties
35 400
Aluminum E
PV from PH 2002 s[l]

= 200
30 2010 world
production

Vidal et al., 2013 (Nature geoscience) ok
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Million tonnes

Concrete Copper

20

Billion tonnes
Million tonnes

15

Million tonnes

1
D! T | T ] T ]
2010 2020 2030 2040 2050 2010 2020 2030 2040 2050
Year Year

In 2050, the cumulative amount of concrete, steel, Al, Cu and glass

sequestered in wind and solar facilities will be 2 to 8 times the 2010 world
production
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s The energy-raw materials nexus
Cl1eye

* Need of metals to produce energy
* Need of energy to produce metals

e “21 % of the global energy consumed by the industry in 2011 was
used for the production of steel + cement” (international energy
outlook 2013)

e « Energy consumption and intensity in mining and mineral processing
is rising at around 6% per annum » (Australian Bureau of Agricultural
and Resource Economics - 2010)

e “1 tCO2 is generated for 1t of produced concrete” (Natesan et al.,
2003) and about 2 t CO2 are generated for 1 t of produced steel.



Evolution of world primary metal

production
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| Evolution de la production primaire mondiale des métaux
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 1.Future demand
* 2.Future supply

* 3.Uneven geographical
distribution

* 4.Energy and mining

* 5.Environmental and social
impact

* 6.Lack of geological data

From Katarina Kertysova
The Hague Centre for Strategic Studies (HCSS)
8 November 2017

CHALLENG

Technology

Wind

Solar PV

Electricity Grid

Biofuel

Plug-in hybrids (PHEV) &
electric vehicles (BEV)

Metals Requirement

Dysprosium,
Manganese,
Neoaymium,
Molybdenum, Nickel,
Chromium, Copper,
Concrete

Tellurium, Indium, Tin,
Silver, Gallium,
Selenium, Cadmium,
Copper, Lead, Silicon

Copper, Lead

Ruthenium, Cobalt

Lithium and Cobalt
(Batteries),
Neodymium, Terbium,
Dysprosium and
Lanthanum
(Permanent Magnets)

Lifespan

25 years with
normal
maintenance and
inspection.™

Standard solar
panel warranty is
25 years and the
average life of a
solar system is 30
years. The average
lifespan of PV
batteries is
between 6 and 12
years, ™

N/A
N/A

From 5 to 20 years.
Tesla's vehicles
come with an 8
years battery
'|.|'|.rr=’rralm:l,r.13
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e Critical

* Strategic

* Emerging

« "High-Tech”

Emerging elements

— Elements

high economic importance
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S Critical metals: definition

rege

The so-called critical elements are elements that are both:

Deemed strategic for a country's economy, as they may affect the
competitiveness of the industries that depend on them

Subject to supply risks or high price volatility



Ny Critical metals: definition

(erege

o

i . LREEs
® Critical raw materials * HREEs U E'2017
® Non-critical raw materials
» Antimony
Phosphorous Magnesium
. Bismuth i .
g L]
ﬁ i Borate Niobium
= "«  Scandium '
= e
o Natural gralphlte . PGMs
% * Indium B
N . = *Beryllium
Bauxite » :. i
: .Germamum Cobalt Tungsten
Helium Vanadium © .a -
*esBaryte o
Sapele wood » | . Fluorspar
! Gallium ®afni
i eilicon tetal afnium Phosphate rock
_________ L. _slantalum e eNaturalrubber
Natural teak wood ~ “02King coa Te. Magnesite ,Sn * Mo Mn Cr
eFeldspar - Se e Potash Fe
Perlite o «Kaolin cla.y_l_alc s Ag 7n s Al
Bentonite psu.rgji_ d b S &% ey
Au® " Hica sand Diatomite Ti *cu
*liméstone *Pb

Economic importance



éléments critiques, des éléments stratégiques!



y

Y

=
<

"8

&

Emerging elements

* New technologies:
* Photo-voltaic: Cd, Ga, Ge et Te
* Thermo-emittors (thermo-photovoltaic): W...
* Wind, electric cars = supers-magnets: Nd & other REE...
* Super Isolants: Ba....

* Light emitting diodes (LED) & Semi- conductors : Ga, Sb, Sn,
Ag...

* Medical Imaging: Tl, Ba,
. etc
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e Critical

* Strategic

* Emerging

« "High-Tech”

Emerging elements

high economic importance
— combined with a high risk
associated with their supply.

Elements

Recent needs in “non-
conventional” elements




«High-Tech » metals

* « High-Tech » metals (HTM): recent needs

Bronze R—
Copper =I :
Year 4000 2000 1400
B.C. B.C.

RE]

Al

E, el

Ti, Mg

C...

L

High-f:ech M

ght Metals

--.@:-_-
Q
(o

_

1600

1800 1900 2000

A Timeline depicting the use of metals from prehistoric to modern times
in Central Europe. From Wellmer and Steinbach, 2011.

20 years

100 years

3000 years

7000 years
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S «High-Tech» metals

_erege
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* « High-Tech » metals : a recent increase of the demand ( 20 years).

—i— REE
-1 ‘Eﬂ‘zb
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Source : U.S. Geological Survey, Mingral commodity summaries 2013, 198 p. http://www.usgs.gov/pubprod
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Societal and Geo-political impacts

No energy transition without metals

Raw materials from all
over the world

The natural metal deposits
around the world are sufficient to
implement the energy transition.
However, the resources are very
unequally distributed. Four-fifths
of all rare earths, for instance,
are produced in China. On the
world market, the energy sector
competes with other technology
companies for raw materials. The
figure shows important metals for
the energy transition and their
most important supplier countries.

2017.

Russia

Canada

UsA

Japan

China

Energy sysl.:ems of 7

the future

In order to switch to a climate-
friendly energy supply in Germany,
the economy requires metals and
minerals. These valuable raw
materials are needed for wind
parks and solar plants as well as for

T e
: ¢
Democratic Republic of the Congk #ﬁ“ 5 "l\__,&
II il ! .

Zimbabuwe

South Africa

= |
oy e B

Australia

the power-to-gas technology. The
latter can convert electricity into
hydrogen or methane, enabling, for
instance, the storage of energy for
several weels.

B 4+ @i

photovoltaic system wind turbine

Lithium-lon battery

radox flow battery power-to-gas plant

smart power grids

https://energiesysteme-zukunft.de/en/topics/metals-for-the-energy-transition/

A oml &

elactric vehicle

feal Survey 2017 |

2016; U5,

Sources: BGR/ DERA: Ro hatoffe fir 20



Societal and Geo-political impacts

AVERAGE AMERICAN’S DAILY USE OF CONFLICT MINERALS

Conflict minerals are minerals mined in conditions of armed conflict and human rights abuses.

} Tant

Brush teeth Dress Make a call Drive to work Work “tools’

v v b

@
)
2.
Cd

- & 47 234 252 429

mins. mins.

Nl Xt \,_,/J\ /

(
Tungsten -L&; m : L
Gold -ff @é Q
\. —

Learn more about conflict minerals compliance by our free supplier filtering tutorialk:
Conflict Minerals: Avoid Cost & Compliance Risk
Sturce Prierted iy f”
Frttpaiwva usines slrsider Lomavwediila y-in-the-lite-of-the-average-amencan-2012-Brop=t HTELLﬁEGﬂE:E
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Then?

How can we reduce the human pressure on this strategic resource while
reducing the environmental impact?

How can we reduce our dependence on producing countries?

=> Exploitation of secondary sources = recycling?



S In contrast to oil & gas, metals can
»
Grege  bbe recycled (secondary reserves)

Resources
(reserves) [g

extraction

End of Life? Recyd | Ng

Concentration
purification

: Ty, | #ﬂ'
‘ = , lqr}ﬂ'\l—-!’ o A



S In contrast to oil & gas, metals can
>
Grege  be recycled (secondary reserves)

! Steel production

L]
e ':‘GL
= =R

Raw material
extraction
Reuse and
remanufacturing
Steel recycling



S In contrast to oil & gas, metals can
>
Grege  be recycled (secondary reserves)

B - so%
B - 2s-s0%

» 10=2%%
B 1-10%
B -1

Taux de recyclage de 60 éléments a partir de produits en fin de vie.
{(UMEP - 2011 - Recycling rates of metals - Graedel et al.)
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Potential for urban mining

How can we reduce the human pressure on this strategic resource while
reducing the environmental impact?

How can we reduce our dependence on producing countries?

=> Exploitation of secondary sources: the urban mine
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Potential for urban mining
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End of life products, e.g. smartphones

- 1.5 billion phones sold worldwide in 2017!
- In France 15% of phones are recycled
- Currently only Au, Ag, Cu are recycled...

e (M B\
Photo: Lucas Jackson

By-products e.g. mining and industrial waste

- Very large and non-recovered tonnages
- No or little pre-treatment required before extraction
- Limited impact on the landscape
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N Issues and objective
Lerege

SOBRIETY !

Sobriety in our consumption of resources
Sobriety in our production methods

Sources of metals: primary sources secondary sources
Extraction: Hydro-, Pyrometallurgy more sober processes

Development of lean processes for the recovery of critical metals from secondary sources



§§ Development of lean processes for ('
cerege the recovery of critical metals from =
secondary sources

Rationale for the
proposed approach

B Cocconctoeny
W recredcion

Traditional processes
100%

100%

How to implement sobriety? Selectivity, bio-mimicry

Selectivity: Reduces the number of steps
Bio-mimicry: work under environmental conditions with natural extractants

Ultimate goal: coupling of the 2: selective and bio-inspired processes



712 + 13 mg.kg'de terres rares

“«« Valorisation of rare earths and iron
Cdrege in bauxite residues

ANR RECALL 2021-2025
Valorisation intégrée des résidus de bauxite

80
Acide citrique/citrate
70 0,1M —48h, L/S =50
60 ——La
. Ce
X 50 —— Nd
o
= —— Gd
2 40
§ = LU
S 30 .
o 5¢
20 -x-Al
¢ Ti
10 e
0

Comment améliorer la sélectivité ?



S Ability of living organisms to
Cérege selectively use/concentrate
critical metals

Dicranopteris linearis

Hyper accumulator of rare earths
Accumulates up to several thousand ppm in the leaves

Pseudomonas Putida

Use of light REE (l) for enzymatic reactions
Ln-dependent enzyme identified

—

Dennis KuhkehiViicfoscopy /
Science'Photof leraryf

w.i’
‘w _\'
'L'
weﬁ

I © wnfrvg Bay-Nouailhat
-

Oscarella lobularis

-

‘n

Sponge that bioconcentrates vanadium
Bioconcentration mechanism not studied




QQ}'\ The mineral resource,
Cérege interdisciplinary issues

How to turn a threat into an opportunity?

* Low societal acceptability of industrial * Abandonment of the population at the
activity closure of the mine

* Potential contamination by dust * Health impacts on local populations
contamination * Environmental contamination

e Strong public mobilisation against
tailings storage



S MITIGATING CLIMATE CHANGE:
N 0
Grege we can find solutions!

Les arbres & la rescousse de 1a biodiversité et des
rendements agricoles

# Les réseaux sociaux au secours des océans du
monde

Pour lutter contre la surpéche, diversifions nos Protection du littoral : Wave Bumper, 50 mesures pour une consommation et une

¥ L H o - 4 M
assieties I'innovation anti submersion marine production durables
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Les jeunes qui ont manifesté ce 15 mars dans tous les grands pays du monde pour le climat ont montré leur
détermination mais aussi leur sens des formules chocs. L'une d'entre elles fleurissait sur les pancartes brandies.
Nous I'adoptons pour rendre compte d'un rapport (un autre, encore) publié par I'ONU sur I'état de I'Arctique. Un
rapport alarmant qui ne peut malheureusement se résumer que par une formule : c'est cuit. Il est déja trop tard pour
I'Arctique qui se réchauffera de 3 4 5° C d'ici seulement 25 ans, le temps d'une génération. De cette génération qui
s'insurge contre un scénario inéluctable : montée des eaux, emballement climatique et menaces sur I'ensemble de
la planéte.

http://www.up-magazine.info/index.php/planete/climat/8519-les-calottes-sont-cuites



Thank you !

http://www.aixenprovence
tourism.com

CEREGE
Aix en Pce - France

CNRS- Aix Marseille Univ.
http://nano.cerege.fr



http://nano.cerege.fr/

