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S Motto: Agir pour réduire les impacts (négatifs) environnementaux
et sociétaux des TICs (Technologies de I'information et de la

communication)

"Act to reduce the negative environmental and societal impact of

ICT"

http://lecoinfo.cnrs.fr/

Members are Engineers, Researchers, Students
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Agenda

p— » Context of the talk
» Metals and Semiconductors in ICT
» Sources of environmental, societal impacts
» Predictions on future with BAU

| » Other paths?
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Context

Google Requests

30 000 bhillions pages indexed by Google.
Smm——— 20 billions sites visited by Google each day.
3,3 hillions requests each day (100 billions per month).

15% of requests are new requests (500 millions per day) !

YIg?f‘ﬂglg:bﬁwww.deaIsunny.com/mobiIe—usagz,e-statistics/
Monthly active users: 1,5 billion
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1Q17  1Q17 Market C O n t EXt

|
Company Shipments Share (%)
Dell EMC 466,800 179
- HPE 438,169 16.8
Huawei 156,559 6.0
Lenovo 145,977 56
{inspur Electronics 139,203 5.4
2000
1800
~ Others 1,254,892 48.2) 1600 |
. 1400
~ [Total 2,601,600 100.0 %%
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400
200
0 i

R g g i L R AL A

Source : Umicore, données Gariner

Gartner Says 8.4 Billion Connected "Things" Will Be in Use in
2017, Up 31 Percent From 2016
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Context

AlphaGo defeated Lee Sedol: energy cost
/’ Fom - s Y

~ 155 kW Brain ~ 20 W
2500 kCal/day
~ 120 W

130 GJ =9.7days 34 years =130 GJ
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La question de la durabiité des technologies de caloud et de téldcormnmunication

Current computing industry is based on
crystalline semiconductors
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Computations per kWh

Koomey, Jonathan G., H.
Scott Matthews, and Eric
Williams. "Smart
everything: Will intelligent
systems reduce resource
use?." Annual Review of
Environment and
Resources 38 (2013): 311-
343.
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Metals in a smartphone...

Grammes Milligrammes Milligrammes
—
35 600 ) _ . ™14
Praséodyme (Pr); 6_}&- L | e —
Autres; 0,59 l Bismuth (Bi), 6,6
T ¥ 44+ v
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1

!

Some numbers for all smartphones

Quantity for all
smartphones

5670 tons

270 tons

27 tons

Palladium 9.9 tons (3% of world
production)

Neodymium 45 tons

Praseodymium 9 tons

11
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Sources of environmental and societal
(negative) impacts

» Extraction

» Production

» Transportation
» Manufactoring
» Usage

» Waste

12
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Extraction

Normalised extracted amount per year
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Extraction

- » Needs energy, depending on the concentration of metals in mine ore

80  — 80 T I
Direct Impact Indirect Impact

- UGG EEE L RS S Dynamiting and Breaking Production of floatation
ores agents

melting and Refining Heat and Electricity Production of acids and
dissolvants
Metal manufacturing Electricity Production of equipments

for manufacturing

processing

14
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Energy needed to produce raw

metals
& Energie <1000 MJ/kg
615
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Sources of environmental and societal
(potentially positive) impacts

» 3R
» Reduce
» Re-Use

» Re-Cycle
» + Re-Think

» Substitution (one metal by another, not
found yet for most of them)

16
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Interests in Recycling

Concentration || concentration e
in electronic boards Ratio (min-max)

in metal (2002) | (2014)

v =aA!
Metal
VIS
[ Ui

05230 120-290  4-250
_ Copper
Tin 02 -085 1.1-4.8 1.3 - 23
Gold  0,0005 0,0029-0,112 10 - 224
Silver (0005 0.01 - 0,52 20 -1040
Metal Quantity per ton Market Value as 30/06/2016 Value
Cu 100 a 250 kg 4 200 €/t 420€ a 1050 €
Ag 2kgabkg 0,54 €/g 1080€a3240¢€
Au 200ga 1kg 38,2 €/g 7 640 € a 38 200 €
Pd 100ga300g 19,5 €/g 1950€ a5850¢
Sn 20 a 30 kg 16 100 €/t 322 €a483 €
Ta 3kga 10 kg 135 €/kg 405 € a4 1350 €
Others 300 €/t 300 €

Total 12 117w 50 473 €/t

17
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<1%

1-10%

10-25%

Recycling, what?
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Recycling, who ?

w » Mainly in China, India, Africa
» EU, USA, Japan sending their treasures out...
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. Sources of environmental and societal

(positive) impacts

p— » ICT is also positive for the environment

» Virtual meeting, e-Books, streaming, e-
shopping,

» Climate Change prediction (GIEC)
» e-Farming,
» Security,

>> LN

20
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But be careful to the rebound
effect

' Innovation
>

Better performances —> new Apps
No headphone plug —> Bluetooth
Camera 12 MegaPixels —> Storage
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Predictions on the future

» Exponential growth of ICT "needs"
» Metals depletion

» Exogene threats (example: Copper in Chili,
water shortage and electrical
infrastructure)

» Avoiding replacing devices
» Recycling at scale if price grows
» Norms and legal obligations

22
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Criticality of metals and metalloids

T. E. Graedel™™", E. M. Harper®, N. T. Nassar®, Philip Nuss®, and Barbara K. Reck®

“Center for Industrial Ecology, Yale University, New Haven, CT 06511; and “Stellenbosch Institute for Advanced Study, Stellenbosch 7602, South Africa

PNAS | April 7, 2015 | vol. 112 | no. 14 4257-4262
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HOW LONG \m i PROPORTION OF CONSUMPTION MET
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70 years ago, it was expected to deplete after 30/40
years, like today...
In fact, Copper extraction is driven by demand...

26
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Metals
Aluminium
Antimony
Arsenic
Cadmium
Cobalt
Copper
Gallium
Germanium
Gold
Indium
Lead
Lithium
Manganese
Nickel
Niobium
Platinum
Rare Earth
Selenium
Silver
Tantalum
Tellurium
Zinc
Zirconium

Douce
2060
2021

2048
2037

2027

2027
2027
2037
2033
2050
2067

2029

2026

Exponential
2110
2025
2035
2075
2035
2035
2030
2030
2030
2040
2025
2045
2030
2035
2038
2050
2080
2040
2035
2040
2080
2030
2040

Peak
2110
2025
2125
2000
2150
2045
2050
2040
2040
2020
2080
2030
2030
2035
2030
2060
2100
2030
2020
2040
2055
2050
2025

Logistic
2575
2040
2125
2045
2470
2050
2100
2070
2035
2125
2165
2065
2040
2040
2065
2200
2900
2070
2060
2065

2035
2060

Expected date of depletion of reserves (4 hypothesis)

But while Cu is used since 8000 y., others only since 20y : the
study of the reserves is not well established...

27
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Be careful: the extraction of small metals is only a sub-product
of others —> Necessity to extract first Pb, Cu, Zn, Sn, Al

49 45
In , Cd
Indis xm 49 Cadmmm
In T 47
T Hurium Indium Ag
~ -
Cadmium ‘\ \ ! WL_SNives
\ 82 30 |
— Zn | )
;4 ‘ /_// l.cnd Zme \\- Ge
Se /\ T
, o\ £ N\
Selenium | 32 \ / 1
Ge \ . A
Chorman \'\ ,’/ Ga
\ ‘/ Gallium
47 “\ / -
A \ / :
- Sll\gl \\ /" Y Nb
02 k \ ' 50 ‘,,r*"//' Niobmm
Te \ /| sn
Tellurum \\\\ \\‘ ‘\\ / Tin . >\\\\~ i9
N \ / / In
~N 29 \ / //
34 | C u ‘\ / / Indium
Se il (:oppcv ‘\_\ "\\ / //’
Selenium // /,’, \\ \ / /// 13 | 31
' N\ // _|AlI— Ga
27 > 79 N ./;' —~ Aluminum Gallium
Co Au Lithosphere
Cobalt Gold

28


mailto:pierson@irit.fr
mailto:pierson@irit.fr

Critical metals

The 20 critical materials for Europe in 2014
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Figure 1: The 20 critical raw materials in Europe in 2014 (European Commission MEMO/14/377, 26/05/2014)
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A market dominated (mainly) by China
for small metals

China

* Antimony (87%)

* Coking Coal (51%)

* Fluorspar [56%)

* Gallium (69%)

* Germanium [59%)

* Indium [58%)

* Magnesite (69%)

* Magnesium {86%)

* Natural Graphite (69%)
* Phosphate Rock [38%)
* REE (Heavy) (99%)

* REE (Light) (87%)

+ Silicon Metal (56%)

* Tungsten (85%)

30
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Geopolitics...
The example of Tantalum (used for
capacitors)

18001t
I— Evolution de la production miniére de tantale depuis 1990
{Sources : USGS, WMD, NR-CAN)
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2014
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: Autres
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| gy ®Ethiople
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- ; . wCanada
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Pressure on metals
: conflicts to get the
resources
(example: RDC)

http:/ /www.arte.tv/fr/faits/3696128.html

Distribution probable des métaux rares
dans la croute terrestre
Bbunss A Gudloen, 10100

L el

Pressure on metals
: less concentrated
materials

Quantité

Barriére minéralogique

|

Concentration du mineral (%)

Exploitation miniére
en cours
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And all these metals...

» ... are also used in

» cabling for Internet AND
Electricity (Copper, for instance
the EU have a 40000km more
Copper lines Plan for electrical
safety in HV, 2030) —> large
production, large impact

» other industries, especially for
small metals in renewable
energies

R
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Disruptive Technologies ?

An 8-Bit, 40-Instructions-Per-Second Organic
Microprocessor on Plastic Foil

Kris Myny, Student Member, IEEE, Erik van Veenendmal, Gerwin H. Gelinck, Jan Genoe, Member, IEEE,
Wim Dehaene, Senior Member, IEEE, and Paul Heremans

IEEE JOURNAL OF SOLID-STATE CIRCUITS, VOL. 47, NO. I, JANUARY 2012

Mostly organic materials (carbon based)
Au for gates

© imec

34
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An 8-Bit, 40-Instructions-Per-Second Organic
Microprocessor on Plastic Foil

Kris Myny, Student Member, [EEE, Erik van Veenendmal, Gerwin H. Gelinck, Jan Genoe, Member, IEEE,
Wim Dehaene, Senior Member, IEEE, and Paul Heremans

IEEE JOURNAL OF SOLID-STATE CIRCUITS, VOL. 47, NO. 1, JANUARY 2012

| Gate |

Plastic substrate: 25um

Transistor-
count

Area
Pin-count

Power supply
voltage

Power
consumption

Operation
speed

Semiconductor
P-type mobility
Logic family
Operation
Technology
Bus width
Production year
Wafer scale
Substrate

Plastic
microprocessor

3381

1.96 x 1.72 cm?

10V

Pentacene
~0.15 cm?/Vs
P-type
accumulation
Sum
8 bit
2011
6"
flexible

Intel 4004

Il 4 L ALY S

Silicon
~450 c?/Vs
P-type
inversion
10 ym
4 bit
1971
2"
rigid
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Other ideas ?
» Asteroid Mining

» Quantum Computing ?

» No Computing ?
» Do we really need all this ?
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Thanks for your attention
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Credits

» José Halloy, Univ. Paris Diderot : http://web-and-
philosophy.org/event/la-question-de-la-durabilite-des-
technologies-de-calcul-et-de-telecommunication-jose-halloy/

» Olivier Ridoux, Univ. Rennes : http://ecoinfo.cnrs.fr/wp-
content/uploads/2015/01/tic-et-metaux-Olivier-Ridoux.pdf

" » Eric Drezet, CNRS : http://ecoinfo.cnrs.fr/?p=11396

» Francoise Berthoud, CNRS : http://ecoinfo.cnrs.fr/wp-
content/uploads/2015/01/Annecy-30-nov-2016.pdf

» Report at the French Senate (for mobile phones) :
https://www.senat.fr/rap/r15-850/r15-8501.html#tocl17

» and ALL cited in these presentations / documents
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