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Who am 1?7

Computer scientist

Research topic: environmental impact of ICT (information and

Communications Technology)
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How does technological innovation,
focusing on ICT,
influence climate change?

= carbon footprint of ICT,
expressed in Global Warming Potential (GWP)
or Greenhouse Gases (GHG) emissions
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ICT is non physical, right?

It avoids the use of paper, ink, planes...
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User devices...

source: ADEME
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https://www.ademe.fr/sites/default/files/assets/documents/guide-pratique-face-cachee-numerique.pdf

+ Data centers and servers
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+ Network infrastructure...
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ICT, a non-polluting industry?

environmental footprint largely under-estimated by its users:
» "invisibility” of infrastructures
» cloud services

» miniaturization of devices
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So let’s minimize
our consumption of energy?
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Lifecyle of ICT
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Production phase

Smartphone:
> 90% of its carbon footprint during production

(in France, excluding network usage)

™ Raw materials [J] Production [ ] Use (3 years)

Gwp i | |57 kecCOqe

GWP of each lifecycle phase for a smartphone with a global electricity mix [Ercan et al., 2016]
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Production phase

ELEMENTS OF A SMARTPHONE

ELEMENTS COLOURKEY: @ ALKALIMETAL @) ALKALINE EARTH MEIAL

SCREENO

a9

Indium tin oxide is a mixture of

O indium oxide and tin oxide, used

] o in a transparent film in the screen
5 Y open that conducts electricity. This allows
Sn the screen to function s a touch
i screen

The glass used on the majority of
smartphones is an aluminosilicate
glass, composed of amix ofalumina
(A1,0,) and silica (5i0,). This glass
also contains potassium ions, which
help to strengthen it

oxygen

porasim
o & A f Rare Earth El

variety of Rare Earth Element

u}mim Y.l;b mpounds are used in small

i quantities to produce the colours.

= in the smartphone’s screen. Some

Dy compounds are also used to reduce

i UV light penetration into the phone.

IRANSITION MEIAL @ GROUP 13 @) GROUP 14

@ GROUP 15 @ GROUP16 @ HALOGEN @ LANIHANIDE

OELECTRONICS

Copper is used for wiring in the

microelectrical  comp
fashioned. Tantalum is the major
component of micro-capacitors.

Nickel is used in the microphone as well 2
as for other electrical connections. Alloys Pr
including the elements praseodymiurm, Lv,'spmsu“
gadolinium and_neodymium are used
in the magnets in the speaker and

mm.“ hmm

microphone. Neodymium, terbium and
dysprosium are used In the vibration unit,

Pure silicon is used to manufacture
the chip in the phone. It is oxidised
to produce non-conducting regions,

t
order to allow the chip to conduct

electricity. Arsenic

Tin & lead are used to solder
electronics in the phone. Newer lead-
free solders use a mix of tin, copper
andsilver.

‘The majority of phones use lithium ion batteries,
s ‘which are composed of Iithium cobalt oxide as a
(o] positive electrode and graphite (carbon) as the
ygen negative electrade. Same batteries use other
metals, such as manganese, in place of cobalt.

The battery's casing is made of aluminium.

9

Magnesium compounds are alloyed to make
some phone cases, whilst many are made

pla: tics will also include flame
retardant compounds, some of which contain
bromine, whilst nickel can be included to
reduce electromagnetic interference,

(@) © COMPOUND INTEREST 2014 - WW.COMPOUNDCHEM.COM | Tuiter: @compoundcher | Fac
red urder a Creative Commons Attribution-NonCommercial-NoDerivatt
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Production phase

Material evolution

Elements widely used in energy pathways

Materials critical to the energy industry, Achzet et al., 2011
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http://www.mrm.uni-augsburg.de/de/gruppen/reller/downloads/Materials_Handbook_Rev_2012.pdf

Production phase

1. pesign. often in the 3. Manufacturing of *
United States. the main components

in Asia, the United

States and Europe.

Distribution to
the rest of the
2. Extraction and processing world, often by
of raw material in Southeast plane.
Asia, Australia, Central Africa

and South America. 4,Assembly in Southeast

Asia.
source: ADEME and France Nature Environnement
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https://presse.ademe.fr/wp-content/uploads/2017/09/guide-pratique-impacts-smartphone.pdf

End of life phase

E-waste growth

53.6 Mt|

2019 L1

AT ke

Global e-waste documented to be Global e-waste flows that are not

collected and documented

‘properly N

Tecycled® ’
17.4%9.3 Mt 82.6% | l !

b

~waste
evestege,

of e-waste is unknown; this e-waste is
likely dumped, traded, or recycled in a
non-environmentally sound way

is estimated to end up in waste bins in EU
countries

source: E-waste monitor 2020
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http://ewastemonitor.info/

End of life phase

Recycling
Figure 16.1: End-of-life recycling input rates (EOL-RIR) in the EU-28+7247!

End-of-life recycling input rate (EOL-RIR) [%]

H s
-)25-50%
> 10-25% c N ) Ne
B 10
Na | Mg < AL = a [ a
13% 12% 17%
ca Ti M Cu As B | K
19% 21% | 12% 17%
Ry [ s 7r T | Ru ] [ e
11%
Cs . 0s Ir Pt Au Hg Tl Po At Rn
LarLu 14% | 11% | 20%
Fro| Ra Rf | Db | Sg | Br | Hs | Mt | Ds | Rg | Cn | Uut | Fl | Uup | Lv | Uus | Uuo
AcLr?

*Group of Lanthanide

“Group of Actinide

* F = Fluarspar; P = Phosphate rock:K = Potash, Si =Silicen metal B = Borates.

source: [European Commission, Joint Research Centre, 2018]
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E-waste health and environmental impact

Sources of health or environmental impact caused by informal e-waste recycling

- Inhaling fumes from burning
(-] wires and cooking circuit boards
- Pregnant women working as ()

- Exposure through food, water, air
- Home based workshops

. I recyclers ~ exposure of fetuses
-

- Dumping acid used to remove gold into rivers
- Leaching of substances from landifills or stored electronics
d furan

electronics - Ingesting contaminated dust on surfaces

- Playing with dismantled electronics
- Children and adolescents working in
5 collection, dismantling, and recycling.

- ing the water nd food system
through livestock, fish, and crops

2 (&)

source: E-waste monitor 2020
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Environmental impact of ICT lifecycle

iOiOi Abiotic resource depletion

@ Blue water shortage

Global Warming Potential

Human toxicity
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ICT automobile

civil aviation

ICT = 4% of global GHG

with an 8% annual growth!
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GHG emissions

Digital share and trajectories compatible with a 2 degrees

Digital share of GHG emissions
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Global annual CO2 emissions (GtC02)

dvided oy 8 factor

scenario

THE SHIFT
PRGJECT

— 5% per year starting from 2018
— -10% per year starting from 2025
— INDC Trajectory

between 2015 and 2025
== Effort not made starting from 2018

— must be compensated by increased
effort after 2035

Wi 2025 stort
divided by 3 actor

oy 2030 oy 202
4y 2002 by 2035
H 10 by 2058 10by 2048
20by2070 2083085
2015 2020 205 203 2035 2040 2045 2080 2055 2060 2065 2070
Faure 4 ectones compate 0 2% fsource: 20167
Source : The Shift Project, 2018




But doesn’t ICT help
reduce GHG emissions?
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Types of ICT effects

. . positive
1

direct technology life cycle of ICT n/a
effects
2 induction substitution
enabling application
effects obsolescence  optimization

based on [Hilty, 2008, Hilty and Aebischer, 2014]
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1st order effects

Autonomous vehicles

cameras, Sensors,
embedded systems, /
nemork g duction v
infrastructures (5G)... on-hoard and
use
remote data
processing
from Jacques Combaz and [Taiebat et al., 2019]
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2nd order effects

Autonomous vehicles

car sharing traffic
4

/ congestion
+/

/ optimization of the
/ - use of road
infrastructure
optimization of

. —
fuel consumption eco-derlng v ”-“

accidents +—=__
oO—0Y .
A

\ increased speed
N on highways

empty trips
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3rd order effects

Autonomous vehicles

i

costs  _

valorization of travel time

F

+ shiff from other transportation modes +

+

+7? +?
» travel demand -
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The rebound effect

Or why ICT emissions (and others) keep growing nonetheless...

technological

progress
norms o
‘\\A optimization
taxes sobriety
incentives

resources, pollution...
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The rebound effect

Or why ICT emissions (and others) keep growing nonetheless...

technological

progress
norms o
‘\\A optimization
taxes sobriety
incentives

resources, pollution...
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The rebound effect

Or why ICT emissions (and others) keep growing nonetheless...

technological

progress
norms direct or indirect
T Optimization effect _
taxes sobriety psychological effects
incentives unsaturated resource

SS23

resources, pollution...
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The rebound effect

Or why ICT emissions (and others) keep growing nonetheless...

technological

progress
norms direct or indirect
taxes T OPlimization effect
sobriety
incentives
g€=—<1 T ~_REBOUND EFFECT
resources, pollution...
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The rebound effect

Or why ICT emissions (and others) keep growing nonetheless...

technological

progress
norms direct or indirect
taxes . optimization effect
sobriety - psychological effects
1 incentives
l unsaturated resource
E=—=<1 __REBOUND EFFECT|
« BACKFIRE »
4 resources, pollution...
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Jevons's paradox
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Another example: Blablacar

)
&+ o S

rebound effect

&~ 0,95

70% 1 - transportation
mode that would
60% have been used
50% without the
o carpooling
“ 40% platform
BlaBlaC 30% 7 H driver
ablaCar +
20% passenger
10% -l
Main motivations: 0% < o .\:' .:'. . L
. > ) 9 N
. [ o & 3 &
savings 69 % S S Q\o &

- socialization 87 % substitution

source : Ademe, 2015
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OK... So what about paper
vs screen reading?
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eté abattu

Je suis écolo,
aucun arbre n’a

faire mon Livre!

our

Anne-Laure Ligozat

Moi aussi, Le mien
ne contient
aucun matériau

polluant !
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Example: book vs e-reader

~ 1 to 3 kgCO2e ~ 40 to 170 kgCO2e

= 3 to 35 books each year to make the e-reader more
environmental friendly than books (with a 5 year lifetime for the e-reader)

sources: Base carbone Ademe and [Wells et al., 2012]
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So back to an Amish

lifestyle right?
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Key notion with ICT

Sobrlety
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Why is digital sobriety difficult to promote?

P requires systemic changes

» linked to political visions of the future, and in particular the
notion of progress
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Do we have a choice?
Limits to growth

Technological

Limits to gains in efficiency e.g. Moore's law or Koomey's law

10,000,000

1,000,000

1.0)

100,000

10,000

1,000

100

Efficiency relative to 1985 (1985

Post-1946 historical trend in
peak output energy efficiency,
Goubling every 1.6 years (dotted
line is projected)

1
1985 1990 1995 2000 2005 2010 2015 2020

Figure 1: Peak output energy efficiency of computing, historical and projected

[Koomey and Naffziger, 2016]
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Do we have a choice?
Limits to growth

Environmental

» resource (material and energy) depletion

» climate change...

Figure A: Economic importance and supply risk results of 2020 criticality assessment

source : [Blengini et al., 2020]

Anne-Laure Ligozat The controversial role of technological innovation 36/39



How to implement sobriety?

The Shift Project’s recommendations for companies, organizations and governments

Ll A

Adopt digital sobriety as a principle of action
Inform and spread awareness
Mobilize the lever of public purchasing

Allow companies and organizations to manage the
environmental dimension of their digital transition

Carry out a carbon balance of digital projects to facilitate
their prioritization

Improve consideration of the systemic dimensions of digital
technology

Work at the European scale and with international
organizations
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How to implement sobriety?
As an individual
P acquisition
» second-hand acquisition
P use responsible criteria:

repairability, recycling potential,
energy use, local...

Mais je mange bio,
ca compte,

non?

/25 Zuma.
] o

Anne-Laure Ligozat The controversial role of technological innovation 38/39



How to implement sobriety?

As an individual

P acquisition
» second-hand acquisition
P use responsible criteria:
repairability, recycling potential,
energy use, local...

Ok, peut-étre que cette
application quud fait
« Meuh » c'est pas
vraiment nécessaire ..

> use less
» material: buy less often, make
equipments last longer, use
responsible software...
» energy: turn off equipments,
use energy-saving modes...
» data storage and transfer

Zmme.
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How to implement sobriety?
As an individual
P acquisition
» second-hand acquisition
P use responsible criteria:
repairability, recycling potential,
energy use, local...

Allez,
au recyclage!

> use less

» material: buy less often, make
equipments last longer, use
responsible software...

P energy: turn off equipments,
use energy-saving modes...

» data storage and transfer

» end of life

» donate equipment still in good
condition, have it recycled by
approved organizations
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