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Les impacts environnementaux du numerique
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L'analyse de cycle de vie

Analyse de Cycle de Vie
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Périmetre

Multi-perimeters

Mutli-steps
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Périmetre

End-user equipments Network On-prem infra Cloud

Mutli-steps
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Pourquoi faire de la mesure un commun ?

hubblo.org



g9 Parce que c’est une nécessité démocratique

“On va envoyer un mail avec une piéce jointe rigolote et on va

consommer beaucoup d’'énergie” Agnés Pannier-Runacher
hubblo.org 10



Parce que les mesures sont de mauvaise qualité

Impact carbone moyen des écrans
d’ordinateurs (kgCO2e/inch)
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yi\ Parce que le chemin est plus important que l'arrive

Quelques bénéfices de la démarche de mesure indépendant du
résultat :

Expliquer les chiffres

Stimuler 'action collective
Comprendre les dynamiques d'impacts
Comprendre les postes d'impacts
Questionner les résultats existants
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Terminaux utilisateurs
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Données constructeurs

Fopen-data

PAIA

PCR - Product carbon
footprint

Lenovo Product Carbon Footprint (PCF) Information Sheet
PC/Notebook/Monitor/Tablet

Commercial Name Lenovo E41-45
Model Number 81BK, 82BF
Issue Date 2020/03/17

Product Environmental Attributes

(a) Product Carbon Footprint Value:

336 kg of COze (see Note 1 below)

(b) Product Picture:

(c) Life Cycle Detail by Component & Life Stage

(Pie Chart):

Note 1:
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Datavizta

@ datavizta.boavizta.org,

| ?, -
3 DataVIZta Home Manufacturer Data  Servers Impacts 2% FR

Global Warming Potential Custom values

1039 kgCO2eq Total veary

Median value calculated on 1117 equipments from multiple categories
e span: 4.36 year(s) Region
Use default value

refineselectrical impact

Lifetime

436 o years
appled to selected devices
You can vary the fespan and choose a region of use for the.
selected equipment 0 see, on the graph, how ths affects
the overallimpact and especiallythe distribution by phase of
the e cyc

A5 an exampe,you can comparethe impacts of usinga
Servr inFrance with those o sing i Poand.
Export

ExporttoPNG | Exportto Csv

Share https://datavizta.boavizta.org/

Manufacturer Category Subcategory
RSAUSEl Apple Dell Lenovo HP Lexmark Samsung Seagate  Workplace Datacenter  Laptop Monitor Smartphone Desktop Server Tablet Printer

Aople 13inch MacBook e 41 COU 512682020 Workpiace Liptsp November 2020 e 3 ]
spple 13inch MacBook Al with Rein disly (1.1GHz sk Workplce Laprep Mach2020 w 3 ]
sosle 3ich MacBok A with Retina dispiay 116z auacc. Workplce Lsptop Mach2020 W 3 5]
Apple 3ich MacBook Pro (1.4GHs quad<ore CU) 2568 -2 Workplce Lapiop May2020 w 3 2]
Aople 13inch MacBook Po 200H qusd <ore CPU) 512682 Workplce Laptsp May200 w 3 B
Apple 13inch MacBok Pro Four Trunderolt 3 prts)178-2. Workslace Laptop November 2020 ww 3 e
Apple 13inch MacBook o Four Thunderblt 3 pots) 51208, Workpiace Laptep November 2020 ww 3 @
Apple 13inch MacBook o 41 CPU 25682020 Workplace Liptep November 2620 ww 3 2]
Apple 13inch MacBok Pro M1 CPU) §1208- 2020 Workplce Laptep November 2020 ww 3 @
sopte 13inch MacBook Pro Two Thunderbol: 3 port) 256G8. Workplce Lapisp November 2020 3 @
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Consommation électrique du datacenter

Open-methodologies Open-Source
Physique

Mesure logiciel

Modélisation

hubblo.org
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Approche boavizta

Wafer Die End of
A . 4 4 . Production | Tkanisport I Packaging | | eansport; = Usel 15 Life
A partir des études ACV on d?durc des
proxy” pour cc!IcuIer les impacts __W_
d’autres produits. Producton

Impact de la fabrication d'un CPU

I, = ( core_units x die_size_per_core + 0.491 ) x MANUF_DIE + MANUF_BASE

Source : Etapes du cycles de vie d'un circuit intégré - Sarah Boyd hubblo.org



Crowdsourcing

Wllehlp

Chxps & Semi

ADEME

AGENCE DE LA
TRANSITION
ECOLOGIQUE

Open-data

fiir Umwelt, Naturschutz

Bundesministerium
und Reaktorsicherheit

UCLouvain

Open-source

e
N

BoaviztAPI
Boagent

hubblo.org



Datavizta

@ datavizta.boavizta.org,

g %,
7 .
}3 DataVIZta Home Manufacturer Data  Servers Impacts FR
%
Multicritera server impacts
Server configuration Multicritera impacts during lifespan
Global Warming Potential (kgCO2eq) - Total : 3153.8
CPU Evaluates the effect on global warming
Quantity Core units TDP (Watt) Architecture
2 16 150 skylake
M Usage : 2000.0  Manufacturing : 1153.8
M Manufacturing RAM : 480.0 M Manufacturing CPU : 39.4 ing SSD : 204.0 ing HDD : 62.2
RAM Others : 368.2
Quantit, Capacity (GB; Manufacturer .
Y Becity, (GB) Primary energy (MJ) - Total : 82561
4 32 Samsung Consumption of energy resources
ssp -
Quantity Capacity (GB) Manufacturer M Usage : 67700  Manufacturing : 14861 ] ] )
M Manufacturing RAM : 6000 M Manufacturing CPU : 596 SSD : 2508 HDD : 552 9
4 1000 Micron Others : 6208
Abiotic Depletion Potential (kgSbeq) - Total : 0.141528
Others Evaluates the use of minerals and fossil ressources
HDD quantity Server type PSU quantity
2 Rack 2
M Usage : 0.000337  Manufacturing : 0141191
M Manufacturing RAM : 0.019600 M Manufacturing CPU : 0.040000 ' Manufacturing SSD : 0.007200 ™ Manufacturing HDD : 0.000500
Manufacturing Others : 0.073891
Usage
Localisation Lifespan (vear)

o’ datavizta.boavizta.org hubblo.org 23
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Et dans le cloud ?
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Ou brancher mon wattmetre ?

APP APP APP APP APP APP
Instance Instance
Ol ®
w >

Cloud infra

hubblo.org 26



Credits to @maethor & Boavizta

- e Caractéristique techniques
A e Etats:[(power, load,1/0O,..)]

e Caractéristique techniques
e Etats:[(power, load,1/0,..)]

Open-science

Analyser les méthodes de mesures
de la conso

Profils de consommmations

Trouver les caractéristiques
dimensionnant

e Caractéristique techniques
e Etats:[(power, load,1/0,..)]

I W W
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Credits to Benjamin Davy (Teads), Samuel Rince & Boavizta

Exemple pour un CPU

f(workioad) — power

Modélisation de la puissance d'un CPU Intel Xeon Platinum

Intel Xeon Platinum family

Intel Xeon Platinum 8124M 2017 18
= Platinum model
Final model
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Credits to Olivier de Meringo & Boavizta

88 General / Boavizta-cloud-scan-plmis @ Lastthor v Q@ & ~ B -
Number of instances assessed Number of instances total Number of instances (taken into assesment) Cycle view mode Ana
DUvomial)  W(wes)  FRA(ewend) Ol RLewent)  FRAfwenid) .
2 r'--"lanage resources in an
Regional GWP (Manuf) / Hour Regional GWP (Use) / Hour AWS account
1615 1620 1625 1630 1635 1640 1645 1650 1655 1700 1705 1710
DEU (eu-central1)  IRL (eu-west-1) FRA (eu-west-3) gialueggennta)»v) \L;Lul;uzvgil-vl E’S{%?E‘é’é = DEU (eu-central1) == IRL (eu-west-1) = FRA (ev-west-3)
128kgoo2eq 261 kgeozeq— 14 kgcoeq o%02e| Yoy on2eq
r S Primary Energy Factor (use) MJ/kWh
J
A Get cloud usage
impacts data using
02m
‘adp manuf adp use
evcentral1 euwwest1 evwesta ewrcentrla euwest1 evwesta ooms
0.0172kgsbeq  0.0315kgsbeq— 0.00190kgsbeq ~ Te-Okgsbeq 7.02e-10kgsbeq  7e-11 kgsbeq 1615 1620 1625 1630 1635 1640 1645 1650 1655 1700 1705 1710
e = DEU (eu-central-1) == IRL (ew-west-1) == FRA (ew-west-3)
B —— Cloud scanner
_J Global Warming Potential (of use) in kgco2eq
Combines resource usage
0.0° .
Regional Pe (Manuf) Regional Pe (Use) / Hour oms and impacts
DEU (eu- IRL (eu-west-1) FRA (eu-west-3) DEU (eu- IRL (eu-west-1) FRA (eu-west-3) 0.0084)
central-1 central-1
) 3470 my 180 my o 200’ 0.381.MmJ 0.0200MJ (i .
1680ms 7| E MJ ,,,J 1620 1630 1640 1650 700 70
= DEU (eu-central1) == IRL (eu-west-1) == FRA (eu-west-3)

Get impacts of the
scanned resources
using

List resources and
usage detail using

Abiotic Resource Depletion (Manufacture) kgsbeq

AWS standard APIs Boavizta API
=> I
S C a n d e I u S age d u C I O u d AWS Returns resource usage Returns impact data
(AWS API)

= Modélise les impacts a l'usage et a
la fabrication (BoaviztAPI)

hubblo.org 29
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Question : Quelles sont les impacts
réseaux d'un service consommant1Go ?

hubblo.org



Approche attributionnelle

Question : Quelle part des impacts du réseay, je
peux attribuer al1Go ?

Photo-
lonising  Particulate  chemical
Resource s "
o Eco- - radiation, matter - ozone Primary
minersls  usefossls tion-mol 080, g humen'  Disesse fomation | 0% SR energy
SR M freshwater & COg health-  occurrence  -human % g consump-
s : CTUe  “9*Y280 BqU235  per1  health-mg g tion -MJ
520 eq. bilion  NMVOC
eq.
Fixedline 4,70 040 0533 1160 8120 151 3820 197000 266 404 2,400
network
Per subscriber
Hoblte 873 252 0.0645 135 9.85 16.4 469 23,300 278 3.27 299
network : s 2 2 ¥ & R
Fixed-line
R 1,470 2,040 0.533 1,160 81.20 151 3,820 197,000 266 40.4 2,400
Per subscriber
Mobile
873 252 0.0645 135 9.85 16.4 469 23,300 278 3.27 299
network

Final
energy

consump-
tion (use)
-M

654

876

654

876

.org



Approche consequentielle court-terme

Question : Quel est Iimpact marginal d'un Go sur un
réseau ?

4 Power (W) for equipment n
Slope = Power / Usage% (W/%)

| |
___________________________________________ Max
&
: H P,

LS |
|

——————

_____

' (P Slleep) , : : E L *e.g. a router
! n, 1 | L 1 .'-.‘. >
(P o:ff #0) : .| Typical pov@er/usage “window”

0 10 30 50  Usage%  100%

.org



Approche consequentielle long terme

Question : Quel est I'impact du réseau a la suite de la

généralisation du service ?

Les effets a considérer :

Effets rebonds

Effets d'empilement
Transformation sociales
Transformation économiques
Substitution

hubblo.org



Félicitations ! Vous avez une mauvaise evaluation

En attendant

Refusez
Réduisez
Réutilisez
Recyclez

OO WN

Rendez



ANEXES



Mesurer les impacts du
reseau
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Per GB

Per GB of
transferred data

Fixed-line
network

Mobile
network

Resource
use,

minerals
and metals
-mg Sb eq.

0.557

0.851

kBq U

lonising

radiation,

human
health -

eq

0.0572

0.16

235

Open-data

Photo-
Particulate  chemical
matter - ozone
Disease formation
occurrence  -human
perl health-mg
bilion NMVOC
eq.
145 74.5
4.57 227

Final
energy
consump-
tion (use)

MJ

0.248

0.853



Per line

Fixed-line
network
Per subscriber

Mobile
network

Resource
use,
minerals
and metals
-mg Sb eq.

1,470

873

Resource
use, fossils
-MJ

2,040

252

Acidifica-
tion - mol
H+ eq.

0.533

0.0645

Open-data

Photo-
lonising  Particulate  chemical
Eco- - radiation, matter - ozone
toxicity, Cglmatt{ human Disease formation v ia‘rﬁil %
freshwater kc ggge health-  occurrence  -human a,i c
-CTUe 280 1Bq U235 perl  health-mg 9
eq. bilion NMVOC
eq.
1,160 81.20 151 3,820 197,000 266
135 9.85 16.4 469 23,300 278

Waste
production
-kg

40.4

3.27

Final
energy
consump-
tion (use)
-M)

Primary
energy

consump-
tion-M]

2,400 654

299 876



By marginal cost

Open Science

Let’s build it together !
4 Power (W) for equipment n
Slope = Power / Usage% (W/%) Type de Impact fixe - fgb, Impact variable
Alt: Power / Data (W/Mbps) noeud maintenance, idle (/go)

P Max

& (ligne)

v.

Mobile bése station Node1 b1 al

___________ Network™
] B . CPE * r r
(PnSIeep) e.g.‘a router Node2 b2 82
(POf £ () Typical po&i:er/usage “window”
H n
’ > Node3 b3 a3
0 10 30 50 Usage% 100%

Nodel(x) = al.x+b]



Reduce the impacts of ICT

GREEN IT




IPAT

Impact = Population * Affluence * Technology

|

Number of users

&

Quantity of
technology
consumed

Impact of a unit
of technology



Optimize

Impact = Population * Affluence * Technology

=> Reduce the energy consumption per unit of technology
-> Reduce the use of resources per unit of technology
E 2



Beware of the rebound effect

Impact = Population * Affluence * Technology

. Increase in the population or affluence due to a reduction in
technology cost

O® Increase in the population or affluence due to an reduction in time
consumption

@ Increase in the population or affluence due to a reduction of
complexity



Rebound effect in cloud context

Impact = Population * Affluence * Technology

Increase efficiency per unit
of ressources

© & Increase in © & Increase in © Reduce cost per
people accessing resource unit unit of ressource
hosted services consumption

{0 Reduce deployment
complexity



Reduce the impact with ICT

IT 4 Green




ICT 4 Green

Substitution

. Shifting to a less
polluting process
per unit of service

Optimization

. Reduction of the impact of
a process by introducing a
new technical element

AONEREX




Beware of the rebound effect

Substitution Optimization

FAPITEL EINS

D reapirdaaing

AONEREX

_ Purchase of new

.~/ Increase in the .
goods with fuel economy

number of books

read (Affluence)
® New uses with time

Partial substitution saved



Boavizta schémas globale

Datavizta

Energizta

Cloud
scanner

Méthodo

Boagent




