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=
o9

5.
O
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the areas of software, digital infrastructures, and
cybersecurity
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[‘: European forum of the softwere research commurn!

Objectives and results

i Objective 2 - Create a self-sustainable forum of

researchers and practitioners in the area of software
;Z‘D technologies and related areas.

Key Results (KR)

Sustainable Forum and
m Fellowship programme

Online Platform

CD Research and Innovation _a) Landscape reports

Roadmaps
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"[‘\' | Europsen forum of the software research commn!

Objectives and results

i Objective 3 - Enhance the visibility of European based
software technology projects, digital infrastructures
and cybersecurity both in the research and in the
market domain at an international level.

Key Results (KR) s
(%) Taxonomy '.\/*\i’ PrOjeCt Radar ,, Av al. O
,o_'.\ | ‘L‘

Hub of project mini-sites
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§ European forum of the softwere research commurn!

Objectives and results

i Objective 4 - Provide guidance for increasing the
competitiveness of European initiatives through the
definition of a methodological approach to the
improvement of their MTRL, Mentoring, Technology
Transfer & Best Practices guiding towards Policy

Innovation.

MTRL score card for Sodalite

Customized MTRL T —

Methodology for the =
[ ‘ ] topics addressed in

SWForum
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/Continuously engage all

relevant stakeholders by
executing communication and
marketing activities and by
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pragmatic motivational

Governance structure
Fellowship programme
Business model
Roadmaps

SWForum.eu

&nechanisms. 3.Engaging

Communication strategy

Discussion fora

MTRL training SWForum.eu community
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SWForum.eu

European forum of the software research community
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Thank You!

Get in touch with us!

% SWForum.eu W @SWforumEU in SWForum

European forum of the software research community - SWForum.eu project has received funding from the
European Union’s Horizon 2020 - Research and Innovation program - under grant agreement no. 957044.
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Evaluate the environmental
impact of ICT
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With open data, methods and tools
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PRESENTATION

David Ekchajzer

Research = Action

Co-founder of Hubblo.org

Contributor at Boavizta.org



https://hubblo.org/fr
https://boavizta.org/

HUBBLO

() hubblo

Open-Source products
l oe : :
Integrate and automate environmental evaluation
‘v\\' | Engineering and consulting firm
A Evaluate environmental impact of ICT

Open R&D
more systemic consideration of impacts




Boavizta - evaluation of the environmental impact of IT

4 Working group N
Organizations
Researchers
\_ Freelancers '

Themes

/
4 A %,

Data Repository
Cloud measurement
Calculation methods

Convince top-management

\\ Open-source tools / https://boavizta.org/
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The environmental impacts o
digital technology




How ICT contribute to global warming ?

2020: 2,1to 3,9%

2025: 6to 8%

02



The impactS of ICT

02

. z (! O G- =
Energy GHG Water Electricity Resources
Users 60% 63% 83% 44% 75%
Networks 23% 22% 9% 32% 16%
Datacenters 17% 15% 7% 24% 8%

nornmauyues

Reépartition des impacts du numeérique mondial en 2019

Source : green j.ir



How to evaluate them ?




Perimeter

Multi-perimeters

Mutli-steps




Multi Criteria

Figure 1 - Distribution normalisée et pondérée de l'impact le long des 3 niveaux

25 %

20 %

15 %

10 %

0%

Utilisation des Acidification Toxicité Eutrophisation, : Eutrophisation, : Radiations Emission de

ressources, 5 humaine, eau douce terrestre ionisantes, particules

minéraux et e e cancéreuse Rty ‘e l..e Santé humaine ..., o

metaux Utilisation des Ecotoxicité, Toxicité Eutrophisation, Changement Appauvyrissement Formation
ressources, eau douce humaine, non marine climatique de la couche photpchnmlque de
fossiles cancéreuse dozone lozone - santé

humaine

. Niveau 1 - Terminaux utilisateurs .Niveau 2 - Réseau Niveau . 3 - Centres de données

The Green / EFA - Ponderation of 13 impacts criteria

EF Impact Category

Climate Change

EF Impact Assessment
Model

Bern model - Global

Warming Potentials

(GWP) over a 100 year

time horizon.

EF Impact Category indicators

kg CO,; equivalent

Source

Intergovernmental

Panel on Climate
Change, 2007

Ozone Depletion

EDIP model based on
the ODPs of the World
Meteorological
Organization (I'VMO)
over an infinite time
horizon.

kg CFC-11 equivalent

WMO, 1999

Ecotoxicity for
aquatic fresh water

USEtox model

CTUe (Comparative Toxic Unit for
ecosystems)

Rosenbaum et al.,
2008

Human Toxicity -
cancer effects

USEtox model

CTUh (Comparative Toxic Unit for
humans)

Rosenbaum et al.,
2008

Human Toxicity —
non-cancer effects

USEtox model

CTUh {Comparative Toxic Unit for
humans)

Rosenbaum et al.,
2008

Particulate
Matter/Respiratory
Inorganics

RiskPoll model

kg PM2.5 equivalent

Humbert, 2009

lonising Radiation —
human health effects

Human Health effect
model

kg U™ equivalent (to air)

Dreicer et al., 1995

Photochemical Ozone | LOTOS-EUROS model kg NMVOC equivalent Van Zelm et al., 2008
Formation as applied in ReCiPe
Acidification Accumulated mol H+ eq Seppala etal. 2006

, - Exceedance model ) Posch et al., 2008
Eutrophication — Accumulated mol N eq Seppala etal. 2006
terrestrial Exceedance model Posch et al., 2008
Eutrophication — EUTREND model fresh water: kg P equivalent Struijs et al., 2009 as
aquatic marine: kg N equivalent implemented in

ReCiPe

Resource Depletion —
water

Swiss Ecoscarcity
model

m® water use related to local
scarcity of water

Frischknecht et al.,
2008

Resource Depletion —
mineral, fossil

CML2002 model

kg antimony (Sb) equivalent

van Oers et al., 2002

Land Transformation

Soil Organic Matter
(SOM) model

Kg (deficit)

Mila i Canals et al,,
2007

Default EF impact [...] for PEF studies




Life cycle assessment

N\

71! I

Disposal/recycling Raw material extraction

Life Cycle Assessment N\ /
ISO 14040
SO 14044 @
Q = ¥ ~|m
Multi Criteria analysis PN
Use l Manufacturing
Distribution

https://pre-sustainability.com/

06



Why make open
evaluations ?




i* Because it is a democratic necessity

THEGREEN
NEWDEAL 4
FOREU ROP E IMPACT ENVIRONNEMENTAL
IMPACT ENVIRONNEMENTAL
Political Environmental

orientations labeling



O Because the measurements are of poor quality

Average GWP impact of screen

Dell E2219HN Monitor

manufacturing (kgCO2e/inch) 250

Dell (PAIA) 11,4 to 26,7 R PATERACE

g 150
Lenovo (PAIA) 5,710 24,5 g N

v 100 '

: 5
HP (Other) 3,310 8,6 E 5 |

0 - B8
NegaOctet 2,94 & & Y\ooa,&“’ & ¥ e
<</\?5, Q’b(’ QQO
«(

Base Impacts =2,7

(ADEME)



|s it possible?

Spoiler : Hardly




¥V The allies

AN 4

Bundesministerium

fiir Umwelt, Naturschutz »
und Reaktorsicherheit

T“E SHIFT | 1 Green
:S PRGIECT ¥ oo
Foundation

REON TRANSITION THINK 1

ADEME

AGENCE DE LA
TRANSITION
ECOLOGIQUE

Tt




Measuring the impact of
user terminals




Perimeter

T . : - ’{f.fé

End-user equipments Network On-prem infra Cloud (As a service)

Manufacture

-
<\

Transport

Use

X X X X




datavizta.boavizta.org

g Datavizta

Fabricant Catégorie Sous-catégorie s
Reset filtres € € Emissions de GES
LULIIEN Dell Lenovo HP  Lexmark Samsung Seagate Workplace Datacenter Laptop Monitor Smartphone Desktop Server Tablet Printer
Fa.. Y Nom Catégorie Sous-c... Date Fabric... Li... Durée de vie Sources g q
Moyenne calculée sur 1039 équipements de multiples catégories
Apple 15-Inch MacBook Pro (2.3... workplace Laptop November 2019 ww 3 https://www.apple. ducts|r 16-Inch_...
Apple 15-Inch MacBook Pro with... Workplace Laptop October 2016 ww 3 https://www.apple. oducts/r |
Apple 16-Inch MacBook Pro (M1 ... ‘Workplace Laptop October 2021 ww 3 apple. 16-Inch_...
Apple 16-Inch MacBook Pro (M1 ... Workplace Laptop October 2021 ww 3 https://www.apple. 16-Inch_...
Apple 16-Inch MacBook Pro (M1 ... Workplace Laptop October 2021 ww 3 https://www.apple. 16-Inch_...
Apple 16-Inch MacBook Pro (2.6... Workplace Laptop November 2019 ww 3 https:/fwww.apple. oducts/r 16-Inch_...
Apple 16-Inch MacBook Pro (2. Workplace Laptop November 2019 ww 3 https://www.apple.com/ ) N6-Inch_...
Apple 21.5-Inch IMac with Retina... Workplace Desktop March 2019 ww 3 https:j/www.apple. 21.5-inch_L...
Apple 21.5-Inch IMac with Retina... Workplace Desktop March 2019 ww 3 https://www.apple. 21.5-Inch,
Apple 24-Inch IMac with 4.5K Re... Workplace Desktop April 2021 ww 3 ps:/f .apple. / 24-Inch_IM...
Apple 24-Inch IMac with 4.5K Re... workplace Desktop April 2021 ww 3 https://www.apple. 24-Inch_IM...
Apple 24-Inch IMac with 4.5K Re... Workplace Desktop April 2021 ww 3 https://www.apple. 24-Inch_IM...
Apple 27-Inch IMac with 5K Retl... Workplace Desktop August 2020 ww 3 ps:/jwww.apple 27-Inch_IM...
Apple 27-Inch IMac with 5K Retl... workplace Desktop August 2020 wWw 3 hitps://www.apple. 27-inch_IM...
W Scope 2 : 750 kgCO2eq (phase d'utilisation)
Apple 27-Inch IMac with 5K Reti... Workplace Desktop August 2020 ww 3 https://www.apple. 27-Inch_IM... BN Scope 3 : 369 kgCO2eq (phases de fabrication, transport et fin de
Apple 27-Inch IMac with 5K Retl... Workplace Desktop August 2020 ww 3 ps:/f apple. P ICts, /27-Inch_IM...
Apple 27-inch IMac with 5K Reti... workplace Desktop August 2020 wWw 3 ps:/fwww.apple. 27-Inch_IM...
Apple 27-Inch IMac with 5K Reti... workplace Desktop August 2020 ww 3 https:/fwww.apple. 27-Inch_IM... Personnaliser
Apple IPhone 11 128GB Workplace Smartphone September 2019 ww 3 https://www.apple.  11_PE...
Apple |Phone 11 256GB Workplace Smartphone September 2019 ww 3 https://www.apple _1_PE... Total Annuel
Apple IPhone 11 64GB Wworkplace Smartphone September 2019 ww 3 https://www.apple. _11_PE...
Apple IPhone 12 128GB Workplace Smartphone October 2020 wWw 3 https:/fwww.apple. _13_PE... Reglon
Apple IPhone 12 256GB Workplace Smartphone October 2020 ww 3 https://www.apple. . 13_PE... .
Utiliser la valeur par défaut
Apple IPhone 12 64GB Workplace Smartphone October 2020 ww 3 https:jjwww.apple. _13_PE...
Apple iPhone 13 Pro 126GB Workplace Smartphone September 2021 ww 3 https:/fwww.apple  13_Pr... Région ou pays, remplace la valeur constructeur
Apple iPhone 13 Pro 178 workplace Smartphone September 2021 ww 3 ps:/f apple none_13_Pr... A .
Durée de vie
Apple IPhone 13 Pro 256GB workplace Smartphone September 2021 ww 3 https://www.apple. 13_Pr...
4,53 années
Apple IPhone 13 Pro 512GB Workplace Smartphone September 2021 ww 3 https://www.apple.  13_Pr...
remplace la valeur constructeur
Apple IPhone 13 Pro Max 128GB Workplace Smartphone September 2021 ww 3 https://www.apple. _13_Pr...
Vous pouvez faire varier la durée de vie et choisir un lieu
Apple IPhone 13 Pro Max 178 Workplace Smartphone September 2021 WW 3 hitps:/fwww.apple. _13_Pr... A T B
Apple IPhone 13 Pro Max 256GB workplace Smartphone September 2021 ww 3 https:/fwww.apple. _13_Pr... E t
Xpor
Apple IPhone 13 Pro Max 512GB Workplace ‘Smartphone September 2021 ww 3 https://www.apple. _13_Pr... p
Apple IPhone 8 256GB workplace Smartphone September 2017 wWw 3 ps:/f apple _8_PE... Exporter en PNG Exporter en CSV
Apple IPhone & 64GB workplace Smartphone September 2017 ww 3 https:/fwww.apple. _8_PE...
Apple IPhone SE - Gen 2 128GB Workplace Smartphone April 2020 ww 3 https://www.apple. _SE_P... Partager https://dataviz.boavizta. ilim|

Apple IPhone SE - Gen 2 256GB Workplace Smartphone Aprll 2020 ww 3 ps:/f apple. L SE. P




Measure the impacts related
to usage.
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End-user equipments

Network

On-prem infra

Cloud (As a service)



kWh *  Co2eq./kWh

KWh : Power consumption
Co2eq./kWh : Impact of a kwh of electricity



kKWh : Power consumption

Open-methodology Open-Source

Physics

Software sensor




Impact of a kwh of electricity : Electricity map

limastovaikutukset alueittain
Sijoitus kulutetun sahkon hiili-intensiteetin mukaan
(8CO_cq/kWh)

Etsi alueita

W 0 N O v & W N -

-
o

ae B B BE K §O &G AN A

—
-

Tama projekti on avoin lahdekoodi (katso tietolahteet),

Etelasaari
Uusi-Seelanti

Georgia
Keski-Norja
Norja
Lounas-Norja
Narja

Istanti
Pohjois-Norja
Narja
Orkneysaaret
Iso-Britannia
Kaakkois-Norja
Narja

Ahvenanmaa

Tasmania

Australia

Bornholm
Tanska

varisokeamoodi

Avusta lisaamalla alueesi,

Loysitko vikoja tai onko ideoita? Kerro niista taalla.

Pidatko visualisoinnista? Laheta palautettal!

Jotain epaselvaa? Lue usein kysytyt kysymykset.

© Share 95K W Twiittaa Y3144

90% 47%

Hiils:

\ Vahahiilinen
Intensiteetts

Uusiutuva

I

tuotanto

kulutus

Hiili-intensiteetti (gCO_eq/kwWh)
B |

[#] electricityMap Live: API- Blog

200 400 &0 B0



What about the cloud ?
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End-user equipments

Network

On-prem infra

Cloud (As a service)



Where to connect my power meter?

APP

APP

APP

APP

APP

Cloud infra




Modeling electrical consumption

Open Science

Intel Xeon Platinum family

- Intel Xeon Platinum 8124M 2017 18
-- Intel Xeon Platinum 8275CL 2019 24
+-- Intel Xeon Platinum 8259CL 2019 24
-- Intel Xeon Platinum 8175M 2017 24
--+-- Intel Xeon Platinum 8151 2017 12
--+-- Intel Xeon Platinum 8252C 2020 12
= Platinum model

' /
40 60

workload (%) \

A
=
=
o
=]
=Y
=
3
(0]
=
o
O
P
o
2
o
a

~

Let’s build it together !
BoaviztAPI

Boagent



Measuring the impacts of
manufacturing
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End-user equipments
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Cloud (As a service)
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Wafer

[ Electricity gen.
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Wafer
Production

Transport

Die
Packaging

Transport

Use

End of
Life

Equipment

Construction

Water supply

Chemicals

Production




BoaviztAPI : api.boavizta.org/docs

{

"core_units": 24,
"name": "Intel core i7-9800x" "gwp": {

} "manufacture”:
"use": .
"unit": "kgCO02eq"

e

"pe": {
"manufacture”:

"die_size_per_core": {
"value”: ,
"unit”: "mm2",
"status”: "COMPLETED",
"source”: {
"1": "https://en.wikichip.org/wiki/intel/mi

"use": p
"unit" : uMJn

} }a

"adp": {
"manufacture":
"use”: 203,
"unit”: "kgSbeq"

}

}.

"model_range”: {
"value": "core i7",
"unit”": "none",
"status”: "COMPLETED",
"source”: null

}



Congratulations! You have the least bad evaluation

Sl < R

In the meantime

. Refuse

Reduce
Reuse
Recycle
Return



The nexus of Green transition & Digital Transformation

= Syigrsgi@asformation for climate neutrality. It can reduce 15-20% of total GHG emissions

= Green transition for sustainable financing and new jobs in green digital transformation

Conflicts

= |CT footprint: >3% of total emissions; electricity consumption increasing ( currently ~9% ); ewaste growing

= Green transition may block certain digitalisations patterns (built in obsolescence, blockchain mining, single
use electronics, etc).

« Today’s focus is mostly on the Conflicts because they are measurable.

« What is needed: To realise benefits of Synergies for sustainability and digital sector

« How: Science based methods to measure the contribution of digital to environment

-> |leading to sustainable finance for green digital ( EU Taxonomy, Green Public Proc.)



https://www.sciencedirect.com/science/article/pii/S2666389921001884

Reducing energy consumption of Digital Technologies

Climate Neutral and highly
energy efficient datacentres
by 2030: review JRC’s CoC,
the Energy Efficiency Directive
and the Taxonomy Regulation

Manufacturing less electronics
(Circular Electronics Initiative)
Better durability, reparability,
refurbishment, recycling for
consumer and industrial
electronics & loT

“Right to repair” for consumers.

Greener electronic

communications by 2030:

» Energy efficient
telecommunications
(5G, 6G)

Low power processors, software,
guantum computing and Al: investing in
new ultra-low-power

© European
Commission




Digital solutions to reduce energy consumption

"":;':zzjl:“'“°'C')'I‘:j;:j:‘§": Digital contribution: reduction by up
® OO @ —@® to 15%-20% of total emissions with

P e | C— !
S O sy deployment of today’s technology.

information flcw

Digital product passport:

INFORMATION
Manuf.acturing_less; product as r——— Destination Earth / digital
a services business models twins: High Performance
% Computing, Al for better
Smart mobility: reduction of feel >3 ...  anticipation of extreme
transport emissions up to = R ""ba . events prediction’ energy
37%; smart buildings with "'a : l"." demand/supply modeling

emissions reduction by 17%;

Also: smart energy networks; Precision farming, Energy-lean Blockchain for
emissions accounting, smart cities; Al for climate; smart manufacturing;

© European
Commission

RRPs: Missed opportunity to use digital solutions for climate action



European Green Digital Coalition

35 CEOs of ICT companies, that lead their own transition to climate neutrality by 2040,
have committed on behalf of their companies to take action in the following areas:

‘Investing in the development and deployment of green digital solutions with
significant energy and material efficiency that achieve a net positive impact in a wide

range of sectors.

-Developing methods and tools to measure the net impact of green digital
technologies on the environment and climate by joining forces with NGOs and

relevant expert organizations.

«Co-creating, with representatives of others sectors, recommendations and
guidelines for green digital transformation of these sectors that benefits

environment, society and economy.

https://digital-strategy.ec.europa.eu/en/policies/european-green-digital-coalition
https://www.greendigitalcoalition.eu



https://digital-strategy.ec.europa.eu/en/policies/european-green-digital-coalition
https://www.greendigitalcoalition.eu/

Data Centre — Other ongoing activities

« Digitalisation of Energy Action Plan

e Will address benefits and challenges of digitalisation of the energy system (data exchange in energy to support
consumer empowerment, cybersecurity)

e Aims to put forward some further elements on Data Centres.
e Will look beyond data centers at the ICT value chain

« Codenabfuonadbebo20 2:3c)

e Adoption in the coming days
« Taxonomy section on Data Centres
e Up and running

« Recovery & Resilience Facility
e Green Data Centre requirements mainstreamed accross plans
« Regulation laying down ecodesign requirements for servers and data storage
products:

e Preparatory work for the review is ongoing. Conclusion of the review to be presented at the
Consultation Forum by ~Q3/Q4 2023.

« Study
e Publication in February 2022 S
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Sustainability-Aware Software
Architecting for the Future Cloud:
the SustainableCloud project

Vasilios Andrikopoulos

8 SEARCH group
1 AR v.andrikopoulos@rug.nl
]ﬂ CH https://vandriko.github.io/



mailto:v.andrikopoulos@rug.nl
https://vandriko.github.io/

sz university of
Crna) groningen

Background

> Sustainability as a
multidimensional

concern [Lago et al.

2015]

> Project scope:
SaaS providers

Technical

Economic

Environmental

Social

19-Sep-22 |



university of
/ groningen

The SAAFramework in a nutshell

(" N LEGEND
USER
SUST. INDICATOR
(social dimension)
RATE OF
SUST. INDICATOR
AWAEEEESS < (environmental dimension)
( ) SUST. INDICATOR
v v (economic dimension)
SUST. INDICATOR
LABELING OF DEPENDABILITY OF (technical dimension)
IMPACT € > SERVICES
(Lol (DoS) has a stake in >
\ ARCHITECT / A reinforces >
OWNER + DEV/OPS &
RETURN ON STAKEHOLDER
~ »|  EXPENSES o’
(RoE) : . A
Andrikopoulos and Lago (2021) “Software Sustainability in the Age of

Everything as a Service” (LNTCS,volume 12521), Springer
19-Sep-22 | 51



university of
) / groningen

Main propositions

1. To use SAAF to create self-sustaining systems that deliver
sustainability across all dimensions

2. Achieve this by indicators being a positive feedback loop

3. Adopt different research methods to collect evidence on the above

19-Sep-22 |



Sources of data center
energy estimates

Mytton & Ashtine, Joule 6, 1-25, 2022
10.1016/}.joule.2022.07.011



Key findings

« 258 data center energy estimates from 46 publications 2007 -
2021.

* 676 sources used.
» 31% peer-reviewed.
38 non-peer reviewed reports.
Reliance on private data from IDC (43%) and Cisco (30%).
11% of sources had broken web links.
10% were cited with insufficient detall to locate.

Mytton & Ashtine 2022: DOI 10.1016/}.joule.2022.07.011



Value (TWh)

2000

1500

1000

500

Global data center energy estimates as
ranges in TWh

n=18
max = 1929.0
n=21
max = 1200.0
median = 848.0
median = 197.5
n=16
max = 273.0 median = 299.0
L i
min = 189.0 min = 196.0 T
2010 2020 2030

Estimate year

Mytton & Ashtine 2022: DOI 10.1016/}.joule.2022.07.011



Different methodologies

* Bottom-up
* Top-down
 Extrapolation

Mytton & Ashtine 2022: DOI 10.1016/}.joule.2022.07.011



Comparing methodologies

n=14
median = 974.0
2000 max = 1929.0
1500 n=19
median = 299.0
max = 1200.0
n=4
w E1000 median =511.015
== max = 752.0
SE ==
n=11 n=>5
500 median = 196.0 median = 203.4 n=2
max = 273.0 max = 271.8 median = 198.1
_—_——— e —max = 200.0 min = 320.87
. min = 189.0 min = 189.0 min = 196.0 min = 196.2 min = 146.0
2010 2020 2030
Estimate year

Method
[0 Extrapolation
[ Bottom-up

Mytton & Ashtine 2022: DOI 10.1016/}.joule.2022.07.011



Value (TWh)

2000

1500

1000

500

Future predictions

o [ o o

& @8 - ° - ﬁﬂ-" _-H___ = B B_ *_ I

[0 Extrapolation
[ Bottom-up
[ Unknown

¢ ‘ Method

2010 2015

2020 2025 2030

Estimate year

Mytton & Ashtine 2022: DOI 10.1016/}.joule.2022.07.011



Cisco

.Shehabi et al., 2016
DStatista

DThe Zettabyte Era, 2017

.Hachman, 2015
.Time Magazine, 2012
.Tucker etal., 2012
.CEET, 2013
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Britain’s overstretched electricity
grid is delaying housing projects

The grid needs to be expanded to cope with the demands of net zero
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N MAY 24TH the Greater London Authority, a governance body for the
O capital, wrote to the person in charge of planning and economic
development in the borough of Ealing. The letter, entitled “Electricity Capacity in
West London”, noted that housing developers were facing delays in connecting
new homes to the grid, and that electricity would not be available to them until
between 2027 and 2030. New battery-storage systems and data centres had
already gobbled up capacity.
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