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Introduction

= Mostly a summary of the “Carbon and
Sustainability” session at the last
Software&Computing week (October
2023) and of some discussions at recent " e
LCG France meetings e

IEES - 1120 The 128 core Altra Max and ARM Roadmep
m Also other sources (e.g. CHEP : Tier 2 ‘

footprint, IRISCAST, datacenter
refurbishment, WLCG energy)
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https://indico.cern.ch/event/1322983/
https://indico.cern.ch/event/1322983/
https://indico.in2p3.fr/event/29728/timetable/
https://indico.in2p3.fr/event/27217/timetable/?view=standard
https://indico.jlab.org/event/459/contributions/11612/attachments/9363/13573/CHEP2023%20-%20T2%20Environmental%20Impact.pdf
https://indico.jlab.org/event/459/contributions/11612/attachments/9363/13573/CHEP2023%20-%20T2%20Environmental%20Impact.pdf
https://indico.jlab.org/event/459/contributions/11639/attachments/9438/13684/CHEP-2023-05.pdf
https://indico.jlab.org/event/459/contributions/11609/attachments/9396/13894/chep2023.pdf
https://indico.jlab.org/event/459/contributions/11609/attachments/9396/13894/chep2023.pdf
https://indico.jlab.org/event/459/contributions/11499/attachments/9236/14205/WLCGEnergyNeedsCHEP2023.pdf
https://indico.cern.ch/event/1322983/

Context

Rapport de synthése du GIEC
Le changement climatique aujourd’hui

LES SOLUTIONS

Emilien CHAPON

WA

., Haut Conseil pour,le Climat, IPCC (GIEC) |atest executive summar:
Lutte contre le deregieme llmaflque( SETSTS Y

prévoient de produire deux fois trop de
combustibles fossiles en 2030

Un rapport des Nations unies et de différents organismes de recherche démontre a quel point les projets
des principaux pays producteurs de charbon, de pétrole et de gaz sont en décalage avec les scénarios
permettant de limiter le réchauffement 21,5 °C. Le Monde

Les engagements des Etats ne sont pas a la hauteur
pour limiter le réchauffement climatique

Aun peu plus de deux semaines de l'ouverture de la COP28, 'ONU alerte sur linsuffisance des efforts des
Etats pour respecter les objectifs de I'accord de Paris. Le Monde

aires
Forte baisse
das émissions

w50 2000 2022 2050 200

; i n This is actually tough

a) Net global greenhouse el (keep in mind that most developed
Currentpoliey: |  (keep in mind that most develope

® —gas (GHG) emisslons sameea Y | countries should reduce faster/more to

allow for human development!!)

inpemarsd o st e

epscons that (ead to warmin with
ringeor 2 2-CeoS5°C (e D

2019 emssions were
145 ghar than 3010
X

Koy

Implemented polices
5 (medtan, ithpercentiles 25-75% and 5-95%)

X

= Linit warming to 2°C (>67%)

Limitwaming to 15°C (-50%)
T with no o limited overshoot

= Pastemissions (2000-2015)

® Gigatons of CO:-equivalent emissions (GICO.-eqfy)

Hine 1 5 emiscions
T P e iy fr
2015 and 2019 (do ndicates the media)

. ~2030

“a00 20 200 2060 2080 2100

CAF-users 21/11/2023 3/13


https://www.ecologie.gouv.fr/publication-du-6e-rapport-synthese-du-giec
https://www.lemonde.fr/planete/article/2023/11/08/lutte-contre-le-dereglement-climatique-les-etats-prevoient-de-produire-deux-fois-trop-de-combustibles-fossiles-en-2030_6198913_3244.html
https://www.lemonde.fr/planete/article/2023/11/14/climat-les-engagements-des-etats-ne-sont-pas-a-la-hauteur-pour-limiter-le-rechauffement-climatique_6200025_3244.html
https://www.hautconseilclimat.fr/wp-content/uploads/2023/10/HCC_Rapport_GP_2023_VF_cor-1.pdf
https://report.ipcc.ch/ar6syr/pdf/IPCC_AR6_SYR_SPM.pdf

Sustainability HECAP paper

paper, Kristin Lohwasser's slides

= Community paper about sustainability in HEP, astrophysics, @ e
cosmology, and related fields [ riiomioaat e

hardware, and the environmental credentials of suppliers and

= Covers computing, energy, food, mobility, research e product

« Assess and improve the efficiency and portability of codes by

infrastructures and technology, resources and waste considrin, . the recued resllonsandsccrscy.

« Assess and optimise data transmission and storage needs.

« Follow best practice in open-access data publishing,

= Discussion includes best practice examples and prorisingreprodciniy an miing epent processng,
reCOmmendationS * Read the section on E-waste (Section 7).

Q Further group actions:
« Right-size IT requirements and optimise hardware lifecycles.

« Schedule queueing systems with environmental sustainability
in mind, s as to maximise the use of renewables, accounting

Reported annual workplace emissions, per researcher

Budget Global I Scope 1(direct) for the geographical location of servers/data centres.
t0 2050 average I Scope 2 (indirect, purchased)
[ Travel (business)| Further institutional actions:
ETHZ DPHYS A Travel (‘°’“’"“‘i"q @ « Ensure that environmental sustainabilty s a core
Nikhef Food P 5“599 consideration when designing and choosing sites for large
BB Procurement computing infrastructure, such as data centres, including,
MPIA B Waste lrealmemJ eg. the availability of renewables, the efficiency of cooling
BB Upstream energ systems and the reuse of waste heat.

« Proceduralise the repair, upgrade and repurposing of existing
computing, the de-inventorising of personal equipment

CERN
HC shut down)

ENAL _ for leaving personnel or for donation, and the responsible
recycling of retired hardware.
® 25 5 75 18 125 15 175 26 35 48 45 N . -
- . « Select cloud computing services for their carbon emission
GHG emissions (tCO.e) mitigation policies

2019 data, save MPIA (2018), and ETHZ business travel (average 2016-2018). Some of based i
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https://sustainable-hecap-plus.github.io/
https://indico.cern.ch/event/1322983/contributions/5596578/attachments/2720528/4735830/SustainableHECAP_short.pdf

PANDA

Zach Marshall

JEDI sends a summary when a user’s grid
job finishes
New feature : an average carbon estimate
m Links to a page explaining that number
m Along with some background and some
equivalents for comparison
Averaged for several reasons
m Inaccuracy of and missing site-specific data
Pledged CPU doesn't sit idle
Users pushing on a single site could cause
other problems
m Faster code — lower gCO.e
Not intended for “shame”; a reminder that
Grid use is relevant to the environment
m Code optimization and success rate matter
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https://indico.cern.ch/event/1322983/contributions/5566682/attachments/2724945/4735435/20231002%20S&C%20Carbon%20and%20Sustainabiliity.pdf

Example : generating ntuples for full Run 2

| recently processed the full Run 2 data (AOD_PHYS)
to produce analysis ntuples. (Software / jobs / ntuple
content could / should probably be optimised...)

CO2eq (kg) datal5
suceeded

failed

cancelled

Njobs total

Total

Emilien CHAPON

13.61
2.83
0
19639
16.44

datal6

52.48
3.07

0
91528
55.55

datal?
53.09
8.13
0
113757
61.22

datal8
123.1
12.38
0
104692
135.48

Run2

242.28
26.41

0
329616
268.69

Source : ADEME
Visuvalisez facilement une quantité de
COze

kg COgze
clest autant démissions que pour
fabriquer, consommer ou parcourir :
- x H x & - x
<t L =

1232 113 559

m en avi e km entgy

(== (o) ===
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https://monconvertisseurco2.fr/convertisseur

Power Usage Efficiency (PUE)

Wikipedia

Total Facility Energy 1 Non IT Facility Energy

PUE = IT Equipment Energy T Equipment Energy

Examples :
m CC IN2P3 : 1.47 (ref) thanks to the new room (2019)
CERN Meyrin centre : 1.44

Future PCC (Prévessin Computing Centre, to start operations soon) : 1.1

m Includes heat recovery of up to 3 MW out of the first 4 MW
m (1.6 — 1.1)/1.6 x 4 MW datacenter at 0.075 kg CO,e/kWh vs. 10000 m? at 8.7 kg COze/m?
— worth it in 2 months! (ignoring equipment...)

m RAL : ~ 1.2, NERSC (Berkeley) : 1.06
World average (not only WLCG) : 1.55
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https://indico.in2p3.fr/event/5959/contributions/36051/attachments/28914/35614/LCG-France_-_New_Computing_room.pdf
https://static.dgnb.de/fileadmin/dgnb-ev/de/themen/Klimaschutz/Toolbox/2021_DGNB_Study_Benchmarks_for_greenhouse_gas_emissions_from_building_construction.pdf
https://www.statista.com/statistics/1229367/data-center-average-annual-pue-worldwide
https://en.wikipedia.org/wiki/Power_usage_effectiveness

Ongoing project : heat recovery at Irfu

Carrier
Schéma : Etienne Savalle
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= One of the cooling units for the Irfu computing room needs to be replaced next year
® Planning to reinject the heat into the building’s heating system
m NB : building renovated 2 years ago with much improved insulation

m Hoping to be able to cover ~ 100% the building’s heating needs (560 MWh)
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https://www.carrier.com/commercial/fr/fr/actualites/news-article/carrier-adds-heat-recovery-and-free-cooling-options-extending-r-32-scroll-chiller-energy-savings.html

About ARM

= ARM vs AMD architecture :
m © Porting HEP software on non-X86 arch. non trivial

m § Recent huge increase in performance of mobile devices over last 10 years
m & LHC experiments have software releases for ARM (used in some HPC) and have done

some (but not all) physics validation

m According to a study from GridPP (UK), ARM is much more energy efficient and
generally faster than Hyper-Threaded AMD, depending on workload

Comparison of 80-core ARM Altra vs 48 (96 H.T.)-core AMD 7003

Events/Second vs Event/kWh plotted for 8 HEPScore workloads, normalised to non-H.T. AMD.

= Non-hyperthreaded AMD
® Hyper-Threaded AMD

- 150% o ARM
8 .
S 140%
& .
& 130% .
2 .
2 120% = . .
% 2 -« *
2 110% -
E
2 100% -

90%

More power
80% —
80% 100% 120% 140% 160% 180%

Normalised Events per kWh
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Less power

200%
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https://indico4.twgrid.org/event/25/contributions/1211/

ARM : studies presented at the S&C week

m Study from GridPP ranking Ampere’s 128-core ALTRA-Max (ARM) as the most energy
HEPScore/Watt ( to Events/Joule)

efficient CPU (HEPScore/W)

HEPScore/W

o b om u X e e

m AMD’s Bergamo (512 threads) also very efficient
AMD - 96HT ~ AMD - 2*64HT AMD - 2*256HT  ARM - 80c ARM - 2*80c ARM -128¢

= BNL compared ARM Ampere Altra Max (128 cores) and Ampere Altra (64 cores) with
Intel Xeon (x86_64, 48 cores, 96 threads) :
| ARM 128 core  ARM 64 core  x86_64 Xeon

HEPscore / Watt 5.49 413 2.18
Watts / 1000 HS23 (% of Xeon) | 182.3 (39%) 241.9 (51%) 470.3 (100%)
Rel. purchase cost 0.89 0.61 1
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https://indico.cern.ch/event/1322983/contributions/5566698/attachments/2725150/4738939/231002-ATLAS_S&C.pdf
https://indico.cern.ch/event/1322983/contributions/5566681/attachments/2725166/4735883/ATLAS%20S%20and%20C%2010-02%20-%20v1.pdf

VA NANN
Enjeux financiers N !!'

LCG-France

Enjeu financier Enjeu environnemental
* Colt électrique . . CO /kWh: ~ 80 g

- 0,18 / Kw.h (2022) 2

- 0,38 / Kw.h (2023) « Cout renouvellement :

- 33 kgs / thread (DL 365)
- 220 kgs / thread (Appolo 2000)
- 27 kgs / coeur (ARM Ampére)
(donnée Giga Computing)
* Consommation :
- 19 kgs / thread (AMD)

* Colt renouvellement :
- 70 €/threads (DL 365)
- 66 €/threads (Appolo 2000)
- 117 €/cceurs (ARM Ampére) (prix
public ?7?)
» Consommation :
- 2,8 Withreads (24 KW.h/an) (AMD)

- 10 €/threads/an
[ 4

i s

@ Emilien CHAPON CAF-users 21/11/2023 11/13


https://indico.in2p3.fr/event/29728/contributions/124643/attachments/78295/114133/Strategies_couts_energitiques.pdf

Power modulation

= More renewables in electricity mix in the future — larger dependance of produced

power
m Likely to reflect in electricity costs

= Those unable or unwilling to modulate will pay more

DE generation mix 2030 Week 22
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Processor Average Power (W)

Example Processor Power States

50-60% less power at 0
lowest frequency

€3
—ca

CB

Rod Walker

05 1 15 2 25 3
Processor Frequency (GHz)
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https://indico.cern.ch/event/1322983/contributions/5608551/attachments/2725263/4736101/PowerModulation.pdf

Summary

Estimated ATLAS carbon emissions CCIN2P3 report

Preliminary & self-estimated! (Discussions
needed with relevant communities!)
Contributions to total CO2e,

N~ 40000 1700 370 990

Gas det.

Cooling HT. CORES* SQUARE METERS  CURRENT MAXIMUM CARBON*
detector for 2 computing rooms STORAGE CAPACITY FOOTPRINT
operation 100 PB of data stored (Estimated)

m Computing has a large share in HEP’s carbon budget
m Even before the HL-LHC needs

m Increasing effort in greener computing
m More efficient computing centres

Reduce “embedded carbon” (hardware lifecycle)

More efficient architectures (ARM...)
More efficient usage and software
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https://indico.cern.ch/event/1225750/contributions/5222100/attachments/2594580/4479097/2023-02-16-ATLAS%20week%20climate.pdf
https://cc.in2p3.fr/wp-content/uploads/2020/03/ActivityReport_2019.pdf 

