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MetaCentrum & GreenComputing cesnet

Jaka je hlavni myslenka Green Computing strategie MetaCentra?
Novy pohled na koncepce a nastroje, které jsou nam vlastni.

DNA CESNETu
Komunitni budovani infrastruktury a sluzeb
Efektivita a optimalni vyuzivani zdroji (mapovani zdroje — potreby)
Mezinarodni spoluprace a vymeéna znalosti (GEANT, EGI, WLCG,
ESA)

Novy pohled na existujici koncepcni a technické véci
Jedna se o trvaly proces, podobné jako u kyberbezpecnosti (PDCA
cyklus)
NejlepSich vysledku Ize dosahnout propojenim vsech vrstev, od
uzivatel( pres software, az po datacentra a energetiku
Klicem je know-how a schopnosti lidi (vzdélavani, sdileni znalosti,
vyvoj/vyzkum)




Koncepce ve vrstvach

Optimalizace vyuziti
* Prijeti ¢asti odpovédnosti
* Optimalizace vypocetnich workflow

Podpora

Spoluprace

Koncepce a koordinace (governance)

Energeticka koncepce

Strategie udrzitelnosti
Propojeni/soulad celku
Technologické a dotacni prilezitosti
Certifikace, standardy

* Volba technologie (job, cloud,
kubernetes)
Popis vlastnosti jobu, testovani

o ) Open Science, Data Spaces
Uzivatelé

Optimalizace sw a deploymentu
> > . * Technologie (virtualizace, termindlovy
SyStemOVy d apl'kacm SW pristup, adaptivni komprese,
Zajistovani sluzeb akceleratory)
Efektivita algoritm(, ptidélovani zdroju
In-house/cloud/edge, sit

HW

Energetické a ekologické parametry
* Green procurement

* Presné a podrobné méreni spotreby

* Power management, know-how o HW

Energeticky efektivni datacentra

* Modernizace navrhu i realizace, PUE

* Vyuzitiodpadniho tepla, free cooling

* Optimalizace chlazeni (regulace prutoku
vzduchu, teplota)
Pfimé vodni chlazeni

Energetika (obchodné, fotovoltaika)



‘\52!3 Projekt GreenDIGI

GreenDIGIT

* Projekt z vyzvy Horizon Europe

Vyzva: New technologies and solutions
for reducing the environmental and
climate footprint of Rls

Cil: Make European Research
Infrastructures Greener

3 roky, konsorcium 15 partneru, vazba
na EGl.eu

Ve stejné vyzvé projekt FlexRICAN (ELI)
Shared responsibility model
Sustainability by design

Research
Environment and Research/Experiment Description
Development Tools and Data Model
Design & __ )
Developm Application Software Design
et
Platform Deployment and Scaling

Code Efficiency Utilisation & Scaling

Exchange resources availability and status, ﬁ
monitoring metrics and KPI (API, Info model)

1

DC Operat Datacenter/Cloud Management [
data

collection  } comp Cluster

Building
MEICHEIS

Research Infrastructure and/or Datacenter




Green computing a energeticka soustava

Zdroj: OTE denni trh:

* Flexibilita = prodej schopnosti ridit spotrebu
* Jedno z reseni energetické a klimatické vyzvy o
e Smart grids, 0dolnost i susrono

d S h t I - h d t oogle T ' |
DENOPNIDSE FESHIALE = NOTNOLE seoss s
* Planovani a matchmaking |
e Parovani uloh se zdroji

* Pridani energetickych a environmentalnich atributd &7 wattnet
(Green Rank)

* |[EEE Green Computing and Communication e ceacom:
* Rizeni spotfeby podle ki

* Ceny elektriny, regulacnich potreb soustavy

* Uhlikové a vodni stopy elektriny (carbon/water
footprint)

* Potreby odpadniho tepla



https://drawdown.org/solutions/grid-flexibility
https://drawdown.org/solutions/grid-flexibility
https://drawdown.org/solutions/grid-flexibility
https://smartgrid.ieee.org/bulletins/february-2022/how-flexibility-can-support-power-grid-resilience
https://blog.google/inside-google/infrastructure/data-centers-work-harder-sun-shines-wind-blows/
https://ieee-cybermatics.org/2024/greencom/
https://ieee-cybermatics.org/2024/greencom/
https://ieee-cybermatics.org/2024/greencom/
https://www.ote-cr.cz/cs/kratkodobe-trhy/elektrina/denni-trh

Uhlikova intenzita elektfiny v CR
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Time Series Heatmap: Carbon Intensity Over Days and Hours (Czechia, 2024)
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https://indico.egi.eu/event/6644/contributions/20145/attachments/16343/21604/CESNET-carbon-intensity-data.pdf
https://indico.egi.eu/event/6644/contributions/20145/attachments/16343/21604/CESNET-carbon-intensity-data.pdf
https://indico.egi.eu/event/6644/contributions/20145/attachments/16343/21604/CESNET-carbon-intensity-data.pdf
https://indico.egi.eu/event/6644/contributions/20146/attachments/16344/21603/CESNET-power-grid-aware-arch-draft.pdf
https://indico.egi.eu/event/6644/contributions/20146/attachments/16344/21603/CESNET-power-grid-aware-arch-draft.pdf
https://indico.egi.eu/event/6644/contributions/20146/attachments/16344/21603/CESNET-power-grid-aware-arch-draft.pdf
https://indico.egi.eu/event/6644/contributions/20146/attachments/16344/21603/CESNET-power-grid-aware-arch-draft.pdf

Uhlikova intenzita vs cena elektfiny v CR cesnhet

e Series Heatmap: Carbon Intensity Ove rs (Czechia, 2024)
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Cena elektfiny v CR (dolni graf) je
vyznamneé v relaci s uhlikovou
intenzitou (horni graf).
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TlmeS s He tmap Electricity Price Ove Dy and Hours (Czechia, 2024)
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Credits: electricitymaps.com, GreenDIGIT: carbon impact data, grid-aware computing



https://indico.egi.eu/event/6644/contributions/20145/attachments/16343/21604/CESNET-carbon-intensity-data.pdf
https://indico.egi.eu/event/6644/contributions/20145/attachments/16343/21604/CESNET-carbon-intensity-data.pdf
https://indico.egi.eu/event/6644/contributions/20145/attachments/16343/21604/CESNET-carbon-intensity-data.pdf
https://indico.egi.eu/event/6644/contributions/20146/attachments/16344/21603/CESNET-power-grid-aware-arch-draft.pdf
https://indico.egi.eu/event/6644/contributions/20146/attachments/16344/21603/CESNET-power-grid-aware-arch-draft.pdf
https://indico.egi.eu/event/6644/contributions/20146/attachments/16344/21603/CESNET-power-grid-aware-arch-draft.pdf
https://indico.egi.eu/event/6644/contributions/20146/attachments/16344/21603/CESNET-power-grid-aware-arch-draft.pdf

Profil spotreby je vyznamné odliSny cesnet

Spotreba realného vypocetniho | | ‘ | | " } | ‘ ‘ I / ‘ H I
uzlu (horni graf) je typicky ‘ 1
vyznamné odli3na. ‘ ‘ | ‘ ‘ } ‘ ‘ } | H I
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Serles Heatmap Carbon Intensity Over Days and Hours (Czechia, 2024)
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Credits: electricitymaps.com, GreenDIGIT: carbon impact data, grid-aware computing



https://indico.egi.eu/event/6644/contributions/20145/attachments/16343/21604/CESNET-carbon-intensity-data.pdf
https://indico.egi.eu/event/6644/contributions/20145/attachments/16343/21604/CESNET-carbon-intensity-data.pdf
https://indico.egi.eu/event/6644/contributions/20145/attachments/16343/21604/CESNET-carbon-intensity-data.pdf
https://indico.egi.eu/event/6644/contributions/20146/attachments/16344/21603/CESNET-power-grid-aware-arch-draft.pdf
https://indico.egi.eu/event/6644/contributions/20146/attachments/16344/21603/CESNET-power-grid-aware-arch-draft.pdf
https://indico.egi.eu/event/6644/contributions/20146/attachments/16344/21603/CESNET-power-grid-aware-arch-draft.pdf
https://indico.egi.eu/event/6644/contributions/20146/attachments/16344/21603/CESNET-power-grid-aware-arch-draft.pdf

ThrottlePoint

= Rizeni spotfeby na nejnizsi Urovni
(regionalni planovac, lokalni planovac, fizeni uzlu)

= Regulace CPU a GPU

* Modularni architektura

= Signal: uhlikova intenzita elektriny
= Primarni GreenDIGIT scénar
= Snizovani dopadu na zZivotni prostredi

= Driver: cena elektriny a odbérovy profil
= SniZzovani provoznich nakladd

= Driver: teplota v datacentru
= Optimalizace vyuziti datacentra
= Kontinuita sluzeb

= Driver: signaly elektrické sité nebo mistniho vytapéni
= Snizovani provoznich ndklad( a dopadu na Zivotni prostredi

https://github.com/GreenDIGIT-project/throttlepoint

GreenDIGIT: Project and initiative to lower the environmental
impact of digital Research Infrastructures

GreenDIGIT Consortium (GreenDIGIT Grant number 101131207)

ThrottlePoint 3%

Opportunistic power reductid

Z.5ustr, J. Sitera, P. Vondruska, K. Pailozian, V.

The Energy Optimization Governor best poster

ThrottlePoint is a cron-initiated daemon with a plugin-based ar-

chitecture, allowing sites to integrate diverse decision inputs such \ awa rd

as spot electricity pricing, carbon production rate, ambient tem-

perature, or site-specific policies. In case it identifies the need to N EG I 202 6
reduce power consumption, it responds by gradually capping

+ CPU frequencies conference

= nVidia GPU frequencies

D2 ] [ wee| (D wower] 03 e

ﬁ local
indicators
read cunent carbon intensity of

ﬁ_g energy pro| iction in your region from sites like
ThrottlePoint nowtricity o' wattnet. Cap on bad scores.

follow spot pricing at an online
source relevant to your supplier/national market.

% Trigger capping on excess price.
Y
protect against over-

heating by taking input from local environment in-
—cs 111111 ] mad W dicators. Reactively from room temperature vs.
proactively from outside measurement or forecast.
Success Stories

25% more capacity from the same data center ThrottlePoint allows us to use the thermal

headroom that would otherwise be kept as a conservative safety margin in server room design, References

dynamically reducing CPU performance when temperatures approach the limit. In the ADAN  ____

testbed, real-world grid workloads showed that approx. 25% more nodes could be accom- 25 f_ 4 ThrottlePoint source

modated within the existing infrastructure with reduction measures kicking in occasionally. iy, ) IR AN B T L Spel

! ) " ) ™ EIMPS
When cocling struggles, computing can adjust  During the June—July 2026 heat waves, Throt- ﬁ hitps:/ greendigit <im sztaki b/

tlePoint automatically reduced server power consumption as data center temperatures ap-
proached critical levels. The resulting drop in computing performance provided a valuable
safety margin, helping protect cooling capacity and keep operational the storage infras-
tructure sharing the same facilities.

x - o
GreenDIGIT Partners: European ESFRI Digital Research Infrastructure &
x

UvA [NL) - Coordinator
UNIVERSITEIT VAN AMSTERDAM

GreenDIGIT

AT SATANE N 16T EGI infrastructure SLICES-RI  SoBigData  EBRAINS
e, . EGI Foundation (NL)  SU (FR) CNIT (IT) EBRAINS AISBL (BE)
7 — S||Ces RI CESNET (CZ) UVA (NL) CNR (IT)
CNRS (FR) TUM (DE)  GSP (FR)
CSIC (ES) UTH (GR)

“= SOBIGDATA" 3 EBRAINS SZTAKI (HU) PSNC (PL)

MI (CH}




cesnet

Ochrana infrastruktury pro viny veder

= Regulace na zakladé teploty v datacentru
= Rizeni aktudlni kapacitou chlazeni
= Automaticka pojistka pro spravce datacentra

= Nastroj kontinuity sluzeb
" Hosting vypocetni kapacity vyhodou
= Rychlé snizeni spotreby vypocetni casti
= Ziska Cas spravci resit poruchu chlazeni
" Chrani storage a ,bézny“ HW pred teplotni zatézi

Pravdépodobné to NENI posledni vina ved...

P -
f.

[Vice v ¢lanku na GreenDIGIT blogu]



https://greendigit-project.eu/how-we-can-prepare-for-heatwaves-using-greendigit-tool-called-throttlepoint/
https://greendigit-project.eu/how-we-can-prepare-for-heatwaves-using-greendigit-tool-called-throttlepoint/
https://greendigit-project.eu/how-we-can-prepare-for-heatwaves-using-greendigit-tool-called-throttlepoint/

Kapacita datacenter ceshet

SniZeni vykonu z dlivodu vysoké
teploty v datacentru

power power

>

* Vice CPU/GPU

* Omezovani prikonu
CPU/GPU na zakladé
teploty v datacentru

time time
« Redenipomoci rezervy v chlazeni ) * LepSivyuZiti datacentra
* Rezerva resi stejny problém, tj. riziko ThrottlePoint « Automatickd reakce na problémy s chlazenim
snizeni chladici kapacity poruchou i * Snizovani vykonu muze byt fizeno
vinou veder prioritami/sekvencemi prioriti (starsi HW,
* Rezervy na rlznych Urovnich se hostovany, computing vs storage)
sCitaji (spravce, tym, dodavatel HW) *  Musime mit ¢ast HW, kterou lze omezit
(zatéz, ucel)




Pripojovani HW zdrojii do MetaCentra

= Koncepce pripojovani zdroju do MetaCentra
= Zdroje porizené tymem nebo instituci jsou
navrzeny pro ,prumeérnou praci“ (kapacita, typ)
" LepsSi vyuziti zdroju diky matchmakingu mezi joby
a zdroji napric celym MetaCentrem
* VV'yvhoda v nabidce SW a podpore

= Cesta rustu (vlastni HW, MetaCentrum, IT4l,
LUMI)

= Aspekt zodpoveédného pristupu k zivotnimu
prostredi

" |ntegralni soucast celého prostredi, pristupu a
aktivniho zlepsovani MetaCentra

= Pevny zaklad pro nové vyzvy (rist Al, energetika,
ochrana Zivotniho prostredi)

gegnet




Green Computing v projektech cesnet

Pfipominka recenzenta v poloviné projektu
Vase vysledky jsou plisobivé. Pokrodilé pouzivani Al muze byt ale velmi narocné
na dopad na zivotni prostredi. Jak tento aspekt resite?

Dékujeme za pripominku, nasSe odpoveéd je:
Pouzivame narodni e-Infrastrukturu / nase zdroje jsou v ni vlozeny
e-Infrastruktura se dlouhodobé a koncepcné zabyva green
computingem
Propojeni s mezinarodnimi e-Infrastrukturami (EGI, EOSC, GEANT),
které maji dopad na zivotni prostredi jako prioritu
Jmenujeme zcela konkrétni spoluprace (GreenDIGIT, green
computing WG, AI4EOSC)




Aktualni nabidka

= GreenDIGIT je ve fazi ovérovani technologii
: ngdé’me komunity, které green computing
zajima
= Témata:
" Dopad narocnych vypoctu na Zivotni
prostredi
= Opakovatelnost vedy, workflow, optimalizace
= Continuity management (ISO 27000, NIS2)
= Zapojeni HW, projektu, tymu, do MetaCentra

= Prodlouzeni zivotnosti HW jako reseni krize
na trhu

gegnet
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Take out - green computing ve ceshet
vypocetni infrastrukture e

= 74dné zazralné fedeni, ale soubor mnoha malych pfispévk
= Typicky maly dopad jednotlivych opatreni
= Musi se kombinovat nebo aplikovat tam, kde jsou velké pocty (zarizeni)
= Klicem k resSeni je soulad celku (infrastruktura a jeji vrstvy + uzivatelé,
vypocetni workflow, prace s daty)
= Green Computing zapada do aktivit MetaCentra
= Novy pohled na zavedenou koncepci vyzkumné infrastruktury
= Efektivni vyuziti HW, SW, znalosti a lidského potencialu

= Propojeni aktualnich témat s Green Computingem: Al, otevriena véda,
energetika

= Jsme tu pro vas

= Odpovédi na nové pozadavky i prilezitosti, podpora projektt
= Vkladani zdroju do MetaCentra
= Optimalizace vypocetnich workflow, Al, prace s daty, nejen

MetaCentrum (CESNET & CERIT-SC), ale také datova ulojiiété,
spoluprace, kyberbezpecnost a dalsi aspekty

Dékuji za pozornost. Dotazy?

15
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Dékuji za pozornost. Dotazy?

https://metacentrum.cz, Jitri Sitera



https://metacentrum.cz/
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