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Introduction au PUE et SPUE E- N 2

. A glige 5719
SPUE = Et()ta] . PtOtal (t) dt Le Saisonnal Power Unit Efficiency est une métrique dérivée du
T E T P (t) dt PUE qui évalue l'efficacité énergétique d'un centre de données sur
IT t=0 IT des périodes saisonnieres ou plus courte.
Average PUE for all Google data Centers
1.25:
1.20
= 1.15 /\ /\ /\ I |
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= SPUE = PUE annuel 2{]21 2022

[2] “Google”
https://datacenters.google/efficiency/
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Le PUE est facilement mesurable apres |la mise en service d’'un
Centre de Données, mais il est difficilement estimable en
amont de la construction.

Mesure :

Prédiction :

[3] N. Lei and E. Masanet,
“Climate- and technology-specific PUE and WUE estimations for U.S. data centers

using a hybrid statistical and thermodynamics-based approach,”
Resources, Conservation and Recycling, 2022

[4] “Schneider electrique”
https://www.se.com/ww/en/work/solutions/system/s1/data-center-and-network-
systems/trade-off-tools/data-center-efficiency-and-pue-calculator/

[5] Berkeley National Laboratory, PUE Estimator, Jun. 2016.
https://datacenters.lbl.gov/sites/default/files/PUEEstimatorManual 06022016.pdf
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PUE = fT Ptotal(t)dt
=g Prr(t)dt

Ptotal = @ T Pcooling + Ploss
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HPC : High Performance Computing

Férié Week-end Jours ouvrés
146kW |
§ 10kW
R A TV )
S s \
136kW i
< Apr 1 Apr 3 Apr s Apr 7 Apr 9 Apr11 Apr13 Apri1s Apr17 Apr19 Apr 21 Apr 23 Apr 25 Apr 2;
Avril 2023

- Notre étude montre que la variation de consommation électrique est causée la partie HPC
- La variation est négligeable pour estimer le PUE et le SPUE
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I Cooling system I

v

HVAC

Heating, ventilation, and air conditioning

!

I Liquid cooling I

o ) ¥ v
| &
‘0 3 |+ Direct free cooling * Indirect free cooling Indirect free cooling
‘c = |- Adiabatic * Adiabatic Adiabatic
= £ |. Cchiller * Chiller Chiller
? | )|
Production de froid 1 1
o |+ CRAH/CRAC Biphasic Immersion
‘o 2 |° InRow Monophasic Immersion
c 5 |* RMCU Direct Liquid Cooling
€ |+ Active Cold Door Server Cooling

Distribution du frois




Présentation de la méthode de calcul E- N 2

P A 6de 11/19
C O O 1 1 ng EER : Energy Efficiency Ratio

COP : Coefficient Of Performance

Systeme de refroidissement, unité extérieure : )2
dissipation PIT + Ploss
P ooling = > + Poyxi = + Poxi
@ 5 EER EER
= i
s EER = COP froid
<

Norme NF EN 14511-1 impose les constructeurs.
Condition de test pour le calcul de 'EER :
 Température extérieure : 35°C

 Température intérieure :27°C

* Pour une puissance spécifique

EER => dépendant de la température => dépendant du temps
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Pcooling

Matrice EER :
,000\“\%
Température extérieure : 5°C
Puissance systéme : 80%} =EER : 16
Donnée
constructeur :

Température extérieure : 28°C
Puissance systéme : 80% =EER:4

Resulting EER
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Pcooling

Systeme de refroidissement, unité intérieure :

CRAH RMCU
Computer Room Air Handler Rack Mountable Cooling Unit Active Cold Door
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P axi : Consommation maximal de 'unité intérieur
Pair : 1,292 kg/m3

C,ir - 1 005 J/K/kg3

A7 : Différence de température

Q.ir maxi : Débit maximal

P.orr : Consommation passive
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10 S S PDU : Power Distribution Unit.

UPS : Uninterruptible Power Supply.
LV : general Low Voltage panel.

P, est dépendant de:
Rendement des PDU en fonction de |la puissance |T
Mais aussi de des pertes de charge électrique, le rendement de I'UPS et du LV

=y (il
. =
=
] !I ‘Ii
l n
PDU : n=99.5% ——— LV : n=99%

UPS : n=97%
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Estimation du PUE et SPUE

1,79 GWh

PUE mesuré =

1,26 GWh 145

Cooling

R 18%
nRow
—

Cooling UPS

Loss _
IT —

Estimation du PUE a 1,42



Estimation du PUE et SPUE

Comparaison de notre méthode avec la littérature :

[3] N. Lei and E. Masanet, Cooling
=> PUE estimé entre 1,6 et 2,1

[4] “Schneider electrique”
=> PUE estimé entre 1,93 et 2,68

Power Chain ——

Light
0,7%

[5] Berkeley National Laboratory, PUE Estimator, Jun. 2016./

=> PUE estimé a 1,49
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Pour I'|année 2023
171 e TRUESPUE - - | | | | -
® Estimated SPUE | o? *oh ® 4
=== Mean True SPUE ° ..'. .0
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Conclusion

Pour une bonne estimation du
* Le temps c’est important ;
* Les constructeurs sont fiables (grace au normes) ;
* Une bonne estimation de I'I'T est importante.
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RedGrape est un outil de contréle
de serveur a distance pour :

* Stresser les machines

* Collecter des données

B Red-

= Python = HTML =JS = CSS

N \
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Perspective de matheése - N

Interf hique d ter: @R d
nterface graphique du master Re Slave
o

ID Serveur Température et Load composant
+ bouton pour exciter le composant ,

Etat Serveur

= = m““

oy Temp: 31°C Temp: 32°C Temp: 29°C Temp: 27°C Temp: NiA Temp: NiA Temg: WA Temp: N/A
Load: 1% k0% Load: 0% Load: 0% Load: 0% Load: N/A Load: N/A Load: NfA Load: N/A
ol Temp: 26°C Temp: 25°C Temp: 26°C Temp: 27°C Temp: 25°C Temp: N/A Temp: NfA Temp: NiA Temp: N/A Tamp: N/&
Load: 0% Load: 0% Load: 0% Load: D% Load: 0% Load: N/A Load: NiA Load: N/A Load: N/A Load: N/
art Temp: 31°C Temp: 33°C Temp: 29°C Temp: 30°C Temp: 29°C Temp: 25°C Temp: NfA Temp: NiA Temp: WA Temp: N/A
Load: 0% Load: 0% Load: 0% Load: 0% Load: 0% Load: 0% Load: NIA Load: N/A Load: N/A Load: N/A
2 Temp: 31°C Temp: 30°C Temp: 29°C Temp: 29°C Temp: 20°C Temp: 27°C Temp: NiA Temp: NIA Temg: WA Temp: N/A
= Load: 1% Load: 0% Load: 0% Load: 0% Load: 0% Load: 0% Load: N/A Load: N/A Load: N/A Load: N/A
" Temp: N/& Temp: N(A Temp: NiA Temp: N/A Temp: N/A Temp: N/A Temp: NfA Temp: NiA Temp: WA Temp: N/A
Load: N/A Load: N/A Load: N/A Load: WA Load: N/A Load: N/A Load: NjA Load: N/A Load: N/A Load: N/A
ol Temp: 33°C Temp: 25°C Temp: 29°C Temp: 23°C Temp: 30°C Temp: 25°C Temp: NiA Temp: NiA Temp: WA Temp: N/A
Load: 0% Load: 0% Load: 0% Load: 0% Load: 0% Load: 0% Load: NIA Load: N/A Load: N/A Load: N/A
Temp: N/A Temp: N/A Temp: NiA Temp: N/A Temp: N/& Temp: N/A Temp: NfA Temp: NiA Temp: N/A Temp: N/A
=t Load: N/A Load: N/A Load: NA Load: WA Load: N/A Load: N/A Load: NiA Load: N/A Load: N/A Load: N/
Temp: N/A Temp: /A Temp: NiA Temp: N/A Temp: N/A Temp: N/A Temp: NiA Temp: NiA Temp: WA Temp: N/A
o8 Load: N/A Load: N/A Load: N/A Load: N/A Load: N/A Loads N/A Load: NIA Load: N/A Load: N/A Load: N/A
=2 it ol A it fh - b it bt ity B d d 4 I I t 4
ari10 Temp: N/A Temp: N/A Temp: N/A Temp: N/A Temp: N/A Temp: NiA Temp: NiA Temp: NiA Temg: WA Temp: N/A
Load: N/A Load: N/A Load: N/A Load: NfA Load: N/& Load: NfA Load: N/A Load: N/A Load: NfA Load: N/A | N
i Temp: N/A Temp: N/A Temp: N/A Temp: N/A Temp: NfA Temp: N/A Temp: NiA Temp: NjA Temp: WA Temp: NJA CO l I l p ete .
Load: N/A Load: N/A Load: /A Load: N/A Load: N/A Load: N/A Load: NIA Load: N/A Load: N/A Load: N/A
otz Temp: N/A Teme: N/A Temp: N/A Temp: N/A Temp: N/A Temp: NiA Temp: NiA Temp: NIA Temg: WA Temp: N/A
Load: N/A Load: N/A Load: N/A Load: NfA Load: N/A Load: NfA Load: N/A Load: N/A Load: NfA Load: N/A
- Temp: 30°C Temp: 29°C Temp: 32°C Temp: 29°C Temp: 27°C Temp: 26°C Temp: NiA Temp: NIA Temg: WA Temp: N/A
Load: 1% Load: 0% Load: 0% Load: D% Load: 0% Load: 0% Load: NjA Load: N/A Load: N/A Load: N/
Import Sce

Lancer un scénario
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Annexe
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HPC Basic IT services

B1 A1
HPGCLM-B1 _ _IPC-CLIM-A
~

HPCICLIM: B2 3 PCCLIM.- A2

o

HPE-CLIM-B3 oc PC-CLIM- A3
o
B4

network

RESICLIM-B1 (yf)iS-CLIM.
| B 3 »
Bpr O A1
o

IRIECLIM-B1 aRD-CLIM- K1
B3 A3

External
usage ]
Data Center de
Nantes Université
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Annexe E- N

Puissance IT : 66kW
/ Puissance fr0|de 73kW

[
=
| B1 Al |5
HPCICL[M B1 Ag |§
>
UM CLIM-B1 UNI-CLIM-A1
HPCICL[M B2 HPC-CLIM- AZ q |
HP@-CLIM-B3 HPC-CLIM-A3 \ /
o
8 | B4 A4 |
e &
5
0
T

Puissance IT : 9kW

Puissance froide : 6kW \\}N\A =

uey SIYRAYE

t' UNI-CLIM-E3 UNI-CLIM-A3

RESICLIM-B1  RES-CLIM-Af}: | |
o | |
|B10 A10 |
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Annexe I-_rE N

é (W)
=

-\ \

\\
k|

Lo & 800
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Puissance en kW
Autour de la valeur moyenne

Annexe

Power in kW

—— 11582 number of days associated to this cluster, P£0.0kW
=== 895 & 5 percentil

OH

10 15 20
Times in hours

24H

- 1365 number of days associated to this cluster, P+£0.2kW
=== 95 & 5 percentil

10 15 20
Times in hours
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Distribution of clusters for the family 3RD

Cluster N°1

Répartition pour chaque baie pour
4 clusters différents :

100%

Cluster N°2

Cluster N°1 o

Cluster N°3

P Az | I Cluster N°4

HP@-CLIM-B3 HEC-CLIM-A3

o | [
&

Distribution of clusters for the family UNI

Distribution of clusters for the family RES

UNI Rangée B

100%

100%

3RD&RES Rangée B
h

Cluster N°1 Cluster N°1
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