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150/IEC JTC 1/5C 39
GREEN GRID DATA SisivetiriaE AT Information technology — Data centres
CENTER POWER Voting begias ax: — Key performance indicators —
EFFICIENCY METRICS: e Part 2;
’ o e Power usage effectiveness (PUE)
P U E A N D D C [ E Technologies de 'information — Centres de donness — Indicateurs de
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Partie 2: Efficadise dans ['utilisation de lo puissance (PUE)
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*+PUE Category
= Category 1 (PUE,): basic resolution
= Category 2 (PUE,): intermediate resolution
= Category 3 (PUE,): advanced resolution

**Recommendation of use of PUE category
= PUE > 1.5: Category 1 ~ Category 3
» 1.2 < PUE < 1.5: Category 2 or Category 3
» PUE < 1.2: Category 3

*» PUE measurement frequency

= Continuous real-time is desirable (if not applicable, justifiable &
repeatable frequency)

*+» PUE measurement period
= 1-year average value
= JjPUE for less than 1-year measurement

10
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+*PUE measurement location
Primary/secondary
supply Non-IT load :
p Primary PDU 7 - equn::.ment
S C — connecuon
E@ 235 A \__/J A
6“‘<
¥ o
Additional E % ||UPS Local PDU
supply & " &
A ||UPS A # IT equipment
B connections
A . A
C
D
Measurement Measurement Measurement Measurement
Iocatlons for locations for locations for locations for
PUE, PUE, PUE,
E: 58 fK| UPS output PDU output IT equipment input
Includes impact of  Excludes impact of losses Excludes impact of losses associated
AL fluctuating ITand  associated with PDU with electrical distribution components

cooling loads transformers and static switches and non-IT related devices 11
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“+PUE reporting ,

» Data centre (including the boundaries of the structure) under inspection
= PUE value

= Category

Example PUE designations Interpretation

Data centre X, PUE; (2012-12-31) = 2,25 In the year 2012, the PUE value of data centre X was 2,25. It was a
Category 1 PUE.

Data centre Y, PUEq (2013-06-30) = 1,75 In the period 2012-07-01 to 2013-06-30, the PUE value of data
centre Y was 1,75. It was a Category 1 PUE.

Data centre Z, PUE (2013-12-31) = 1,50 In the year 2013, the PUE value of data centre Z was 1,50. It was a
Category 2 PUE.

*+PUE reporting for public
= Contact information
= Data centre location information (address, county or region)
» Measurement results with Category

<+PUE supporting evidence (ZAF Hot 27 7|20 XS =71 HE)
» Eycand Ejf
Start and end date of measurement
Accuracy level for measurement of electrical energy (IEC 62052, IEC 62053)
Size of computer room, telecom room, control room spaces
External environmental conditions (X|2/%|0f/Ew 7|2, &, 1k) 12
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02. PUE calculation with mixed energy sources Gt g Coaere 2l |

Epc  (Electricity Purchase) X 1.0 + (Other Energy Source) X (Conversion Factor)

PUE =
E;r Err

Standard energy conversion factors

District chilled water 0.4
District hot water 04
District steam 0.4

Fuel (for absorption type chiller) 0.35

14



SR (CT 55 HHBA 2022

02. PUE calculation with mixed energy sources | clobgeTstondgsconnts 29 |

Case B — Electricity & Chilled Water Purchase

Electricity Purchase IT Energy
1,100,000 > JFS FBb
o 100,000 Electrical 1,000,000

distribution losses

Chilled Water

Purchase Chilled Water
>

1,600,000 1,600,000

PUE = (1,100,000*1+1,600,000*0.4) / (1,000,000*1)
PUE =1.74

*All units are kWh 15
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02. Considerations for PUE Interpretation Sanlcr g Cofeme 2020 |

o +

A MIE
N A
X & 65

Water for cooling Renewable energy

Cold weather

% PUE values should not be compared directly among data centers 16
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(REF; Renewable Enerqgy Factor) (2/2)

Power Station

W

I
Al =2 5
b~
N
(X

Grid Power
distribution

ncochd |

I Utility meter

| No purchased RE certificates

Global ICT Standards Conference 202241 |
J ‘ﬁ A= \

Renewable Energy Generation

DC purchased RE certificates for
209% of energy used.

Power Station Grid Power

distribution

.| RE certificates are NOT issued.

DC has the right to use the RE. (No
additional certificates purchased.)

Renewable Energy
Generation

Utility meter

T
=

Direct
Gen
Meter

REF = 0.2

10
REF =——=0.1

100
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ITEE,, 0.3 0.4 N
Me

Ol X AHE S CHH| =2 3

19



02. IT AH] 2 & SZX/E (ITEE,) (2/2) o Ak T W
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“*Measuring maximum performance
= Use well-known server performance benchmark tools

N 2| 45 2 9y EE

SERT ITEEG,(SERT)

LINPACK ITEEg, (LINPACK)

APP ITEEg, (AAP)
SPECpower_ssj2008 ITEEg,(SPECpower_ssj2008)

= Servers can be grouped (same specification and same benchmark tool)

< Category level of ITEE.,

(ITEEsy.) (ITEEsy)

Calculation method of SMPE SERT, LINPACK, APP, or SERT, LINPACK, APP, or
[t d8) SPECpower_ssj2008 SPECpower_ssj2008
Calculation method of SMPO Use of published data of maximum Measurement of the power at the

(ZEIC] ™ ALEER power maximum performance state 0
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+IT AH 7ts8 578 X|E (ITEU,, ; Information Technology Equipment Utilization for Servers)
« GIO|E{ME LY BIXHE IT MHZH|C| JtsE82 FHSte A&

o==2 o
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« I OjA MB{o IS Q| &8 Measuring method of CUS,

N . WMI (Windows Management
ITEUg (1) = Zl:l CUs:®) Instru(ment) ° JTE i)
N
SAR (System Admin Reporter
v CUS t) = CPU utilization ratio of server i at time ¢ (%) in Linux/Unix) ITEUs\(SAR)

v' N= number of servers in a data centre or in a group of servers
v’ ITEUg, (t) =average CPU utilization of all servers in a data centre at time ¢

a
ITEU, = %Z[ITEUsv(to +e X 1i)]
i=1
v a = number of ITEU,(f) measurements intervals over a year
v t, = starting time of measurement
v' e = interval of measurement {,+e xa= one year
21
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0| X| =28 X|4= (ERF; Energy Reuse Factor)
= CIOJ[EHHMEOM Tl 5 MEE St =& SHot= A&
= CV (Control Volume) : H|O|E{/dIE{ Q| QIZ2}Q} QI Z2tE L 25t= 7H&e| +¢

= CVL{O[A CIO|E{AIH 2= 71 U cv
{—®»| Cool [-===--=--- e i y Rejected
| T R
[ 1 I 1
: : ? !
| y :
[ I 1
Utility i IT (Bl e

| i Warm airflow
| i Warm water
| UPS PDU ;

E \\\\ ’/,f

ERF= Reuse e e e e s e ,
Epc
Ep..se = the excess energy from the data center (annual) that is used outside of the data center 22
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Reuse Factor) (2/2) R AR
“*Use of ERF

= Heat from the data center being used to heat adjacent, non-data center spaces
v Heating water or heating air by reusing energy

= Heat to run an absorption chiller Non- _
P data 2gntre<©—l I-® p  Rejected
;CV space § I A
--------------------------------- | | |
’ N 1 1 |
f”—®—b Cool Frerme=m Br--------- \\l Absorption 1
1 : ! chiller |
i ' : A |
i : : : i
1 1 ] | 1
: ! | | I
| vy _=®_ _ 1 i
Utility i IT B -i __________ @_!
| ups HS— PDU ]
A+ B F
PUE = ERF e 23



03. Holistic Approach for Data Center KPIs e By m ,,
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*Many KPls are developed/under development
» Data center overall efficiency (PUE)
» Energy efficiency of IT server equipment (ITEEsv)
» Operational utilization of IT server equipment (ITEUsv)
» Renewable energy usage to reduce carbon emission (REF)
« Amount of energy reuse (ERF)
» Cooling efficiency and performance of cooling equipment (CER & CPR)
» Water usage (WUE)
* and more

How to easily
handle many KPIs?

Cree )
@ ? Integrated
% o 'l; Method

p— 24
DC Administrator
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« Base methodology: radar chart

* Required information: control chart including
upper bound and lower bound of the status of
KPIs

« Administrator manages a datacenter’s

. ) KPIS o
operational status using control chart R

. KPI2
/ s | pper Bound

@ Ees Lred

» Value of each index: shows operational
achievement of each KPI (0 to 1)

| oer Bound

KPl4 KPIZ

v" Measured value: operational achievement of a KPls to the Upper Bound
v Value of KPI: operational achievement (0 to 1)

v" Integrated value: overall operational achievement
25
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= KPI2

| | pper Bound
e e @S UrE O

— | e r Bound

 QOutlier or inlier: exceeding the upper/lower bound

SEYCTES ANBA 2022 -

Global ICT Standards Conference 20224+ =
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*—

* Integrated value of outlier & inlier: sum quantifies the amount of uncontrolled operation

* Minimizing the integrated value is desirable

26
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« Case 1) current measurement chart is within control range

* The ratio of the area of current measurement chart to the area of upper
bound chart

* Indicate the overall operational achievement with respect to the target
* The area of outlier / inlier are O

« Case 2) current measurement chart has outlier / inlier of control chart

* The ratio of the area of current measurement chart to the area of upper
bound chart

* The area of outlier / inlier quantify the amount of uncontrolled KPI operation
» Desirable to minimize outlier / inlier

27



03. Holistic Approach for Data Center KPIs :

(5/6)

. KPI2

1)

|| pper Bound
m— Maesured

| ower Bound

. KPI2

S KPI2

= pper Bound
—Measured

——Lower Bound

S CTHEE ANBA 2022 -
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. p | REE =/ 58
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v Overall operational achievement: 80%
(for example)

v Quantity for uncontrolled operation: 0%

v Overall operational achievement: 70%
v Quantity for uncontrolled operation: 3% (for example)

v Overall operational achievement: 80% (for example)
v Quantity for uncontrolled operation: 4% (for example)
v Not controlled than 2)

28
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+ AV, : average rate of non-achievement of the energy management
efficiency of a data center

ZE2H|CT 5 HIBA 2022

 X;: operational achievement for the i, KPl measurement value (0< x; < 1)

* LB;: lower bound for the operational achievement of iy, KPI (0 < LB;< 1) — kP2

s ) pper Bound

Measured

* UB;, : upper bound for the iy, KPI (0 = UB;< 1)

| ower Bound

i (MAX(‘Xi ~UB, ))2 - ki3

AV =

X, — LB,

5

5

Example values of KPIs

KR kP2 KPR KPM
" Upperbound value 0.9 0.8 0.85 0.9 0.7

 Measuredvalue 0.7 0.7 0.4 0.65 0.85
~Lowerboundvalue 0.6 0.5 0.63 0.5 0.3

Average rate of non-achievement of the operational achievement of the DC : 6.75%

29
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