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Abstract Cooling systems consume a significant amount of energy to ensure the reliable operation of data centers. To help data centers
achieve carbon neutrality and fully utilize the energy-saving potential of the cooling system, the energy efficiency of data center cooling
systems should be evaluated. Many evaluation indexes of these cooling systems are used in the industry. In this study, the energy
efficiency evaluation indexes of data center cooling systems presented in the current standards and literature are investigated, and the
related indexes are explored as follows: electric energy utilization efficiency and related indexes of derivative cooling systems, performance
indexes of data center cooling systems, and performance indexes of data center cold source equipment. The calculation methods and
components of different indexes are introduced, and the advantages and disadvantages of each index are analyzed. Comparative
experiments reveal that the power usage effectiveness (PUE) and related derivative indexes of the cooling systems cannot accurately reflect
the technical level of the operation and maintenance of the data center. For the energy efficiency evaluation of the actual data center
cooling systems, the annual general coefficient of performance ( GCOP, ) is applicable. For the annual operation index of chillers in
Chinese data centers, the annual coefficient of performance (ACOP) is applicable.

Keywords data center; cooling system; energy efficiency; performance index
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Fig.2 Energy efficiency index and relationship of data center cooling system

P — BEAEN S B H 40 PUE K75 kR ik
KoK IR R T HUAR XU (Y BEAE R WA & T 1T 1%
BB HBEE . PUE FERME SRS oo 17
Wiz AR sz B F e | Rl PUE (U2
—NHLBE 09 0 T PP AR RIS I b5 , Tok X £l h
DT ReRR A RIS BEY T AT, Bt
BITEA SRS d Al 8 i s v 0 &5 74 A BR
i1 AT E P s R T2 BB PG BB
Wrdabn , 76 N AL RE A3k 3 [ G (0 B3 a0 v 2R
AR BT A A

Hi PUE i74: th 978 A0 22 48 FTRERR R - Z A0 4%
A BERL N F CLF K ¥% 1 & 4t /Y B RE £l FH 2% K
PPUE 0 0
1.1 %8 EF CLF

2007 4F TGG #EH H B2 45 6 5 (TGG Hdla 0 BE
JRACE . PUE M1 DGIE) ™ | B T 45t PUE 31557
PeAh, BB T B O AR AR DCIE (data
center infrastructure efficiency) % fifaf & %L CLF ( coo-
ling load factor) | Hi J7 1 faf R %X PLF ( power load fac-
tor) FFZTIVERERE bR, DCIE 5 PUE H W EIBOC R,
ARSI /N AR H T PUE 96, nlKE
PUE 43 R il ¥8 7 CLF  HL J) 6 ff 280 PLE, I3
A= (2) ~2(4) Prmt

PUE = 1+CLF+PLF+HT (2)
CLF = E(:ooling/ElT ( 3 )
PLF = Epmver/EIT ( 4)

K1 BRIy IT 4 T3k CLF Riilie B
WA TS E o, BLAEVRHNIE RIS HLD = )  HE4E
BN £ A EAE A, KW - h PLF A fEFC i [H 1
E,... BAGIF OGBS AN ] W HL I T 2 i A ie

WA RAEFEHLE kW -h,

CLF /£ PUE fiT£E (1% 51 R G RERUIR b7, %
JE TALEREINS IR (Ve 203 Ve H g L) FIALES A5 0
SABEAE, [RIPRE 1T 15045 i #E L B4 R v 20 3R G 19 1
TR, IZAR PR 32 B AU B O BB IR
i WALSG RS A AR GE A A B s AR L i, R, 1%
{EAREMERA ARV A R G BEROK-, IR CLF 5
U COP (PERE R AL, coefficient of performance) \EER
(BERLLL , energy efficiency ratio ) 55 il V2 BEXLFE AR A 5]
BOER ZMENT 1 5 PUE ZIH], B H RGERERUK T
RNy CLF RBR /N 5 85/ A8 1 fd HC A RE R4S B VP 36
TRV ARl B i SOR B9 B A B3
1.2 XA RFEH B BEERARE pPUE,,,,,

[l P AL 421 18O A3 9 TSO/TEC 30134 -2

: 2016/AMD 1 : 2018 {5 B HoAR—Hds i .o—K i
PEREFR bR—2 2 ¥ 40 : BB IR (PUE) —B1Thi
1) ¥ PUE & SO B oo JSHEPE RE R A, B
A I R PEAG A R — B A o BREAE S
IT BT REAEZ Lo, A7 AR 48 b A 45 B 1 vl BE A I 808
dPUE (designed PUE) | #43 FL BEfd FH 255 pPUE 4%,
H TiZAERLE T PUE A9 & 75 ik SR 28 [E N A
RARER B B SRS B3 %

ASHRAE TEHAFRUE £BR T PUE b5 09 3225
KZIAh PUE 7R84 tho0 Bt By BOR @ . itk
ISO 45t T B AL REE AR dPUE, e SO0 < %L
OBt HbRsi E B U PUE, #1200 oo
TE 0z B Z BBV E i B2 Z HT A T PUE,

I1SO %5t Y pPUE & XL 0 A AN B REFE S
15 BBV REFE Y LU AR, 2 AR 4l 5 v O B il 152
it 9 4 o TR AE T &R G0 Y RE IR TR 8 € 1, iX



$44% F28
2023 £ 4 H

R B0 R A R G HE R BERUTE M S hR 4RI

Vol. 44, No. 2
April, 2023

o R G I AR BRI RS T A 2R A
G G, pPUE 8= (5) iR, (HAS—
P2, TGG Ml ASHRAE 25 1 %) pPUE & X 5 1S0
A AN IE] SR FE DX ] P A s S REAE 5 IX ]
W IT & BEFEZ b, X (8] ( zone ) 2% 3 ] ( bounda-
ry) A DUR S, GndE ket | b ) B sl dt 504,
ATDUE A B, i A, SO B D
DA BUE
E-uh+EIT

PUE_, =— 5
p sub E ( )

o1, TR sub 25 T R . AR LT
ARG BREFE kW -h,

5 PUE IR, pPUE 5 IT REJSH A %, & —1
it B A AR A AT R A O RE VRS B A Y —
AL, pPUE 7E £ o0 1Y 3 5L 8, Bcdis o
W, BEAEE T AR G DX AT LARI 73 UPS (uninter-
ruptible power supply) FIELH R4 25 AL AT HVAC
(heating, ventilation and air conditioning) & 4t , H,
BRI MAR G AL (ST b R4,
T RGN TRFR RGN ZSEOICH B .0
TRGER RGN REM AR pPUE,,, , 115
=X (6) R,

E cooling +Ey,

pPUE,, jin, = B, (6)

YE9 M PUE i3 A= HE R F8 508k Hh O v 40 R GEREAK
VR pPUE., R RT LB, HR (L%
BT HIRGRERE, I 2 T A T 1T #% 4%
MIRERE (M IL5BE 5 CLF A, 3120 1T &4 1Y fig
PRI B 4E T CLF+1, BT LLZ {5 2616 TGG # i iY
Bl bR AR GV - CLF JRTeA s X
1.3 /NG5

FIE R O RFERETIE 2, RERR R R
P2, TR B2 AH ) C & A K ot S e 4D
ARG EAR Y 2E BT AT, H PUE 3477 22
St I, LI —4EBE 45 b8 PUE 1E 4 80 b0 fE
PR AR AN BEER S B oD s AT 4RI ROR B
IRV, HLRE M IR0 S LV 3 R Go Al DA AR Fe s 32
BRGNS RERL N 1~ CLF W% 21 R 58 i i RE A F &4
pPUE,.., pPPUE .. % T CLF+1, CLF £} th
PUE fii4: B AV R GERERIR AR, 5 COP \EER S5 0F-Afr

BRI EIEOC AR . CLF 5 8 T A 6h % SMNS IR AL b3
23 GAREAE, IR IT & B L A IR AR S8
AR v B A, PR B SRR A

2 HIEHOR AR S RETER
0 H R G B 0 T B

LR | A B B i R AR e s AT PRI Tl Y
TR RE BRI, SR O RE TR rh B A T T
— R RERACR MR R Z—

B TR o0 T 3045 UPS SEAEAC L A4 i
IR 2 8 25 B A 1) HL RE T FE 3 5% AL O B X — B
B B e i B S g BV 20 R T HE AR

Qoo AT (7) TR
Qremoved = Eheal = ETT +E[TPS|055 +EHV/\C ( 7 )
ﬁl:i:l :EUp51055 y‘jﬁﬂ%’ I:F‘ ’[:»\ I:Fl,ﬁjx:gﬂ EE;&%%‘E EE.% )

kW -h;E, . H HVAC RERIFEHRE KW-h,

RN it i FL A A AH L, B HT R G CLF
K pPUE #2417 X5 11 i 28, {2 CLF {E T 1
AV T Y PUE 22 [8] 2 /0N A8 (5 7 R U5 A 88
B A A SO B RCRE A B35 [ R 2% 1
UPS 48 iFEE: . BRTEHE ORI RGE R R
GivERETE bR BRI AR CER 5244551k
fEZ %L cCoP, . Mk CLF,CER 5 GCOP, 14 ik
AT COP EER, (HWIH ) B OB ARG L
FAR s rh s e R T M RE R AR, AT LA
W, & FR bR SCEHE B R T8RO R &R
ST REPEAT
2.1 5HIZELL CER S EHITAE MR

MR PHARE BS EN 50600-4-7 : 2020{ {5 B F A -
Bt O B IR RE S -4 -7 R EHRCR ) P
EXTEHIZE L CER, A& HI R G HEH 1Y B e
SN BAEZ L, TEZ R EN 50600-3-1 : 2016
o PEAE REWEAE E N EER, 30K S EN 506003~
L AEIT B IE, Y28 1k CER & L= (8)
PR o

CER=0Q, et/ Ecuoling (8)

CER M7 S5 & i 3R W] & & — ME B, W
B LN A /D —AF TT BETER A ECHE o0 25 BR 0 8
g, X TN TS AR S I R X e
FE SUMEBHE HIFCR H iCER (interim cooling efficien-
cy ratio) , fESLPRIZIT AT, I iCER & —1
I T 67 R AN AR 2 SR I S5, W U SO
HIPERE L CPR ( cooling performance ratio) , CPR BT
B (9) R, X —Br i PERE R Mo U,
A [F) TV 224X COP \EER,

CPR=Q/P ., (9)

Ko, Q Aok A B O 1Y SE BRI AT, kW
P,ine W H ARG BRYI R KW,

IZBREIR E LT Ve HIZE R L CEF (cooling effi-
ciency factor) ,CEF J& CER W%k, 715 an=X(10) pir
/R, 5 CER M, CEF BEM% DL Bt i | 4 ok



$44% F28
2023 £ 4 H

#l % F W

Journal of Refrigeration

Vol. 44,No. 2
April, 2023

FORRERGEIIRCR . B, CEF 2 0.25 MRS, %
B 25% 1 L e AR AR A
1 Erooling

“HCER 0,000

FET CEF BE& & SC, AT LATHIA S an b ps 25 7
CRAC( 5 CRAH) Y& TR HEHER RS
¥ F G5, TN i MR 55 i b1 55 5 B 3 A 25 A<
IR BB FE () H BE 43 L pCEF ( partial CEF)
R (1) Pros,

pCEF :Ecnn]ingsuhsyslem/ L — (11)

KT ERE LR RERITAN T4 , 1117 2 DL 1) [+
BT R HITERE L CPR 5B SRS MR RE 225 COP |
EER JEAS 5 X 51 e HIAR LY CER SR 7R 52 1
I ZAE I EER TR a4 i i, ol 2,
EER FHTFHIRHLIE, COP T #A5E , #0 2 7 5 e 251
ARGV MU RE I S, X8 H R S8R RERUK -
P X, T B R MR IR PRI S8, X —H)
FURAFIY ARAEEEE O BB S, B RIS
HIRCRLL CER RYSCHR, [R)M, iz d8 b5 28 ATl ™
S LY CER (carbon efficiency ratio ) 465 —2, X Xf

(10)

TR H RS RAOTH AR RIS it T,
22 HBEBHRLORANRZELEEEGHER
# GCoP,

o [ il Ve 2 2 AR BR E T/CAR 9. 1—202 1 5085
TR ENRGE -4 1 5 LB PERE R B (GCoP) I
SRR P LT EER OB A R G A
PERE R AL GCOP R B rh v 20 R L0 1)
— IR LIRS, 8 A S O R H A Y
HRGREFERCR 24 R G000 HE# L R B oo B

FEHR R SR H ARG SR R Z 22, GCOP TN
(12) Frs,
Enc_Ecs
GCOP = o (12)

KBy MR ORER S, S E 3 A
SLKWehs E NI EI R GEAER & kW -h, G fL L R
g8 HAAER TS RGE (SRR HLAL A KA
RHLEE) B RLRETHAE (18] 3 o B ) i UPS ftHL %S
PEA (B 3 H C1 a5 Al UPS BEH /K2 (&1 3
C2 /) =3R4y,

— U | g ]

[ |

—  UPS

- TUpsEmm AR

—{ BuNE%

C2
So| upsfithARE |
A B4

R

&Sk

B

HL

A

B
KE

B 3 iR EREN A E

Fig.3 Location of data center energy consumption monitoring point
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Tab.3 Annual energy efficiency ratio test condition of air conditioning room C
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Tab.4 Environmental rating conditions of iNSenCOP
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Tab.5 Variable temperature condition on the exothermic side of ACOP of water chiller for data center'*"! C
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