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BE IR {E A ZE (PUE) — ASHRAE (2013)

Utility

Backup Generators

Generator Switchgear

AR FEAE
CHIB RS

PUE =

Mechanical § | Mechanical

| | Switchgear §

Mechanical

%[ Mechanical §

Measurement Level 1 (PUE,) Level 2 (PUE,) Level 3 (PUE;)

L1 Basic L2 Intermediate L3 Advanced
g;cgp;pment UPS outputs PDU outputs IT equipment input Styeot Faciity Soyed Facility
Total facility Utility input Utility input Utility input Maintenance Bypass 25008 asov__J
energy
Measurement . Continuous
nterval Monthly/weekly Daily/hourly (15 min o less)

L3
o @ n “n
Redundant Feeds for < ?ED E E s E
IT Equipment - S £ 3 £ 7
“« [+ = g &

Backup Devices
KVM [ Console

PCs & Workstations

Security Encryption

Ref: 2013, ASHRAE Datacom Series Book 11, PUE: A Comprehensive Examination of the Metric,
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BE IR 58 FARLZ (PUE) - 1SO/IEC 30134-2 (2016)

Table 1 — PUE categories

PUE4 PUE; PUE3
Location of IT equipment energy con- UPS outputa PDU outputh IT equipment
sumption measurement p p inputc

a  Includes impact of fluctuating IT and cooling loads.

b Excludes impact of losses associated with PDU transformers and static switches.

¢ Excludes impact of losses associated with electrical distribution components and non-IT related devices.

Primary/secondary
supply Non-IT load .
" ‘ IT equipment
r@ e £ Primary PDU /—\\ connection
° A U A
A ==
=g
9]
=]
Additional 23 UPS Local PDU
supply & o
A uPS e : IT equipment
B connections
A \ / A
C
D
Measurement Measurement Measurement Measurement
locations for locations for locations for locations for
EDC PUE, PUE, PUE,

Ref: 2016, ISO/IEC 30134-2, “Information technology - Data centres - Key performance indicators - Part 2: Power usage effectiveness (PUE)
B
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Uptime Institute Servey — PUE (2019)

2.50

PUE 2«

198

1.67
1.58

.65

20 Year

B REROERRENRASEEESTFR - BENNERFEEZESARIREBEEMN -
B PERARZREAREEESENLN  SXEOHENSEN - BERFERIMERME -
B 2019FHAE6241EDC

Ref: 2019, Uptime Institute Global Data Center Survey.

¢Z A7k % & € National Development Council




B EZETERPOBERUTBIEEL 1/4 2017)

Total Dataset 289 Data Centres Which Have Reported the Data
Total annual electricity consumption 3,735,735 MWh
Average DC floor area 2616 m2
Average rated IT load 1956 kKW
Average annual electricity consumption 13,684 MWh
Average annual IT consumption 7871 MWh
Average PUE 1.80
Average high temp set point 25°C
Average low temp set point 19.5°C
Average high RH set point 59% RH
Average low RH set point 35% RH

Ak J%

Ref- Avgerinou, et al, 2017, "Trends in Data Centre Energy Consumption under the European Code of Conduct for Data Centre Energy Efficiency,”
Energies, Vol. 10, Issue. 9, pp. e

1470.
?é %% & & B € National Development Council



EEEZEESEERNPLOEEREERE 24 017)

B GHERY289EERI LT - HARET268EE -
B 3EERD0 PUE<LO ~ QEERIF/LGPUE > 3.0 -

B ESRPLORREZER SRR EMARLET -
80

~

70

Number of Data Centres

68
60
50

40

40
30 27 27
20 15
10 5 6 I
o | mm HE N . . . . .

2830 2628 2426 2224 2022 1820 1.6-18 1416 1.2-14 1.0-12
PUE ranges

Ref: Avgerinou, et al, 2017, "Trends in Data Centre Energy Consumption under the European Code of Conduct for Data Centre Energy Efficiency,”
Energies, Vol. 10, Issue. 9, pp. 1470.
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EIRZEETERPOEERIIRIBED 3/4 2017)

m PUESEZ(LES - BUptime SRR - 2011£51.73ER Uptime 1.98 -
ATELIERRE - 201107 1.93 - BUptimess AR -

B Uptimei8220164751.60 - BIFNEAL S EH1 64481 -

m ENETIPUERIE - ATNBHEESHERDOPUENSR2.5 - BBIEZPUET
RIEE AR -

3.00

2.50

2.00
1.87 28 1.90 - 1.86 |
1.73 1.72 1 64

1.50 —

PUE
'_

1.00

0.50

0.00

2009 2010 2011 2012 2013 2014 2015 2016
Reporting Year

Ref- Avgerinou, et al, 2017, "Trends in Data Centre Energy Consumption under the European Code of Conduct for Data Centre Energy Efficiency,”
Energies, Vol. 10, Issue. 9, pp. 1’476- I —
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B E S FE NP OEERMEBESE 4/4 2017)

m LUITEHAERE - #tsTPUEERIR - 5,000kW~10,000kW 2 #& R&x1E -
B HEPER  TAABARSHPOLEPUERIBHMEZAER -

3.00
2.50
2.00
173 1.71 1:83 87 1.80 1.81 Tw1.79
1.50 i : 1.64 Ii
[
= 1.00
(=10
0.50
0.00 |
Q Q Q N Q Q Q N
> o5 S N o N N $
,\// Q/ Q/ A R <3 A \ \
N o & & & N &
S S < S S
N G ) \Q\
IT Rated Load (kW)

Ref- Avgerinou, et al, 2017, "Trends in Data Centre Energy Consumption under the European Code of Conduct for Data Centre Energy Efficiency,”
Energies, Vol. 10, Issue. 9, pp. 1’476- I
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WEE - 66
MR 4145
EHRY : 495ER e

Ea iy B2 {11 cEREN «psmeeEn EATHERED (B|EFR)

20

=B _Hlells

EFAED L HEMEDL AERKR HUESKBR PRTMKEE PRZBEE PRIOARKE S EEHKE e

RESNRA =)

= HH HEZRIUPS T Az ZERR 7 AN B JEDCHE

P RZER BEREK ik SlRMBEZ WEER 2 HEMBZ
= 8 7 7 1 4 2

Ref: 2014, RZEZ "PUE BRI P10 FacERRNTE L ZFERNEETZGT ) HE
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¥ B EL AT 1 BA RE IR (E A XU E R 2/4 (2014)

£R
N E2 G5 B 1] sEREN s« pamrEn T ELED (BEFR)
24
22
20
e
B 16
;& 14
12
(BE)1
8
6 - mmmEmEE | EEESIIIIN
4 —w:— N \‘Q_ —
2 _ —
.\ BN \ &§
<100 100 ~ 250 250 ~ 500 > 500 <100 100 ~ 250 250 ~ 500 > 500 > 1,000
UPSEEEE(kVA)
X AT 1 S
UPSitE RS Min Max Min Max Min Max
(kVA) Q) 480 19 1,800 1,000 14,800

Ref: 2014, RZEZ "PUE BRI P10 FacERRNTE L ZFERNEETZGT ) HE
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1.5-16 16-1.7

1.7-1.8

1.8-1.9

1.9-2.0

2.0-2.1

2.1-2.2

Ref: 2014, RIZRE L " PUE B P10 IEEEE R RITE LT EEEE IR F EFEGTHT 1 3
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2.2-2.3

2.3-2.4

2.4-2.5

2.5-2.6

2.6-2.7

SH#EE=E 10 20 5 5
BPUEEE 1.61 ~ 2.55 1.55 ~ 2.65 12'9584” 172 ~1.98
4R Eig4EE | BRI AEH o — hl = b 75 L e

" == ] (==Y 573 5% A e 2Rt e 2Rt Ra FiF 18 -
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2.80
(0)
2.60 ®
[ )
240 o B2 BB iy
[ )
4 ® cho T RHES
2.20 -
_ o o O P = 4R
o]
2 2.00 ! e I o o o T 4R 148
® [ ] o® (@) o °
1.80 o e P o . ® $th 75 L T 1% B8
[ )
°® o ¥R
1.60 o
1.40 T T T
10 100 1000 10000
UPSEEBRE(kVA)

Ref: 2014, RIZRE L " PUE B P10 IEEEE R RITE LT EEEE IR F EFEGTHT 1 3
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BAERPLORERENR 12

BREROR/RE O zEZR2T9RER
3.1%

oh O Z 1B S D
IR ER T 5 — 2o R
96.9%
BaARZEG BaARZER
ARG HEIS Bz
(6.8%) ﬁﬁﬁﬁﬁﬁﬁ (18.75% RSN E

(o)
8.6%) 2%)

&I ZE

AHHNE J& 11 ZE

Y IME

(54.6%)
(62.5%)

IESL T 14 2107 & {11

Ref 2014, NBRZ "PUE ZHIFP/) SHAEE I E 17 AR F BB ) #is
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VRS
81%

Ref: 2014, RIZRE L " PUE B P10 IEEEE R RITE LT EEEE IR F EFEGTHT 1 3

VR
75%
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Bl A 2Z BEilR 1 AR IBIRIEIE 13

BEERME M
ERPOEEY

m ASHRAE - ISO/IEC 30134-2 -
= nmae BRI R IR
TIA-942Z B84 - HFf S mpazl ——
JPLEP/L'\ /{ﬁﬂjt%LKZ?FJ% %E ) *iﬁ?ﬁﬂqﬂlt\(Data Center) >

m EAEHEEVEAREESE - HIRA fE NS

e NS AHE
BIREEPY/ER PO ZERET © B I I
SRR (18) 25 TR IL 4R 2 - I

sy, . BERWEBE | REREHZ
B EAERNZREBEEINRE - . o
HiENEAEERERMY -
Bk R

(Computer Room)

Ref- 2012, TIA-942-A, Telecommunications Infrastructure Standard for Data Center
T
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- ABEAERGPOHEE  RIUERSE

[ Backup Generators
— KO AESRA 2 RENERIET
P 1\ e AN/ = =R =V
( Sulystation 15kV N 1
480V / 277V Generator Swuthga

ATS Primary/secondpry
Non-IT load .
o . ) IT equipment
Standby Switchboard Mechanical Mechanical r@ b S — Primary PDU i () < connection
5 a=i
Switchgear A =
Additional 5 UPS Local PDU
Mechanical Mechanical supply a1 @
A Wpment A uPS A : IT equipment
B connections
A A
C
Glycol Facility ’ Glycol Facility
Pumps  Power Pumps  Power D
4 Measurement Measurement Measurement Measurement
locations for locations for locations for locations for

Maintenance Bypass 25004, 480V

PUE, PUE, PUE,

EDC

a
Redundant Feeds for =
IT Equipment -

Backup Devices
KVM / Console
PCs & Workstations

Security Encryption

L TTT——
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Electrical Utility

oo 1' ------------------- ~
: ‘ . Cooling ‘I
Hl-"' \ == E \ Storage _ e 1
N HEERNPLFEES =1 ] [ | e (Lo ]
R P = ———- | =
RIFEERFESE =2 | i b i
R i |
voz : L :
AR : Data Center !
REEEED E ' . :
R i | o]
| ERSn " Ret 2013 HSHRAE Ditacom Series Book 11,
HEZE =4 PUE: A Comprehensive Examination of
the Metric,
D
EEEBz4
ECED -
HISEITEEE T8
. RACK
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ITER 8
Kig ENLL O ues JEN POU | |
ZERFE 01 FETERE \02/ EEHE
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IRIE
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ANEREE L FE A+B
200,000 kWh sEBERNE =

80,000 kWh

é(ss,ooo kWh é 55,000 kWh é
5,000 kWh é

FEER DV Bl OEMEE | BERPOZEREERR BRI POITRE

78,000 kWh
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B+D+G

Y2028 1 e BEEERAME = ————
gaxgyy  C+E
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0
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AeRE MRS RRR - IF/HIIZER 173

D 4
Py

O REBZEERFPERPOEZREAZKKER - R R
HERE - MESKKHRERS | KB RE L ] | s
s o : — @ Electrical Utility
PIES K K[EK 2 REZEE -

O B E B TR A B a2 815 - s |1

_ VHC x Flow rate x AT x Time
B Energy Conversion

__________________________

Energymixv—uyseqd = @ x 0.4

O Q : KKEERPLETRIBREIN ZEEE - EMIA/kWh

O VHC : BZ=FIOKREZEBIEREE - BA148)/(m3-K) - 5(BTU/(ft3-°F)

O Flow rate : KEAREETES ZZ=FKKRESRE - BAIS m3/s 5L ft3/s

O AT : Z=fKKAKKEIKZREE - BA1& Ka; ©C 5 °F

O Time : RETEESANKE

O Energy Conversion : RacEENERSE - AIUIBEEE(oules)EESkWh -
S EBTUBE K BkWh
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AeRE AMEERIRRA - IFRMILZER 23

SNERZERR R AR O VHC : 1,000 kg/m3 x 4,184J/(kg-K)

Bl gt

= 4,184,000J/(m3-K)
‘ O Flow rate : 0.003 m3/s
O AT : 5°C=5K
O Time : 14 = 31,536,000 s
O Energy Conversion : 1J =1 Watts

_ VHC x Flow rate x AT x Time _ 4,184,000J/(m3-K) x 0.003 m3/s x 5K x 31,536,000 s

Q

Energy Conversion 1J/(Watt-s)

=1,977,780,240,000 Watt-s = 1,977,780.240 MW:-s = 549.38 MWh

ENErgy piv—yseq = Q % 04 = 549.38MWh x 0.4 = 219.752 MWh

_ BRPOEnergy +5MEBZER Energy ) nsed
- IT Energy
%% & %& B & National Development Council
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