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Costs high ‘ Costs high again: ‘ Senior management ‘
Audit Where's that last audit? .___commit to program

—

‘ ’ \Waste cutting, some—
investment
& ' Costs “
Costs

| Here we o : [ Initial savings
i 5 | ined |
5% _go again! — sustained
* VY \§
o I :
Y S : -5% ) Housekeeping first — then

- ’ Under control. / 109/ investment

- (i —— o :'"K
Eoi Becomes company
-15% -15%
o -20°4 Investment
-25% Y

- 25L d

0 Years 5
Source: UNIDO 2010 0 Years 3
Source: UNIDO 2010
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( Planning inputs ) ( Planning ) ( Planning outputs )
(See 4.1, 4.2, 6.1) Strategic (See 6.1.1)

(6.1 Actions to address risks and opportunities)

P o
OR
N

« Internal and external
issues (from context)
* Needs and
expectations of
interested parties

Identification of risks and Actions to address risks
opportunities and opportunities

pf EEEEEEEEEEEEEEEEEEEESR

.............ra.c%].ch EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEESN

(6.3 Energy review)

E i [ A
N ( nergy review \ +  Energy use and

€ Current energy . .
Based on energy consumption consumption trends
types and/or identified opportunities *  Future energy use
¢ Pastand current ~ for energy performance and consumption
energy uses improvement, determine SEUs «  Opportunities for
* Past and current w‘ energy performance
energy consumption For SEUs, determine: improvement
* relevant variables = SEUs
* current energy = EnPls
performance +  EnBs
* personnel +  Energy objectives,
‘-' energy targets and
Determine and prioritize action plans
opportunities for improving *  Energy data
energy performance collection plan

. ) \ / \L J




o e ETE A L e

(L 5. 52U BEIR &R (Energy Performance)EI1EHY /54
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BiHEEEEEHENIRE - FHEREENEMEIEERER
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Energy Performance < EnB
- Energy consumption Improvement
e.g.: GJ, kWh | 4" (EnPI change )
.g.: kd d (KW
e.g.. peak demand (KW) - S O VN Target
- Energy use = o>
e.g.: energy consumption of lighting = > 3 Target
- Energy efficiency s o S | Achisved!
> Specific energy consumption (SEC) L o
e.g.: GJit, kWh/unit @8 5%
> Energy intensity (El) et g
e.g.: GJIUSS, GJIt e Fo
> Energy (conversion) efficiency % E = E
0g. ¥ $: 38

kR 1SO 50006 Energy management systems — Measuring energy performance using energy
baselines (EnB) and energy performance indicators (EnPl) — General principles and guidance
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» B B E R RIRIRARE

ipment Environmental Specifications for Air Cooling

Product Operations Product Power Off

. . Maximum :
Dry-Bulb Humidity Range, Maximum - Maximum oo atire ITEND | R
Temperature ; Dew Point Elevation . Temperature Humidity
. Non-Condensing ‘C o Change in an . o
C Hour (*C) C 70

Recommended

A1l to -9°'CDPto 15°C

Ad 18 to 27 DP & 60% RH

Allowable

-12°C DP & 8% RH to
151032 “2SDPSBRRA 47 3050 520 5t045 8t080

-12°CDP & 8% RH to
101035 ooDPSBRRAL 21 3050 520 5t045 8to80

5to40 TRCDPABRRIC 24 3050 520 5t045 81080

-12°CDP & 8% RH to
5to45 TRCDPASERHI 24 3050 520 5t045 81080

5to35  SRW0OCDP& 28 3050 NA  5t045 81080

8% to 28°C DP
I 5 to 40 o 28 3050 NA  5t045 8t080

(Thermal Guidelines for Data Processing Environments, 4th ed.” U.S.A., 2015.)
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5

XE (5 15

O

» SR EETAIRIERE

These environmental envelopes pertain

N oe

o

RELATIVE HUMIDITY
o o

N

30 & & S & &
to air entering the IT equipment /
Conditions at SEA LEVEL |
Qo\o
25 / 3
2 /’ - -
é§§f 20  4'1’/ ./' {7:!' Ve |7 dgp
&
«&
s 15 L | I
é\o ; R
10 . \/
ﬂib
5 \ »

15 20 25 30
DRY BULB TEMPERATURE - °C

45

(Thermal Guidelines for Data Processing Environments, 4th ed.” U.S.A., 2015.)
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B A E AR

» HREREER P ORBAZEERIEER  SHEABHZHS (Green
Grid)PE] E 2 EEEE FARZ=PUE (Power Usage Effectiveness)igiZ -

Pin tot (kW) 1
PUE = —= DCIE = —— x 1009
Pin m (KW) PUE /o

= PUEEADCIEZ HH1REE

Benchmark DCIE PUE
Platinum >0.8 <1.25
Gold 0.7~0.8 1.25~1.43
Silver 0.6~0.7 1.43~1.67
Bronze 0.5~0.6 1.67~2
Recognized 0.4~0.5 2~2.5
Not recognized <04 2.5




AL A

T T O cirviozore e

-B‘\T

S 0A 1.64
ASHRAE#Z:# (ASHRAE Std. g o
90.1 - 2016) - A 1,61

1B 1.53

= PUEO : EWE%}E REBINE oA 1.49
(KWYE TR R IEFEINE 2B 1.45
(kW)ZtME 22 jj;

" PUEL: #ftE2FaER o
HEKWh) BRITHEZERE . 38
JEHFE(KWh) ZEEE - 4C 1.38
5A 1.36

P. (kW) 5B 1.33

PUEO = P;irrll_tl(')l‘t T Fe .36

- 6A 1.34

P. KWh 6B 1.33

PUE1 = In_tot ( ) - 132
Pin 1T (KWh) 5 1.30

a. PUEO and PUET shall not include energy for battery charging.
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RCI (Rack Cooling Index)

» BEWEERRNRARE  SHEFEERASHNESRRESREN -

RC ke

}@ ;klg\ 100% Temperature
Rif >96%
7 T : 32°C
3T 57 (o) max-all
BIE:-33 91-95% Max Allowable \
e <90% Under Cooled . -
Max Recommended max rec
) Recommended | Allowable /
Tmi — Tx - °
RCl o = |1 - 2( " n_ rec .)TX<Tm1n_rec % 100% | Range Range T.infec : 18°C
(Tmi, oc— Tmi, ) Xn| Min Recommended /
Over Cooled T s

min-all
- Mln A"OW&ble #/'
[x — Tma
RCly = |1 — 2( s red 2T, el 000

|
|
x_rec) X1 | Rack Intake # N

(Tma, ., — Tma
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RTI (Return Temperature Index)

Return air
s LR ERAEIRIRERTE e
RER AL - TEEAEEE -
ecircula =
IEI }—ll ;E'/ﬂ\'b& *E E |I:|:I| %E Z c':ir “r::I:\o::r:?r s CRAC
tb 1E . than supplied) Fin
—
%’é‘(& RTI Supply air = ~.—
EE 100% Air Recriculation
# B "
(Recirculation) >100% :
Y = ==
AR <100% - ’
(by pass) 1 o
(== Floor tiles and
- High exit velocity CRAC
(Tr — Ts) .
RTI = Aljr 21 x 100% - 1
Equip 3 F—— 2
Source: Salim, M. (2008). Data Center Energy Efficiency and PUE. NFM&T, Bypass Air 9

(pp. 29-31). Baltimore
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SHI (Supply Heat Index)

i
HE

= P EREEAREGRRATERZENEE TR0 1 2E - ?
R 04 BESNMEBRLRIMESELZ#D -

\\

Return air
r 4
2 i ((Tirn)i,j - Ts)
SHI = X 100% R_ecii;culafed = -
z:i i (( ut)l] S) ol hdaps = CRAC
than supplied)
e |
==
_—

Supply air = <.>

Air Recriculation

Source: Salim, M. (2008). Data Center Energy Efficiency and PUE. NFM&T, (pp. 29-31)1. @altimore
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- BNZRY : BE4EUPS@00KVA) - UPS-182UPS-230 8 - UPS-3
EAUPS-41 Bt - B EITEER - UPSE=55T1,600kVA -

TR EAT 0 1BHeTUkiE248 RTx 25 - E-ﬁFﬂZl“I’f%% REEE -

EREE - - ExflxAEREEER MNRIVZEFEME20RT<105 -
- —L/;ZFL%' IXEAEMGAR - BBEEBZADE - SRS EHIE
2% Hz’ﬁﬂ%ﬁ—i?ﬁﬁ DANRE - HEIAB M BHSEARM |
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> R EFEEILLE

O FEE (KWh) ff(i
_ 296.4 35,565 62.1%
138.2 16,584 29.0% S, 29.0% TS, 62.1%
35.5 4,261 7.4%
7.2 863 1.5%

SHIEBPUETSE : 1.61

FiAtl, 1.5%

13



iml.LﬂIﬁg JHE

0

> UPSRIE 73t

I

A (kW) &t (kw) 185E

Min Max ave min  max ave (kW)

UPS-1&2 163.3 165.8 164.3 145.9 148.0 146.8 17.5 21.7% 89.3%

UPS-3&4 166.5 169.4 167.6 148.5 151.3 149.6 18.0 21.9% 89.3%

2 5 (%) ~UPS-1&2 ~<UPS-3&4

89.6%

89.5%

89.4%

89.3% o

89.2% W

89.1%
2/2 2/3 2/4 2/5 2/6

89.0% = =
22828288888888888888888888¢8888



0

iy

N
/

4

ZS

> PUEfat

HO

I~

Al

N
//

155

2/6

2/5

2/4

2/3

=~

K

2/2

1.8
1.7
1.7
1.6
1.6
1.5
1.5
1.4

00:0¢
00:91
00:C1
008
00-%
00:0
00-:0C
00:91
001
00-8
00-v
00-0
00-0¢
00-91
00-CI
00-8
00-v
00-0
00:-0¢
00:91
00-C1
00:8
00-%
00-0
00:0C
00-91
00-Cl
00:8
00-v
00-0
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BIEdES] 2018/2/7

e e db Temp RH

p: g AFRUE C) (%)
SA 17 60.4
RA 23.9 40.2
BT AERO 175 -
B P R R 223 -
HeAE R O 31.7 -
B cET~sEREO 18.3 -
MBI R O 299 -
B E 5RO 33.4 -

3.37°C
94.4%

68.7%
205.0%
67.0%
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ZFl#2-8R1T

ENZ4 . swA{EEEIRE (UPSA & UPSB) - BEEIRESZAE3
BUPS(200KVA)IL &t - 72 BIRIES ~7 B E T B RE

ERERM  5~7ERKERAEEESHZEREE(CRAC)20RT
15RT ~ 10RT ~ 5RT - H#8EAc&E15~185 - 551508 -
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> R EFEEILLE

IhE&
(kW)

ITEQ% 229.4

SRIBIBPUE¥EE : 1.90

(kWh)
17,589

14,844

1,058

BEE AL
(%)

52.2%
44.6%

3.1%

19
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0

> UPSRIE 73t

Min Max Ave. min max Ave. (kW) (%)

OEPN 117.2 1294 121.7 1108 1221 1150 6.8 20.3% 94.4%

USSRl 1179 129.66 1215 1109 1224 1144 7.0 20.2% 94.2%

% (%) UPS-A2 —UPS-B
0.955

0.950
0.945

0.940

0.935

20
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> PUETETR

PUE
25

23

2.1

1.9

1.7 l I n F |
1.5

13 8/7 8/8 8/9 8/10
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Space Type IT Transformer UrPs Cooling Lighting | Total PUE
Closet 1 0.05 - 0.93 0.02 20
Room 1 0.05 02 1.23 0.02 25
Localized 1 0.05 0.2 0.73 0.02 20
Midtier 1 0.05 0.2 0.63 0.02 1.9
High-end 1 0.03 0.1 0.55 0.02 1.7
Hyperscale 1 0.02 - 0.16 0.02 1.2

2020 PUE
Space Type 2014 PUE Current Improved Best Redundancy
Trends Management Practices

Closet 20 200 2.00 200 N+0.5N
Room 25 235 1.70 1.50 M+1
Localized 2.0 1.88 1.70 1.50 N+1
Midtier 1.9 1.79 1.70 1.40 MN+0.2N
High-end 1.7 1.60 1.51 1.30 N+0.5N
Hyperscale 1.2 1.13 1.13 1.10 N
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1.Chiller
_ v Server=1000kW
= = v Transformer= 30kW
E-_ v UPS=100kW
= v Cooling=550kW
= v Lighting=20kw
Data Center -'
Chiller= 330kW
PUE=1.7 mer
h R ZosE S HEERRER| 0% | 5% | 10% | 15% | 20% | 25% | 30% | 35% | 40% | 45% | 50%
IDCPUES#{E= | 1.7 | 168 | 1.67 | 1.65 | 1.63 | 1.62 | 1.60 | 1.58 | 1.57 | 1.55 | 1.54
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2. A/CPump ZERRHE

EERREREES - ARKRS  SRURABBRES  EOE

EUERZHER  KAEIHE D O H25HPIEE20HP - FHBEERB Y - BEFEEA5E
FRIEI6%
CWP-1 CHP-1 CWP-2 CHP-2 B1F CWP B5TkWh
WEEBFEEKW 12.85 12.81 12.35 13.14 18.50 70
T EHE(KWh) 56,283 56,108 54,093 57,553 162,060 386,097
FEIES 20,192 24 221 22,382 22,776 372,563 462,134
/—/—AET
(- Egivmg) -26.40% -30.15% -29.27% -28.35% -23.01% -26.33%
p st 9F10F 9F10F 9F10F 9F10F B IR 20, fE
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Performance curve

Head - PT90-1-0 (3.14.1.10) [ Admn Dote =
ed SEFIES 4030 AMSIHI 14 634 28 ;:Em&.m"' R

(m) A0 5x4x10 @ 1780 rpm Location:

— Motor Data —
Moitor Size: 210 hp
Moior Speed: 1800 rpm

11015 in .q._Lﬂ_]_l' 75 -— Design Duty Point —
32 TR E Flow- 2620 Ipm
: Hezd 24 Em
] il e Impeller 2.73 in
— Performance Data --- /

G, 3in‘—:-' ..‘—;'——'

= NPSHR: 3628 m

= Eff. @y Design: 83 .40 %

= BHP @ Dessgn: 18.85 hp

= hitr Capability @ Rated Spd: 20.00 hp
= Sehttr Safety: 1%?2%

= BEP iffy Design Imp.-
83.42 % @ 2576.7 Ipm

B Imp-ElEt Max BHP i) Flow:
18,61 hp & 36086 |

= Sumax mp. range: 7900 %

- Owilet Velocity: 17.44 fi's

24

16 a.00in

0

0 0.8 1.6 24 3.2 4 4.8

W ater:, spgr=1.0000 Flow { 1,000 Ipm)
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2. hFREEER15~24g/kgPEIE 2= 13~19g/kg - F19PEI1K5.49/kg -
B SRBES 8.2~35.2kg/hr - SFHERRAEF122.3kg/hr - @
3. F I BRAS O 1§ 22 PICO2 R E 445 1,00000m TGS

® =[Ol
ShsmkE B 19RE1E16.9kd/kg - IZEASR:EmE26 °C ~ 55%RH(JE1E55.6kJ/kg)5TE
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— A EF ZE AU (k) kg) — LS i (k) /kg) — 26 L 55% k& {ii(k)/kg) 5 2 (kI/kg) — b Hh AR 2R A B AT (%)

100.0 25.0 80%

90.0 T M\L,N 70%
80.0 f | = | 20.0
N 60%

70.0 il i . L, S
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60.0 J 15.0 50%
50.0 ' - a0%
40.0 1 10.0
30%
30.0
20.0 s.0 20%
10.0 10%
0.0 0.0 0%
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