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1-(1)

Background

The primary energy consumption in the world

The energy consumed of Asia in 2035 expands to about double, compared from pres
ent under the steady economic growth.
(3. 6 billion tons in 2007—7. 1 billion tons in 2035)

About 90% of the increase in an energy consumption results from Developing country
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1-(2) Purpose xcie.secasns. [N

Energy issues in ASEAN countries are critical factors to disturb our economic
growth. That is why interest of energy-saving is getting increase.

Under such situation, “Green IT” expects to be one of the solutions to save energy
consumption.

This survey aims to introduce Japanese advanced energy saving technologies and
to contribute to support economic growth in ASEAN countries, based on the survey

results in Singapore data center.
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2. Abstract
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Before introduction of advanced energy-saving technologies, current situation and problems shall
be recognized. So the following surveys were implemented.
1. Power Usage Effectiveness (PUE) Survey

This survey implemented to estimate PUE value. PUE was developed by the Green Grid and is an
indicator which evaluates energy consumption load of IT facilities in data center. Merits of PUE
usage are mentioned below.

€ PUE can evaluate energy efficiency level in your DC.
€ PUE can find location of power loss in your DC.

€ PUE can utilize as renewable indicator that replace A/C, power facilities etc.

2. Thermal Environment Survey
This survey implemented to analysis thermal environment in DC, such as A/C conditions, issues etc.

€ Assessment of thermal environment (thermal picture by thermo camera,
temperature logger, air volume measurement at blower point etc.)

€ Recognition of PAC operation

3. Computational Fluid Dynamics (CFD) Analysis:

As for server rack environment in data center, optimizing air conditioning was considered by three
dimension analysis (temperature and flow volume) .
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2-(2) Company Surveyed and its System

« Company Surveyed

Data center of Singapore

 Surveyed System
@PUE Survey

& Thermal Environment Survey : Sector2 , Sector1

& CFD Analysis

: Sector2 , Sector1

: Sector2
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Data Center Area

=

Sector1
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2- (3) Schedule and Implementation Structure xeane.socnsnr. Y

1. Schedule
From October 15, 2009 to January 7, 2010.

2. Executed content
Oct. 15 Sealing NDA
Oct. 3 to 30 Preliminary survey and preparation of survey schedule
Nov. 3 to 10  Energy-saving survey
Nov. 12 to 28 Confirmation of unknown information and data collection
Dec. 7 to 28 Preparation of survey report
Jan. 7 Closing workshop on survey results and submission of survey report

3. Implementation Structure
*NTT DATA INTELLILINK CORORATION Green Consulting Business Division
Minoru Okada(Project Leader) . Shigeyoshi Horiguchi. Kazunari Yoshidumi
-Takasago Thermal Engineering Co., Ltd. Head Office FS Gr. - R&D Center
Masahiro lkeda. Naoki Aizawa. Kentaro Kimura. Atsushi Takahashi
-Takasago Singapore Pte. Ltd.
Yusuke Toda. Desmond Liu Ing Ming. WONG Wai Kitt Leroy
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3. Results of PUE Survey
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3-(1) Measurement Level of PUE Survey erenerocasnr. [N

According to white paper of the Green Grid, data center level is categorized based on the PUE values.

Level 1 (basic) : Data is measured at least once in month. Measurement points
are UPS facilities, cooling system, mechanical facilities in A/C room etc.

Level 2 (medium) : Data is measured at least once in day. Measurement points
are PDU, distribution system of electric power etc.

Level 3 (advanced) : Data is measured continuously. Measurement points are
all IT facilities.

Total Facility Power Where

Level 1 Level 2 Level 3
(Basic] (Intermediate) (Advanced)
IT Equipment Power UPS PDU Server,...

Data Center | Data Center input power | Data Center input power less shared
input power less shared HYAC | HVAC plus building lighting, security

Minimum Measurement

imonth / 1Week Daily Continuous (XX min)

Interval

! ] Source : Green Grid White Paper #14

As for this survey, PUE level was decided as follows:

PUE L2. WD = The reading point is PDU. The data of every a day is totaled for one week.

Copyright © 2010 NTT DATA INTELLILINK CORP. 8



3-(2) Definition of PUE (1/2) JLTTRVTTIVEN " .

Definition of PUE

Value A : Total facility power in DC

PUE =

Value B : IT equipment power in DC

PUE was defined officially by the Green Grid, however it is not clear in its definition. So some factors in this
survey were defined as follows:

1. Total facility power in DC (Value A)

Following items were surveyed as IT facilities.
Power supply components (UPS. switches. generator. PDU. battery etc.) and power losses of outside
IT equipment
Chiller, A/C units in computer room (CRAC, DX, units)
Calculation, Network, etc.
- Lighting of data center, other component loads etc.

2. IT equipment power in DC (Value B)

In this survey, IT equipment power in DC regards as output power in PDU. Because PDU in your DC
does not have transformer.
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3-(3) Results of PUE Survey (Sector1)

€ Rough sketch of SLD and composition of power consumption
I

UPS Loss Power:
Transformer Loss Power:

c:3.0kW :0.7kW

|

|
39.6kW | 36.6km_
ﬂ I

|

1]

PS Loss Power: d: 10.4kW

41.5kW 31.1kW ‘
UPS

|
o
2
'S
ES
=

*PUE of Sector1site

PUE = Value A : Total facility power in DC
Value B : IT equipment power in DC

atbtctd+etf (67+0.7+3.0+10.4+53.4+3.5)
PUE L2wD = =

a a
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3-(4) Results of PUE Survey (Sector2) eeinesccasns. [N

@ Rough sketch of SLD and composition of power consumption
I I

UPS Loss Power

b:205kKW |

116.5kW.107.6le. 80.2kW |
|

: | 27.4kW |

153.1kW.141.5kW|

|

257.5kW

244 6kW

e:23.0kW f:45.6kW

——T[iohtind 2:5.9kw

*PUE of Sector 2

Value A : Total facility power in DC
Value B : IT equipment power in DC

PUE =

atbtctdtetftg _ (493.6+20.5+12.9+284.3+23.0+45.6+5.9)
a a

PUE L2wp =
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3- (5) Issues and Countermeasures S

Results of PUE study on data center are as follows:

<PUE levels>

Sector 2

1.0 o - Total power consumption o
= IT equip. of power <Source : Nikkei BP>
consumption - Target value of PUE :
a)IBM : 1.8
/ b) Hitachi : less than 1.6 in year2009
Half of total power _
20 | consumption PUE value of different status are as follows:
= IT equip. of power - Poor power efficiency : more than 3.0.
consumption o
- Normal power efficient : 2.3 t0 2.5
Sector 1
- Excellent power efficiency : less than 2.0.
3.0 o ERRRERRE A third of total power
consumption
= |T equip. of power
consumption
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4. Thermal Environment Survey
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4- (1) Thermal Environment Survey

Areas of thermal environment survey

Data Center Area I~ )
| I
| I
! ! [=—==== I
—_— L
ptly Bttt e e e |
Sector 2[F————---= , Sector 1 |  — — =eaxvememtard, _ _
1
: | | |
I [ | I
:Mea urement area e ——- I |
ik - : |
] I I
| ' | : ] |
| l :
i) I :
& ! :
| | :
i | ! l
1] rd
I | I
1 o PR, EME L B o o e o
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4- (2) Thermal Environment Survey

RLENE, b es 1 J. m, o,
Sector 2 Flow distribution of floor diffuser 5 I e
1
] ' h
1 l 1
. ] | m
Floor diffuser ] I
] = T ] | N
openrate ms | / ! ! '
O 43.6% n H el D I. L
] 1! ] |
27-0% — | . %[I e T2 3 ol T2 oI 73 ol T2 3
2 1 .2% | E4 E H' | E_l Velocity[m/s] Velocity[m/s] Velocity[m/s] Velocity[m/s] Velocity[m/s]
O 18.9% | — —
o e R [T —
5 ] H i —H b mg s 5 [
5} 1 — — ] A ]
g [ . ) 5 me [ 3 ! |
1RRI: ] HEH 5 1RRIR: j
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J 73 oll o= 73 ol 1 ] | HOo H B = | =l=fE |: o. 3 r! ol 73 T2 3
Velocity[m/s] Velocity[m/s] Velocity[m/s] Velocity[m/s] : E E I E E | H Velocity[m/s] Velocity[m/s] Velocity[m/s] Velocity[m/s]
| ; - H N [
= = I - il ] o I 1
: £ & || EEET S BER " |
] = 2] m
= P — | {
! s NI ! !
1 1 I
8 - - Flow distribution was controlled o :
o -3 1 according to open rate of floor diffuser. 4 !
_— | m B It is however necessary to confirm it L | _
Velocity[m/s] Velocity[m/s] Velocity[m/s] Velocity[m/s] p e r i o d i C a I Iy in c a S e of s m al I fl ow. Velocity[m/s] Velocity[m/s] Velocity[m/s] Velocity[m/s]
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4- (3) Thermal Environment Survey erone socasnr. XN
Thermography in server room . w00 o
MY _
Sector 2 .T-Iot air
recirculati
- #A
[
Survey area | ‘ L 28
EE IE 2 E=:.: j"flj
g : mug -'-':'.'| -I
E N % | L'&: L 22
§ Ly
\ 3| N
§ i 4N -
3 N NI
N / =l AT
1 B LRSS I
: » | : |'| -1\
(Exhaust air from IT machine) I -
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4- (4) Thermal Environment Survey

_ ot air recirculation
Thermography in Server room

Sector 2

QO
oz

1 B
# /'f- ;';"'-'.EE“. i
EmE
PR
DR

e ,-_.--_.-
B )

i R

[ =
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4- (5) Thermal Environment Survey ersnecocann. RS

|

Thermography of the rack surface

High temperature area by hot ai o
recirculation 23 to 25°C
- 29
- 22
The machine room spec. of temperature .
:20°C+5C (Pillar) T
E- 20
Air temperature of floor diffuser SA =
14~15C
=18
. 17
Hot air recirculation was confirmed in the Cold isle! | | |
part of upper rack area. . u
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4- (6) Thermal Environment Survey TUPTRYPTIeTN <

40 Temperature of suction 40
point in front of rack is - * B-Bline . 4 C-CLine|
Sector 2 Temperature 3 high. 3
o %0 2QCx5T N $
o A\ Y4 5
5 i —_ e N e . “g—— ®
® 2 5 25
3 ;
8 20 — 2 20
15 - - —— 15
| J
10 - —— — 10
_ 1,500m 1,800m
SR=aE = HOT coLD HO elly HO coLp HOT
SsSsSaanl=ch O .
_E§ E | 40 > =3 16
1 = — r_ \\\ § —4&— C—C Line
r —— — e A £ 1 B-B Line |
el ey R =5 | — 35 A T —— A-A Line
| eSO E e g
| BERE EHLIIEE|E B Is 2% Increase in temperature of g 10
! = BHaEE e Fe B U S cold isle side of racks. < 8 A
| Bomoe e e B /N - £ o
| EHHaH B EINE BEE fax b 2 | £
i S inis = °
e . A
1 ;Cg,i—Di ::I:: — — 15 L PR Py gy U S - .-
T~ g e B B g 0]
‘35_::= e s e L E ,
BT = §=Ef i= e -
| — i e SEEEs s 1,800mi
hE-5 = 'E_"I/F 5 e QLD
= 'y al o)

BN O — 0O |
LODCOLD-SOW AT :measure temp.-diffuser temp
| A part of suction temperature is high, and hot air ' : ; '
recirculation was con?irmed. AT —0 means non-hot air

) recirculation 19
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Sector 2 Temperature

C

|

4- (7) Thermal Environment Survey xroneocaans. USROS

OLD COL 35 || — Floor diffuser SA
(L) (R) HOT(R)
30

(@)
Floor diffuser SA

E“E“E‘ A
& e
EH

{

R

JIREREEHEENRE

TIITITITITIIT]

COLD:Cold aisle

e

C-C line

40

— Hot(L) " Hot(R)
—— Cold(L) —— Cold(R)

Temperature[°C]

25
7 A M o ooy e S AT SR e VPP BTy Mot Ay et
20
15 WWM% e = P ] e
10

11/5000 11/512:00 11/6 000 11/6 12:00 11/7 0:00 11/7 12:00 11/8 0:00 11/8 12:00 11/9 0:00

B-B line
40 ‘ ‘ ‘
— Hot(L) —— Hot(R)
—— Cold(L) —— Cold(R)
35 [ — Floor diffuser SA

Nuv%_‘_ ,,W'WTW-WNW', R e e VR it dan e
30

25

Temperature[°C]

20

15 [

10 1 \
11/5000 11/512:00 11/6 0.00 11/6 12:00 11/7 0:00 11/7 12:00 11/8 0:00 11/8 12:00 11/9 0:00

Because fluctuation temperature between cold and hot aisles is stable,
heat load of racks also recognizes as stable.
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4- (8) Thermal Environment Survey miine socasnr. AR

NTT BFATA P =¥

Sector 2
Temperature in the room A L 30°C
Cable racks Support
by thermography bar 28
26
— Filter
24
22
— Racks 20
Image of measurement
1 2 3 - 4 5 6
: = O]
= S A — /e
. DTN — /.
B 7 =
AR A — -
ia lui‘ in_= Bl A
1 sl _ ol ie AW
J ¥ [ ara ) =
Ll | i
L ELdlIE

Temperature distribution along vertical direction of the room was confirmed. Center and upper part
of machine room has high temperature than others.
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4- (9) Thermal Environment Survey eronesicasnr. (AN

:Sector 2 : Air flow from floor diffuser

Perforated floor diffuser AP s Air flow o</ ( AP)
N EE N\ Air flow
N C [ v | | |
% - l —I
[ .
tﬁ' a Raised floor
\ 5
b 5
o
§ = 40 —
— —a
] E T 35 H—DP-b
N § & Do-
S
g N o
DP-c % "615“ 20
H | % gE[) 15 POrmaihchyi i Ao ORIk el bl \ hwinpliprmireutyiirvbied
2 pp-b % 5 . ot
§ 8%
Ng °
— P 11/5 11/5 11/6 11/6 11/7 11/7 11/8 11/8 11/9 11/9 11/10
BEE| = 000 1200 000 12:00 000 12:00 000 12:00 0:00 12:00 0:00
©

Flow fluctuation was recognized as small according to differential pressure from floor diffuser.
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4- (10) Thermal Environment Survey

ELEDE. ELCEAMT,
TT DATA Fow—

Sector 2 Cooling capacity and COP of A/Cs, Average value from 0:00 to 3:00 on Nov. 7

E- 80

3 70

U asc ascno. : %

/ : - %: 50

3 - T 40

A %12 1] 4§ w0

] Ezg £ 3 20

:"——5———" § 10

a3 1 g "
il bk
I A%-4 § hE B
Ja b4l b

. s

[V ase- i >
| #] a ..

o P R s B 3

A/C- 8 5

Survey area of thermal environment

Electrical power consumption(]
Cooling capacity

O  System COP

|| EESNSS | O EERSSS | Eemeen | |

1

HINEE = ENEE 2= ENEE 0 EaEe

A/C-1

A/C-2

A/C-3 A/C4

A/C-5

A/C-6

20

40 60

Capacity rate of
A/C [%]

80

100

A/C-7 A/C-8 A/C9 A/C-10 A/C-11

4

3.5

3

25

2

1.5

System COP of PAC [-]

1

0.5

0

xElectrical power consumption were

calculated
by current of A/C-1~7,10,11

and mesured kWh meters of A/C-9~

6

xCooling capacity were calculated by

SA.RA temperature

and measured air flow volume of each

PAC.

COP is lower than CRAC of
the latest specification.
Improvement is needed
according to the renewal.

Performance rate of A/C : 4u 10 ou», >ystem COP: 1.51t0 2.7
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4-(11) Result of the Thermal Environment Survey TUPTRYPTIeTN <

<Result of Sector 2 >

& Overall air volume in DC can be controlled, however, air volume in machine room is not
controlled partly.

€ Hot air recirculation was partly confirmed around suction area.

€ In the CFD analysis, hot air recirculation was also partly confirmed.

&€ Fluctuation of temperature is not so big during survey, and heat load of racks was stable.

& Rate of A/C is 40 to 80%, and system COP is 1.5 to 2.7.

Copyright © 2010 NTT DATA INTELLILINK CORP.
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5. Issues and Countermeasure
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5- (1) Issues and Countermeasures

“In order toimprove PUE value, it is recommend that the followings shall be plemented.”

Issues Countermeasures
1. Hot air recirculation was happened from hot 1. Installation of cold aisle capping upper/side
aisle area to cold aisle area in server racks. areas of server racks.
2. Air supply temperature in A/C was increased 2. Changes of return temperature control into air
partially. supply temperature control in each A/C.
3. Over-cooling was confirmed. 3. Implementation of optimizing cooling by A/C

blower control.

4. The ability of the A/C is lower than that of the 4. Renewal to highly effective A/C
latest equipment. NTT ®
ol BN B T S N T~ SR M T T LIS
L : e @ @@

MNTT DATA & —
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5-(2) Issues and Countermeasures, <installation of cold isle cappings>»« +¢: === [

Effect of temporary cold isle capping
Cold aisle capping test (1)

®

i

——

-
%; / 'S Hot air rec?@u’f%
é : -
i
] ( " Server racks
"] g
rrFé‘ Filter |
Cold Aisle
)K Q !A plas Flrh'?
)f? L/ Plastic | . (s pe‘ak) Ty
vt i ( panel A j A
] \\ P
1 r( ( Server ﬁ’
rr( racks “Q |
TI=TT—T Filter h D
Image of measurement Cold Aisle

By capping the cold isle, volume of hot air recirculation was eliminated.
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5-(2) Issues and Countermeasures, <installation of cold isle capping> =+ 7.2 ccxxmr. U

Effect of temporary cold isle capping
Cold aisle capping test (2)

y
D&/ 30°C
| e [ TS L iier - e
i ! ! Server el i _
@'\___g _______ - 26
i — Filter N

ry Capping
1] QIOth '
15C
: E \\
e | e Server
i . racks
H‘X -----
- " Filter

Cold aisle capping can be effective for elimination of hot air recirculation and energy saving.
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5-(2) Issues and Countermeasures, <installation of cold isle capping>> =+ 7% ¢csxur. S

Effect of temporary cold isle capping

Cold aisle capping test (3) There is some excess as A/C air volume.
\ N \ 5 30C
/)\ N i 28
f'aecfn‘('fr N L 26
\‘ Bz -24

| - 99
Inside cold isle . - !

20

-18

16
15°C

 Server _

racks

-

Image of measurement

There is some excess in the floor blow area.

By cold aisle capping, air can be supplied efficiently in
the ceiling area with satisfied air supply.

Copyright © 2010 NTT DATA INTELLILINK CORP.
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5-(2) Issues and Countermeasures, <installation of cold isle capping> =+ 7.2 ccxxmr. U

Countermeasure @ Cold Isle Capping

Capping of Cold Isle

[
[

i
i
]
]
]
]
]
]
i

N I I I

ATTTTTTTTTTTT
]

TEEE I -
—

-
[

Except cold isle capping, other conditions
are same as current CFD model.
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5-(2)

Countermeasure @ Cold isle capping

With cold isle capping, suction
temperature of racks is decreased
considerably.

l
It is expected to execute energy-
saving operation.

40 A_A S eCt I 0 n
35 =&~ Non capping
=~ Capping
& 30
[
25 /
20 +
Temperatu
10 . - -
|
HOT COLD ~COLD, 0 COLD

Issues and Countermeasures,< installation of cold isle capping>

Mo

[ 1
|

M M I
1 H 4o

_.

31 Tml_l [__JiS ] I_|—|:|——I

ELEDE. ELCEAMT,

NTT BATA F= *

| C-C section |

40
= —4&— Non capping
35
—l— Capping
M 30

MEN

{1 =
Temperature [°C]

40 B - B S eCtI 0 n
35 =& Non capping
=@~ Capping
2: 30
o
N /M
20
Temperaty
10 . - -
|
HOT COLD ~COLD, 0 COLD

[Non Capping]ri+ism Fm
1.0m

0.2m

HOT COLD HOT

HOT COoLD HOT
Temperature[°C]
20 22 o4 o6 Jog ]

1.0
0.2

[Capping] FL+1.8n] 222 211
1.0 230 227
0.2n 197 231

HOT COLD HOT

HOT COLD HOT
Temperature[°C]
20 22 o4 o6 Jog ]
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5-(2) Issues and Countermeasures, <installation of cold isle capping> =+ 7.2 ccxxmr. U

Countermeasure @ Cold Isle Capping

@Improvement hot air

Horizontal : :
recirculation
FL+1.8m @Improvement of over suction
C — .
[ Capping]

B - B -

A A
Vertical

C-C
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5-(3) Issues and Countermeasures, <shiit to temperature control by air supply>>" Fia 20

Sector 2 : A/C operation status A/C supply air temperature and return air temperature

26 ‘
D A/C A/C NO. 94 7- Return air = =
A Supply air
i [ |

| 5 20 | \RA temperature set point N
] §18 7(
L € 16
| a 4 A A /\ A
[ 14 A A A A / \

12 / \ A

A/C-1  A/C-2 A/G3 A/C-4 A/C-5 A/CH6 A/C-T A/C—S\ A/C-9 A/C-10 A/C-11
A/C

A/C-8 Alte?atlon of supply air tem erature

30
—RA
— ®sA
25 W\/—ZZWW—M

20

S O

IV QW UL PEVRRTURRVRV O IPTRUrAT v ouy Jver rverr vy

10 | Depending on increase/decrease of A/C compressor,
shot period fluctuation of air supply temperature was

5 L confirmed.
11/6 0:00 11/6 3:00 11/6 6:00 11/6 9:00 11/6 12:00

Temperature['C]

_

Survey area of thermal environment
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5-(3) Issues and Countermeasures, <shift to temperature control by aisupply>>

Suction air temperature control

O
Difference of air supply in each CRAC

Horizontal
FL-0.1m

14 A/C-10
Low temperature air supply

Increase of air blow

temperature .
Mixing loss

A/C-8
High temperature air supply

Suction temperature around racks is high at the high temperature point,

To solve above issues, fixing air supply control is effective.

Copyright © 2010 NTT DATA INTELLILINK CORP.
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5-(3) Issues and Countermeasures, <Shift to temperature control by air supply>: a0

Countermeasure @ Fixing Air Flow Temperature

a/c-111 BE @E
_D SHiet % L:RAC No.
All conditions except supply air A/C-2 D =5 Eﬁ L
volume are same as counter- A/C-3 D B 0
measure @ : CFD model. ] C | A/c-11
A/C-4 D g
A/C-5 -
D “Em B BE [|A/c-10
A/c-6 [ [ HEE 0,0
wver(|BEEH B BEm |

Fixing Air Flow Temperature

Countermeasure @ Countermeasure @
A/C-1 22,700 15.1 A/C-1 22,700 14.5
A/C-2 22,900 15.0 A/C-2 22,900 14.5
A/C-3 22,200 13.1 A/C-3 22,200 14.5
A/C-4 22,000 13.8 A/C-4 22,000 14.5
A/C-5 21,200 13.7 A/C-5 21,200 14.5
A/C-6 21,100 14.4 I:> A/C-6 21,100 14.5
A/C-7 22,300 13.8 A/C-7 22,300 14.5
A/C-8 13,300 18.4 A/C-8 18,300 14.5
A/C-9 10,000 14.0 A/C-9 10,000 14.5
A/C-10 7,800 12.2 A/C-10 7,800 14.5
A/C-11 7,300 145 A/C-11 7,300 14.5
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5-(3) Issues and Countermeasures, <shift to temperature control by airsupply> Bl

Countermeasure @ Fixing Air Flow Temperature | c-Csection |

40

35

30
25 }—
o N\

15

By fixing temperature air supply, suction
temperature in each rack can be homogenization
|
It is expected energy-saving operation such as
Increasing temperature of air supply, reduction of
air volume etc.

Temperature [°C]

31 "TE ’ﬁﬁl_l L Ji:Sl B ] —|:|——I

20 A-A section I 0 B-B section -
35 —— A AR EHIE 35 —o— A F B FEFIlE
_ S HRREEEE _ - HSRERE
£ 30 L 30
g g
3 3
= ® 25
g g
E’ § 20
15 -+

10 -

O

[ 8% 52 e i FEE T 8 )1 o BTG 3] |{ R 3A 2 S8 FE ) 40 D om 222

1.0 (J 4 1.0m|23.0

oAz: 213 () ‘ 0.2: 19.7
HOT COoLD HOT HOT CoLD HOT
I[ ﬁﬁiﬁ’;@i ] FL+1.8m|20.7 215 | I[ ﬁﬁiﬁ’;@i ] FL+1.8m]22.1 235
1.0m|22.9 239 | 1.0m|21.4 22.6
0.2m|[22.6 233 0.2m|19.8 227
HOT COoLD HOT HOT COLD HOT

Temperature[°C] Temperature[°C]
[20 T2 o4 o6 [28 ] 20 22 o4 o6 Jog ]
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5-(3) Issues and Countermeasures, <shift to temperature control by asupply>:
Temperature [°C]
Countermeasure @ Fixing Air Flow Temperature | EEEEEEEEEEE
Horizontal
FL-0.2m [ Suction temperature control] [ Fixing air supply control]

16

Temperature under floor chamber is uniformized.

l

- Decreasing mixing-cross
- Decreasing possibility of hot spot emersion
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5-(3) Issues and Countermeasures, <shift to temperature control byair’supply>*"

Countermeasure @ Fixing Air Flow Temperature

Horizontal
® Improvement of temperature
FL+1.8m unevenness in each cold isle
C — C —
B - B —
A A
Vertical
C-C
B-B
A-A
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5-(4) Issues and Countermeasures, <Optimization of Air Blower CoRtrol>: <= ===+ iy

Countermeasure @ Number/air flow control of A/C

asc-1(] HE @E
_D = LCRAC No.
All conditions except supply air a/c-2 ]| &8 g@
volume are same as counter- A/C-3
measure @ : CFD model. D QE - A/C-11
A/C-4]] 3 % !
A/C-5 -
:D A B =5 [|a/c-10
a/c-6 [ [] 2 HEE S o
we-r (]| GHEE § dEm
[ = B F

LT A/C-8

Decrease 80% CRAC air supply

Countermeasure @ Countermeasure @
A/C-1 22,700 15.1 A/C-1 18,100 14.5
A/C-2 22,900 15.0 A/C-2 18,400 145
A/C-3 22,200 13.1 A/C-3 17,800 145
A/C-4 22,000 13.8 A/C-4 17,500 145
A/C-5 21,200 13.7 A/C-5 17,000 145
A/C-6 21,100 144 I:> A/C-6 16,900 145
A/C-7 22,300 13.8 A/C-7 14,700 14.5
A/C-8 13,300 18.4 A/C-8 14,700 145
A/C-9 10,000 14.0 A/C-9 10,000 14.5
A/C-10 7,800 12.2 A/C-10 7,800 14.5
A/C-11 7,300 145 A/C-11 7,300 145
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5-(4) Issues and Countermeasures, <optimization of Air Blower Control>: ¢ =»ur. )

Countermeasure @ Number/air flow control of A/C

D C-C section
j 40
2 ——RITRE
Due to reducing 20% air volume, overall temperature | 5 . - mEe0%
becomes high, however temperature in cold aisle is '] g ]
satisfied with less than 25°C. i - K 7
l _| ®
It is expected further reduction of air volume. E
]
| L
%0 A-A section | 40 B-B section
——RITRE ——RITRE
35 35
_ —— A E80% _ ——EE80%
£ 30 L 30

[ current] FL+1.8m[20; [current) FL+1.8m[22.1
1.0m|22. 1.0m[21.4
0.2m|22.i 0.2m|19.8
HOT coLD HOT HOT CcoLD HOT
[air volume 80%):1sm[zia 225 ] [air volume 80%: -1 sm[zai 247
1.0m|26.1 26.1 | 1.0m[23.9 238 |
0.2m|[2438 228 0.2m[20.6 204
HOT coLD HOT HOT CcoLD HOT
Temperature[°C] Temperature[°C]
[20 22 J24 26 Jos | [20 T22 24 J26 Jo8 ]

Copyright © 2010 NTT DATA INTELLILINK CORP. 40



5-(4) Issues and Countermeasures,<Optimization of Air Blower Contrgls =« s»x+. Sy

NTT BATA Fa =

Temperature [C]

Countermeasure @ Number/air flow control of A/C

Horizontal Suction temperature of
racks is satisfied with
FL+1.8m less than 25°C.
¥
B
C C C — :
)
) 2 MR
A - A A
Vertical
C-C
B-B
A-A
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5-(4) Issues and Countermeasures. <Optimization of Air Blower CoRtrol>: ¢ =

<Sector 2>

Estimated Effect of Air Blow Control

Electrical power consumption by all A/Cs (estimated) : 295 kW

Electrical power consumption by A/C indoor unit fan (estimated) :

295%X28%/11=7.5 kW/A/C
7.5 KW/A/C X8 A/Cs =60 kW
|
Estimated reduction of Electrical power consumption
A/C Air flow volume decreasing(80% ) by capping = 30 kW
= 263,000 kWh/year (8760h) )

With the above implementation, PUE value can be improved as follows:

(Electrical power by all A/Cs :
295 kW = 265 kW (10%DN) )
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5-(5) lssues and Countermeasures,Renewal to highly effective CRAC ~ =renecccssnr s

<Sector 2>

COP of present CRAC (Coefficient Of Performance )2.9— The latest specification about 3.73

When CRAC is renewal, it leads to energy saving when a highly effective type is selected .

Trial calculation of effect

Present CRAC power consumption 295KW

COP2.9— When renewal to the CRAC of COP3.73
578, 000KWh = 106, 700 SGD/Year
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6- (1) Improvement on other equipment and operation

Visualization

*Automatic measurement of PUE by addition of current and watthour meter.
*Temperature measurement of server rack and temperature survey with periodic thermostat
camera by periodic air volume control and airflow control.

Effective use for energy

-Lighting control with human sensor in machine room. (security synchronization)
*Reduction in volume of fresh air with CO2 sensor.

Operation

Installation of panel of blank in saver rack.
«Improvement of UPS load factor (thinning out of the number of UPS) .

Copyright © 2010 NTT DATA INTELLILINK CORP.
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To the end eraneccnans. NN

It would be greatly appreciated if it could contribute to the reduction of the use energy in the
data centers of your own country about the result of the survey and measures that
were going to be introduced in this seminar.

Thank you.

NTT DATA INTELLILINK CORPORATION
TAKASAGO THERMAL ENGINEERING Co. Ltd
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