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Green Data Center

sresvees Why They Matter

The more we use the Web,
the bigger the job for data centers.

That requires energy. iy
A lot of energy. o i e ~ How do Green Data Centers
: ~ save energy?

Boost airflow Consolidate Improve processing  Exploring innovative Raise
management servers technology

cooling technologies  temperatures

@ﬁ\

v40% 410-40% 16fld Vw©095% v60%
energy energy computer efficency energy cooling costs ' 7

[ |

What benefits § e clder
do we get? : server with a design

and at least 30%
less energy

saves.



7Lt o} £ F2 Clo[EME| 25

Power Usage Effectiveness

__Air Handling
__Cooling Unit
Tower

PU E Total Facility Power
7 Equipment Power

CeilingMounted

Daylighting Controls,
Light Sensor S /

Motion Sensor

Lighting

-Exhaust

Qe orsian PUE (Power Effectiveness, 521 £8 X|=)= Glo|E{HIEIS] 58 LIS HEQILICH 5
Panel Boards — llj Intelligent B o UG T HH[7| AH[SH= HYYOR Lt 2O 10 245 T2 00| TS AUULICE
veomer ¥ A Airflow RoomAir || | EIOIERIE| 212 201 NS B CHIE 4 51 T JIgRH IS 2O B3 PUE 118
v{algxg::tg:ﬂ e l ~Batteries } 3 Conditioner J|ssaLct

Automatic Transfer
Switch (ATS)

Uninterruptible
Power Supply (UPS)

|
Power
Distribution
Unit (PDU)

HHaE X

PUE
o

Motor Control Disconnect —?*
Center

B

o2

Mz ——
B Maic: e & G _E;sn:';bunun
e [ | -
Switch, F Energy
witchgear e A
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NAVER 2nd DC - Cloud Ring

PUE (Power Effectiveness, 12| 5.8 X|3+)= HI0|EHIEIS| 288 LIEHLHE H=QLICE &
THYS TP AH[SH: HHYOR LEz A= 10 7HS4+-5 242 go| Faeh 2igiLich
COIEHIE] 242 77| ARS8 CiAIE - Q= 212k 1@t Mt Y02 WA PUE 118
J|ERaLch

HHaE x|

1.09™

ENERGY CYCLE : ENERGY EFFICIENCY and COOLING METHODS

Problem: High Energy Usage in Summer
S0l =2 02| AL

JAN FEB MAR APR  MAY JUN JUL AUG SEP OCT NOV DEC
—————————————— MONTH OF YEAR

TYPICAL DATACENTER ENERGY BREAKDOWN(PUE1.28)

“ CHOJE{AE] O]{] &4 BIg
° T=778% UPS =7.3% » HVAC = 14.9%

Use of Outdoor Air + Summer Optimization
QI7|AHE + O|EH 2|33}

YEAR-ROUND TEMPERATURE CHART (SEJONG CITY)

HIZAl 2t MR 28 28% OF TIME

NOV | DEC

BASED ON RADIATION OF THE EARTH INTO THE SPACE.
A SURFACE FACING THE SKY WILL EJECT ITS HEAT IN THE
FORM OF THERMAL RADIATION DUE TO TEMPERATURE
DIFFERENCE BETWEEN SURFACE AND THE NIGHT SKY.
AIRFLOW CAN ENHANCE THE COOLING EFFECT DUE TO
THERMAL CONVECTION.

< SAVE ENERGY BY REDUCING OUTDOOR AIR
TEMPERATURE.

———————> STORING OF THERMAL ENERGY FOR EXTENDED
PERIODS. STORING COOL AIR CAPTURED AT NIGHT
/AND RELEASED DURING THE DAY.

Combined Integrated Cooling Method
S8 2t Uy

ofi42] AtO|E : 02| EEH 0 Y

&

N
bt

HiEH
od

J

Renewable Energy: PV
L1214 ofi 2] : PV

* ) EECTRC
ENERGY

ROOFTOP PV PANELS

S4PVIE

SIZE: 22,000 SQM OF MONO-SILICON PV
ANNUAL SAVING = 5,006,000 kWh
CONTRIBUTE TO 2.49% ENERGY SAVING ON
HVAC ENERGY CONSUMPTION.

‘OPTIMUM HEAT EXCHANGE LOCATION FOR
RADIATIVE NIGHT COOLING PANELS

2|3t 32| @24 0|88 AOI2 2

”:b THERMAL MASS

COOLNG
N q
72% OF TIME % i
USING OUTDOOR AIR MIXED WITH RETURNED HOT AIR FROM SERVER ROOM % #

TO SUPPLY SERVER ROOM WITH 22 DEGREE CELSIUS AIR, AND ENSURE 24

DEGREE CELSIUS AIR TEMPERATURE IN SERVER ROOM.

QUANTITY =9

SIZE = 34M X 20M X 2M (EACH)

LOCATION = UNDERGROUND BASEMENT SLAB
ANNUAL SAVING = 245,700 kWh (2,952 kWh PER DAY)

28% OF TIME (SUMMER: HIGH TEMP/HUMIDITY)
COMBINED INTEGRATED COOLING METHODS -

1) CHILLER + 2) ICE STORAGE + 3) RADIATIVE NIGHT COOLING +
4) THERMAL MASS COOLING + 5) AMU AIR-SIDE ECONOMIZER

25

CHILLER + 'WATER CURTAIN SYSTEM + ICE STORAGE

@2 i oA AH =9 Yag g
THERMAL MASS COOLING - RADIATIVE NIGHT COOLING -
USING BASEMENT CONCRETE SLABS USING VALLEY'S SUMMER WIND

3 OiJEiEE 0|88 ORZHRANY2}

RADIATIVE NIGHT

COOLING PANELS

SIZE = 4,000 SQM
LOCATION = PREVAILING WIND ROOFTOP
ANNUAL SAVING = 36,444 kWh (348 kWh PER DAY)

'WIND SPEED AT DIFFERENT HEIGHTS
ABOVE GROUND LEVEL
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Carrier neutral data center

Dedicated

H|-&

Internet Service

Neutral

v
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Data Center Tier

Data Center Tiers

Enterprise corporations

99.995% Uptime

26.3 Minutes downtime per year
2N+1 Fully redundant

Tier 4 96 Hour power outage protection

Large businesses

99,982 % Uptime

1.6 Hours downtime per year

M+1 Fault tolerant

Tier 3 72 Hour power outage protection

Medium-size businesses

| 99.749% Uptime
UPTIME INSTITUTE CERTIFIED 22 Hours deswntime per year

Tier 2 Partial redundancy in power and cooling

small businesses

99.671% Uptime

28.8 Hours downtime per year
Tier 1 No redundancy
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Data Center Tier

LHZ! Al

Triple-Friction Pendulums and Fluid Viscous Dampers

Triple-Friction Pendulum (TFP) bearings and Fluid Viscous Dampers (FVD)

assist in energy dissipation and reduce overall building displacement

|

@r=TZ2AA7IE, KBC)

LIZISS 2|lE 72
=] 6.5-7.0
158 6.0-6.3
252 5.7-6.1

o X1 WA (2|5|E16.5)0142| LHZI M| L
- 7|Z IDC (2[5]E6.0)7|1E &4
*2|5|E] AHY 1.0XH= Z242F 334H X}0|
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Data Center Tier
* Fully Redundant

Figure 1: N+1 Parallel UPS Figure 3: 2N UPS Figure 5: 2N+ 1

N+1 2N 2N+1
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Data Center Tier
*  Power Source

T TT] olo|E{ME]

Active / Standby 22.9kV

|0 E{ 4
+
H{X A

Active / Active 154kV
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Data Center Tier
*  Power Source

Ui XS24

TE5KY \ 3asky 154KV \d.
z (.I ."l

) - 220/380v "~
_ 154ky Y
345kV -
FTESPS 765kv aau. o HEA Mead

Eﬁ.u

~
f
-
ﬁﬁ.’-‘. ﬁﬁ.’t
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Data Center Tier
* Facility
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Data Center Facility

« Y|, Y, HiEE], RF

Diesel Generator Transformer Uninterruptible Power Supply
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Interconnection of Carrier Services

* MMR
A
X7 |
9F
/ | “Meet Me Room”

. /

/@ . GlOIE{MIE] 147} 2¥sHH,

' d 2|5 g|Mef 12 BE MMRE 2{*{of §HLc}

MMRO|A T2HAL o2 JALY 3|M0] XY &|0
MMR 18]'d, &2t HIZ0| 2’4 TLct.
ya MMRO]| 21Xt 2] FH| = & H|Z0| 24y FLICt

UWE #1 WE #2 —
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Data Center Rack Space
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Rack Density (kW) in Primary Data Center

Rack Density
| |
.
| |
|
| ]
]
| |
]
| |
|
| |
|
| ]
I
| ]
|
| |
|
| ]
|
| ]
]
| ]
|
| |
|
4kW = 13ea 12kW = 39ea

The typical respondent reports an estimated mean rack density of 8.2 kW in their primary data centers,

Average Raclk Density - Primary Data Center

<1 | 8%

v [

o |
o | 21
e [ v
1520 - 10%

200 - 6%

Change in Rack Density - Past 3 Years

42%
26% 26%
3% 3%
Increased Increased Remained Decreased Decreased
significantly someawhatl the same somewhat significantly
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Rack Floor
| O|50IF2 74 | 55 HAE Zu}

A X - OI=Z 2T + TUET P.BETI + HEAEL i L(“ff‘?’;' 300 400 500 600 700
SPEC » 600 X 600 X 25T g
= 2f « OF =
=y of 10kg/EA oge 126 | 16 | 183 | 226 | 261

X|X|eia] + Pedestal X|X| & Corner Locking =

P ESES . SES!

s=61S 700kg (X%& 3mm O|LH) . ZE61E09| XHAIS 3mm 0|LE 7|x=0= &t

EET5kE + 2,000kg/m* (K& 3mm O]LH)
i a sen s HAE [JEEC = 600
SEF wmmwiomusn| SO0

3

ol

- SEEOIEY XMEZ 3mm O|UHE 7|EC=

(k) (mm) AFEN AN

0

g Highly Sensitive P.B 1,200 0.23~039 3% i) U5
3 CORE 23.8mm

4 1,500 020-028 s o5 ors
’ OfA==S2 0.6mm C A 2T (B 31 708) (KS 71E BEIE : T 1mmoO[sh, S5 1.5mm O[3
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Ice Thermal Storage System
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Heating
Ventilation
Air
Conditioning
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Containment RACK Space

SOl S8, B7| SE A=

oiLx] 2& 37t

<
<+
<

AAA

=)

Cold Aisle

Loose Seal Barrier

for pressure balance

(C

Setver
Cabinets
(side vlew)

Cabinets
J k (side view)

Hot Aisle

vVvYy

a

Cold Aisle
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Cloud Service Provider Connect
« PData Center Intra Connect

al

awi Google Cloud
- 9F

/65 7F

(5?

A\N

MMR

O

2 Cl|IO|EJHIE|2| MEHTIO 2=, H|E-S OPZ o= UWE?

Google Google Partner
; . Customer
Cloud Peering Peering site

Platform Edge Edge

0—i-— ]

sej\oue .
TELECOM
. a— X
L
) Google Cloud Platform
Google segment SEJONG Telecom segment

s
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Data Center Availability
« Power Issue
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Data Center Availability
 Fire Prevention

HIE 2 U

— 7| 2eomus

!

VESDA
“Very Early Smoke Detection Apparatus

n
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