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A Study on the Improvement of the Water Source Energy Distribution
Regulation for High Efficient Data Center Cooling System in Korea
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Abstract

In this study, the current regulation of the water source energy, one of the renewable energy, was analyzed , and the
improvement plan for the high efficient data center cooling system was suggested. In the improvement plan, the
design and construction guidelines of the water source energy system permit to adopt the cooling and heating system
with or without heat pump. In addition, it should also include the system operated in the cooling mode only all
year-round. The domestic test standards to consider the water source operating conditions should be developed.
Especially, it is highly recommended that the test standards to include the system with forced cooling and free cooling
modes related with the enhanced data center cooling system adopting the water source energy.
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o] 9 B QLR 0|83t dojAE QoUAZ FAHH, AAZHA] tiF2 o] FEodA] AlLH
< e o8t ASES] WY AlLH R HEFEfon, 20199 7 E she7 230 g FH
X 2948 A% AdE FEol B g 7e 55 Uk SHAIRE, oA gl o7t od ]|
2BF AGaITE S AR AFHAT HI7A| AKH LR oA aRFo] F7HEIL Yl H oAl
B9 A& A= wif mEe Ao, 4]
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Sl AEFA A A 2FE FHOE A" AoIHs, 6]. HolHAE Y ouA] Lvje FRE
4l 717, A Al2E 3 71E A Y A2EE Ytk ° 2R3 UAR A" ARV 7=
Ad, Z2AA, A% A R HEHT v 2 FYET A AlLELS R A 35 BA, 29717, 1
471 i AR L2 L] dolHAE 9 oy x| &H 2 CO, HiEF2 wid oF 10%2}F 6%4)
S7FokaLl QUTh[8-11]. HlolEAlE FoldA] AmTFY| oF 52%7F JERFAZI7INA AREHI o, HH
SA71719 QA FEE AT Y7114 oF 40%2] oUAE RSk QITH[12-14]. YA '
HEA71719F AME SBA Y &5 A= FA817] A% YAA L o2 ARGH. wEkA glo|EAlE
9] oA AH|E Foli JEFAZIZY A FE AA A &0l B2 FEALH] EUH
oloRItH14]. & oM 7IE9 ASEY] P ALHY Fe54o] 0 HolHAlEg +EdqY
A AeE A sFHE AAYAUA B FH A= e A 7|2AERE ATt T

S43Y BES DY) 95 1Y A AR ohlet YDA BFe Fayol F7HEe
FY3 Fapels S0l F7HT A2, 15 AL A FF BHSHE 9
s % A Ustel DAL A FF T3] B AT s OH, ALY Y Axoz F

AUAE TEste LaELY GHIALH o

FEoUA = HE&FLR 0|80l 7hedttte FHE 7HA AL Aot = Eod A= 2014d of] AT
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ol g B S-S /NS A-AAAA du] A Foll Bt Ao “FEAHA] du]”Y AlF
71E = st BEaE JFstA ok @A st sheE T A= AlolvA 2 A
AR Aol SR 7t FHA LAY, TR A A5} A, A LA, AYEFA,
SELAA LAY, A& NUA] B A i AlAEeR B S4to] I Y. sEollvA= o
F o] Al Aol x| 2k o] Ao A] B Al 2] Aol G- Hg SR AL AP A] du] A
Soll Tt Aol weh AEAL 9 RFREANN A AlFEo] RFEIL YT Table 12 FF A
st A2E EoUA g @S UEdH, sjfeitite Adez dXE sdoyA dels difs
S ol8sto] FAFAR A Had sdouR o, SR d e o3 Hed s Ae A=
o 8oz Bgd Zoltl, 17].
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Table 1. Installation capacity supported by government

Government Yearly installation capacity (kW) Total
organization ~2014 2015 2016 2017 2018 2019 capacity(kW)
Ministry of Ocean 141,761 42,120 43,195 41,942 56,797 36,770 362,585
and Fisheries
Ministry of Trade, 5,935.5 0 2,100 2,618 10,653.5
Industry and Energy
Total 147,696.5 42,120 45295 41,942 59,415 36,770 373,238.5

oz Q7= 9t
3. H|O|E{MIE{ HEIA|AE

42 g er s Holgrzt v 4k HA Y AFsEHoR dRHL oen AFAs
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AlE 9] S840 S7FstaL Ut ofof whet 7]& 9] HAFA A dloleAlE dfr| &7} vij-$- 2 107t 4
9] AHFA AHE 2PG3H= 20,000 m* o]4+9] 7S 713 stolw AA U] glo|EAlE] 7t BHAtE T 9]
ok glolEAlE = ov A R oln, AYUrrt F7Hetol wtet Ho|gAle FRFA7|7]19 d4=4 &
BE 9 WA A" £ HY Frto] we) glere] Ta g WA 7|4 Ada wFetdel B
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Table 2. Data center cooling system

Data center air cooling
Classification Type device installed in the air Characteristics
handling unit

Cooling
method

Air cooled Vapor compession
system system

- Outdoor unit is composed of compressor,

Evaporator . .
condenser, expansion device

- Chiller is installed at the mechanicla room
Forced cooling - Heat extracted from condenser to the

Chilled water ~ Vapor compession outdoor heat extraction unit(Dry cooler or
Heat exchanger

cooling system system cooling tower)
- Cold water supply to the heat exchanger
in the air handling unit
. Direct coolin No heat exchanger The outside cold air is drawn to the inside
Free. cool.lng g g directly
using air - - —
Indirect cooling Heat exchanger - Dry cooler is installed at the outdoor.
. - Cold water(sea or river water) is supplied
. Direct water . . .
Free cooling coolin Heat exchanger to the heat exchanger in the air handling
. & unit
Using water - .
- Cold water from cooling tower is
Cooling tower Heat exchanger supplied to the heat exchanger in the air
handling unit
Table 3. Comparison of the load characteristics in common building and data center
Items Common building Data center
- Outd t tur .
. uicoor temperature - Internal heat gain such as IT
Main heat load - Solar heat gain .
. equipments, UPS, and etc.
- Infiltration
Operating Cooling - Summer season - All season
mode Heating - Winter season -
O ting ti for heati - O t staying ti in th .
perating time for heating ccupant staying time in the space o operation
or cooling system - Working time

SOl FAFSE AASH| Aol AT FRE Y 2AHA w2 oA amFo] wjp Ak AAE
AEFA7 71N SR EAstEE G A €0l Bajith

HaA2 2 E G457 s HolHAE 9 ofuxAmwg A1) Fagdo] SHidol tlolEAlE
G BE8AS T A ALY AA ST A M-S AR AR L #2E SOl AATH Y
o, glo|E Al E] ‘ﬂHWH 1EEIE T AUA AF T80 THEHL A 53], AHAE WA
Holl mhet detdSE9 9y 7§£7l7l§ HEEHUNE 71454 AL(EHD)Y AF 7heol
Al B2 ol A —’F%i%ﬂr T2 A2 dYe o83 A YAILE Y AE B 9 2= wEt 7“1]
Wy Aol 2ekd stolHE WA LRSS HEsto] Ho|HAH Y We AT oA LuTF
g ®gete] A= FAAHIL ot

SFHA FEAUAE & A-AAAA I o] “Al- Ao A] dr] A Fofl T AR A7
off met AA, AlE, AR FEEHI JUH17]. s Aol A ] 7|EdA AEHAE “SfeES E 5t
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Table 4. Temperature range of the water source

Temperature range(°C)

Type -
Winter season Summer season
Sea water 8§~12 22~26
River stream water affected by atmospheric air affected by atmospheric air

Dam water : below 5m from surface 3~7 21~28

Raw water to the purification plant 3~9 19~26
EFTH22) Qe AV 7)) BT LERTE Bon], Yaet g440] e Bo| &L 9°C 0|3
£ Uehfjo] 2998 o83t 2719454 WEV(GIEHE 5)2] 71 glo] A4 Hlolg AlE W] 7
51t} Fig. 12 2719 daglels WZARS o435 doEAlE Wivlel 28 el Aoz 594

U9 At $AE22RE HolHAlE 35 ¥4 2R B2 2EgS VIHER 2
ol 7hs stttk @Rttt vl 2 Aottt F714E4 35717t 2AEHE AAYEeR 4H, 1O 9
9] Aol A ol s A EE sto|B= AlAHOR 2HE 4 Qo BE olF F3f HelHAl
B 3719 ouA AnS A Agd = Ao SR, AR Al AN A] du] A Foll Bt
AL AN =B A G Heloll et 7L 2R E s A= WEA FIEFHZ FUEs 7
Hlstojopstn 2 do YRS HolHAlE W72 Fgof Ago] it o= 2000 2yHEE A7
A FEAUAE Z3 A EAUA7E F2 sHE7 e A5E YUE 999, s287de A5E
of IS "HYste ALFoR HEH dF AHAE YA AE o R 2AE = dolHAE S YAl
o 29 AgAte7E ARshy] fed Aes E4"n. IER, A7 6% o9 CO, W&ol S8t
3L, FF 15%1A 20%2] AzE AR EFFo] F7Hd AR A HolHAE S AuA A B &
/\HHEE]: ot QAR LR 9] g BAHSE s +EuA A &8ss AP TAl
28 Ee AL GAG o] 23 stolHAE YA AE Hags 3 EHZE RtEA] Zasjof
ke @AY A AN A B A= Aol a7dT. 53], EHZE SVIYSA AelE9] 71274
Fooll AP o] FH|Eojopsin, Wt 2 RE W] EPE} Al dugr| et dejdugr] 9| 7]
0] U7 571t "t TR o] 2 Qe S5EFe] FUEFEG XN udE F
U3 FFo 2 A HEE A& o AR ) W 24 A8 HER dAE ALEEG HE a8
&0°] Aste.

00‘

WATER COOLED SYSTEM

IDC EQUIPMENT ROOM
HOT AIR
{ HEAT EXTRACTION UNIT
[eofoo] [ HoT
WATER
: COOLING
IT RACK AlR TOWER
CONDITIONER | | ——
- WATER
COLD AIR_

Fig. 1. Schematic of water cooled system[4]
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Sa], 2oy Au]e] AP S KS B §292-8204 [23-25]0] wle} Ql=uke Au 2 A7 sholofgt
o). Table 5 KS B 82920] w}& 2-2 A9 AWE $30 4% A 24T 454 (Coefficient of
Performance : COP) 7122 Urehdith, AL A4 UA Y Fo] QR §UE 88 A2EE QoA
Hush ol ti] Auloln], AAolti] Aulz} 2000 ZWHRE TFEAT 2015HRE AEH wF7|
gho] nlAlE oA Au AL SARE AT THL AR A9Y FBZ §1 AS 7)E0] 4
o7 Aujo] 7 Hgat Aoz Aol +PHTh KS B 2920 H = AR Unjd AEAne
7) el uheh Wbt AAARRATY D2 Y5AS AF 71Z0] th2A FYElo] Ytk Table 62 54
o7 dule} TralE o) A PEET KS B 8292-82049) A PHES ehlich. FYN PEEE A2 o
x5 ARZATLE AN Yoi}, FYREE A9 YR wFoz Yrlatw, AAY JY=
o} @7l 429 BB gt WEe] ARFAL AT Yrh26-28]. 58], SAY FHZ A 28o] of
3 4 Y 20 ADY QU AY 2247 Aolsith ok, 2o] FAME FBZ Fule] 45
2ot Ha 8F A%S WrlSAE ATk kA, Bl A A EHS Wt APZ Sof
qgt KS ®2e) 27} A i 7|20 QY QEET 3 AW BE AR B oA Aulo] 4
et AW 74 ohelo] aE,

A&H oz o7 aule] FEF) et RE e HolEAE Wil A 9 HEE 93 4% 7]
2o Hoo] uFoA AFEAT. AHRI 1361129} 201790] AHEHLH, oF 7gske] ANSY
ASHRAE 127[30]0] 20208 =6 A M= Ak o] FANAE /1A Y, 429, Wake ol A28lo] gt
ol AE S W] o) AR 2AT e AT AT shEy] WA $47) deAEE: )2
o) ikl AYWZ Y FrIZFIHE Tl AAE Yo AE s ol AlE Wivel $H S4S v
stol A ex WskE Teie A7 W ARRAL AAST itk Solat whet AL 7Ze) AW
Ao A W 9 W Z17ke] 37 ed A0S HZ $3} 42 A5AS(COP)E AHsIA e, b
lHAE Wiy AF FANAE A7 $LeluR 5o 29 WEE LT 419 AFzAc)A ] A
HASE AR 712 58 Lelat 715 (Weighting factor)S A& 3te] dlolElAlE Wi7] o]

=

Table 5. Test condition and certification criteria(KS B 8292)

Entering water temperature(°C)

Operating mode System - - COP criteria
Load side Heat source side
. Open loop 12 15 5.04
Cooling
Close loop 12 25 431
. Open loop 40 10 3.78
Heating
Close loop 40 5 3.62

Table 6. Domestic and international standards for water source heat pump

Specified test condition(rated)

. . Performance
Classification Standard Ground water Ground loop .
Water source requirement
(Open loop) (Closed loop)

KS B 8292 (0] (0] X o

Domestic KS B 8293 (6] (0] X (0]

KS B 8294 (0] (0] X 0

ISO 13256-1 (0] (0] (0] X

International 1SO 13256-2 (6] (0] O X

AHRI-320 X X O X
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7+ 588 & 3l= ICOP(Integrated coefficient of performance)S AHAE 4~ JQ=ZE 31t} ICOP= dlo]
gAY @79 47 aeS Usle & g AsAsolt

tlolE AHEE] S7te] whet glo|BAlE 9] o A] &nlg W gaulETF St tf-8-5t7] $Iste] HolH
AlEl oA 42819 oF 40% o4 At Q= dlolEAlE W7o a8 S s 89y &&
I3 7129 F719E4A WirIe 2 €9 240 wet S7IUFA AtelZol 7HeE = AT 4
vk Ol“lé}c’i 214 dpste AHAEH Al Ago] 23 dlo|EAlE-E stolBEe|E W] Be AAY
WS sk HolHAlE S W79 Al 2 Hgo] SrjEa gtk

T A= HoleAlE Y ovR] A flaf - o8l 59 Bt 7S atetel wet HolE
AE 9 datoyx] A7HE {8l AR ArE A83 79 Bg 43 4 7le Jd93E s
“Al-AAY R A A Foll B AT A7 AT A 7o) HEstr] g = E °]§ Ho]
HAlE @i7)o] #E KS AJE #& 59 APl a4t
4.4 £

glolg 7]9te] 4] WA wet HolHAIE & o | x| arge] 355kl Ut HolHAlE oA &
H| 9] oF 40%E HFStL Sl vlolEAlE W79 1 asstE 9 sEouA] B A= d dgS &
Asta, oo 282 20

(1) Lo AE o] &3t HolgAlE W7 dut A5E9 3= AT 28 A 95 F
2 ¥ EAEE EAS 7R ok

2) AHAE HY & EH= dolHAE W)= ALY 8% o83 AAYHAIAE Be FTIUFA
A Y Aady LHE 5 e stolEE WA AF e o] Hipo] 7HEstitt

(3) ayug, gy xdae ’“74] A, AP o] B Aoy A @ AN A] Aol &

Ha SXHIG A-AQgqx] du] A Foll B3 AoA 88 dEZ ALY I AG Aol
gt 7Y HEZ 2asitt

(4) E3, @A A= AEY €9 fUlo W s

dolqA] dulo] HEHIL d=tl, FEAHA o AFE A

7\1]’@"]‘% g EE9 Aol FAs| aH

(5) 22 ohFet €9 A8 dolHAE Wir] ALge] gt A%t s B A@FE 0] A E de
ng o5 7|vte s Iy 71§ & At +EoldA A& golgAly W7o digt A" 4 A
22 folgAE ¥i7Y A B 8% 1a&3}e 7|vhE FEshe Zo] Algs] Basit

o

7l 4 A% 71%4] KS B 8292-82947}
Z7E B 2L GHE AIE B2E

71

i

B ABRBE BARY AU GIVRNA7IENY BIENLAY AUS wob ATEHUSY
tH(1485017248).
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