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ABSTRACT

KEYWORD

Purpose: Internet data usage has increased due to the growth of the OTT (Over The Top) service market and the ~ CllO|E{MIE{

5G Network. Interests and needs on a data center (a facility storing, processing, and managing the data) have rapidly
increased in the past few years. That means the increased demand is driving the boom in data center construction and
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it leads to increased energy consumed by the data center. The data center consumes energy mainly for IT equipment =2 ¢|0|g{
and cooling systems to remove the heat generated by the IT equipment. The cooling energy consumption accounts
for approximately 40% of the total energy consumption in the data center. To achieve cooling energy savings ina  Data Center

data center, understanding heat generated from the data center operation is essential. However, there is a lack of
energy model to evaluate causes and effects between IT heat loads and cooling system thermal performance.

Cooling Energy Consumption
Simulation Model
Operation Schedule

Therefore, this study aims to develop an energy simulation model that evaluates thermal characteristics of the data ~ Measurement Data
center and analyzes the cooling energy. Method: This study developed and verified the IT equipment operation

schedule for simulation using the measurement data of the ‘A’ research facility located in Daejeon, South Korea. In
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addition, the air flow was analyzed by varying the heat load values for each IT space separately. Result: This study ~ RXeceived Aug. 8, 2023

validated the IT equipment and cooling energy consumption of the developed data center model using ASHRAE

Guideline 14, and the model met the specified criteria.
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Step 1: Obtain data for simulation model
- Cooling system specifications
- Energy consumption

Preparation of
data for simulation model

}

Construction of
IT system operation rate

l

Development of
the simulation model

!

Validation of
the simulation model

l

Analysis of
the simulation model

Step 2: Construct IT system operation rate
- Use of Measured IT system energy consumption
- Derivation of IT load value

Step 3: Develop the simulation model
- Datacenter building modeling
- System modeling

Step 4: Validate the simulation model
- IT system energy consumption
- Cooling system energy consumption

Step 5: Analyze five cases by varying IT system load
- Temperature of four points
- Cooling system energy consumption

Fig. 1. Overall research diagram

Production of
internal || ApplyIT load
load model to EnergyPlus
with EnergyPlus

IT energy £ IT load schedule
) Data processing A
consumption : 1 production in
2 2 with Excel =
data acquisition fraction

Fig. 2. IT system load implementation process using EnergyPlus
with Excel

20CE HEote = AASHT IT spacew IT ZH|7F A A = o] gl
+ Indoor space®} vter W AAF Zejd o2 A5t 1T space

o] yr A A2 Fa A CRAC (Computer room air conditioner)

= $57, °}Z7], o, 122 g7] Wo= FAE|o] i}, o
CRACE 9Fo AAd A7z s 9719 F3FS o=t
CRACS] At AA| AA"T FUoHA AEstglom W B&

0.641, 32 30 RTo|tt. CRACE 2 IT space®] g 7§4 A %]
R, CRACOA B2te ¥ 71 vre Sl d ol A £ = o] IT 4w
o MY & Ftog {YET WY EdS s «TH
CRACY 17] 2= £ 14TCo|H, IT AH)9] FHdf Td=F2 75.5
kWh/spaceo|tt. IT spaces®] A%, vte, W8 811 99 59 4
A= A A4 &g AL AT 2HAE HEotginh IT
spaces®] AUl A4 ==t A A4 Ho|HAEH S} FU6HA
24T 2 ARt AlEdolA 7172 A S dlolHE Bkl §)
= 7171 49 16¥9 5 78 30¢4 2 Aokt 2 d3+= Aled
ol BHlo] 7] S5 7 EE s 95l 4779 A
< ARt 4709 AL I AA"HA FHEEE RE
(Supply air point), IT SpaceZ == FE(Inlet air point), IT
ZH| o A B &5 = 25 (Outlet air point), Y A|2H 0 2 317]5

__?Lrlo

=

P Plenum space above ceiling
________ § H
. [0) ' Indoor [ \{7”
: CRAC Cooling Coil | ! ? e \ Virtual space (Dummy)
1 1 H
1 1
1 1
i i 0o I " I
1
1 Supply fan || isereen T space1 ! space2 | space3 | space 4
1 1 H
1 1 racks H
1 1
1 ]
1 =
Outdoor
1 1
1 unit Q @
i H ] 4
H I - ; Pienum space ander floor
@ Supply air @ Inlet air (to racks room)
@ Outlet air (from racks room) @ Return air

Fig. 3. Schematic diagram for simulation model
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Table 1. Simulation modeling parameters

Input parameters Values
Type Data center
Wall 0.34 WK
- U-value | Ceiling 021 W/m*K
Floor 0.29 W/m*K
space
Space set 2% 2 1 °C
temperature
St Virtual Space set 20 °C
space temperature
. Dagjeon,
Location South Korea
KMA
Weather data (Korea Meteorological
Administration)
Simulation run period 4.16~7.30
Tyoe Air cooled
P type CRAC
Fan efficiency 0.641
Cooli i i
ooling Coohng. coil 30 RT
System capacity
Supply set 14 °C
temperature
Maximum
IT 75.5 kWh
IT load per space
£ HF-2(Return air point) &2 275}t ojuf IT AH]of| A uj&
S T2 [T spaced] AUl 28 S4ote AA< T Lol

3. HolE{{IE] 2E HS

2 Foll o] B dE Aot
ol 2o A4 o‘é—f’_— ASHRAE Guideline 149]4] A
Aleta ‘21% AEE ol-ato] #ZaArt. ASHRAE Guideline 14
AL Cv(RMSE), NMBEZ AZst= AL Agtstar ot
ASHRAEOA AT Q= AZ 71&2L A golge
Cv(RMSE) 30%, NMBE 10% w]9to] 11, 47t glo]el: 10%, 5%
|gtolet. AF A, 1T ] 22 AZHg dlol8 Cv(RMSE)=
1.89 x 1074 NMBE¥ 3.5 x 107%Q1, @7+ dlole= 242} 4.0
x 10711 3.9 X 107°%=2 2159t} E31 Wil A Ad mdo] A7k
F dlo]8 Cv(RMSE)E 13.1%, NMBEE 0.2%%1, €7+ dlo] €
L 747} 9.8, 1.5% ASHRAE 7132 wEsItH(Table 2. 7%).
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Table 2. Verification results of IT equipment and cooling system

Hourly Monthly
Verification
System method Verification Verification
result result
T Cv(RMSE) 1.9 x 10" % 4.0 x 10" %
NMBE 3.5 x 10° % 3.9 x 10° %
) Cv(RMSE) 13.13 % 9.80 %
Cooling
NMBE 0.17 % 153 %

Table 3. Data center operating rate according to simulation cases

Sincl:ls:ts:ion IT space 1 | IT space 2 | IT space 3 | IT space 4
Case 1 0 0 0 0
Case 2 100 100 100 100
Case 3 0 100 0 0
Case 4 0 100 50 0

O] 7HEE2 0%, 50%, 100%2 W7 = e w, 5719 Cases2 E7
SFGITh(Table 3. %), IT 4] 9] 7Hs& 0%+ IT 1] o] 3l
(0 kWh/space)= Qu|stH, 50%= 57+&(37.75 kWh/space),
100%%= 1T ] @redo] Hhd(75.5 kWh/space)S LFERATE
Case 12 4709] IT space 7 %O] 0%¢°]1L, Case 2= 100%°]tt.
Case 13} Case 2= IT space 7} E0] A wjot H i uff Yt

Az AHgFol dFS T+ 845 o6l s Ak

o= T
Case 37} Case 494 IT %] 7} S IT space 13} IT space 4=
,IT space 32 0%, 50%2 5}

0%, IT space 2= 100%= A4 stA 1L
GAtt. Case 37} Case 4014= 91214 %Eﬂ W ou 2] Ag S
Bt 719t € 358 SIsklaL, 1T B dda § A~

go] A thE IT spacedl 7= FF& F7loksich

4.2. Case 1

4242 Case 1914 9] IT space™d 2% W o} o] 2] AL
A SH . Case 1:2 2= 1T spaceoll A IT & H] 7Hg-E©] 0%°]7]
ool AU Fol7h Ay ska] oFetet. ofoff wheh W o 2] A
2 0kWh$loH, IT space W 47 A1 2] 2=+ oF 20T ot (Fig.
4.,5.3%). o= 1T space® S A= 3 7HE 3749 A

L7} 20T 2 A AL 7] s ol o,

4.3, Case 2

4.3. 4L Case 20014 9] IT space™ 2= 9 Jaf oL A] AFE=F2
B3t Case 2914 = 470 IT space] IT 4] 7Hs-E2 100%
= ARty 1 2, A F ol v 2] AHEEE2 1T space 17+ 4
+ 117,494 kWh, IT space 22} 32 117,551 kWh# 2L, Supply air
point 2=+ 14°C, Outlet air point &&= 24 CE A5+ ch(Fig.
6., 7. 32). 1T space 13} 49] A Yt oL 2] AF8-2F-2 IT space
29} 3 tjH] 57 kWh 7FAFI T, IT space 13} 42] Al A} IT space
29} 39] T He AYL 71 20°Ce 7MY B2kt s 1l o]
w2t T space 13} 40] 4] H-& B3t A<LAH 0] IT space 29} 3 tiH] &
7¥er37] wizell @ ol 2] Abg-Fo] asteith.
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Fig. 4. Cooling system energy consumption for Case 1
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Fig. 5. Temperature by point for Case 1
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Fig. 6. Cooling system energy consumption for Case 2
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Fig. 7. Temperature by point for Case 2

4.4, Case 3
4738 Case 39149 IT spaced &% 9 W} oL 2] ALgFS
—E—H Sttt Case 39 IT Y] 7Hs-&-2 IT space 2= 100%°] 1L, IT
space 1, 3, 4= 0%= A3ttt 21 A3, 1T space 1, 3, 49| J9
oz AbEFLE 0 kWhAL, IT space 22] WH o 2] AbgFe
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=
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Fig. 8. Cooling system energy consumption for Case 3
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Fig. 9. Temperature by point for Case 3
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Fig. 10. Cooling system energy consumption for Case 4
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Fig. 11. Temperature by point for Case 4
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Fig. 13. Cooling system air flow rate for IT space 2
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