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Abstract Many studies are being conducted with the aim of reducing the energy consumption in data centers, which are
one of the highest consumers of energy. The use of an air-side economizer system that uses external air during intermediate
and winter seasons is being considered for reducing the energy consumption of air conditioners. In this study, using the
energy simulation, we evaluated the energy performance of a central chilled water cooling system and air-side economizer
system in domestic data centers. Further, the cost-effectiveness of the air-side economizer was analyzed through Life-Cycle
Cost Analysis. The results showed that with the use of air-side economizer systems, the energy costs increased as the applied
filter grade increased; however, unlike existing central chilled water systems, it would break even within 2 years.
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Table 1 Boundary conditions of simulation

Converted value of server heat
2,880 kWx9(floor)

IT equipment
heat load

Applied for each hour
Load of each hour is 0.7~1.0

Server operation
schedule

Lighting load 16 W/m2><2,250 mz(ﬂoor area)

Personnel/daily schedule of 20

People 1
cople load residing personnel

Seoul, Korea

Weather data (obtained from TRNSYS)
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Fig. 1 Annual outdoor temperature and cooling
load of server room.

Table 2 Operation conditions of HVAC system
ALT 1 ALT 2 ALT 3 ALT 4
Equipment  Central chilled

Air-side economizer

system water cooling
. Medium HEPA
Applied filters - Prefilter filter filter
Enthalpy - On < 343 kl/kg
control

Outdoor air
supply fan

Chiller 765 kWx8 Unit
123 kWx8 Unit
Water Cooling 110 kWx8 Unit
pump  Chilled 160 kWx8 Unit

CRAH 7.5 kWx324 Unit

- 11 kWx748 Unit

Cooling tower
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Table 3 Energy consumption for each alternative

Monthly energy consumption(kWh)

Month
ALT 1 ALT 2 ALT 3 ALT 4

JAN 7,109,789 250,052 413,180 754,980
FEB 6,652,675 289,841 515,348 958,959
MAR 7,148,190 545975 933,647 1,636,557
APR  7,123371 2,454,159 3,017,956 3,940,806
MAY 7,607,383 6,267,644 6,583,843 7,070,732
JUN 7,597,532 7,549,193 7,567,475 7,594,945
JUL 8,148,724 8,148,724 8,148,724 8,148,724
AUG 8,194,693 8,194,693 8,194,693 8,194,693
SEP 7,545,631 7,107,936 7,226,303 7,407,347
OCT 7,458,349 4,199,232 4,799,262 5,078,946
NOV 6,971,262 867,262 1,625,874 1,593,434
DEC 6,884,912 403,786 926,628 1,121,844
Total 88,442,510 46,278,496 49,952,933 53,501,967
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Fig. 2 Chiller performance curves.
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Fig. 3 Pressure drop of each filter with elapsed time.
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Table 4 Initial and maintenance cost of each alternative
System-related cost(lOSXWOrl)-Febmary 2013

Alternative Equipment HVAC cost Automatic Other Equipment maintenance  Filter replacement

cost control cost  expenses cost(Repair cycle) cost(Repair cycle)

ALT 1 13,837,243 5,432,151 215,523 946,303 1,383,724

Total initial cost(Rate of increase) 20,431,720(-) (2 year)
ALT 2 16,337,243 6,432,151 315,523 996,803 1,633,724 124,431
Total initial cost(Rate of increase) 24,081,720(17%) (2 years) (1 year)
ALT 3 16,337,243 6,432,151 315,523 996,303 1,633,724 203,910
Total initial cost(Rate of increase) 24,081,720(17%) (2 years) (1 year)
ALT 4 16,337,243 6,432,151 315,523 996,803 1,633,724 380,208
Total initial cost(Rate of increase) 24,081,720(17%) (2 years) (1 year)
WAF7E A7 992 HulEE LCC B4 EAS Table 5 Electricity charge of each alternative
a#E] 1d FU2 AAER e, oo uel =hel A Month Electricity charge(103XW0n)

A Sel whE wAF7]ol vigst =S 2F FEE wAH| O TTALT 1 ALT 2 ALT 3 ALT 4
&= Fhkste] A g3kl JAN 704442 25936 42297 76302

R Aol dolEAlE e 7}tk Az A

= e = e FEB 659,204 30,197 52,830 96,957
40 ANAE BHEoR WS AT ALdol MAR 539308 43266 7288 126205
o, 85 AbE VES ()@= A TAe 2013 1 : : ’ :
AgZom A A7kde] g BamEs el APR 533,774 197,096 238,918 306,906
A} MAY 570,513 485,632 506,048 537,372
A .

Table 5= 7} tjote] 94 A=A o298 el JUN 569,760 567,154 568,140 569,620
Medium filter”} #|-8-% ALT 39] 75‘% AAE o5 JUL 844012 844012 844,012 844,012
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pul %S -1, A
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Z3 54 - B W wA HRS zZhz Mg AR . replacement costs
T T B A HES 7z MR APgst Deposit — —
o] 2851901, Table 60 LFEFATH Year rate Yolat.lhty Real Yolatilhty Real
Price index rate of Price index rate of
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Table 7 Change of breake-even point according to sensitivity analysis
Alternative ALT 1 ALT 2 ALT 3 ALT 4
Real
rate of %CC %CC Break-even %CC Break-even %CC Break-even
interest (10" xWon) (10" xWon) point(Year) (10" xWon) point(Year) (10" xWon) point(Year)
-1.37% 213,542,007 162,520,464 1.4 170,130,807 1.7 162,520,464 1.4
1.37% 168,429,259 132,237,481 1.6 138,429,259 1.8 132,237,481 1.6
3.37% 145,018,897 116,522,730 1.7 122,274,969 2 116,522,730 1.7
5.47% 126,343,915 103,986,714 1.8 109,232,554 2.1 103,986,714 1.8
7.47% 112,635,243 94,784,449 1.9 99,658,558 22 94,784,449 1.9
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