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ABSTRACT

Application of the Air—-side economizer system to data
centers for achieving Energy saving and Economic

performance

Park, Seonghyun
Advisor : Prof. Cho, Kyu-Man,
Department of Architectural Engineering,

Graduate School of Chosun University

With the rapid advancement in domestic IT industry, geometrical development
of performance and processing capabilities of related equipments and rapid
increase in the demand for data centers, the market size of the domestic data
center is increasingly expanding. However, the expansion of the market size of
the data center has led to the vast increase in power consumption of server
equipments in the data center where is operated for 365 days, and cooling
power consumption for removal of heat load of server apparatuses. For such
reason, at the moment, domestic and foreign studies on the improvement in
air—conditioning efficiency and cooling system are in progress to cut cooling
energy spent in data centers. Air-side economizer system 1is effective in
reducing energy consumption by introducing the outside air to the server room
directly during intermediate season and winter season that outside air's
temperature is low. But, in spite of the need for reflection of the changes of

energy consumption which considers temperature and dust of the outside air,



for the application of the air—-side economizer system, there is a shortage of
research on this. Accordingly, this study analysed the effect of the
improvement in energy consumption and air—conditioning efficiency of the
central chilled water system in the existing data center on the reduction of
energy consumption, according to the changes of chiller's chilled water setting
temperature, through a TRNSYS dynamic energy simulation. Moreover, case
study was performed to analyse the effect of the air—-side economizer system
on the reduction of energy consumption depending on types of applied filters
and control conditions and furthermore, its economic efficiency was examined.

The major research findings are as below.

1) When analysing central chilled water system's annual power consumption,
chiller, amongst system devices, showed the highest power consumption(47%),
and raising chiller's chilled water setting temperature to 7 degrees was helpful
in cutting energy consumption by 8% each year without additional device, due
to the improvement of chiller's COP. m widely, optimal design method for it is
needed. However, there should be consideration of the decrease in the number
of server racks to the unit area which is caused by the improvement of

air—conditioning efficiency.

2) This research performed a case study on control methods of the
introduced outside air and applied filters of the air—side economizer system's
without separate mixing chamber, for mixing of exhaust. As a result, it was
revealed that energy consumption was cut by 49%, compared to the existing
central chilled water system. But this is the most ideal case, and thus may
cause malfunction of server equipments and inequal air currents in the server
room coming from the introduced outside air. Though the case study for
enthalpy and temperature control was able to remedy these shortcomings, the
energy reduction effect declined. Plus, the energy reduction effect showed a
slight fall, because of the increase of outside air pan's power, as the applied

filter's grade was higher, and ASHRAE recommended filter, Medium Filter was

_Xi_



applied to 34% of the cases. Therefore, it is thought that there would be need
for the application of filters in consideration of dust in the outside air in each

region.

3) LCC(Life Cycle Cost) was estimated, based on the market research and
the result of dynamic energy simulation, and air-side economizer system's
economic efficiency was evaluated. After the application of the air—side
economizer system, the initial investment cost increased by 17%, but it was
possible to reach the break—-even point in nearly 2 years, regardless of filters,
since power costs that occupied the biggest proportion of LCC, decreased, and
it had the lowest LCC, too when the sensitivity was analysed, according to the
real rate of interest. Consequently, it was more efficient economically than the

existing central chilled water system.

In conclusion, further research needs to examine total energy consumption in
data centers, since this study was limited to the analysis of cooling power
consumption of the data center for evaluation of energy reduction effect and
economic feasibility. There is also research on water—side and air-side energy
economizer systems for reduction of data center's energy consumption,
currently, however, it would be required in the future to develop a system to
cut down on data center's energy consumption using geothermal heat and
stream water, as in domestic environment, they are not used a lot during
summer season that wet-bulb temperature of the outside air is high, and to
cut energy consumption in cooperation with other industries like hot spring

industry which needs hot water throughout the year.
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ASHRAE (2004h)13¢} NEBS (Network Equipment-Building Systems)ol A& dlo|H
A o] AA =ro= MH o F9dHe= g7]9 o8 3 F3 2= Wl tE Jfej=
Zh1& AlQksta glom, <3 4.2>¢ Erh

T2 518 el (C) FH #Hel (0)
Class 1 15 - 32
ASHRAE
20 - 25
(2004h) Class2 10 - 35
NEBS 05 - 41 18 - 26

webd] B oATe] A48 AHEY 97199 AZHe % A9 Aol Rz

eE W9l Ads A dom fA¥E FARYE A771E mEslol @t o

A% B4 RS AP AwRa 2z AAG A ANIE neE + Qo
A
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O ISAT

3,438 At XL IS s

dry air temperature['C)
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13) ASHRAE (2004h), Thermal Guidelines for Data Processing Environment, Atlanta: American Society
of Heating, Refrigerating and Air_Conditioning Engineers, 2004.
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4.4. H&2Y A R 2AF7 4=

ASHRAE (2007b)19e| A= dlo]EAlEfel] 972 WA 2~8 A8 Al e A4 A
A &8-S JeERE MERV (Minimum Efficiency Reporting Value)S3ol w& ZE 3
§& Aletstal givk. A4 MERV 8%, #% MERV 11-13%°] JHAES Aldatglen,

MERVE] 7} 58 {3 G819 <F 4.3>3 2t}

N,

g
MERV
3 — 10um 1 — 3um 0.3 = 1um Y 58 HIME 8
1 < 20% - - < 65% < 20%
2 < 20% - - 65 -70% < 20%
3 < 20% - - 70 = 75% < 20%
4 < 20% - - > 75% < 20%
5 20 - 35% - - 80 — 85% < 20%
6 35 - 50% - - > 90% < 20%
7 50 - 70% - - > 90% 20 - 25%
8 < 70% - - > 95% 25 - 30%
9 < 85% < 50% - > 95% 40 - 45%
10 < 85% 50 - 60% - > 95% 50 - 55%
11 < 85% 65 - 80% - > 98% 60 - 65%
12 > 90% > 80% - > 98% 70 = 75%
13 > 90% > 90% < 75% > 98% 80 - 90%
14 > 90% > 90% 75 - 85% > 98% 90 - 95%
15 > 90% > 90% 85 - 95% > 98% > 95%
16 > 95% > 95% > 95% > 98% > 95%
17 > 99% > 99% > 99% - > 99%
18 > 99% > 99% > 99% - > 99%
19 > 99% > 99% > 99% - > 99%
20 > 99% > 99% > 99% - > 99%

14) AHAREA (2007b), ANSI/ASHRAE Standard 127-2007, Method of Testing for Rating Computer and
Data Processing Room Unitary Air Conditioners, Atlanta: American Society of Heating, Refrigerating
and Air_Conditioning Engineers, 2007.

15) AHAREA (2007a), ANSI/ASHRAE Standard 52.2-2007, Method of Testing General Ventilation
Air—Cleaning Devices for Removal Efficiency by Particle Size, Atlanta: American Society of Heating,
Refrigerating and Air_Conditioning Engineers, 2007.
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45.4. Cased 97129 WA 2= oA #Aa 3}

= ATl Case studys Faste] €719 WA 2] Alojia] B 2-8-LE o
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- Case 1 2 3 4 5 6 7 8 9
g i
Gy | ST EYdS 2 27|zl W
27| Bl - HEZ
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= 9=
= _ - 13,069 | 9,520 5,845 4,069 3,814 5,160 7,636 11,281
= /4l 7|
o127t & M2
88,443 | 44,502 | 46,278 | 49,953 | 53,502 | 58,757 | 60,103 | 62,580 | 66,225
2812 (MWh) , , , , , , , , ,
REPED
D = 49% 48% 44% 40% 34% 32% 29% 25%
(=REar=7
PUE16) 1.92 1.56 1.57 1.61 1.63 1.68 1.69 1.71 1.74
IHE nelskA] @F%s A5ole Ay Ao A 71 48T $EA2E oiv] 49%
o oy AfgaIrt e Aow yehgon, ol FEY YIS aelsA &l
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Fagol Sk Ao dehhth 53, 97144 mdel B An7e nEE ag

16) PUE : Power usage effectiveness
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Zvst7] 9l AvlEs Wy A 7t MlagH o R ke AS ofugitt
PUE 4H4E& 913 J. Cho £(2012)1®4 HA A TSI+ FLA~He] PUE gk 1.92
E 7]Fo 2 g3 en, 7} Case® PUE A4 23S [27 4.20]0] ek
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= e
& o
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WS O~ SV OHPOTRDSOVIN O

Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7 Case 8 Case 9

[28 4.20] Case PUE A

Wik ~8"o] wolo] wlg} Case’® PUEE xbo]7l dloyt HA 0.2¢9 PUE
s WA = de AoRE yehd olvA Az SHdA 7= WA ESlo
Feld Ao dddn. ey Ve AT g, Ve SEET A ="
FHA R Thgske AR oR V| FAHE I EEHRo] SFsHAl frh old A
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o

17) The Green Grid, Usage and Public Reporting Guidelines for the Green Grid's Infrastructure Metrics

(PUE/DCIE), 2009.
18) J. Cho, T. Lim, and B.S. Kim, Viability of datacenter cooling systems for energy efficiency in
temperate or subtropical regions: Case study, Energy and Building, v.55 pp. 189-197, 2012.
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51. LCC 4 7Ms
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5.2.2. Zt N]2€4 Cash Flow Chart
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Foo = AEdeld (273458)
W, AATAEL Aokl uhet BT} golaty] mEd] 2] el A gl
oF k. metA B ATt fAwe g R A @A v AANLE 5 B

4 s Agaglon, guelaa Iy duueE A&epgithh Brbe Ak
of weh MEgo] dolgrew 8zt Hughe Ao, FA e wEol hE 27k
= 2 AT Het Sl AE 3], WA, svIRdgANE, £33, <
wg7], HE T 4 Axd Fdgew WEEs st A8t B3 4y A
QF WMERS AR EVAGE Aol A 85It <F 5.4>E AR dage 2

mou SAmel @ e g RENERTE
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2005 3.6% 86.3 3.2% 0.4% 97.3 -0.8% 4.4%
2006 4.4% 86.4 0.1% 4.3% 98.8 1.5% 2.9%
2007 4.9% 87.1 0.8% 41% 99.2 0.4% 4.5%
2008 5.6% 97.6 12.1% -5.8% 99.2 0.0% 5.6%
2009 3.6% 95.9 -1.8% 5.5% 99.2 0.0% 3.6%
2010 3.7% 100.0 4.3% -0.6% 100.0 0.8% 2.9%
2011 3.9% 109.0 9.0% -4.7% 102.0 2.0% 1.9%
2012 3.6% 108.6 -0.4% 4.0% 104 1 2.1% 1.5%
= 4.2% 96.3 3.4% 0.8% 100.0 0.8% 3.4%

21) 3=o3 ZAFEA YR, International Financial Statistics, 2012
22) =238 AAEA, ANAETIA 5 AR A, 2013
23) =238 AAEA, 2HAETIAS, A71HE, 2013
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