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A Study on the Energy Performance Evaluation of
Building Evaporative Cooling System for Building
Construction in Response to Climate Change
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Abstract The recent climate change is exacerbating the external thermal environment and increasing the
amount of energy used in building. Energy Plus was used to evaluate low energy technology performance
of buildings responding to climate change. The test types of basic building(control) and evaporative mist
system + basic building(EMS), and the analysis results of each type are compared. Energy performance
evaluation result, Cooling peak load were EMS reduction compared to control is about 9%. Annual cooling
load per unit area were EMS reduction compared to control is about 17%. Annual energy use per unit area
were EMS reduction compared to control is about 10%. Therefore, the effect of the evaporative cooling
system 1s considered to be good through energy reduction technology of building, according to the amount
and distance of the evaporative mist system in the future research on building energy performance
evaluation should be carried out.
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Thermal environment
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e Evaporative Mist System
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I
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’

Temperature reduction
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®
Contorl EMS (0.38L/min)

Fig. 1. Experimental type according to the applied
evaporative mist system

Table 1. Simulation applied to material properties

. Thermal |U-val|lnjectio AIr
Thickn ) temperat]
o conductiv| ue n
Case | Division | ess ) | ure
() ity  |(W/m lamount reductio
(W/m-K)| -K) |(L/min) .
n(C)
Concrete| 210 1.7
Control| Heat 0.329| - -
Insulating] 110 0.04
Material
Concrete| 210 1.7
EMS
(0.38L/m| Heat 0.228| 0.38 | 2.17
in) |Insulating| 110 0.04
Material

22 d=0lyX|ds AlEdolMd e

Mo =2 AMA

B Ao AEeUAdE AlEdelA

TAHo R AFAHS AW 9+ Design Builder
4.2(Energy Plus 81)& AF&sI¥ o, QIHH o] A=
Fig. 29} %t} Design Builder+ Design Builder
softwared|A] s T2 go|w OpenGl solid

modelerE 5302 v, ARV} SDEEH S &4
A& Sl Aol 2 AR oltH26]. Energy Plus+=

n]=+ DOE(Department Of Energy)oll A 7dd =
o g oA ke 83 = EA S
QoA BfdAdo] e AlEdold ZE ot 27].
Energy Plust© 7€ 314 =791 DOE-2, BLAST,
CoMIsel  Axls  Boted e matEA
CTF(Conduction Transfer Function)2} CFA(Conduction
Finite Difference)) HAMT(Combined Heat and
Moisture Transfer) ¥ 22 #A 9 ALt &ar

YEE ol dste] 71E A oA Eehdgd A
25 dZ3 28 Hol BYEITH28]. Energy Plus
= Ao} HA L 5ol gk 3 AlEwelA
S AlFatH, AF GAE AFEATE XAt AlLlste]
U3 At AEAA"E figh FaiAte] T
sic) sk 1% %-?49] WA AIZE A A 2~
= X209

=

[kl

=9

rlo

o|tH18].

B A1) A L MAE 3vAoH, 19 A 2= 7]
ShyZtA 28 A o] W oA A5E w4l
7] ¢t} 71EA=E 7382 Control¥ 7|EASE
7]§]‘ 07_}—}&]1:%1 ‘!T%% EMS= @7(36]'/\/\5]'. 2%7"”51:

oldsl= PARoR 7)7HEA
FHE 30 7ke] Hatr]ddlolH
shar e ol L 2| 8L 3] o A Al F-3=

-

+

A
>
[>
juiit)
ax
oo
o
il
2
R=)
it
=
=
A o
nox
fr o o i

S R )

il
Ol
=]
111
H
[l
o
[» %8
Mz
0%
M
N

i
2
ofo
:{o
4 R
2
k=)
e
™

=2
<
N
>~
>
op
o
lo
o
off
iy
o
fi
WL fr o

1%
ol
ol
N
o
ot
()
i
aul

<

Y
o
=2
g
N
oX,
off
o,
N
il
Ao
o
[l

i

HTl
o,
iR
)
|
flo o



&
[>
o
ofl
o
fitl
o
o
BL
=
°
=)
U‘l
ol
:LI
2
fftl
2:
o

a3l
Om(ZOm X 20m) oﬂuﬂﬁ] 2,000
WskE FAskeh] flsto] Wi ke
o} 3= 35m, F ©WH H] 20%, &
2] Fan-coil unit, W4 7](Heat Generation) ¢}
7](Chiller)®] %5 Alge 27t 0.83, 1.67=2 A3
ok A S W 24T, W 227,
BAAE ANEO R B8 2% 400 lux, ZH5-35

BN rlo

OE

W/m100lux, A} <1< 0.11 people/m’, 1A 123
& 10 1/s'person, 5% 0.2 1/m'-day,
THAIZE 8:00~18:00= A5}

W/person, £7]
B8 UANT F

B [Vt [ ot i | cs o st |5 oot
e e

Fig. 2. Energy Plus simulation program interface.

Table 2. Set the target building conditions

Division Contents
Number of Floors 5F
Building Area 400m* (20m=20m)
Total floor area 2,000m
Floor Height 3.5m
Window area ratio 20%
Window U-Value 1.98W/m"-K
Window shade factor 0.65
Air-conditioning system Fan-coil unit

Cooling : DOE-2
Centrifuga(COP=1.67),
Heating : Gasfired
condensingboile(COP=0.83)

HVAC

Setting temperature Cooling : 24C, Heating : 22T

[llumination 400 lux
lllumination load 5 W/m* - 100lux
Person occupants 0.11 people/m

Heat generation from

123 W/person
occupancy

Winter : 1.0 clo, Summer : 0.5
clo

10 I/s * person
Hot water supply 0.2 I/m* « day

Clothing quantity

Ventilation
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Table 3. Cooling peak load

Division Cooling peak load(kW) | Reduction(%)
Control 24465 Standard
EMS
(0.38L/min) 22051 987

C 11.23 kW/m'e]H, EMS+ 9.27 kW/m’
2 BT v48 gin] A2 1.96 kW/m'e]H,
AL 1756% = A=)
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Fig. 3. Annual cooling loads per unit area

(o]
_,Z
°b° B
mlo
2
o
=
i
o
o
IS
.
jz
rE
ax
o ol

[}
M-S % Table 49} 7L0U1 7]§} FAAPN-)
& Control 227.08 kWh/m'o]1.2H, EMS+= 202.14
kWh/m'2 A= Qieh. w148 o] Ahae 20.94
kWh/mo]H, 4752 10.98% = A=Ak

olde THT W, WY AR ARES 9.87%0
o, Azt FollUAAME#L 10.98% 01Tk Wil A
3t AFERTE AF FoAUAALEF AFE] FET
ol FaFste o Hu FlEES vlugk Aoy,
FAUAAE T AFES 717 F5)h Wl weba of
LA A& o] A& 0w A7tEo] ¢35 3 Ayt 1
Bt Zlo® ghekEgick

Table 4. Annual total energy use per unit area

o Annual total energy use S
Division per unit area(kWh/m*) Reduction(%)
Control 227.08 Standard

EMS

(0.38L/min) 20214 10.98
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Fig. 4. Annual carbon dioxide emissions

3.5 1x ol X[ A2

12} AUAARE S AlUA D E (7], LNG, LPG,
A9 A9 W 52 @, A3 &8 ¥]E 5o
tFetn e ASEo e AA oA AuEs skt
o ©9|= A E3tste] Wrhek = = 7Isol Fasith
olelgh 12} AU A|AREFe] A& Sl E4HAI7E A
SHH, =7} 2ol A 2 54 Az oy ede] 5
SZE AUAZE AR = AAakA] A 3, A,
A, Bish ASEE BE FEg aEste] Abgeitt
o 1 R EaRch Al 22 ddl|qA g el M7=
2.75, 7}~ 1.1, W2 0.614, A9 Wi 0.937
o] FHATE Wt 7#1*&6&‘:}[18].

12} A AAE-#Fe] 735 Table 59 2o, A&
7|8y ZtA| 2~ ]lS 1488k Control 949,999 kWh/yr
o|H, EMS+ 905,489 kWh/yr= A=At} 144
e 283 FEolA AR 44510kWh/yrolH,

ALES 47%2 EA AT
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o Annual primary energy S
Division used(KWh/yr Reduction(%)
Control 949,999 Standard

EMS

(0.38L/min) 905,489 1
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