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ABSTRACT

Recently, due to sick house syndrome, the importance of indoor air quality is emerging. The
method of managing the indoor air quality includes mechanical ventilation and natural
ventilation. However, the majority of occupants prefer using natural ventilation rather than
mechanical ventilation and even don’t know the existence of mandatory mechanical ventilation
in residential building. Therefore, recent studies have focused on natural ventilation, which can
easily manage the indoor air quality, and propose a ventilation guideline by developing a
ventilation module due to the opening of the window. However, hot and cold outdoor air
through the window opening affects the indoor temperature, which in turn has a big impact on
energy consumption. Previous studies researched the window opening behavior (opening
frequency and hours) with outdoor factors and found that the outdoor temperature had the
greatest effect on window opening behavior. However, with this only window opening
behavior, we couldn’t predict the precise energy consumption and couldn’t purpose the natural
ventilation guideline because we don’t know the accurate volume of the outdoor air comes into
the building. Therefore, in this study, field measurement is conducted for 4 complexes and 30
samples. we analyze the window opening behavior as same as previous study and the ventilation
rates through carbon dioxide decay method. As a result, the measurement period could represent
the outdoor temperature of korea. However, despite that outdoor temperature was similar, the
distribution of indoor temperature was different by all the samples, especially in heating period.
The window opening behavior and ventilation rates have correlation with outdoor temperature.
The ventilation load was low in heating period, because of the lack of ventilation behavior. In
contrast, the ventilation load in cooling period was greater than that in heating period.
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Table 1. Source of measurement data

Samples Source Measurement period Location
Compl .
0:11133 x Jeong (2016) Gyeonggi
c ' : 2014.12~2015.09
O“ép & Pei (2017) Seoul
Complex .
D Yoo (2020) 2017.12~2018.03 Gyeonggi
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Table 2. The characteristics of all samples

Samples Floor 2Area\ Floor level The number of family Measgrement Location®**
[} [F] [n] period**

Al 109 4 3 H/NH/C S

A2 109 8 4 H/NH/C SwW
A3 130 14 4 H/NH/C S

A4 172 8 4 H/NH/C S

AS 109 16 4 H/NH/C S

A6 109 5 4 NH SW
Bl 147 4 H/NH/C S

B2 137 2 4 H/NH/C SE
B3 147 13 4 H/NH/C SE
B4 163 12 4 H/NH/C SE
B5 163 4 4 H/NH/C SE
B6 163 10 4 H/NH SE
B7 163 4 NH SE
B8 163 5 4 NH SE
B9 163 4 NH/C SE
Cl 72 14 4 H/NH/C SwW
C2 108 9 4 NH/C SE
C3 80 7 4 H/NH SE
C4 80 19 4 H/NH/C SW
C5 80 6 4 H/NH/C SW
Co6 108 9 4 H/NH SE
C7 80 25 4 NH/C SW
C8 163 15 4 NH SE
D1 112 6 4 H SwW
D2 112 25 4 H SwW
D3 113 3 4 H SE
D4 131 28 4 H SE
D5 131 6 4 H SW
D6 127 21 4 H SW
D7 146 6 4 H SE

* H: Heating period, NH: mid-period, C: Cooling period.
** The direction of the building is based on the living room window.
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Table 3. Measurment parameter and devices

Parameter Device Interval Measurfzment
location
Temp,RH,CO, TR-76U1 10 min
1d The center of
Indoor/out window UX90-001 10 min living room
door opening

. o Korea Meteorological
wind velocity/direction orea ¥ S7e0r0 glea

.. . 10 min -
Administration

Figure 1. Floor plan of samples and devices
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Figure 2. Mechanism of calculating the ventilation rates using carbon dioxide decay method
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Table 4, Symbol and description of carbon dioxide decay method

Description
Q Ventilation rates [m’/h]
C Indoor Carbon dioxide concentration [ppm]
Co 412 ppm
Cs Carbon dioxide concentration when the windows open
M (Indoor emission) -
V (volume) Floor area *2.5 m
At Window opening time to closing time
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Figure 3. Method of calculating the ventilation rates
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Figure 5. The comparison of Typical Meteorological Year (TMY) of outdoor temperature with
measurement period

AVET:

Figure 6] (ay'= 4] Alefe] AUheE RIS Vehict. 744 5 17 304 B
2 U, B84 WS 30410) 5 Hc) AR g A ARt ghe ERie o
w710 71202 B 397110 dlolelS BARE A Ak B 21°C2 UeRIA, A
o AL o) WP} Ao 2 e, F71eh g

)
rr
=
fu)
nE
e
<
-
u
A,
562
Flo

M 2 A
S e AW olteierao] Zvighdt 2 aghe vERHT Al

Ni

al
1
=

LoF
N
=
ol
el
o
S
=]
o]
8
filo
PNt
i)
_O|L
8,
o
A
ojN
N
Ny
=2
>,
o<
O_Q]j
ku
N,
)
I
I

]
~
2l

r

=
SPE2 412 ppmeo]| 719 Hske Ao 2 et ol 2 d7 ol A= %
BAE 719514 edot A oliteietart el of A 4] Hhe ZolH, T3] Y
F7)ole 19 T $AaNE ZIdistal A A g 4
A fA == 2 0 & wekETh

]

7

——}

~ 0% i
2
do
il
it
i
=
o
™
g
r

35 ¢ )
Max&Min © Avg MAXEMIN o« AVG

[ppm]

2000

500

I
CO, Concentration

Daily average Indoor temperature[°C]

o 24 o8
ol = 1000 qu."m.;ﬁ?;& !
50 B WPy 7Y
0 j j J J J J J j j ' 0 T T T T T T T T T
1271 11 21 31 41 51 en 71 81 91 21 1 M 3 41 4 61 1 81 ot
(a) Indoor temperature (b) CO; concentration

Figure 6. The distribution of indoor environment

200 © Journal of KIAEBS Vol. 16, No. 3, 2022



Annual Natural Ventilation Rates and Heat and Cooling Load in Relation to Occupant’s Window Opening Behavior in Residential Building

HZALe) 2HEfTRe|or 2R |2 BT

A2oe| DU

QB Aole el nh A5Ate] AR
Folehal Qg Aol T AR mg Ao Fashls =S

Uiehdick, AR ST} nFIT IR AFAS ] AR AR A o7l

ofl FFL W glop, rlols A8 2, F] o YBFLE 17°COIFEE 72
A 7SI 7] f QRZLE S 2rCoIRR B oIk A A8

24 -0-Opening hour -+-Opening frequency

Window opening hour [Hours/day]
0
Window opening frequency [Numbers/day]

-10 0 10 20 30
Daily averaged outdoor temperature [°C]

Figure 7. Window opening hours and window opening frequency in relation to daily
averaged outdoor temperature

oliteleta = AaHS ol gt A7 e EE sk, 11 TS Figure 8] HE

Wt Figure 8(a)= € 3578 AFAEL] /A Bt A7 17 (m’/h) S LERd

o 24 A 7| %“%*71 WJ AAgEe A= 71719 vl st e o, WAt
Sy

Figure 8(b)°llAl+= %“%*—;—E“ 7%—7\}——4 Aot 2]7]-20f wE Fat 1Y AFAS7 3145
/day)S UERIH, ASHRAE (62.2-2016)¢} ZE 7 S5(MOLIT) 2] 87| 7]51}9] H]
ALY o714 1 2487 Sleet 1 a7t Al- el Hlgoto] R3]0 815 ‘8&46}9&
7Fe et} A2l 2k 18°Colsto| A AFAE2 87 |%hS ASHRAE 2 TE g

715 olot= AAlet o, i 2] 314 |7} 24A vrebth ALl 19°C0]
+= ASHRAE S| 7| oo 2 A5l om, 22°Coldoll s EwER 7|
0 2 37|35 AAolk= A0 & U vt 2] 814-0] |zl 7| Bk 4
o2 vepyitt

El
fr my ton

rﬂ

>'_\|1_4 0_>|3 _|_4 O_>|’_14

}\
O
o

r&"

Journal of KIAEBS Vol. 16, No. 3,2022 « 201



Annual Natural Ventilation Rates and Heat and Cooling Load in Relation to Occupant’s Window Opening Behavior in Residential Building

W0 [ 0 ACD ----ASHRAE ——MOLIT
3000

2500

pjunil géﬂﬁe& —Tlil

0 = -14-11-8 -5 -2 1 4 7 1013 16 19 22 25 28
Dec Jan Feb Mar Apr May Jun Tl Aug Sep Dmly average outdoor temperatu.re[”C]

[m3/h]

(b) Air change rates per day- Daily average

(a) Montly ventilation rate
outdoor temperature

Figure 8. Ventilation behavior of all samples

TUe| SSFEOIA S| A1HEE [T Hlw

St AFAREe] Yol 2] 8&#9} 2lellx] o] 81718145 vl w3k TH-S Figure 9
o eRlet. (a)= 8719 71814 (b= di719] 8713145 vepdin). -2yt
u79] 517|814 oF 158)/day S, EF-38] 27152 103)/day S LFERILE o= $autat
7S5 W71 9) 2 Aol o wt AFAkEe] WS Z|thal AT 8]

!
5
!
Figure 102 7] 2F 7] 0] ot 9]7]2of g 1Y Ak |3l4 &
B7] (a)9] &J7120] T 1Y AA2|8150] AdtAl= =2 e
Figure 10(a)oll HelR 0], ALl L7} 20°CoVdol A= AldiE 1Y
7] wiZell AHEAE 27] o Ao & ek Wbl 7] of A= of
3]

2ol T2 AR |30 e folule g b 20 & 2Awgc

lo OE
_o\?
o

ol
(o]

10 2 JehEIc, olo] whel] 7] A9 SeluteRs o 0.48)day S B0, of
o 710l ok 63 711 PR, e gfol, AgRlah u]2St 40

>N
N

L o
Jo
o
<

N,
BT
ol
rr
o ol

L%
v
ﬁ
n

A

iu)

E

inl

N

‘0
NN
r‘r
o)
o
r‘r

o,

Y

b

N

[r e
>

i

5

—_

o
}_ﬂ
i)
o

2 .
1 + 08
06
fa) m]
Q10 O
< <
04
5
02
0 0
Finland  Denmark Netherlands UK Thisstudy Finland ~ Norway — Sweden Switzerland This study
(a) Cooling period (b) Heating period

Figure 9, The Comparison of Air change rate per day (ACD) in this study with Europe countries

202 - Journal of KIAEBS Vol. 16, No. 3, 2022



Annual Natural Ventilation Rates and Heat and Cooling Load in Relation to Occupant’s Window Opening Behavior in Residential Building

o ; Finland
B izetnd A Netetrd Tty 3 Dennr \ o Finan D,Swnzerland A Sweden <>Imsstudy X Norway ()-Finian
16 0% ¢
0o
14 o
12 06
A [} A
x 9}
G 10 a <
04 - A
§
« o
6 [
. 02
2
0 0
16 13 20 by 24 0 2 4 6 8
Average outdoor temperature[*C] Average outdoor temperature[*C]
(a) Cooling period (b) Heating period

Figure 10. The Air change rate per day (ACD) in relation to average outdoor temperature

710l 2] @ =4lolm | MM of S ;A
A10] HOIE YehiiH, Al A2 s AlchE2] B+ 4
"ol 2] AH|2Fo] |4 18 kWh, 2|t 60 kWhE AH|gH
kWh, [t 1.5 kWhE Uetll= 202 Hop 7o x]e] G&Ae AFatEe] uH[eh &
713450 = sl A2l LreftA] ok

Min&Max of Heat loss -+ Average of Heat loss B Min&Max —+AVERAGE

200

=)
3

Heat loss|KWh]
Heat loss & Gain[kWh]

o oy
S )
1S3 3

=)
3

s
S
S

126 1i 0 6 »
(a) Heating period (b) Cooling period

Figure 11. The Heat and loss in relation to ventilation rates in residential building

Figure 11(b)= 7|-8719] 1€ @713l w2 E4 5l Q352 vepdint
719k vl st w, $7171-EH 710 S8 ehe I HT A=, 4| g7t A= <ls]
A Bl AFEZF] A7 2 HEbd . S71004 9 B2 AldiE2 e =
Sofl B &S FEsIAeH, ole AldiEe] ¥AavE 7Idst] FE7de AAlshe A
O & wehEn) e grlof] 22 A7l EFeta Al A 9 A5l |

Journal of KIAEBS Vol. 16, No. 3,2022 « 203



Annual Natural Ventilation Rates and Heat and Cooling Load in Relation to Occupant’s Window Opening Behavior in Residential Building

A2 02 ek, o) BAE e o8 139 A AL A 399 17
A 24 X171 FRSHAAL ol o] A9}t ] Wik o 20°CE LERAEE. Yol B3
o] %9 0 13AEE] 1671 ARSI ol Aeke o] Bk o 257 F el
Wik ol AjEls Aol nte} o] A AFiso) B 24 oulglct. nfetA
SlolHel= SN 2ES T 59 Aele] &S] i 4] L /AR A
202 sk BRIk Aol Y b okE 9 4 9l Wat oh ek AR &
Hol 2 S 412 Holetx ebgict

T S7170o] fEUEte @A T 4 e A o= LER .
g et iR 2 At Aol o]
uehgton, mgt 1 2AH9e7]31g JA] delRteo] we 285k A0 = LRkt 7]
FASS Y712 Tt AelR: 18°ColstoA= ASHRAE B Ew-g T7]E
of A2 Foke S 199E BoFlal, 57| H 7|2 HeEE A2k 19°C o
e 71 oV oz AABIHAITE AFAE 2] @713l et w2 A= et
ot iUt AFAES] 7RIS =TT sl o, W7ok Bo gt
S Astal, 71 E AAE ALt F =TIt it o R Pl o=

N
N,
O
2
40
=
jny
d
do
rlr
>,
%
re
BN
i
_OL
rr
sl
b

=
=
A

U AFAEC] Ao 2 Qlsf 27| Rl 7oA = B
gt welq 2] AHlgko] #|4x 18 kWhollA] X[l 60 kWh w2L3k} H| st 7] 5
20 kWhellA 2|l 1.5 kWh E261= 7.0 2 Uepdrh ol= 2] AFAISo] 52 ¢y
of|xe] 71897t A REES UepdTaL & 4= it Whde] Y7ol A= YA e s
7|thto] Bk 245 AA) 7198915 st o), v A 9 d35=Fo] Zfol7k vt
EPt. 35 Aolli= AR 2T AlQ) A 5E A=A ASE 4= =0
e A FarelES oy x| Algellold a1l gajjste] &F
i Hokg mEstazt sh, ol o] ekt oA A =Fe] of| St 1 2eh Ak Al
Soto] e AE5E 50 7] Aol T

e 25

T

I~

7|

o

0] =0 022 % FHEIEANHS] 2] (No. 2020R1A2C2011260) 2190 2 488t G119l

204

Journal of KIAEBS Vol. 16, No. 3, 2022



Annual Natural Ventilation Rates and Heat and Cooling Load in Relation to Occupant’s Window Opening Behavior in Residential Building

References

10.

11.

12.

13.

14.

. Jeong, B.C., Jeong, J.W., Park, J.S. (2016). Occupant behavior regarding the manual

control of windows in residential buildings, Energy and Buildings, 127, 206-216.

. Morrison, G., Cagle, J., Date, G. (2021). A national survey of window-opening

behavior in United States homes. Indoor Air, 32, 1-15.

. Park, J.S., Kim, H.J. (2012). A field study of occupant behavior and energy

consumption in apartments with mechanical ventilation. Energy and Buildings, 50,
19-25.

. Raja, I.A., Nicol, J.F., McCartney, K.J., Humphreys, M.A. (2001). Thermal comfort :

use of controls in naturally ventilated buildings. Energy and Buildings, 33, 235-244.

. Verbruggen, S., Delghust, M., Laverge, J., Janssens, A. (2021). Habitual window

opening behaviour in residential buildings. Energy and Buildings, 252.

. Zhou, P., Wang, H., Li, F., Dai, Y., Huang, C. (2022). Development of window

opening models for residential building in hot summer and cold winter climate zone of
China. Energy and Built Environment, 3, 363-372.

. Ministry of Land, Infra structure and Transport (MOLIT). (2017). The regulation on

building mechanical facilities, article 11.

. Ministry of Land, Infra structure and Transport (MOLIT). (2018). The service of

building energy data (2017).

. Turner, C., Frankel, M. (2008). Energy Performance of LEED for New Construction

Buildings. Vancouver, WA: New Buildings Institute, Council UGB.

Jeong, B.C. (2016). Occupant behavior regarding the manual control of windows in
residential buildings. Master thesis, Hanyang University.

Lee, J.R. (2017). Effects of occupants’ window opening on heating energy
consumption in residential building. Master thesis. Hanyang University.

Pei, Y.L. (2017). Modeling for occupant window opening behavior in residential
buildings. Master thesis, Hanyang University.

Yoo, J.H. (2020). Natural cross ventilation rates by occupants’ window opening
behavior in residential buildings. Master thesis. Hanyang University, Korea.

ASHRAE. (2016). Ventilation for Acceptable Indoor Air Quaility, ASHRAE 62.2.

Journal of KIAEBS Vol. 16, No. 3,2022 « 205



