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ABSTRACT KEYW ORD
Purpose: Recently, as the interest in particulate matter increased, standards for indoor air quality (TAQ) in schools ~ &tul HLHS7|H
have been strengthened. Among indoor air pollutants, the main issue for school IAQ is carbon dioxide (CO,) and BHIIA A
HH Hojgue|E

particulate matter (PM). To satisfy CO, and PM concentration standard, the mechanical ventilation is essential.

However, most systems are operating without the optimal control methods which result in inefficient system  School Indoor Air Quailty
operation. Thus, the purpose of this study is to analyze ventilation regulations, system and control methods to  Ventilation System

establish the theoretical basis for developing the optimal control algorithm. Method: Regulations and researches of

Optimal Control Algorithm

school ventilation were compared by cases to identify deficiencies of ventilation systems. Result: Domestic ACCEPTANCE INFO

regulations were insufficient for properly operating ventilation systems and for managing the indoor air quality

Received Mar. 20, 2020

compared to other countries. Most researches focused on reducing the energy consumption of the system and CO2  Fjna) revision received Apr. 7, 2020
concentration. Therefore, the optimal control algorithm for school ventilation system is required which considers  Accepted Apr. 13, 2020
various indoor air pollutant elements and supplies comfortable indoor air quality conditions.
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Table 1. Types of Ventilation
Type Feature
- Ventilation method by temperature and
Natural pressure difference
Ventilation - Easy to control air flow and suitable for
most of building types
» Mechanical ventilation for both supply
exhaust
T 1 .
pe + Easy to control air flow
- Most reliable ventilation
+ Mechanical ventilation for supply and
Mechanical natural ventilation for exhaust
Ventilation | Type 2 | - Depending on the airtight performance,
indoor humidity may penetrate inside the
structure
+ Mechanical ventilation for exhaust and
Type 3 natural ventilation for supply
+ Advantageous for high-density airtight
- Take priority over natural ventilation and
operate mechanical ventilation if necessary
Hybrid natural and mechanical ventilation operate
Ventilation as integrated system

- Energy efficiency
« High initial installation cost
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Fig. 1. Minimum Ventilation Rate for Classroom, EU Countries
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Table 3.3 ZHH[15].
Table 3. Minimum Ventilation Rate for School, United States
Room Types Minimum Ventilation Rate per Person (cfm)
Classroom 15
Music Rooms 15
Libraries 15
Auditoriums 15
Spectator Sport Areas 15
Playing Floors 20
Office Space 20
Conference Rooms 20
Smoking Lounges 60
Cafeteria 50
Kitchen (cooking) 15
zo0en
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Table 4. Strategies for Ventilation Systems, Germany

System Types Features
- Ventilation via windows
+ Operate according to a schedule or air quality
Natural sensors signal
Ventilation « Temperature and air quality sensors control the
air quality via automatically adjustable
windows
« Exhaust air systems controlled by adjustable
Exhaust Air vent openings or overflow valves
Systems + Scheule, presence detectors, air quality sensors
are required
Centralized + AHU ventilates several classrooms
Ventilation + Rooms are controlled based on air quality
Systems sensors, presence detectors and schedule

« Installed as decentralized, room-based
ventilation unit

- Different according to installed location

+ Automatically controlled by air quality sensors,

Under-sill &
Sill & Vertical &
Wall & Ceiling

Units
presence detectors and schedule
+ Combination of automatic controlled window
Hybrid and mechanical ventilation system

+ Thermal control is included as well as air
quality, presence detectors and schedule

Ventilation

:OIL_"
ofl
N,
N
Mo
4>
ko
Y
2
rio
N,
[}
O
=
2,
)
:CIJ_L_I‘
>
H1

AFRih. AR

i

5719 8 & ez HFLE YAkl Alo1E s M, F

134 KIEAE Journal, Vol. 20, No. 2, Apr. 2020

¥, 07, 22 FEEE o)) Shgoz gt
A

17} 55 ek A4 o} ol ksfet 2

J
ko
B
j
> A

o
N

N

>,
[E)

1

i ol

of d
ol

—-

2

sk

r
B2 o oft fr 4v 11

o
r
)
=2
11k
N
)
=
rr
=<|>L_“
ofl
>
[>
o
[o
)

o
>

QX g

N ol o rE |o
>~ B Mo of o¥ Hu
_O'L

>,
N
H1
fu
2
oX
e
e
0.
o
)
s
>
i
2L
>
AT

A A

-

=
B

%9

9,
b rflo

o T @
L
o,

& d o
e
P
El
tA

S o
Omr—\riérz_‘
do B B I8
_\Eﬁ‘ I
%
1o
ofr
=
S
El
n
=
1o
do
=

7|9k 27
S o] etrlojop & 7o

O TR/ < =

bl
>
il
i
s

w
19
El

Al =

[o =2 lo

> fo B OE g
oo dooox 2 =
o, opr_\ll_l?g;mi
Jﬂm{ugrulmﬁ

= ro g nx

g >~ L

SICTE)

~ 32 9

25

B2

Eﬁ‘fgr&

1 N

FH‘ONOHT

O jp ok

< » 8

o = 12

E

94

r
el

fo
N

fuo R = RN
52 X Ao !
o & du
oo
N8
2 of
N,
N,
9 fr o
: 1%
i)
et
N,
e
=2,
g
R
ox,
olr
=2,
)
rOIl
.
-
N

=

o

tlo o3 -
5
X

Table 5. Research Trends of School Ventilation, South Korea
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Table 6. Strategies for Ventilation Systems, South Korea 9] A= School, Classroom, Ventilation, Control?] 7] ¥ E
Researcher Summary E 5§ 47719 AF =Fo] ANt ZAF AT} Table 7.9 F
[Natural Ventilation] A B0l Zho] 27| A BAo] 30%2 FE o] 93om Ay
Yoon-Young | * MO MO opening contol SO g 351431 547 ) o) A5l Hh B B 22t 2392 B
(e:th(;, - Algorithm was operated by sensing indoor CO, 5] A= 3L It 3] AlojH o] tigt A= 9% 71 W2 H]
018)[21] concentration &= AA R J‘% A ?‘HL A&H o7 Frtote FA01H &7 A
- A simulation was conducted to confirm that .
algorithm operates well off] T AT 474 F V1AV &} AAAR ) 7t 24 271 0 2 ZALE]
Su-Yeon Kim, [Mechgnical Ventilation] .
¢ al + A night purge system was suggested to reduce
(2(; 6 1 9 cooling load at summer period Table 7. Research Trends of School Ventilation, World
&) [19] + A simulation was conducted by changing operation Topics
. mode of Energy Recovery Ventilator (ERV)
Jae-Hir:n:? Kim, |, Heat exchange and bypass mode was compared
01 6)[.20] . Bypas§ mode presented best performance when = Air Quailty Analysis
operating for 2 hours
[Mechanical Ventilation] Thermal Environment
+ Development of ventilation control method based on o
Tae-Ho Kim, outdoor heating & cooling load and air qualityA = Ventilation Control
¢ al » Two control methods were developed by using « Enerev Efficien
2(; 5 '18 ON/OFF control and fuzzy control gy @
( 18] - Both control method saved outdoor heating & .
X X Ventilation System
cooling load approximately 14% but CO,
concentration was over 1,600 ppm
Vel;t;l;iloﬂ 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019
HH 2 += CO,- 7]48to] 817] Ao A| A=l 7|85
D_EHR;QOlZ) Cobey L_]Oj 101101]\]——0:01] a7l Natural 0 1 3 0 2 3 2 4 3 4
= = e KeN =]
S F7H 02 JHote] ofifz] He} HE Al ]O}_M‘:ng] CO, Mechanical | 0 0 0 0 ) 3 ) 0 5 3
5% 208 A9l F M) AGIAEE Agsison] 47 Y s T T
ON/OFF Ao} Fuzzy Alo1& AHg-gtth. ON/OFF Alof= €7 %
stoll w2t A7 CO, =8 245k Aol Fuzzy Aol 7] AolHe] gk A7 W8-S Table 8.7 Zth A. Cable
CO, 5=2} &]7] ool uhe} W o] T2 AT &7 Ao ¥Rl (2016)- 27F2] 9] DCV A| A0 M. 1] w30 22 4] 0525} 4]
9718512 27t 14.3%, 14% ZAaAZLow 712 CO, gH] B2 ‘5o Ao} e AHeTH23]. T AA" BE CO, HEE 800
CO, s&5 Uetiiet. m2of alg st} Zo] rrt &2 g3t ppm ©Jst2 §2|517] S5 7FEH ) 7| & A AEL Thes] B
£ At ekt A71ef ot Ad @7 9 4l AlRtell ot 27 & HAXNA AUR7) AL G5 Aok A|AELL Qlg Bz CO,
£ nejstel A8 TPs Aol 92 ACR BT Y ATEANE  mropens g ekl AolE AN 1 A% ek A4H
Aot & A CO, 71% sE delge=i Aysr|d E3 7% CO, B2 uhEslgon) o% T3t Ao Y2 o]
7%} U7 A7 GGt QAT F 40 oA Al oz AR} HAES AL ST AT DOV A AEe]
o o AUE71E 9 § CO, T=TE THstgire A Aol 5 7] E3}h =] gho 2 4 thokst AgA W40 o] 7}
ol At 5ol st out AvE71d L Aol e Lei7t g stehe @
A%:-2(2016), AR (016)2 5 72 st A B AL g 7} 9t
g 2H7|A| 2"l (Energy Recovery Ventilation, ERV)S -85t 1 F. Flourentzou(2016)-= St A&+ Aol 2+ 2HAgh7] A~
ol | 2] A2 917 Yol E 1] A|of o] 22| 7HE AlTte] it A g2 A 8sto] o] 2] 7S DAGe ALE AR SHATH4]. A
T-5 AAISHATH20-21]. 7} 71 ARt = o o] 7HE, ERVE A 3H7), 7]1A17], Waiglof tis) Al Bao] AL Aaste o 2pelst
Qg 7H5, ERVO] vhojuf 2 o] djs) Al g o] dste] oA 719 A% AE aits G4 AR AT A 2w A8}
AR ENE vl wstqlh. 71 At upols| A HE g 2417 7HE St CO, H=& L& 2 Aot 11 A} 28] AH5A| o7} 71 &
AO7} 7P 2 o 2] AtaTHE Uepdth sy a1 studs SR o u A g aE el s 97 ARbA o2 Alfshe
ol 485 A LT 4 G G A Al oot gl DA g 874 BAo] opd AT A o] AR AL EE A AH
ol z] Aol 24 o] st i AE 718y Fasitt & Agsto] vy BAE AAG HE o]o)7} 9loit o] A7t
H£9(018)2 HT A = ALd] tiet 4 daeEs of 24-& ghxo] AQ2-& Ao] Hote] E9lo] gtk a7} 9t
AAsHATH22]. wd Wi 22 AWi571dE §iste] CO, 542 7 L. Stabile(2017)2 2A1& 719k ZH2 7w 22 B8 CO, &
Hho 23t d eSS et o AlEe ol A Foll 52 &<l Lo} n W] 5 o] F5HS BASE A7 AL B 2]
stou 75 Rl gt Algeoldeld 222 s Bt 2L CO9 U HA] BT 2 7]Zx]o] B3] o] Frh= AP S =
et 2E2 #5 AFEA dael o HoFHTH25]. B. Merema (2018)+= DCVeF FF Al 28(Constant
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SWAIY AH HUS7|E MSS S S7IA A" U Ao L 24
Air Volume, CAV)®] H]ILE F5to] WA AY37]d 4 oqZ] 4 A=
S B7lelAtH26]. 3 582 5ol W s ES wdehal

o0 DCVE H4519S of of &2 T3S Uetiltt. o] 9t FAl B sty 4550 34 AYFr|dS gt grAcd g
47 CO, 55 7141 1,000 ppm o515 THEAIZ 28] CAVEG Aof dro] tigt 7|2 AT2H T H - 71E Y APAT B
50~55%2] W of|u] 2] AHETFT} 34~47%2] A&4d-S HAT 4= 9L < Aottt B4 Ugof tigt d2e o2t Zot

At o A 71E A AR IO H g Foff 87] Ao | A"FS AR, W Wt 2 7|2 Sa AS5El s HAFHS
Tt Al AWE71A 715E TEAI 7| Al A" ARS oy 2] AASEL Qlek, =) 7158 17712 L 99 A ojsta 242e] s
4TS & U2 TYFALY COE AR TE 2 AU 1L 71Z< BAG dEAd AUEsd 5§71 25 CO, EE=

274 25 B e Fel= ceetA 41
A3 9ok 3] Aol el e b gk o]k, @A) S
5}i9] 2 FAIARE CO9t TR0 S5 olch, et dhte
QA7 CO, 532 BHS Alo] 0.2 k31 9L0m] o Hk Thakh 43
of Tt AAIZF ol BERe oui 7] ke 7ol 27Ho] BoiA 9]
Z20| B AAA) 2AZ QA% LA B o
eh w47} 21t o] g7 Ao dhel B A9 Seke 94
Shek, wheb A thg o g 97} st 4% Aol oIt k)
H279 A28 £ ) B chore WSl skl TS5 9]

LSk A=

_:L

o BUER3} Ao]7} Bt A AF FHo] BaAo]ch
A2d ZHolHE §7] AAd0] G837} Bejo] 52 Hes)

2] gheth, ol QAF S Aol Tl CO9 AR A S5
of Ao}7} A o] o] 20} 4)7] olelg-E olmlgick, olof Al2d A%
u 7] nkeio] dhet A7} A glot 2uAlof ket )
2218 9 oA AHg o] Aolstng WAl HA Aol sge]

get 27k gayslolof aiet.

Table 8. Strategies for Ventilation Systems, World

Researcher Summary
[Mechanical Ventilation]
+ TAQ assessment by adjusting DCV system to
B. Merema, classroom comparing with CAV system
et al. + CO, concentration was controlled
(2018)[26] « Fan energy and ventilation heat loss were
reduced by 50-55% and 34-47% respectively
compared to CAV system
[Natural Ventilation]
« Strategy for manual airing of classroom was presented
L. Stabile, + A number of cases by changing opening period
et al. were tested
(2017)[25] - The strategy was effective to reducing CO,

concentration but could not get rid of particulate
matter

[Natural Ventilation]

+ Suggests a design concept of controlled natural ventilation

F. Flourentzou,

et al. » Windows were automatically controlled by
(2016)[24] temperature and CO, concentration
» The method turned out energy efficient
[Mechanical Ventilation]
+ Two strategies of DCV were compared to
maintain under 800 ppm of CO, concentration
A. Cable, - Existing strategy varies the ventilation rate
et al. + New strategy combines CO, and temperature control
(2016)[23] + As a result, the new strategy increased occupant

comfort by variations of the indoor temperature
with meeting CO, demand
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1,000 ppm, Z1A1E717t 37t 2 Alell= 1,500 ppm ©]st2 2] 5}
ojoF 5 1919 H 48722 21.6 m*/hrs THEA] A oF g}, E g
A A 2] 9] 739 PMys7F 35 ug/ni', PMio 75 ug/m’ o5tz ]
Eojof gttt 71 CO, shw A A AH 02 v sl X487
9] 74%- ul=rol vl AAsHA BelEv, F8 =7l = BdE
F21 & vepdlich, Jev e W) AR A2 3E o] T s e
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