20254k s SLIstg| FAHISEEEsL B3|

HE dolHE

E e A% ux L AREs
5% 27 Ao 2

Ha} R 7] ﬁ‘ruﬂf\]’}—i AF

. i?L
o o
m1>

AER, DS, BAE
o) 8t

jskim24@dankook.ac.kr, sinocap@dankook.com, *hmoon@dankook.ac.kr

Field Demonstration of a MARL-Based Multi-Zone Control of Energy and Indoor

Environmental Quality in a Commercial Building During the Shoulder Season
Jun—-Sub Kim, Sun Ho Kim, Hyeun Jun Moon#*
Dankook Univ.

2

[e]
i

2 ATE dE AdE 129 ouA a&3 A HH4A4E FAle HAslsE HEOO|HME FetEG(MARL) 7]yt
Aoy ke Ars), O]a $138, Modelica, EnergyPlus, 1\341 H#d 719 PM2.5 Surrogate Model & £33 Co-
simulation #74-& FEH3oH, o] FAHAA 2} Fx FIE& Fdsts SHAA Ao} do]HEE A AT sEE
MARL 295 ’\15’*] LT Ao g vtE 483 Ay}, Oa”?l Aol div] AHU 9] olUAE 36.1% AistHA EE
ANEAE AFE A4 HY U= g oz fHsto MAE Ass ASsIch

2.1 Co—simulation Environment +%

1.4 Ha A= ouA 2 AWRd AL wALe)

1.1 9+ w73 A& A 7HA EdS Agrel Co-simulation 374 &

e FEe T7F YA Ave] A FiEs TEIUG. AEe 9y, uyF #wd T dH 54
A skar o, IF e AEY OﬂLﬂxl A& EnergyPlus 2 REgglon W47 AHU & HVAC
HlFo] A&HHor Frista Jut[l]. 53], 48 & A8 Modelica & 7383t} 24 PM2.5 %Et A&
T Ny AAEL b2 lﬂ G HA o o] A golg = sh53 Yeld 719 Surrogate Model —%
9 oz Fol A, EqrFst A sjEoz 1) -85} t}. Surrogate Model & 2]7] PM2.5, ¢]7] W3
Heating, Ventilation, and Air Conditioning (HVAC) MEE, A= 5,:, FNHA7 Vs AEE JddE H4s
Al 2=glo] oA &u7F AT 2]. Abgsit, FEE AR E’-Ei_‘ﬁ Python 7l A

1€ A2 Ag s} A28 (Building Automation System, 1% 1, o 10 Tﬂ}t} AR RS . A=
BAS)Y dEE2 149 AA#Y =A== HVAC & 2.2 MARL F+% AA
$93itt, ol AAzrom H3lEE S acld BoAfoMde A% ZF Zone ° 5#%<e Double
seAoE O&stA  Este] HES Cdqux] ARE Deep Q-Network(DDQN) 714t o o] A EZ shdac), 7}
st AY A AZ]AES AsEe2]. olE Aol dE+= T Zone 9] HHE B3 §d AHU =
A3tz fste], B Ageld gE  #ojA] A Aoy 4 AEF, ot Zo]  State, Action,
HVAC 3% 98 49 54& n8sk Zeghs nds Reward & A3t}
Ak 9 Agate] 4sS Frkskglt. Table 1. MARL 7%

1.2. 47 5% TR | A e

2= 0 pe B Al 5l = E'_% EEA% =] [ -

AR T e - A9 7 2%, &, A2, COs PM25
oo]dEZ} #Esta Alojsjor = E, State—-Action AW B4 % Z% dgs] COs PM2.5.
:]O_'_'Zl'o] 7’11}'\: T"}Z‘ﬂoﬂ Z}@g}ﬂ T’LH‘E—Oﬂ [4] 7 %‘g] 1‘—’_}'?——_1 Stat XH/?]X]_ bs 5. T, |, = 2,
do]HE Z&slse Ud AE A A A= ate oA . . -

o 1 ° - o Alo/Adu: 7] #H¥ =S, AW The
zﬂf ??i/\aa?l 01‘:;]?!‘0] [L}'t‘q— ) vl =] 2] = _g_‘:;/]:

= = = A = o] =) L T+ OHJ;AHU/O7]XOXO7] ﬁ }\]—
olgg gAlE =FHs7l HdE, & dAde 4 - S17] B 3 4 .50, 100%)
F%7](Air Handling Unit, AHU)ol ¥ oo ES , e e
o = n NN Action | « AHU 7}g: 2 @7 (4A/7}8)
shgste] TAE AR dldste dE doHAE .
. . o FVNAHAT) Ve 29 A (A7)
7 3Fsk5 (Multi-Agent Reinforcement Learning, MARL) T
Zegeas B8k o]& B MARL 7wk Ao e
EHE] g )\o]_ﬁ% Zj%oﬂ E,‘vg—o]—oq OﬂL‘]X] Zézj]'ﬂ}‘ /\E]LH RLemperaLure + Rhumidity + RCO2 + RPMZ.(S + Renergy
= He o - - * Indoor Environment temperature
HHGA FAE A A AE BELE 3}, - ’
198 #2AE $A GAdss o Reward | |\ ' idity, CO, PM2.5) A4F 4% W92
W3t 7d9- Positive Reward, AA ¥ #FH
o. 22 HAAE  "lod A5 9dEske] Negative

0087



(-]

20254 sisdlst
Reward ¢
o Energy: A r3tg  dydx] A&
H]#|3}e] Negative Reward -
2.3. A1 EYolAS B3 A g5 € AF
Aoty MARL Control ¢ A%S AHFHoz
A=zt Co-simulation #74olAd 47 A&
ez duk Aoj(x=AE  7|HE Ao}) ko] Wl
Algdolds Fdsglt. As H7F 7S YA

20 g 34 A4 R E VseR EAEA.
AlEE ol Az, dnkAlo] tiH], MARL Control &

oflvzl ¥ Aul AAG A 7 &

Ggstglh. oAl SwHelA, dukAle] #A oiv] AHU

L

uA] AMEES 70.4%, FVIHA7] A= AEHS
30.5% H3rsilnt. o] EVE Ay $Ae] HHsta
A Farb @ 4SS QIAste] Edast Ay
7Ves TA% AR FAHEY. TAd, &9 AIZE Bt
Figure 1, Figure 29} #o] A 2% At 5%, COy,

o 00 o 1200

Mz

. MARL Control Al E#olAd AiH(2%, F5%)

500

o 2T o [T 1200

Figure 2. MARL Control Al&#e]4 Z(COz, PM2.5)
24. AE & A A5 37

ANEHoldez g4y MARL =2de AaAs
A3 s, Tl AeA =9 A g
e Agate] HPS Pt MARL 292

A AE BAS ¢ APl & dEHo 10 & @9 & State
s Agta o= F3] =&F Action A2 BAS 2
A5,

0w Ho|
WRRL Comiral

AHU Energy (kih)
P B e e W

MARL Control 0J4%| B2H8: 36.1%
o

g
o

& & @

o ‘2
Mg

Figure 3. 24 & AHU o|ly#] A=

e ol
— WaARL Control

2 8 &8 B B
§ £ 2 B B

i Purifier Energy (KWh)
o

&

oozs

MARL Control Of1{X| WZHE: 13.0%

o & e e - - - - P
Azt

Figure 4. 24 & 713447 A 2u=F vl

0088

g -
FHEeE=Las|
s H7he ddh Alojel AltdEl MARL  Control
WS At 7 HolEHE vl BA 5 WAoR
7183k Figure 33 #ro], AHU(ZFZ7])¢ o|ydXA
2ujEe 71E W giYl 36.1% EREAC =3
Figure 494 & 4 Axo], F71HA7IY d4A
ZH S 13.0% AzetE adE Feskdnh. B4l
RE Ao FY9 2% F ¥ 3714 Axe= AAHd
A4 He JelA oz FHH, X d3tz}
AW A HEHE A 2SI SS F2lssith
— L Py nay h
P25 HEH (0-15ua/m
PM25 21 E (35ug/m™) 1200
. —-= AU COZ (MARL)
£ €02 HHWR (400-600ppm) £
Ed €02 71 [1000pgn) 1000 &

0500 ww

1800

1200
Azt

Figure 5. 24 71% MARL Control Z23(CO2, PM2.5)

0000 0300 0500 1500

m 22

HoAxE gy e AE Ao s vd
olo]dE Zslstgel A AE FHer] fs8l, 74
TE TY9E 5HAHoZ Ao MARL ZHIAYAE
Aorsla I HaAds HSeh olE $3l Modelica,
EnergyPlus ¢ H#d 7wkl PM2.5 Surrogate
Model & A3tste] AA9  FAFS  Co-simulation

A4S FEF
MARL Control
AIA  70.4% A
FABFA T o], AlEH o] H Aol mds
AA AB] Hgste] 36.1%9 U A" ZHES
dgsteleh. AlEwlold ] AA HdEe ouyA AitE
AA3 THom WEse dd 1Y
MARL dlo]dEZ} A& o]l &
o] T4 wWslel| HgatH AAYLS HolFE

A HE =2

o =

= A 15k Ao} diH] AHU

A A4
How

o=

=z]
=

A Aol

Aol

=
RS

<

FF Aol
Yoz 32 F

p
T

ACKNOWLEDGMENT

B oQdE AEARYRMOTIES Solu x| 7]
B7FA(KETEP)®] A< wol sag 7oA.
(No. RS-2021-KP002461)

2ned

(1] #7115, & o1F&. (2019). AEE=E Wy A] 4H|
Zpolof e At A LEAF S 2002), 91-103.

[2] Li, H., & Li, X. (2018). Benchmarking energy
performance for cooling in large commercial
buildings. Energy and Buildings, 176, 179-193.

[3] Xue, W., Jia, N., & Zhao, M. (2025). Multi-agent deep
reinforcement learning based HVAC control for multi-
zone buildings considering zone-energy-allocation
optimization. Energy and Buildings, 529, 115241.

[4] Wang, Z., Xiao, F., Ran, Y., Li, Y., & Xu, Y. (2024).
Scalable energy management approach of residential
hybrid energy system using multi—agent deep
reinforcement learning. Applied Energy, 367, 123414.

F



