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ABSTRACT KEYWORD
Purpose: This study aims to evaluate the energy reduction performance of HVAC systems by applying optimal =~ 3ZA[AH
2712%

supply air temperature control based on an integrated machine learning approach. In conventional HVAC operation, e SIAats ot nal=
fixed supply air temperature settings or reactive control strategies are commonly used, limiting the ability to :|; 20| = s =

respond effectively to varying load conditions and resulting in suboptimal energy performance. To address this

limitation, a predictive and adaptive control strategy is proposed to dynamically adjust supply air temperature ~ HVAC System

according to system conditions. Method: An integrated machine learning algorithm (IMLA) was developed by ~ Supply Air Temperature .
combining two machine learning models: an artificial neural network for system condition estimation and an glsignrla;tle goMn?rf)};me Learning Algorithm
optimization-based learning algorithm for determining control variables. The proposed method determines the

optimal control variable at each time step based on predicted system conditions, enabling adaptive operationunder A CCEPTANCE INFO
varying load profiles. The performance of the method was evaluated using a central HVAC system under typical ~ Received Apr. 6, 2026

cooling season conditions. Result: The results show that total energy consumption decreased from 85,381.8kWh  Final revision received Apr. 10, 2026

to 80,307.5kWh, corresponding to a reduction of 5.9% (5,074.3kWh) compared to baseline operation. ~Accepted Apr. 16,2026
Component-wise analysis indicates that chiller energy decreased by 7.2% (79,492.0kWh to 73,748.5kWh) and

pump energy decreased by 9.1% (2,732.6kWh to 2,483.7kWh), while fan energy increased by 29.1% (3,157.2kWh

to 4,075.3kWh). Monthly results further show higher energy reduction during partial-load periods, with savings of

12.9% in June and 10.3% in September. Despite the increase in fan energy, the overall reduction was achieved due

to the dominant decrease in chiller energy.

(© 2026. KIEAE all rights reserved.
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Fig. 1. Framework of the integrated machine learning algorithm
(IMLA) for load prediction and optimal supply air temperature
control
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Fig. 2. Schematic of the HVAC system and control point for supply
air temperature

Table 1. Design conditions and system parameters of the HVAC
system used in this study

Component Parameter Value Unit
Number of zones 15 -
Floor area 4982 m’
Occupancy density 18.58 m?/person
. Lighting density 6.0 W/m?
Building - 5
Equipment load 8.0 Wim
Cooling setpoint 26 °C
Operating hours 09:00~18:00 -
Infiltration rate 0.3 ACH
Supply air temperature 12~18 °C
Air system Design airflow rate 14.01 m’/s
Fan efficiency 0.7 -
Reference capacity w
Chiller Ccop 5.0 -
Leaving chilled water temp 6.7 °C
Design flow rate 0.008381 m’/s
Pump Design pump head 179352 Pa
Pump efficiency 0.7 -
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between baseline and ILMA control
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Chiller 79492.0 73748.5 5743.6 7.2%
Pump 2732.6 2483.7 248.9 9.1%
Fan 3157.2 4075.3 -918.1 -29.1%
Total 85381.8 80307.5 5074.3 5.9%

Control)o]l W2 HVAC AJ2H 9] o|7] 28] E45 g4z
B7rst7] Sl A od A vt Wer], 3 2 o) dupd

Ui A] ]S ula B Ao,

1) A =] &HFF Hw

Table 2.= 71& &4 7} ILMA Controlo] w2 AH|H 9 Z ofj1
A AH|E v A3-E vepdict,

AA oz 4n|e] At 715 7 (Baseline) ol Al & oy 7]
AHE 85,381.8kWhE uetgton], ILMA Control &4 Al
80,307.5kWh= Aot ol oF 5,074.3kWhe] dzte] s
atm, oF 5.9%9] o1 2] A7+ axts vebdh o] 2fgt Aihe 7
2EE Fof 270 wet siHos xHstote] Aojgozy
HVAC A|2519] 4] o 2] AHE P
HojFEr,

BE7] o 2= 79,492.0kWhel| A 73,748.5kWhi 745} oF
5,743.6kWh, 7.2%7} A7t E|).om, B o 2]= 2,732.6kWhol]
A] 2,483, 7TkWhz ©F 248.9kWh, 9.1%7} AZr=|glc}. ¥hA, W ofu]
2= 3,157.2kWholl A 4,075.3kWhi <F 918.1kWh, 29.1%7} Z7}
sttt AAA 2= WE7] ovz] A a3b7t W oA St
A3]5to] A| A8 AA| 9] o] 2] AH] 4 o]o] R 7 o 2 vrehyitt,

=

2) 99 oz &M H L

Fig. 4= 695 € 9971A] A|2glo] AA| v 2] A 4E
2 A% Atolrt. 699 ¢ 71E A 16,428.1kWhol| 4|
ILMA Control Z-& A] 14,311.5kWh= 7HAas}o] oF 2,116.6kWh,
12.9%2] A7}o] vrebgth. 780l 27,247.3kWholl A 26,412.9kWh
2 ZHAste] oF 834.4kWhel 3.1%7F AElon], ¥
23,648.7kWhell 4] 23,387.1kWha <F 261.5kWh, 1.1% 74515
t}. 9ol 18,057.7kWhell A 16,196.0kWh& °F 1,861.8kWh,
10.3%9] A7ro] byt Autz oz BRBS 2 7A0] 242l
717491 697} 9¥o] AjH oz o 2 A7 avprt yehgon, 1
Hop 27491 797} 89l AHEo] thA AHAQ S Bt

AU oy 2] AH] E4& B4 o3t 2
HE 99712 WE 7|9 oiA] 4H|FS EHE B4 ATto|rt,
W57] i A] A2 BE 7|7 =A%

n
N

T

ol
4
ol
[
N
2
=)
ru
i
N
rfo
H
o
ol
o

(©2026. Korea Institute of Ecological Architecture and Environment all rights reserved. 97



of| A 1,172.9kWh= ¢F 495.0 kWh, 73.0%7} 57Fst i, 9ol Al

S 7AES 7|t 2712% 2|4 2H0| T2 HVAC Al of|42] 2 23t 24

o cn reiorme ] 23 WER 2AT Asfoleh BT o) 2vF EG mE ]
= 35000 e o — — 7ol ZHashe A eyt €2 E 69l 24.3%, TEol|A
Z 30000 — : oF 6.0%, 8Bl A F 1.9%, 9Eol|A] oF 15.0% 7HAstATt. o)1= ¥
g 25000 7] 240 ZolEWA F27] Yo ¥R g FFEHE Y5 #
£ 20000 o) Zastel WX FY% ] FolE ANz Ptk
:ﬁ) 15000 Fig. 7.2 695 H 9971 3% A|2H W] o] AuFS 4
e 10000 HI I Hl A2 A Aatolct, W o A] A2 WE 7ot Hiet: g
€ 5000 UK 7| 7ol A F7tohe A Bt 53] 6¥ol A& 677.9kWh

0
Jun ul Aug Sep

J

Fig. 4. Monthly total energy consumption under baseline and ILMA
control conditions

C—Baseline == [LMA Control —o—Reduction rate

30000
16.4% 3.3% 0.9% 13.1%
25000 e
20000
15000

Chiller Energy Consumption [kWh]

10000
5000
0

Jun

Fig. 5. Monthly chiller energy consumption under baseline and
ILMA control conditions

Jul Aug Sep

| [ Baseline E=ILMA Control —o—Reduction rate |

_ 1200
< 24.3% 0 0 15.0%
= =0 6.0% 1.9%
= —
E 1000
g 800
2
=
S 600
)
2 400
5|
o
F I l
~

0

Jun Jul Aug Sep

Fig. 6. Monthly pump energy consumption under baseline and
ILMA control conditions

[—Baseline == ILMA Control —o—Reduction rate

1400

-73.0% -65.3%
1200

-5.0% 6.9%
1000
800
600
400

200

Fan Energy Consumption [kWh]

Jun Jul Aug Sep

Fig. 7. Monthly fan energy consumption under baseline and ILMA
control conditions

98  KIEAE Journal, Vol. 26, No. 2, Apr. 2026

= 662.0kWholl A 1,094.6kWh=z oF 432 5kWh, 65.3%7} &7}5}t
At ol BV Rk 5ol w5 a e WiEoE A 2ot Sk
Ta TFol EoluHA W FElo] St ATt s A Hch vk, 7
Do A= 2 5.0% 57t 8ol A= oF 6.9% ATt Vbt Kot x
7ol wet W ofjuf 2] W3} gFAfo] o= A UrEryiT
TPH o R, B 7IASHE daelE 715 2 Ao
A7 B Aol IR Z700fA] 1
Uelon, dAdoz=
] Z(water—side) 2] o] A7 a7
air-side) 2] oY 2] F71& 43lote] A A]
2 ololz]= Ao EAHY o] =77
1 2] 2] 9] A5 BA (trade—off) 7} ¥+
1AIgHE 716k 24 &4 Wio] o] gt 4o -85 a7tA
o

shal Qle& HolE

o%
oft
N,

[}
o]
M 2 el ofN w2

his

fali:)
)
uj
flo o,
[
o
g
B

offt =2
o
R

rr ML
ol
ok

ne

N
—

ox
fri
N

i
e A

ol
-

r

] ©

>
[>
,

u:

T
T

- 0o
&,
9 lo 1 o o
= T oo |H

o e

o b
ro
H1

==

T T oo oo mn [H
i

Y >

i)

hu

2

o

[~

o it mx B~ o M
N

U ofm
Ryoost
)

e

ATl A= HVAC A&’ 9] o 2] A3tg Sfsl] 5 71419t
Z(Integrated Machine Learning Algorithm, IMLA)S
S H7| 2k 2A Alo] W& AQtsteinh. Aok W2
= 8 Fot A5y H A8 7 Festo], mlF F
271 eE &8 AgrE B2 4 =T A, ©f

@A 5ot 715 Hkg- g Ao} WA A Hlojuh, A A
#Ho| 7hsote s shylth

1=

o N
e,
Fl
O% l'm E
o

mu ok
> lo

ol

o,
RO e
of,

rsk

o,

2
Mo ofm
[RUBIAE
N

re
-
i)
£
of
ok

N

1Aeks a5 7Rt g7l = #4018 4
Bo= o, WA ol | A 24l 71E 27 dfH] 85,381.8kWheil A
80,307.5kWhz ZtAste] oF 5,074.3kWh7t A= o™, 5.9%
o o= A a7t vestth. @ B4 Aol A= BE 7171
A old#] v Aot gl s glon, 53] Fi4st 2110] #2]s)
1R s 22 69 9dol e AdlA e E w2 EHE

ol Lhebte}. ol WHpale] Hajepo] 2-& 7|7kl 7] Asts 7]kt

=)

=}
)
i
N
rfo
H1
=2
)
1o
=
A
o
oy
ol
i)
)
g
o,
o
i
ro,
et
4
30,
u)

i
I
i3
=2,
s
R
B>
I
R
1%
i)
i)
o
of
N,

a,

\_:IL

H
=
s
R
R
&

Ry o
oN w2 1o [ 2 -

o
off offt of ogk
N

1o



MLEZ

oo

iy

=2

- duES

7HE g elste] A o v 2] o= ofoj A& ALz HET. ©]
23t B3t= HVAC A5 9] o 7] 229} 5l 22417} 7 A
] St obd, AlAg] A T A AT E oof oh& HolE

ES A Frleee O gloE S| ot Fo 2o ot
2 Az e J0lq A EE AdES HEleH, ol HVAC

A299) 34 g7e] 1A Aol ohd, £ 270 wet sk
SHe 54 Alo] Heko g o] ol e AN %, FrlLk

T X
&
>
>
o,

Aol Bt 4
275K Aol ¥

2 AFolA

o,
RN
o,

o

o

o,

T

I Oto

ool

N X
12

o

Mg 1ok

BIORND)
o
I
i
_?L

2
o 1o ro
Ol
ol
)

s
o ol h B
R
ok
rE

n
= T
N
N,

o I>
o,
T, oo ok

I I
IN
N
=
N
)

o

T
<
>
@)
>
[>
L v}

o
2 oft ok ok
315
ok
lo
u
)

rir ..

2L Too
R
i
)
o
oL ol

Ho

o
iy

I g% ofo

jin}
o
)
oo
ro
i)

o [-'LI

o, of
I‘IF rk?_l[
oM,
=
R
o H
)
2> oo
N
N
olr
<
o O o% mx A pE 1N

Jo &
£ o)
FH
ol

Iy
e
)

i1t
>
[y

u

fru
N

oo

it

4> Mo

Mo rE
2
=2
n
)
o
e,
N
i
%
iy
i)

%0, of

=

1

ol

2

R

i

o off
o,

Jm

o2

o
i
Jo
ol
=
lu}
L
o
oo
rlo
o
o
BN of m2

=2

=
°
4

Y
=1
e o

N
2L
_?L
¥,
ek
op

- o ok
> 2 4 & o oo

=
R

ot @ N

NI .
lu ol
% ol
oo ol
o,
=2
wx oft flo
N

okl & 1o lo

BN

ro
H
=
1y
N
N
2
o
K

mn L

N

N

PN T

Hnﬁ:o
ox

N

ofl 4

g
ol offl
rg S
o by
o
o =2
fm 2 =
el
2 4 2
I

o

P ol

oof
of

M
k1 o rlo
H—]

b o
i
[
)
)

or lo
o o

[> 12 & ol Tl rR 1 oZ mo mo rlo
ox, og

2 omle o

aist}
Mo
R
R
1
o
X
i
sk
2
ox
o
I

Acknowledgement

o ERL 2023UE FR(LEH)) AUOE FFATAGY
2] ¢-Z wrof 25 7] 2 AFAFY 9 (No. RS—-2023-00248898).

References

[1] International Energy Agency, Energy efficiency 2023, IEA, 2023.

[2] D. Urge-Vorsatz et al., Heating and cooling energy trends and drivers
in buildings, Renewable and Sustainable Energy Reviews, 41, 2015,
pp-85-98.

[3] S.L. Zhou et al, A comprehensive review of the applications of
machine learning for HVAC, DeCarbon, 2, 2023, 100023.

[4] J. Drgona et al., All you need to know about model predictive control
for buildings, Annual Reviews in Control, 50, 2020, pp.190-232.

[5] P. Raftery et al., Evaluation of a cost-responsive supply air temperature
reset strategy in an office building, Energy and Buildings, 158, 2018,
pp-356-370.

[6] H. Elehwany et al., Evaluating common supply air temperature setpoint
reset strategies with varying occupancy patterns and behaviours,
Building and Environment, 266, 2024, 112129.

[71 N. Nassif et al, New optimal supply air temperature and minimum
zone air flow resetting strategies for VAV systems, Buildings, 12(3),
2022, 348.

[8] R. Jin et al, Review of optimization control methods for HVAC
systems in demand response: Transition from model-driven to
model-free approaches and challenges, Building and Environment, 280,
2025, 113045.

[9]1 Y. Miao et al., Research on optimal control of HVAC system using
swarm intelligence algorithms, Building and Environment, 241, 2023,
110467.

[10] Y. Sun et al, Optimal control strategy for building HVAC systems:
Satisfying  flexible demand response with different value-based
selection, Energy and Buildings, 323, 2024, 114823.

[11] D. Kim et al, Energy modeling and model predictive control for

HVAC in buildings: A review of current research trends, Energies,
15(19), 2022, 7231.

[12] K. Bamdad et al.,, Model predictive control for energy optimization of
HVAC systems using EnergyPlus and ACO algorithm, Buildings,
13(12), 2023, 3084.

[13] P. Michailidis et al., Model-free HVAC control in buildings: A review,
Energies, 16(20), 2023, 7124.

[14] K. Al Sayed et al., Reinforcement learning for HVAC control in
intelligent buildings: A technical and conceptual review, Journal of
Building Engineering, 95, 2024, 110085.

[15] H. Huang, B.R. Hughes, Review of HVAC forecasting and control
strategies for improved building performance, Building and
Environment, 287, 2025, 113797.

[16] M. Kim, S. Kwon, Real-time HVAC control for utilizing demand
response and renewable energy using optimization-informed supervised
learning, Energy and Buildings, 344, 2025, 115954.

[17] H. Wang et al, A machine learning-based control strategy for
improved performance of HVAC systems in providing large capacity
of frequency regulation service, Applied Energy, 326, 2022, 119962.

[18] C. Liao et al., Year-round operational optimization of HVAC systems
using hierarchical deep reinforcement learning for enhancing indoor air
quality and reducing energy consumption, Applied Energy, 390, 2025,
125816.

[19] M. Deru et al, U.S. Department of Energy commercial reference

building models of the national building stock, National Renewable

Energy Laboratory, 2011.

7147, 7134 B2, https://data kma.go kr, 2026.03.08. // (Korea

Meteorological ~ Administration, Open  MET  data  portal,

https://data.kma.go.kr, 2026.03.08.)

120

=

(©2026. Korea Institute of Ecological Architecture and Environment all rights reserved. 99



	통합 기계학습 기반 급기온도 최적 운전에 따른 HVAC 시스템 에너지 절감 효과 분석
	ABSTRACT
	1. 서론
	2. 통합 기계학습 알고리즘 기반 최적 운전 방법
	3. 적용 대상 및 해석 조건
	4. 결과 및 분석
	5. 결론
	References


