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Comparative Study of Energy-Saving Optimization Control Strategies
of Ventilation and Air-Conditioning Systems for Subway Stations

ZHANG Yunxia', SU Ziyi%, LI Xiaofeng’

(1. China Railway Signal and Communication Shanghai Engineering Bureau Group Ltd., Tianjin 300380;
2. School of Architecture, Tsinghua University, Beijing 100084)

Abstract: To advance the energy conservation of subway stations, this study focused on the optimization of control strategies
for ventilation and air-conditioning (VAC) systems. In this study, Beijing, Shanghai, and Guangzhou were selected as representative
cities for the cold, hot-summer cold-winter, and hot-summer warm-winter regions, respectively. In addition, a model of a subway
station with a platform screen door system was established using a transient system simulation program (TRNSYS). The performances
of automation and optimized timetable control were compared in terms of station environment, energy performance, and
renovation costs. The results show that both automation and optimized timetable control can effectively improve the station air
temperature during the cooling season, thereby achieving a similar station environment. Automatic control can reduce the annual
energy consumption of the VAC system by 41%-49% compared with the current conventional timetable control, whereas
optimized timetable control can decrease the annual energy use by 38%—48%. For renovation costs, optimized timetable control
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merely requires improvement in management without supplementing devices, whereas automatic control requires higher equipment
and maintenance costs. Therefore, we recommend the adoption of optimized timetable control for subway stations to achieve

energy savings.

Keywords: subway stations; ventilation and air-conditioning systems; automation control; timetable control; energy savings
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Table 4 Comparison of the three control strategies
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Figure 2 Fluctuation in station air temperature in a
typical week during the air-conditioning season
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air temperature during the air-conditioning season
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Figure 4 Comparison of the three control strategies
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£S5 TRARFERARMIMEZRETEEN

Table 5 Energy-saving potentials of the control strategies

Wik A A% AL BT 7] R A2 4
BT heg 4 FhE/ 4
(% kWhia) &5 /% (7 kWhia) &5 H/%
-3 21.9 41 20.4 38
L& 31.8 47 30.7 45
7 53 49 51.6 48

5 PR 8 o TS T S I B b L A BESER T
AN 26 A B 7K FE DAL« HLARGHT IR ek /D 55
FALE T3 B R T %, RIS 2247 31 1)
J5 ST LA B, FREFELLIS ¥ B RS
LT S%(FEA X)) 3% MAAHIX) . 2% A
KHEMLIX) . TR A b X 2 T Z AR A
B, BT T KB, DIAR L AR IR i
ZIZEH, BB A R GRS I - X IR AR AR
] .
34 AFBUERFEEYEFITLE

BSOS A . RGeS W Tl N g
A A5 THI AR S B AR HP A3 DG il . S0 kg
AT T, DA 22 42 I 5 SAN T 248 i i B
RT3 0 B AR EA T AR, DA 2l SR
15 B0 E A BN PRI I 2 R A T %6, G 1S
N FF ARG, SUERAMG. WMEAEREN TR
BEAN I AR RS, RABNERR, SUERA
e JEIAYES IR, BB RGN T 5 R R
T N T E IR RIZ T 4E Y, T RAR AL
B, SIYEE BN AT E R . AL 23R
PRI 7 S8 75 AR Ak — I R AT . T o

62 URBAN RAPID RAIL TRANSIT

SN DLIEAT PRACARALL, AT AE A R RIS AT 7 %8, Al
Lo T B4 7 EXE 4EE BN A BT SRR . A
I, 0 T HBAR X S AT AR TR /N IR R
KA I ZI 245 0 )7 S 808 ARG S5 e 15
B, (RIS e S 3 Y 1 5 R GE A [R] PR 45 T K
RATREW 1, AW BRI
4 e

O HES) Rl STETT BBV ), (RIS SHfelont A P
A& A, ASCIRIT T I LR AN R A R e il Uy
%o BMbR. Bilg TN AR VST, RS
RIRPEHIE A BEE, XL T % B RGP %)
RYEHNX 2 By G A A IR I O 7 REIE 0
CIE AT TR I, 3% 6 4L T 3 Fhy S 1) e Xt
LG, RTLCRE Ay ) U7 RIE PR R A N 2
%o IR EIR: I 2RSS G BB R G hE
FEPRUE G A PR KT (R T3 R SEIEABA 9 BE K
RO GR G IBu NGO . REFER IR
FRA,  ERICHBAR S R LA I 2 3R 45 1 S AT Y
REIBATIUA, BLSEILT REWE J) o A SCIIAIEFE R AT T
B X B Y BRASAT T B B S
IXIER

6 3MITHIARITLL

Table 6 Comparison of the three control strategies

S B A E AR
TR AR W ARAEE HRER
& AT B %) AR £ & & i3

Wik Az AL &4 & & %
HACK ZI R 2R BT UK BAK B

S 3k

[1] P ERTHE B2, ST A B 2022 4 4t
Fa pATARA[T]. IR T HLiE 3Ll 2023(4): 13-15.

[2] SU Ziyi, LI Xiaofeng. Sub-system energy model based on
actual operation data for subway stations[J]. Sustainable cities
and society, 2020, 52: 101835.

[3] # &M, Tk, ZaR, F. W TRHBRALS
i A B KRB IRHEAEMGR[T]. #1745 A1), 2016,
30(3): 316-320.
LIN Yanqing, LI Xianting, WU Chengbin, et al. Natural
ventilation performance of the subway adjustable platform
screen door in transition season[J]. Refrigeration & air con-
ditioning, 2016, 30(3): 316-320.

[4] YANG Le, ZHANG Yichi, XIA Jianjun. Case study of train-



W I IR G T ) T HEXT LTS

induced airflow inside underground subway stations with
simplified field test methods[J]. Sustainable cities and society,
2018, 37: 275-287.

GUAN Bowen, ZHANG Tao, LIU Xiaohua. Performance
investigation of outdoor air supply and indoor environment
related to energy consumption in two subway stations[J].
Sustainable cities and society, 2018, 41: 513-524.

ER, OEAE, 7R, F.OATEM ISR EIRYE
RARRAER L Yom B E 0 o AT[J]. BB A, 2021,
513 F) 2): 311-316.

YANG Zhao, YU Zhuangzhuang, YU Longqing, et al.
Research on frequency conversion technology of metro
station’s ventilation and air-conditioning system[J]. Applied
thermal engineering, 2014, 69(1/2): 123-129.

PAN Song, PEI Fei, WEI Yixuan, et al. Design and experi-
mental study of a novel air conditioning system using eva-
porative condenser at a subway station in Beijing, China[J].
Sustainable cities and society, 2018, 43: 550-562.

[9] KIM M, BRAATZ R D, KIM J T, et al. Indoor air quality
control for improving passenger health in subway platforms
using an outdoor air quality dependent ventilation system[J].
Building and environment, 2015, 92: 407-417.

[10] 25T 16, Fwes. +E &SR K FFM T SETIE 2

G AL AR, AR BALILAE, 2023, 36(3): 131-
138.

SU Ziyi, LI Xiaofeng. Energy-saving potential of ventilation
and air-conditioning systems of PSD subway stations in
various climate regions in China[J]. Urban rapid rail transit,
2023, 36(3): 131-138.

[11] s, Fwrsg. b EE R R ST sk sk e
PREALIGAR[I]. AR HeAALaE, 2023, 36(1): 148-155.
SU Ziyi, LI Xiaofeng. Energy use index of ventilation
and air-conditioning system for subway stations in various
climate regions in China[J]. Urban rapid rail transit, 2023,
36(1): 148-155.

(%% T#%)

(EBFH10R)

P

(1]

(2]

FEAEA, A, KRR, BWMAFFM] 2K T A
K, 38 H AL, 2009.

REBFER, BFRB TR RLIRE RS RN
B AL (Z A& #2023 1304 5)[A/OL]. (2023-04-07)
[2024-04-19]. https://www.ndrc.gov.cn/xxgk/jd/jd/202304/
120230407 1353388.html.

I HLE SE IR R B S AR #AR[2015]52 5 [S].
AT P E R AR 2015

CER) s Eib, 158 F[M]. 2F&: FE K5 hiiat,
2011.

FLORIDI L. The Philosophy of Information[M]. Oxford:
Oxford University Press, 2011.

AW E, R BEFM]. L ZEKFE R,
2009.

ZHU Yangyong, XIONG Y. Dataology and data science[M].
Shanghai: Fudan Press, 2009.

AN, I, MM HEAFFRM] R FEX
2 pRAE, 2021,

SHI Chuan, WANG Xiao, HU Linmei. Introduction to data
science[M]. Beijing: Tsinghua University Press, 2021.
Chen, PP. % % EHEA: 2aHEHL—NA]. £
B AL A3 R R S A 3R, 1976, 1(1): 9-36.

Chen, P.P. The Entity-Relationship Model-Toward a Unified
View of Data. ACM Transactions on Database Systems,
1976, 1(1): 9-36.

[8] F#& - LTR. ATEARNFED]. 2R RLESH, 1989,
16: 3-9.

[9] (EBE) Tk, R RAESE IKRI ) AL -FHM].
BRAY, FAK: BHFHF BRAL, 2017

[10] #¥kli, WAL, WAk, F. THELE BT S RE

A M AR T]. B R TR AR, 2024, 39(3): 489-
507.
YANG Zhenshan, YANG Hang, YANG Linsheng, et al.
Multi-scale spatial deconstruction and evaluation of Sus-
tainable Development Goals[J]. Journal of natural resources,
2024, 39(3): 489-507.

[11] RIIK . I T 5 4 L4545 (2016 22021
)R] &I, 2022.

[12] Fandh, x4, b 2w A TALXE AR T

Bl A T AR R AR [T AR B AR AE
2023, 36(5): 1-10.
YU Songwei, LIU Wei, ZHONG Yingying. Comprehensive
evaluation of sustainable development of urban rail transit
based on open complex giant system theory[J]. Urban rapid
rail transit, 2023, 36(5): 1-10.

[13] (P 2)%4h - H. 343 ik 5K 5 69 4L 2 B [J]. SIAM
3, 1973, 2.2: 88-105.

John H. Genetic algorithms and the optimal allocation of
trials[J]. SIAM journal on computing, 1973, 2.2: 88-105.

(%h#%: T#%)

URBAN RAPID RAIL TRANSIT 63



