B R 5 T &

Science Technology and Engineering

DOI. 10. 12404/j. issn. 1671-1815. 2403173
SIAMESC: e, MR, Tl S5 JETUGER) PSO KOBTLAMA BERERCEIUILL )], Bl2HRE TR, 2025, 25(6) : 2578-2584.

Li Jin, Lin Zhi, Yu Chongchong, et al. Improved PSO-based configuration optimization for wind-solar complementary highway tunnels[ J].

Science Technology and Engineering, 2025, 25(6) : 2578-2584.
ETF ity PSO KB4 BB EMAWK
Fpt, Fopp TS, Fl A

(1. Hsgss— &%Eﬁ%mfrﬁﬁﬁl&ﬁﬁﬁ/\? I 4300505 2. qﬂx%l[ﬁ_l_'ﬁﬂﬁT S (8] TR AR & o,
BT 430056 ; 3. HPEASH K HOR TAEERE, BK 4000745 4. RS N\ TRRARA T, KH 300450)

W OE AREEZAEN R MEAFEFEETRAGRG LI, &S e AR IEE ‘%ﬁk”ﬁi$lﬂ;‘%ﬂ ERR, h T BIK
/&%%g%i]g@ﬁki&%b@%ﬁ%&ﬁh ECBBEHRT AR BRLEMGAERE KATHERBESE RAEAKGE
BEMERANE, EI AR L MEEAEE RS, A—%K 498 m kéﬁ/&ﬁ&&&Lﬁ4Tﬁﬁ£f5'J AR A TR TR %
(particle swarm optimization,PSO) , YA 4> A4 & #69 % & 2R A A I A RAR A B AR, A8 s 37 £ RS A Y4 R, 4
SR EAE AN R G BAT T, ZRAM . SREG BN AERETFHLEES 20 KENRBRE T RHM,AFEETFHLE
FEEH 300 RERMFFNRAMB, ERAAERETHAETRAEN LR, ARG BRA AERETELET AR ET
BA K FRERGN L A EER TR RAEIRT 57.83 T 4,4 17.37% , b F bl 148 — 4565 A & A 51.50 7
TR B EAN R R A A G R R AN 332.88 A, A RAKAE T a gt M E  ERE LA R AR T DIRER
10.47% , F23%4-20 a 6942 A o R, R A% ZANE & R %45 8 697. 12 T ueg A a & A,

KR ASEIEIE IR T R A TRk R EANR L, TAERR

TS U458, 1 CHRbRERS A

Improved PSO-Based Configuration Optimization for Wind-Solar
Complementary Highway Tunnels

LI Jin"?, LIN Zhi’, YU Chong-chong™**, YIN Heng’, HUANG Ke-xin’, LIU Chao-ming’
(1. China Communications Second Highway Survey, Design and Research Institute Co. , Ltd. , Wuhan 430050, China;
2. Tunnel and Underground Space Engineering Technology Research and Development Center of CCCC, Wuhan 430056, China;
3. School of Civil Engineering, Chongging Jiaotong University , Chongging 400074, China; 4. China Construction
Eighth Engineering Divsion Co. , Ltd. ,Tianjin 300450, China)

[ Abstract] The rapid increase in highway tunnel mileage also signifies a gradual rise in operational costs, and the pressing issue of
high electricity operation costs for highway tunnels urgently needs to be addressed. To reduce the electricity operation costs of highway
tunnels and achieve energy conservation and emission reduction, it is essential to consider optimizing the energy structure under the
“dual carbon” background. This involves exploring the application prospects of renewable energy supply systems in highway tunnels
and establishing a wind-solar-storage complementary power generation system. Taking a 498 m long highway tunnel load as an example,
an optimization based on an improved PSO ( particle swarm optimization) algorithm was conducted. The goal was to minimize the full
lifecycle costs of equipment construction and maintenance, with constraints on the power shortage load rate and storage capacity,
specifically for the wind-solar-storage complementary system. The results show as follows. The improved discrete adaptive particle
swarm algorithm obtained the optimal solution after the 20th iteration, while the standard particle swarm algorithm reached the optimal
solution near the 300th iteration, indicating a stronger optimization capability of the discrete adaptive particle swarm algorithm.
Compared to the standard particle swarm algorithm, the improved discrete adaptive particle swarm algorithm reduced the investment and
usage costs of the wind, solar, and storage equipment by 578 300 yuan, approximately 17.37% . Compared to the annual electricity
cost of the example tunnel, which is 515 000 yuan, the full lifecycle cost of the wind-solar-storage complementary system is 3 328 800

yuan. The investment cost will be recouped within 7 years, and the investment return rate of this wind-solar complementary system is
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10.47% . Over the 20-year lifespan of the equipment, the wind-solar-storage complementary power generation system will save

6 971 200 yuan in electricity expenses.
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Table 1 Load table for a tunnel in ganzi, Sichuan
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Table 5 Electricity price table for a tunnel in Garze,

Sichuan Province
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Fig. 3 Hourly wind power generation, solar power generation, and electric load curve for a tunnel in garze,

Sichuan Province, China, for 8 760 hours
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Table 6 The optimal capacity allocation result
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Table 7 Results of economic benefit analysis
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