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Fig. 1 Interaction architecture between IES and

power supply system of rail transit
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4.4 REUKRAE

AR SO 3 ) B S 58 B LT X 42 0SSl L R 4
& E2E A BE TR 22 45 B ) 40 Ak 18 B A AR Ry R 5 B B AR 2Rk
LAY, RO T A b R A T A A O TR S R B A R
Python #8 ] GUROBI & b 3R fift &5 E A7 3R Mt o Xt A5 8 i 47
TR AR R o A B S0 A0 R o T (3) A
i, v 38 i 9 A GUROBI =K fig #% H 19 addConstr () Al
addConstrs () PR K Ak B 5 X 20 (8) o T 95 A 31 14 43 Bt oA
B, W] DATE A 4R 1 1 T vk sk A 3, B AR R M Ak T 1 T L S
wk[17].

5 BEISH
51 HHISHEE

AR 3C LK P A A L A R SR TES S BFgE X4, LA
R MR B AR, 5% 1 [ A6 X 5k ki R 4501
B RIFHISENI S . RGERY I RSB 24 he B 1A
B 2t K i 2 AR BE VR B i SRR R ISR 1 s,
IES i RER A I A S HCRRINZ 2 i, 3R 3 JR/R T 1
TR 2 GE P RRHE TR T3 R BRI LG i HE R R B TES 5
G 0 22 ] 1) 52 AR AR R BRI IEL 3BTRS AR ST ik
A 2545 U8 1 XUH DGR L G faf (s LI E] 4 i . RAR
MR E N 0.35 J0/(kW-h) . FRASBRE D LK N SH0% B
R BR A S FM N 0.252 Th/kg, ARSI R A 25% , B dE
TR XA R 40 t.

F1 BEBEHBRIEENSH
Table 1  Parameters of energy conversion equipment
W RO/ E2S ) %}i@ﬁﬁm:/
% kW [5C/(kW-h)]

RGP 80 500 0.03
IREFAL 30(HL)/45(3#4) 1000 0.053
RIBRIEER 70 800 0.06
FHLAR 80 500 0.03
RSP 85 700 0.03
IV AL 400 200 0.097
W AL 180 300 0.08
Ho A 87 800 0.0628
By ST 90 700 0.0625
58 S 2 60 700 0.062
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Table 2 Parameters of energy storage equipment in IES

W o R KRR R iisiﬁﬁizlxﬁm/
% kW [J6/(kW-h)]
fitt 97.95 500 0.012
Eptid 98.98 200 0.016
i 95.95 300 0.011
it e 98.98 200 0.016
fitt Sk 95.95 800 0.018
#3 WmHEEITEMNEXRY
Table 3 Correlation coefficients for calculating carbon
emission of equipment
240 y¢: N ZH HUH | BH ol
m, 0.0034 n, 0.001 K, 0.728
m, -0.38 n, -0.04 K, 0.102
m, 36 n, 3 a,, 6
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Fig. 3 Electricity price information for transactions between

IES and higher-level power grid
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Fig. 4 Information of wind power, photovoltaic power,

and loads on different typical days
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4 IR TN HUIE A TE i HL R GEHT IS AT PR AR URH
Y4 (TES £ T o LA K BB 22 im fh R HL A . 3R 4 7T
19, A8 AR A BB W (s i TES /A FF A BR U 44 %
87.68% , XU HL G AR FAY s 3t A1) FH J3E A< 2R A1 AR K 19 2 T 25 ]
TE5 OB S A R G XIS, AT TR R R AN R AR T &
95.65% 3N T 7.97%. 5 MEIRII 3 i S P e i, 1ES
GG P T T 11.95% ., LRI L, BB 33 gt R 48 m]
AR B Z e & R G HE R 8N Y AR BRI AT 94, 1
Tl gs b bR AR S B I Bl SEEROE & FLY
MBI AN . SeAh BUE Sl A R e TES W H A0 A% AR
THEMN EGAE MG, 52T 3 S0 A, AR B A
T 3.73%, ST MU RTE o AR, B T 4 TTAS BOE 220 A
HETE 01:00—05:00 W B PN B AT HIHL AT 3K, 15k B 18] 1F J2 X
R G  Hh O B, D, @ R — 2 AR TES B BERESS Y, 32 7T
FRGALRR Y 2 T AR AR PE

F4 BEANPEXBEHBRATNENIESETER
Table 4 Operation results of IES before and after connecting to

power supply system of rail transit

sy uEsgE gt PuEscE e
REASIES W RE5 IESX#
A A BETRTE 0% 1% 87.68 95.65
IES U %5/t 20038.19 22433.07
HTBHRRR 22388.52 21553.94
WA L AR /T ' ’

53 SEREHEEATMAUERRIBEHT
A S o A SR B RE TR ALK TES 1 It RE
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Y5 2. CHP HL41HH GT .WHB .Kalina fE ¥ H 5 ;

Y%t 3:CHP 11 GT.WHB . Kalina JE¥#I EB 4 i ;

Y5t 4. RIGHLAESATT T CHP HLAL LA K & SR A,
{EBE KA

Vst 501 BARSCHTR B & & R G LR

P& 5 B SA HERL I R SE 5 AR L K R SR E AT AR
A AT TR T 5 1~5 T TES {RAR 2 5 1L
BELE L.

&S A, —Fm TS5 1L 52 Wi RSE
AT A B A8 50 WA R RAS 43 531 R B T 1562.01,1281.90
F1 284391 JC , Bk HE I FRE T 6397.92 kg 40iE T Kalina
TEFR AT LA SRR AR TES YA i B HE R . 55— D7 T
W%t 2 M3 A g R 3 s 2 R HERCR (R
5 A B GEIBAT A B RAR T R B R T 7.25% .
9.65%.9.71% 1 9.67% , iX 3% W] ££ 7 i L ik B 7T % 1% EB
A g — AR TF IES B2 Be AR . ite4h, 5t 4 th sy
T CHP ML A FEHLA , (B P AL BERE ML I R RGO AE — i i
JEME ST TAE, AR A AR SR T SE B TES (14 A Fl
e HE Ik UK /0 (F oK 78 404725 48 28 T AL R FL 0T I ARk 26
W g s WitEg R 4 BOJERE 1 FF CHP HLALS A RE =T
ML ) Kalina AN E RS A . 13 5 P rgdE nl & A1
o F s 7 (A5 4) X B & TR (RN 5 5) Ak
T IES M BBUAS BAE 5 AR e HE U DA R R GRS AT AR 1Y
HE— 25 B, IR0 UE T AR SO ST 1 B Al R TR RE ST A
P HE TES SRR & B is 17 1A 2k

x5 ERSERFUEATHIESHILAEER
Table 5 Optimization scheduling results of IES with

flexible energy supply units containing hydrogen

by Eﬁ%ﬁ/ fcHE ﬁﬁiﬁl ?éfﬁéi?
JG T kg AT AT

1 15652.64  58948.09  9767.39 5885.25

2 12808.73  52550.17  8485.49 4323.24

3 1157026 48739.09  7666.85 3903.41

4 1032530  45836.43  7022.29 3303.01

5 10157.76 4544099  6930.56 3227.20

Sk 4 TR A 43 A7 AR SC T $ 104 7 S0 R T 118 B8 R T 7 12 F
AR AR S R A TR S T A RO TS S A
TR HL B R R AR X R, N3 6 TR . B S R
Be 7 IES HE RIRSP S . B 6 DI R B TR R B B

TEAW MR OT Y H PVt RR S DL . [RIR, JROR TR Y
S SR T B AR PR OTAE 25 A B B A H R R B T R Y O
], 4P 7 iR o

M3 6 13,5 | N CHP HLALM L 3G i 5 L3R 8
g RE B (AR 43510 0.45 1 0.55) , 7842 7 H (R B4 ] Fisf b %
Az R ), T S 30 F AN AT D B VR A SR R o SE A i
A Kalina ¥ J5 (B35 2) , CHP HLAL f P i i A5 3 1 —
FE TR AR R TG PEAAR Z PR i 5 3 W8 bR T
R, SEI T CHP L2 Ay B #  f7 LER4E[0.00,1.00]
DX [] 4 Bl 9 AR A X — H bw o AR, Ry 1 0 R Ak 2 7 5K L

Fo6 RiEFMEEHTHE EEHSLRATUXEER
Table 6 Comparison of variable range of electricity and

heat output proportion for flexible energy supply units

Y5t HL o5 PR D] B R IX ]
1 [0.45,0.45] [0.55,0.55]
2 [0.45,1.00] [0.00,0.55]
3 [0.00,1.00] [0.00,1.00]
4 [0.29,0.80] [0.20,0.71]
5 [0.00,1.00] [0.00,1.00]
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Fig. 5 Balance results of electrical and thermal power
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Fig. 6 Electric and thermal power output of flexible energy

supply units containing hydrogen
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Fig. 8 Dynamic changes in growth rate of carbon trading price
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Table 7 Comparison of low-carbon economy in

scenarios 6-8 considering different typical days

5 H 75 SSARTT R kg
6 25520.99 88093.60
# 7 20658.93 74493.44
8 20367.25 73258.09
6 23192.73 76630.16
Fk 7 20575.26 71054.98
8 20282.36 70427.11
6 31160.84 91553.10
3 7 28391.05 85769.25
8 27686.67 82082.86
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CO-OPTIMIZED SCHEDULING OF HYDROGEN-INTEGRATED ENERGY
SYSTEM INTERFACING WITH POWER SUPPLY SYSTEM OF
RAIL TRANSIT UNDER DYNAMIC CARBON TRADING

Tan Junfeng'?, Zhang Fan'?, Zhao Shuai'?, Huang Yanlu'?, Zhou Wei’, Lai Jin’gang’
(1. China Southern Power Grid Digital Grid Research Institute Co., Ltd., Guangzhou 528251, China;
2. China Southern Power Grid Artificial Intelligence Technology Co., Lid., Guangzhou 528251, China;

3. School of Artificial Intelligence and Automation , Huazhong University of Science and Technology , Wuhan 430074, China)

Abstract: To realize the intelligent interconnection and interaction between the intelligent integrated energy system (IES) and the
power supply system of rail transit, a synergistic optimization strategy for the hydrogen-containing IES and the power supply system of
rail transit is proposed based on the dynamic ladder-type carbon trading mechanism. This strategy can reduce the cost of energy supply
and utilization, while enhancing the low-carbon energy supply of the multi-flow coupling system and the low-carbon energy consumption
of the rail transit system. Firstly, a dynamic ladder-type carbon trading model is designed based on the level of renewable energy and
loads in TES. Secondly, according to the electric and thermal output characteristics of gas turbine (GT) and hydrogen fuel cell (HFC),
the traditional combined heat and power (CHP) unit and hydrogen energy unit are coupled by the Kalina cycle to develop a hydrogen-
containing flexible energy supply unit, which can enhance the flexibility of the energy supply. Then, a hydrogen-containing 1ES
collaborative optimization model connecting to the power supply system of rail transit is established to achieve cross-system joint
optimization of rail transit energy consumption and multiple heterogeneous energy supply units, fully exploring the low-carbon economic
operation potential of the system. Simulation results show that the proposed strategy can effectively balance the low-carbon economy and
flexibility of multi-energy system scheduling, which can provide references for the synergistic operation of IES and power supply system
of rail transit.

Keywords: integrated energy system; carbon trading; hydrogen; power supply of rail transit; low-carbon



