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Distributed robust optimal scheduling for a regional integrated energy system
considering coordinated operation of P2G-CCS-HFC

CHENG Shan, LU Yuantao, WANG Can
(College of Electrical Engineering and New Energy, China Three Gorges University, Yichang 443002, China)

Abstract: To enhance the low-carbon characteristic and renewable energy utilization rate of regional integrated energy
systems (RIES), a low-carbon economic scheduling method for RIES considering the coordinated operation of
power-to-gas (P2G), carbon capture and storage (CCS), and hydrogen fuel cells (HFC) is proposed. First, based on the
concentrated carbon emissions of traditional thermal power units, CCS is integrated to create a more flexible carbon
capture power plant (CCPP). Second, HFC is incorporated into the two-stage P2G process to refine the utilization of
hydrogen energy. A comprehensive P2G-CCS-HFC model is established, and under the constraints of hydrogen energy
balance, the impact of different equipment decisions on the overall optimization cost is analyzed. Simultaneously, dual
market mechanism incentives of green certificate-carbon trading and comprehensive demand response are introduced on
the energy supply and demand sides, respectively. Finally, considering the uncertainty of wind and solar power, and using
historical data, a scenario-based and data-driven distributed robust scheduling model is constructed with the objective of
minimizing the total cost. Simulation results based on case studies show that the proposed method effectively reduces
carbon emissions, promotes renewable energy consumption, and offers a reference for low-carbon economic scheduling in
RIES.
This work is supported by the National Natural Science Foundation of China (No. 52107108).
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Fig. 1 Operational framework of RIES
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Table 1 Comparison of wind and solar power consumption
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1 -1253.25 12 546.58 76.21
2 -3185.35 9984.38 92.65
3 -3645.62 9753.12 93.73
4 -5030.94 3572.09 96.97

HAh, 4 Pz~ RIES fasxfbb4s Rank 2
ffizne Xt Casel. Case2. Case3 A%, P2G. CCS
I HFC 25 RIES tRALREE, FEKRSmHR, 3
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Table 2 Comparison of RIES benefits in each case

s Hll

Casel Case2 Case3 Case4

LBRBHECE /. 53.58 52.65 50.73 48.65
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WA MAIE 2362325 21678.17  20686.73 17 717.67
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Table 3 Comparison of RIES benefits of different

determinant equipment

ZH HFC fEF: B % MR 1EEE k&
TiHEBCR 47.92 48.65
TREL At 40.03 33.66
CCPP J§A/78 35909.28 34431.79
BRZE 5 A TG 16 188.24 17717.67
SRAUERE ) WA/ TG -6123.39 -5030.94
HTREVRTH AN ZR /% 98.21 96.97
TS RAR /7T 22 490.87 21303.02
SR/ 98 780.06 94 531.07

H 3 A%, HFC 1EFER &N, HretliiHan®x
HIRHE R, RGURSE L2 HIBECEL, /N T RAS 2 R
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Table 4 Optimization costs under different models

a AR/ T
DRO 1fft SO ffk RO itk
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Table B1 System parameters
ZH Hll ZH g ZH Hd
B 200 | B, 0 P 0
P 2000 P 2000 P 1000
Pcmm 1 5 O [L‘E'I]IP 0 P]\TI;"I 1, 0
R, 150 | Bm, 800 P 500
A 0.269 Rin 0 Bic, 0
n 120% Fip 800 Bircn, 500
A, 0.9 et 0.87 @ 1
Ayreen 0.3 TTir 12 Newr 0.3
ﬁgreen 0.88 yp 22 772!—1[’ 0.45
en 0.22 e, 0.58 Mre 0.95
A 0.95 e, 0.47 Mhec 0.95
Aas 0.26 e, 0.798 Aor 0.5
Mo > M 0.95 A 0.8 A 0.1
* B2 R&ICHSH
Table B2 Equipment ramp-up parameters
kAR HE/MW
=i E VNI I ESAP S -600~600
[SHESPE IS Eara -500~500
FL i Sl i A e £ R 0.2x1000
SUREL B e £ 3 0.2x500
% B3 SRR M
Table B3 Time-of-use electricity price
8] T B K /(TT/kWh)
01:00—07:00. 23:00—24:00 0.40
08:00—11:00. 15:00—18:00 0.75
12:00—14:00. 19:00—22:00 1.2
# B4 SETEBRMNIE
Table B4 Time-of-use electricity selling price
i [8] T B4 /(T/kWh)
01:00—07:00. 23:00—24:00 0.20
08:00—11:00. 15:00—18:00 0.40
12:00—14:00. 19:00—22:00 0.60
R B5 HREER
Table BS Scenario probability
G5t LS Bst s
1 0.14 6 0.07
2 0.15 7 0.17
3 0.09 8 0.04
4 0.11 9 0.05
5 0.07 10 0.11
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Fig. B1 PV scenario reduction diagram
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Fig. B2 Wind power scenario reduction diagram
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Fig. C1 Different decision-making equipment phases diagram



- 100 - B 2GRy 524

HFC fEEE L E&N, RAEEITEEEWE C2 vision of carbon neutrality[J]. Bulletin of Chinese Academy

1 C3 B of Sciences, 2021, 36(9): 1010-1018.
o (2] BRIES), ESHAL, BRMRIE, % XUB AR TSR
e e, B U R G0 ML SR BB R BB D). I R G B ik,

so00 >~ DRAMHI EEmEVh 2022, 46(8): 189-207.

ZHANG Shenxi, WANG Danyang, CHENG Haozhong,

40007 et al. Key technologies and challenges of low-carbon

3000¢ integrated energy system planning for carbon emission

E 2000 peak and carbon neutrality[J]. Automation of Electric
ﬁr 1000 - Power Systems, 2022, 46(8): 189-207.
B 0 (31 WiAR4E, /N, SKeZREL, 5. T KBRS LR RETR
Lo00L RGCBRE G EELT]. RPHAE2A4R, 2024, 45(3):
419-427.
20007 HU Funian, ZHOU Xiaobo, ZHANG Pengcheng, et al.
3000 50 0500 10.00 15.00 20.00 24.00 Low-carbon economy optimal dispatching of integrated
% energy system taking into account carbon capture[J].
Acta Energiae Solaris Sinica, 2024, 45(3): 419-427.
I CHPHLZH#4)) EEEHFC =0 HP ) .

3500 M S HAHEFIIHE  —e— DRIGHIH S [4] MA Y, WANG H, HONG F, et al. Modeling and
optimization of combined heat and power with power-
to-gas and carbon capture system in integrated energy
system[J]. Energy, 2021, 236.

> [5] HE Liangce, LU Zhigang, ZHANG Jiangfeng, et al. Low

ﬁr carbon economic dispatch for electricity and natural gas

'%\'T systems considering carbon capture systems and power-
to-gas[J]. Applied Energy, 2018, 224: 357-370.

(6] JMEZ, B¥SC, FHEIE, & BEIHH R 5K

EE SN D RORUIR KR A I AR EE A&

) 0(91;00 05:00  10:00  15:00  20:00  24:00 2018, 38(7): 61-67.

%1 ZHOU Renjun, XIAO Junwen, TANG Xiafei, et al.

Coordinated optimization of carbon utilization between

C2 RIES BLIZR AN R L power-to-gas renewable energy accommodation and

Fig. C2 Electrical power & thermal power balance carbon capture power plant[J]. Electric Power Automation
diagram of RIES Equipment, 2018, 38(7): 61-67.

(7] 6%, %A, B, R Bk g 5 pL iR

so00 R { BEEPCH ESSICHP —o Ui ARREAGEE IR RGRBRE VT IBAT[T]. LiEAZIE K
S2EA, 2024, 58(5): 624-635.

4000} FAN Hong, YANG Zhongquan, XIA Shiwei. Low carbon
economic operation of hydrogen enriched compressed

= 2000 natural gas integrated energy system considering step
:\: 0 carbon trading mechanism[J]. Journal of Shanghai Jiaotong
1‘5 University, 2024, 58(5): 624-635.
~2000¢ [8] WANG J, MAO J, HAO R, et al. Multi-energy coupling
4000} analysis and optimal scheduling of regional integrated
energy system[J]. Energy, 2022, 254.
0 b [9]  WiERIS, L, WRBUL, 45 %I BER B S HLH
%) SRS AR R R B Az
%, 2021, 41(9): 48-55.
C3 RIES SIhZEFHE CHEN Jinpeng, HU Zhijian, CHEN Yingguang, et al.
Fig. C3 Gas power balance diagram of RIES Thermoelectric optimization of integrated energy system
st considering ladder-type carbon trading mechanism and
= electric hydrogen production[J]. Electric Power Automation
(17 B5%, Wmel. s RS T MRRIR AR D], T EFR Equipment, 2021, 41(9): 48-55.
2B be T, 2021, 36(9): 1010-1018. [10] W, $AENR, BRERMS, 5. Swdmdd) S54m2 T

HUANG Zhen, XIE Xiaomin. Energy revolution under FIH MG AR RAMRE ST RED. BHRGEHD)



£ 42,

& %8 P2G-CCS-HFC WhifiafT iy X

LR REVE R G AT BRI - 101 -

[11]

[12]

(13]

[14]

[15]

[16]

[17]

1k, 2024, 43(1): 31-40.

LIU Yan, HU Zhijian, CHEN Jinpeng, et al. Low-carbon
economic dispatch of integrated energy system considering
carbon capture power plant and multi-utilization of hydrogen
energy[J]. Automation of Electric Power Systems, 2024,
48(1): 31-40.

kg, EHEE, £%, % BERBENLEINEGS
REIR R GUOL LI EE[D]. ) B BB, 2023, 43(12):
127-134.

LUO Zhao, WANG Jinghui, WANG Hua, et al. Optimal
scheduling of integrated energy system considering
carbon capture and power-to-gas[J]. Electric Power
Automation Equipment, 2023, 43(12): 127-134.

BT, BRGE, K, & FENHEAMBE-RERS
FeHL AR GE o BCREHLAL R[], A B L TR A 4R,
2023, 43(18): 6978-6992.

LU Mingfang, LI Xianshan, LI Fei, et al. Two-stage
stochastic programming of seasonal hydrogen energy
storage and mixed hydrogen-fueled gas turbine system[J].
Proceedings of the CSEE, 2023, 43(18): 6978-6992.
EHi, A2, XM, S5 FE T SEE T R SR AR B
WAZ o I RETEAR A £ I ZR AL R BE[D]. ) R G R
P 5, 2022, 50(8): 75-85.

WANG Rui, CHENG Shan, LIU Ye, et al. Master-slave
game optimal scheduling of energy hub based on
integrated demand response and a reward and punishment
ladder carbon trading mechanism[J]. Power System
Protection and Control, 2022, 50(8): 75-85.

B, B, iz, 5. BERRE RS 5 1 H-S-
MG GRIE R R A VTR ED]. B B3R &
2021, 41(3): 10-17.

CUI Yang, ZENG Peng, ZHONG Wuzhi, et al. Low-carbon
economic dispatch of electricity-gas-heat integrated energy
system based on ladder-type carbon trading[J]. Electric
Power Automation Equipment, 2021, 41(3): 10-17.
MIBEZ, F A, AR, 5. IRIEERT -
FBATH T BB EIUE-TR A Z ML 25 & BE IR R 5t
R B EET]. FBIMEIAR, 2023, 47(6): 2207-2222.
LIU Xiaojun, NIE Fanjie, YANG Dongfeng, et al. Low
carbon economic dispatch of integrated energy systems
considering green certificates-carbon trading mechanism
under CCPP-P2G joint operation model[J].
System Technology, 2023, 47(6): 2207-2222.
B, Wi, TR, & i KA SR A el
B H 5 H A 2 T REERAL R EE[D]. ) R G R
P 5, 2023, 51(5): 96-106.

YANG Mingjie, HU Yangyu, QIAN Haixia, et al.
Optimization of day-ahead and intra-day multi-time scale
scheduling for integrated power-gas energy system
considering carbon emission[J]. Power System Protection
and Control, 2023, 51(5): 96-106.

W, R, wEAE, S5 I8 RIEMEOE R -E A
FHEAZGSRIERRGRRATEZD]. BIRG R

Power

(18]

[19]

[20]

[21]

[22]

[23]

P 5801, 2023, 51(6): 161-169.

HAN Zijiao, NA Guangyu, DONG Henan, et al. Robust
optimal operation of integrated energy system with P2H
considering flexibility —balance[J]. Power
Protection and Control, 2023, 51(6): 161-169.
BUDIMAN F N, RAMLI M A M, MILYANI A H, et al.
Stochastic optimization for the scheduling of a grid-

System

connected microgrid with a hybrid energy storage system
considering multiple uncertainties[J]. Energy Reports,
2022, 8: 7444-7456.

Begl, E3E, e, S HIS LT B AR AL
HNARGERERGEBTZ]. BAIRGRTS
P, 2023, 51(12): 122-132.

BI Rui, WANG Xiaogan, YUAN Huakai, et al. Robust
dispatch of a hydrogen integrated energy system
considering double side response and carbon trading
mechanism[J]. Power System Protection and Control,
2023, 51(12): 122-132.

FAN W, JU L, TAN Z, et al. Two-stage distributionally
robust optimization model of integrated energy system
group considering energy sharing and carbon transfer[J].
Applied Energy, 2023, 331.

Beal, B, B4, 45 & CCUS M P2G MIZRA e
WARG ARG B[], M EEOAR, 2024,
50(8): 3486-3499.

LUO Zhao, LI Bowen, Bl Guihong, et al. Distributed
robust optimal scheduling of integrated energy system
with CCUS and P2G[J]. High Voltage Engineering, 2024,
50(8): 3486-3499.

Bxu, FEA, A, %82 HAME 5
SRR BRI L RS R RORI (D). RS
3P 501, 2023, 51(4): 104-113.

ZHAO Huiru, WANG Xuejie, SIQIN Zhuoya. Day-ahead
robust offering strategy of waste-to-energy combined heat
and power plant considering multiple uncertainties[J]. Power
System Protection and Control, 2023, 51(4): 104-113.
fEREl, W, U, S BN AR R
R EREE T SRIR[]. HIECR, 2022, 46(6): 2141-2153
ZHAN Xiangpeng, YANG Jun, WANG Xinyan, et al.
Robust pricing strategy of power retailer considering
linkage of real-time market[J]. Power System Technology,
2022, 46(6): 2141-2153.

iS5 HER: 2024-05-16;

&EIHHR: 2024-07-22

EEEN:

2 A01981—), B, @34, Hd, Hax, HEE

IR, TEAFG ) RGEARAE IR, TR ETE
B E A, FaH A AL N A E S5 @R TAE; E-mail:
hpucquyzu@ctgu.edu.cn

UEEA

FRE1999—), K, MEMRE, FRH @ h e
BIBATHAE 424). B-mail: 873619292@qq.com
(4% 2 m)



