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Low-carbon optimal scheduling of integrated energy system based on carbon

emission reduction value warrant fusion transaction
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Abstract: Driven by the “dual carbon” goal, an important role is played by the integration of multiple carbon-emission reduction value war-
rants in the low-carbon economic transformation of the integrated energy system. To this end, an optimal scheduling strategy for the com-
bined heat and power integrated energy system, based on the joint interaction mechanism of green certificate-carbon trading-China certified
emission reduction is proposed. Firstly, the integrated energy system is guided to constrain carbon emissions by considering the joint mecha-
nism of green certificate trading, ladder carbon trading, and national certified voluntary emission reductions. Then, a new cogeneration mod-
el with an adjustable heat-to-electricity ratio is proposed so that the flexible resources in the integrated energy system can be fully utilized
and the low-carbon and economic performance of the integrated energy system can be further improved. Finally, the rationality and effective-
ness of the proposed strategy are verified by setting the comparison scenario and using MATLAB to solve the constructed low-carbon sched-
uling model of the integrated energy system. Through example analysis and demonstration, it is shown that all methods can promote the low-
carbon economic operation of the integrated energy system.

Key words: green certificate ; carbon trading; China certified emission reduction; new combined heat and power generation; integrated en-

ergy system; optimized scheduling
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kW

Bz WT T HL R EES NCHP GB

04:00 3207  -4342  -100.9 1199.6  437.5
08:00 336.4 365.0 332.8  2002.0 406.4
12:00  284.9 604.0 -42 28249 1639
16:00 351.6 771.4 -500.0 3411.6 1224
20:00 485.0 ~ -158.1 600.0 17341 5759
24:00 392.8 -83.3 -4252 19774 882

456 K 3—Kl 5 — 20 T, A6 3 % = B
0PG5 A7 A = 12 I 1 . D
CL BB A& HCEB 43 i ey, ) A AR 67 o 5, 7 L NCHP
HHE LK, Z R Ak, KB4 FE 5 R GCT,
CET.CCER B &MLl 1735 T 1Y TES PR (#A
T I o FE AR B) B B, JRUHE, A 1 38 3 e i
T C A L )7 SR Ak AR o FE X —BF B, —&R
RUHL % 142 FH T R D R, FR A B A WAt T
L Af e T, DA AE H ) 5 oK W B . 7
JRURR ™ H sk 90 AR R B3 st 8 %) vl 7 B ol AR

1.5
1.4
13
== )
£ 1.1
1.0
0.9

0.8
00:00  04:00 08:00  12:00 16:00  20:00  24:00
I %1

B3 NCHP &RTEFAmEL
Fig. 3 Heat-to-electric ratio of NCHP in each period
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Fig. 5 Scenario 1 heat supply and demand balance

5 4EiE

AR SO T % 58 GCT . CET, CCER BEA A S HL
il R PR T JE NCHP () TES 8 B2 SR o 38 1 S 491]
05 B4, A3 1 T L4538 E TES v il T 25 A
GCT.CET I CCER M & 2 HALHIVE R, RERE A3
R EAMES XTI s B DL A8 B2 SR ms A
AR ZE WD T R HE R T ELG SR TR RE IR T 4N
AE 71, IR E] T TES e B AR FIZ 5k es B
% & F CCS.P2G By #HL L AT 8 NCHP HLAL , 78 CCS.
P2G TAEBPIL Sl 7 R SR BT s i i, AT R
FERCR, ARERT T = L GTRRIR AT 48R ) . B

SR

(1] EZERRER. XTATHMERCH B HL ) R R @ik %

A3 (R & LA ) ) &L B 3 1 [EB/OL ] (2023-01-
04). https ://zfxxgk.nea.gov.cn/2023- 01/04/c_1310688
702.htm.
National Energy Administration. Notice of public consulta-
tion on the blue book on the development of new power sys-
tems(draft for comments) [EB/OLJ. (2023-01-04). https://
zfxxgk.nea.gov.cn/2023-01/04/c_1310688702.htm.

(2] BRI, S/, 5 538, 45 . T 1] B 2L H ) R e A

Pt AU T SR R R R 23R [T ). i 1 R 48 A 3
1£,2024,48(6):170-184.
WEI Lishen, Al Xiaomeng, FANG Jiakun, et al. Review
on applications and solving techniques of timeseries pro-
duction simulation for new power system [J]. Automa-
tion of Electric Power Systems, 2024, 48(6):170-184.

[3 ] BF S, 200, 5 1T SRR G R



55 244

BT

ST RIS (AR R 5 58 5 1027 5 BEIR R GURBR AL I8 2 7

[10]

[11]

[12]

R ) RGO TR () . S, 2024, 41
(7):84-91.

ZHAI Huijing, GAO Zichun, LI Wenjing, et al. Calcula-
tion of probabilistic carbon emission flow in a new power
system considering network losses and correlation [1].
Distribution & Utilization, 2024, 41(7) :84-91.

A, L, B8, 5 5 REIE-BRAR S i S AL
IR ZR G REIR R ar s i B2 () . P LT AR
#2,2023,43(12) :4 508-4 517.

CUI Yang, SHEN Zhuo, WANG Zheng, et al. Green dis-
patch of regional integrated energy system considering
green certificate- carbon emission equivalent interaction
mechanism [J]. Proceedings of the CSEE, 2023, 43
(12):4 508-4 517.

BER  JE IR AR, 5 . 25 IR R TR 22 PR
W28 PRI BE T 6 1] AR AL Ty R 241, 2021, 41
(3):85-92.

CUI Yang, ZHOU Huijuan, CUI Chengwei, et al. Eco-
nomic scheduling of multi-source microgrid considering
carbon emissions reduction [J]. Journal of Northeast
Electric Power University, 2021, 41(3) : 85-92.

K AL, S, A5 BT UREE RIS T 1O TR R
ARGACTEELT ). LS TR, 2022,49(11) : 63.
ZHANG Bo, FENG Guoli, GUO Jingwei, et al. Opti-
mized scheduling of micro- energy systems based on
deep reinforcement learning [J]. Electric Machines &
Control Application, 2022, 49(11):63.

WANG Y, YANG Y, XU Q. Integrated planning of natu-
ral gas and electricity distribution systems for enhancing
resilience [J ]. International Journal of Electrical Power
& Energy Systems, 2023, 151:109 103.

GRAN RN, R T AR -SRI S 2 S HL T
LA REIR ARG H AT EE () ). By A sh ke ds,
2021,41(9):248-255.

LUO Zhao, QIN Jinghui, LIANG Junyu, et al. Day-
ahead optimal scheduling of integrated energy system
with carbon-green certificate coordinated trading mecha-
nism [ J]. Electric Power Automation Equipment, 2021,
41(9):248-255.

GUO R, YE H, ZHAO Y. Low carbon dispatch of elec-
tricity- gasvthermal- storage integrated energy system
based on stepped carbon trading [J]. Energy Reports,
2022, 8:449-455.

ZHANG X, HAN K W, WANG H Z, et al. Game-theoret-
ic planning for integrated energy system with indepen-
dent participants considering ancillary services of power-
to-gas stations[ ] ]. Energy, 2019, 176:249-264.

LYU G, ZHANG Y, ZHU ], et al. Low-carbon optimal op-
eration of electricity-heat-gas systems based on bi-direc-
tional tiered-pricing carbon trading[J]. Energy Reports,
2023,9:377-387.

Bt G, TR GF . B IR A ) RE R RS R

[13]

[14]

[15]

[16]

[17]

(18]

PR 33 AT 4 22 I ) N8 iR B SR m [ ). v [l i L T
#42,2021,41(3):946-961.

CUI Yang, ZENG Peng, WANG Zheng,et al. Multiple
time seales scheduling strategy of wind power accommo-
dation considering energy transfer characteristics of car-
bon capture power plant[J]. Proceedings of the CSEE,
22021, 41(3):946-961.

JEESS, B85, R IR, A UM A BT RE IR 5 ik
A B A R PRI AT ], Wy A s i,
2018,38(7):61-67.

ZHOU Renjun, XIAO Junwen, TANG Xiafei, et al. Coor-
dinated optimization of carbon utilization between power-
to-gas renewable energy accommodation and carbon cap-
ture power plant [J]. Electric Power Automation Equip-
ment, 2018, 38(7) :61-67.

SRS, T1FEA, AN, 55 . p [ 2) 8 (SR UE S CCER
B IR K e LBt 5 1], b B RE R , 2022, 44
(3):75-80.

GUO Shengwei, MEN Xiujie, SUN Haiping, et al. A com-
parative study on the current situation and trend of Chi-
na’ s green power, green certificate and CCER policies
[1l. Energy of China, 2022, 44(3) :75-80.

ZHANG X, HAN K W, WANG H Z, et al. Game-theoret-
ic planning for integrated energy system with indepen-
dent participants considering ancillary services of power-
to-gas stations[ J |. Energy, 2019, 176:249-264.

YU X, ZHANG S, LIU L, et al. Optimal design and
scheduling of carbon capture power plant based on un-
certainty decision-making methods[ ] . Journal of Clean-
er Production, 2022, 380: 134 852.

JEAR B IR ) e, A 25 e R XU )3
R G 885 SR ey A AR 3 BEAIFSE LD 1. H i sRA A8
#1,2018,20(6) :6-11.

YUAN Ruimeng, FAN Xuanran, JI Guanglong, et al.
Study on the optimal dispatching of hybrid type demand
response load considering the correlation between re-
sponse quantity and wind power output [J]. Power De-
mand Side Management, 2018, 20(6) :6-11.

BREBE, T b ST . B I A A R A ik
XEEEREIR R G IR B ()], KEHRE 41, 2024,
45(9):188-196.

LIU Sixian, DING Kun, DONG Haiying. Economic dis-
patch of zero-carbon park integrated energy system con-
sidering carbon capture and power-to-gas[J . Acta Ener-

giae Solaris Sinica, 2024, 45(9):188-196.

EEEIT:
BT (1985), 5 TR BEN AL, W 2 TR0, BF 5T

Ji R R GEa AT S RRREA 5

G (1985) 58 i@ G VR TR R e A 1L B Ho%,

WE5ET5 1 ) RGN S8 T

(RfEHE < &)



