%5382 W e dt o R o i Vol. 53, No. 2
2026 4F-3 H Journal of North China Electric Power University Mar. , 2026

doi: 10.3969/j. ISSN. 1007-2691. 2026. 02. 02

v A 4 55 UMY A Sz 70 £ E - filk B & R 45 & BE TR
AREZHBERERLEE

& WA, BFEE
(4l Jy k2 A e T TR, WL (R 071003)

WE. HEZEMRSE I ESZHNESMRE Z% (integrated energy system, TES) A 4E3) “Wax” B ARty %
®BRZ—, A, PR T HEARE SN e R A AR -5 AR A S AL 69 TES % Bt R REMAC A E 7 ik, B R,
DT T ARG WA R E e AR RGN TFHRIRIE IR A w5307 AT o BRSBTS, SR R ER
BAER . SFEAMEZE REEBER AL, MAETHREME SRR Lk, ST HRIER Sk
X HZ @AM, FEGIEREOBRIRE, RAEGIE-RFEIHIH, RE, LT HFEHETR
M) R i o An SR AE B Bk A- 09 TES % ubia ROLREARR, 15 B2 % Ko B A KRR a1 RE 69 ve B £ 5, #F
R T R B REFAEE M e p e BT s, BB ARERRZE, 23RT T A, B AFEEA
BB RALLE R BoiE T TR R 25 IR A 27 @8 A 2,

KB, BB ARG, BEMERK AL, FHRMPEIR,; FiE-RZESH; SHEIRE
FESES: TM73  XEERERS: A XEHRS: 1007-2691 (2026) 02-0012-13

Multi-time Scale Optimization of Hydrogen Containing Integrated
Energy System Regarding both Supply and Demand Responses and
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Abstract: Building a green, low-carbon, flexible, and efficient integrated energy system (IES) is one of the main
ways to promote the "dual carbon" goal. Therefore, this paper proposes a multiple time scale optimization scheduling
method for IES that considers both supply and demand response and a green certificate carbon integrated trading mecha-
nism. Firstly, the flexible response mechanisms on both the supply and demand sides are analyzed. On the supply
side, the Kalina cycle and electric boilers are introduced to upgrade the combined heat and power (CHP) unit, enab-
ling a flexible thermoelectric response model. On the demand side, multiple types of electrical and thermal demand re-
sponses are incorporated to establish a flexible response model for both supply and demand sides. Secondly, the coordi-
nation mechanism between green certificate trading and carbon trading is examined. By accounting for the carbon re-
duction principle behind green certificates, a green certificate carbon integration trading mechanism is proposed. Final-
ly, a multi time scale scheduling model for IES is established, incorporating both supply and demand responses and in-
tegrated certification and carbon mechanism. Considering the differences in demand response at different time scales,
the regulatory ability of supply and demand responses at different time scales is investigated. Different simulation
schemes are set up to explore the optimization results of the three stages of daily, intraday, and real-time, respectively,
verifying the effectiveness of the proposed model in terms of economy, low-carbon, and flexibility.
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Coordination mechanism between green

certificate trading and carbon trading
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Tab.2 Equipment parameters of thermal power units

Y ARLH BT A/

s At it

/kW (&S /KW (J6/(kW+h))
FRFEHL 560 0.92 150 0. 056
RIS 700 0.9 200 0. 035
SRR 900 0.9 200 0.03
CEREPA 300 0.9 80 0.032
B 300 0.85 80 0. 06
LR 200 0.95 40 0.011
HIE 150 0.92 30 0.018
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Tab.3 Cost results under four schemes

BH ES! EY EXK EX!
WREMA/ I 24379.9 24292.8 24311.4 24315.4
We2E 5 A/ 7t - -1142.4 -1109.8 -1496.5
GRUEAL 5 A/ T8 - - -786. 1 -786. 1
BT RA/ T 4469.5 46861  4654.3  4686.2
JA s A/ TG 401.4 387.6 389.4 385.2
FRBA T 1296.7 1209.7 1189.4 1189.4
IES MpA/JC 30 547.5 29433.8 28648.6 28293.6
WeHE kg 13078.5 12043.5 11887.5 11 624.8
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Fig. 6 Comparison results of high carbon and low carbon u-

nits for scheme 1~4
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Tab.4 Comparison results of scheme 4~ scheme 6

S8 EX HES JI%6
W BE A/ TC 24 315.4 23382.6 21 641. 4
WA 5y A/ T -1496.5 -1733.7 -1950.2
BHIEL 5 A/ 7T -786. 1 -892. 6 -1088.1
BATYEP A/ G 4 686.2 4672.2 5214.6
Ja A5 A/ I8 385.2 357.1 388.7
FERA /T8 1189.4 777.2 291. 1
AN BA /T - 575.6 577.4
1ES M/ It 28 293.6 26 938. 4 25 074.9
WeHE R kg 11 624.8 10 916. 3 9257.5

ST 6,IETTE 5 AR, 72 IR M) 5]
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Fig. 7 Optimization results of electrical and thermal
loads for scheme 5
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Fig. 8 Electricity and heat dispatch results for scheme 5 and scheme 6
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Tab.5 Cost results under six schemes

ZH ES EY) %3 EX ES J%6
WA RE A/ TE 24 580. 1 24 480.2 24 458.5 24 338.4 23 629.7 22 144.2
WA 5 A/ 7T - -1127.5 -1117.8 -1554.8 -1764.3 -1989.5
SAUESE 5 WA/ TE - - -793.4 -812.4 -897.8 -1125.6
BITYE A/ TT 4424.2 4651.5 4651.4 4721.5 4651.7 5186.4

B 25 IDR A%/ G - - - 413.5 387.6

FERUAS/ TE 1211.5 1141.4 1122.6 1122.6 524.1 141.5
BB/ T0 30 215.6 29 145.6 28 321.3 27 815.3 26 556.9 24 744. 6
WAt 12 876. 4 11 834.1 11771.5 11 415.8 10 624.7 9011.5
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Tab. 6 Comparison results of scheme 4 to scheme 6 in the re-

al-time phase

S8 EX E R F%6
W RE A/ 7T 23 654.8  230060.6 212341
WAL 5 A/ T -1566.8  —1748.9 -1979.5
LRIERE By A/ T -796.6 -928.7 -1145.8
BT A/ TT 4 668. 4 4625.9 5141.6
WA TEBAETRA/ T 624.6 589.3 766. 4
C 28 IDR WA/ 70 - 305. 1 370.9
FEREA/TT 981. 4 241.6 0
SUsiA/ T8 27 565. 8 26 144.9 24 387.7
TR i/t 11 065. 4 10 251.5 8 705. 3
W S IFEW BN % 15.89 10. 41 7.61
W L, D) 0 Bl %/ Yo 12.15 7.89 5.25
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Fig. 10 Real time response results of electricity and heat loads
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