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Fig.1 Decoupling operation process of

power to gas link
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Fig.2 Operation status of each coupling device under

Scenario 3 in day-ahead-intra-day stage
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Table 2 Partial real-time optimal results

under three scenes
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Table 3 Partial results with different installed capacity

of clean energy power generation
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Table 4 Economic cost results of 16

groups of simulation
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Multi-time scale low-carbon operation optimization strategy of integrated
energy system considering electricity-gas-heat-hydrogen demand response
LI Tiange,HU Zhijian, CHEN Zhi,LIU Shenghui
(School of Electrical Engineering and Automation, Wuhan University, Wuhan 430072, China)

Abstract: In order to better promote the low-carbon economic operation of integrated energy system (IES)
and improve the multi-time scale operation optimization management level,a multi-time scale low-carbon opera-
tion optimization strategy considering the electricity-gas-heat-hydrogen demand response and the stepped car-
bon emission cost mechanism is proposed. The stepped carbon emission cost mechanism is comprehensively
considered, and the hydrogen load demand besides electricity-gas-heat load demand is concerned,the three-
stage multi-time scale optimization model for day-ahead, intra-day rolling and real-time is established by
optimizing the adjustability of the gas turbine’s heat-electricity ratio in the coupled equipments. Taking the
minimum of the overall TES operation cost,the carbon emission cost,and the cost of abandoning wind and
light as the economic objective, and the original nonlinear problem is transformed into the mixed integer
linear problem solved by the Gurobi solver. Through the simulation comparison and analysis of the optimi-
zation results under various situations, the effectiveness of the proposed strategy from aspects of promoting
low-carbon operation, giving full play to the flexibility of system equipment and promoting clean energy con-
sumption is verified.
Key words: multi-time scale;demand response;integrated energy system;stepped carbon emission cost mecha-

nism; adjustable heat-electricity ratio;hydrogen energy
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Low-carbon economic dispatching of energy hub considering
flexible ramping product

ZHU Xiping',LUO Jian',LI Zilin',YAO Xianyi',LIU Minghang', WEN Hong’

(1. School of Electrical Information,Southwest Petroleum University , Chengdu 610500, China;
2. School of Aeronautics and Astronautics, University of Electronic Science and Technology of China,Chengdu 611731, China)
Abstract: Under the background of carbon peak, carbon neutral and energy internet, the energy hub has
become an important part of carbon emission reduction. With the increasing penetration rate of renewable
energy in energy hub,it poses a challenge for the ramping ability of energy hub. For that,the dispatching
model of energy hub considering flexible ramping product(FRP) is proposed,and the carbon trading mecha-
nism is introduced into the dispatching model. Based on the carbon emission quota and carbon trading
price, the low-carbon economic dispatching model of energy hub considering FRP is established. Aiming at
the uncertainty problem of carbon emissions in the low-carbon economic dispatching model, the information
gap decision theory (IGDT) is used to simulate the uncertainty of carbon emissions, then the low-carbon
economic dispatching model of energy hub based on IGDT considering FRP is built. Finally,the case study
analysis of IEEE 34-bus system is given to verify the effectiveness of the proposed model. At the same
time, the impacts of carbon trading price, FRP price, expected deployment probability and model avoidance
coefficient on the dispatching results are studied.

Key words:energy hub;carbon trading;flexible ramping product;IGDT;low-carbon economic dispatching
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Table B1 Electricity price list

B firts (GT/kwh)
01:00-07:00. 23:00-24:00 0.38
08:00-11:00. 15:00-18:00 0.68
12:00-14:00. 19:00-22:00 1.20
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Table B2 Operating parameters of
various coupling equipment
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Table B3 Energy storage operating parameters
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Table B4 Load demand response economic parameters
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Fig.B2 Multi-time scale optimization solution flowchart
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Table B5 Other parameters

BEGS U BEGS HE
Z 1kg/kWh Z 0.6kg/kWh
(AN 5000kg a 50%
Kepv ~ Kewr 0.2 J6/kWh Ao 0.1 7t/kg
o 0.6kg/kWh
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Fig.C1 Predicted load and output value of distributed power generation in each optimization stage
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Table C1 Optimized results of day ahead

bz YRl BE2 i3
g e B AT 8433.2 7967.3 7858.7
IR RAIT 9246.4 92464 93418
WA 15T 0 16705 1203.9
FEAFEITT 0 0 0
WER&BITRALOT 16720 16667  1687.2
T & B i 97.35  97.35  97.35
A RKBIEE ) 291.56 29156 29156
A 2% IDR AT 0 490.74  490.74
SEAT 19741 21431 20971
iy B BHE R kg 12379 11990 11772
TS AT kg 15851 15851 16015
SBRHER kg 28230 27841 27787
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Table C2 Optimized results of real-time optimization

Eiztay sl 2 B3
g R A 8529.9 8064.0 7957.7
IR RAT 9207.9  9205.9 9300.6
b e 0 16736 12128
FNFEITT 1935 19.35  19.35
WER&BITRMOL 16904 16857 1706.2
i &iade I 9881 98.83  98.76
SRR ALis4ET I 288.70  288.70  288.70
A 2 IDR A7t 0 490.74  490.74
B 3¢ IDR A/ 0 0 7.03
C 2% IDR i A/IE 289.19 296.10 296.83
D 2 IDR A/G 148.42 15431 157.93

I 5UA BRAR G 0 2393 1535
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Fig.C4 The output map of each IES component after the three-stage optimization scheduling
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Table C3 Relevant parameters under different installed capacity of clean energy power generation

LS 200kW  400kW  600kW  800kW  1000kW
TEVEREVR A /% 10.03 20.20 30.15 40.14 50.64
WL HE/kg 16505 11821  7283.6 41230 12221
S BcHE U kg 16106 15941 15778 14820 13397
SRHEE kg 32610 27762 23061.6 18943  14619.1
W EHESR G 9306 463.9 0 0 0
WSRO 894.6 739.3 670.1 589.2 503.8
MIRHERC G 18252 12032 670.1 589.2 503.8
£ X HL R /KWh 7.8 14.9 22.9 33.8 46.4
FEt B R /kWh 3.8 9.8 11.9 17.4 29.1
FRES O 1.6 3.0 46 6.8 9.3
FHEN AT 0.8 2.0 2.4 35 5.8
RBSCARTG 25363 21469 17798 14565 11827
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Fig.C5 Heat-electricity ratio and natural gas-hydrogen operation under different gas prices
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