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Fig.l1 Schematic diagram of node importance degree
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Table 1 Calculative results of node importance degree

W d n, L; o || n; l; o
1 3 10 1.80 0.056 3 5 8 2.36  0.053
2 4 9 2.39 0.046 4 3 10 249 0.041
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Fig.2 Three typical energy hubs
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Fig.3 Complex network model of electricity-gas-heat
integrated energy system
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Table 5 Edge betweenness of electricity-gas-heat
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Robustness analysis of electricity-gas-heat integrated energy system
based on complex network
PAN Hua',XIAO Yuhan', LIANG Zuofang’,ZHU Zhaoshun', HE Hui'
(1. School of Economics and Management,Shanghai University of Electric Power,Shanghai 200090, China;
2. State Grid Shandong Electric Power Company Heze Power Supply Company,Heze 274000, China)

Abstract: With the continuous expansion of the integrated energy system network scale and the strengthe-
ning of the coupling degree, more siringent requirements are put forward for the stability of its structure
and the security of its operation. Therefore, the complex network theory is applied to the static structure
and robustness analysis of the integrated energy system. NetworkX is used to build the network topology
model of the system and its network characteristic parameters are calculated by G. degree, nx. between-
ness_centrality (G), nx.average_clustering (G) and other algorithms, based on the analysis of the calculative
results, the complex network characteristics such as scale-free and small world of the integrated energy sys-
tem are studied. Three analysis indexes of network fragmentation degree,connectivity factor and energy effi-
ciency ratio are introduced to simulate seven different attack modes on the system. By observing the
curves of the above three indexes of the electricity-gas-heat integrated energy system under different faults,
the robustness of the system is comprehensively analyzed and the vulnerable links of the system are identi-
fied. The research results provide reference and decision support for building a more reliable network sys-
tem for large-scale integrated energy system.

Key words:complex network;integrated energy system;small world network;scale-free network;robustness
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Operation feasible region analysis of advanced adiabatic compressed air

energy storage under thermal-electric co-generation mode
BAI Jiayu',XUE Xiaodai',CHEN Laijun'”,MEI Shengwei'?
(1. State Key Laboratory of Control and Simulation of Power Systems and Generation Equipment,

Department of Electrical Engineering, Tsinghua University,Beijing 100084, China;
2. School of Qidi(TUS) Renewable Energy,Qinghai University, Xining 810036, China)

Abstract: AA-CAES(Advanced Adiabatic Compressed Air Energy Storage),one of the large-scale clean ener-
gy storage technologies,has the thermal-electric co-generation and co-storage capacity,which can be used as
an energy hub to connect to the integrated energy system,so as to improve the operation flexibility of sys-
tem and promote the consumption of renewable energy. An operation feasible region characterization me-
thod is proposed,which can directly reflect the power constraint and energy storage state constraint of AA-
CAES, providing a visual tool for understanding the thermoelectric coupling relationship of AA-CAES, analy-
zing the operation characteristics of thermal-electric co-generation mode,and evaluating the operation flexibi-
lity, energy supply ability and adjustable range of the system. On this basis, the shape and characteristics
of operation feasible region are studied,the processing method of operation feasible region considering the
variation of heating ratio and the influence of wide operating conditions are analyzed, and the application
of operation feasible region as an analytical tool in the real-time dispatching is discussed. Taking a regio-
nal integrated energy system as an example,the validity and practicability of the proposed operation feasi-
ble region analysis method are verified.

Key words: advanced adiabatic compressed air energy storage;thermal-electric co-generation; operation feasi-

ble region;integrated energy system;thermoelectric coupling;visualization analysis
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Fig.A1 Topology structure of electricity-gas-heat integrated energy system based on energy hub
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