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Abstract: To improve the utilization of energy, separate electric power, gas and thermal systems are gradually transformed
into an Integrated Energy System (IES). However, with the increasingly complex coupling relationship and operational mode
in an IES, each subsystem in the IES faces new requirements for secure operation. First, the steady power flow equations of
independent electricity, gas and thermal networks are formulated and integrated into a uniform equation of an IES. Based on
the Jacobian matrix of multi energy flow and analysis of the coupling relationship among variables, the comprehensive
matrix of sensitivities of voltage, air pressure, branch current, node temperature to the control variables in the IES is
calculated. The relationship between control variables and state variables of different energy categories in the IES is described
quantitatively. Then, based on the comprehensive sensitivity matrix, the parameters that are the most sensitive to the unsafe
points in the IES are adjusted to meet the requirements for the safe operation of the system. Finally, an IES39-26-44 example
is used to analyze and verify the proposed method and the simulation results verify the correctness and effectiveness of the
proposed method.
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Table 1 Voltage amplitude sensitivity of node 13 of power grid
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Table 3 Temperature sensitivity of node 18 of heating network

19 15 A VR
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Hi-18 0.297 0.211
-1 0.294 0.239
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H-17 0.273 0.267
H-6 0.249 0.290
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Fig. 8 Node temperature of heating network after control
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