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Abstract: The development of gas turbine (GT) and power-
to-gas (P2G) technologies deepens the coupling of electric
power systems (EPS) and natural gas systems (NGS). In
the combined operation of integrated electricity and natural
gas systems (IEGS), the disturbance of a subsystem spreads
across other subsystems through coupling components, thus
affecting the secure operation of the whole system. In order to
study the interactions of subsystems in IEGS, a unified power
flow model is established and solved by the Newton Raphson
algorithm, where the state variables of NGS are updated using
the Newton Down-hill algorithm to avoid the sensitivity of
initial condition. Then, the composite sensitivity indices of
nodal voltages/pressures to nodal power injections are defined,
and the normalized sensitivity matrices related to nodal voltages
and pressures are obtained, which can provide theoretical
support for quantitative evaluation of multiple disturbances
and analysis of interaction mechanisms in IEGS. Case studies
verify the effectiveness of the developed power flow method
and the defined sensitivity indices. In addition, the interaction
relationships of subsystems in IEGS under the coupling of GT
and P2G are investigated.
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Fig. 1 Schematic diagram of IEGS
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