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Projective integration-based dynamic simulation method for community
integrated energy system with gas-electricity coupling
TIAN Weikun, YU Hao,LI Peng,JI Haoran, WANG Chengshan
(Key Laboratory of Smart Grid of Ministry of Education,Tianjin University, Tianjin 300072, China)
Abstract: Considering the operating characteristics of power system, natural gas system and their coupling
units, a dynamic model of the community integrated energy system with gas-electricity coupling is deve-
loped, in which the whole system is divided according to the time scale of their respective dynamics.
Based on this model, an efficient dynamic simulation method based on projective integration is proposed,
which is suitable for the simulation analysis of the community integrated energy system with gas-electricity
coupling. Considering different structural characteristics of the natural gas system and power system,the inte-
rnal integrator describes the fast dynamic processes finely by alternating the explicit and implicit Euler
method of small steps,while the external integrator utilizes a variable large step second-order Newton method
to solve the slow dynamic processes effectively. At the same time,the emergencies such as faults or dis-
turbances are addressed effectively while ensuring accuracy. Then, the numerical accuracy of the proposed
algorithm is analyzed. Simulative results based on typical examples indicate that the proposed method effec-
tively solves the integrated energy system with gas-electricity coupling in multiple scenarios and improves
the simulation efficiency with satisfactory accuracy.
Key words: community integrated energy system;gas-electricity coupling;projective integration;dynamic simu-

lation ; stiff system
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Table A1 Natural gas pipeline parameters

it g i Hfz/cm KJE/m
1 1 2 5 50
2 2 3 5 100
3 3 4 5 50
4 2 5 5 500
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Fig.A3 Generation curves of wind turbine
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Fig.A4 Dynamics with fluctuating wind power
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Table A2 Comparison of simulation time

KA ik SHEE I e)/s
U RS EparS At=0.001s 848.41
At=0.001s, k=50, Mg=50 504.04
B At=0.001s, k=100, M¢=50 583.18
At=0.001s, k=100, M=25 700.22
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Fig.A5 Relative error of electromagnetic power
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Table A3 Algorithm performance comparison

SRAR I VE SHRE I /s I K%
ANEKBREIE  Al=25m, At=0.001s 848.41 0

Al=50m, At=0.005s 92.23 3.05%X10%

e Z 00 Al=50m, At=0.001s 457.90 3.03x10°

Al=25m, At=0.001s 583.18 2.92x10°
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