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Fig.1 Model of integrated electricity and heat system
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Table 1 Node types and variables of
integrated electricity and heat system
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Table 2 Types of integrated electricity and heat system
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Fig.2 [Iterative process of decomposed method
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Power flow calculation method of integrated electricity and
heat system based on power conservation principle
SUN Hongyu'?,ZHANG Peichao'*>,DU Wei’,LIU Xuezhi'?,HE Guoxin®
(1. Key Laboratory of Control of Power Transmission and Conversion,Ministry of Education,
Shanghai Jiao Tong University, Shanghai 200240, China;
2. School of Electronic Information and Electrical Engineering,Shanghai Jiao Tong University,

Shanghai 200240, China;3. NARI Technology Co.,Ltd.,Nanjing 210000, China)

Abstract: Power flow calculation represents the basis to analyze the steady-state operation of an integrated
electricity and heat system. The multi-energy flow coupling caused by CHP (Combined Heat and Power)
and other coupling components results in complicated calculation of combined power flow. Regarding the
existing combined power flow calculation approach,the integrated approach suffers from the issues of huge
computation burden and ill-conditioned Jacobian matrix. However, the decomposed approach is difficult to
proof the algorithm convergence,and its iterative divergence issue cannot be well addressed. Hence,addres-
sing these issues is of interest. For the system in which the slack node is connected with coupling units,
the iterative formula of the slack nodes that respectively belong to heat network and the electricity network
is derived according to the power conservation principle. Based on this, the convergence property of the
decomposed method is analyzed, and the iterative fixed point is considered as an analytical solution of the
slack node. Subsequently,a new method of combined power flow analysis is developed. Finally, simulative
results of integrated electricity and heat systems prove that the proposed approach is efficient and accurate.
It can also be used to solve the divergence problem of decomposition approaches. In addition, the feasible
region of coupling parameters is estimated.

Key words:integrated electricity and heat system;power flow calculation;power conservation principle;fixed

point; convergence
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Non-cooperative game-based optimal operation method of multiple energy hubs
WEI Chun',XU Xiangzhi', WANG Guofeng',ZHANG Youbing',PAN HongwuZ,HUANG Xiaoming2
(1. College of Information Engineering,Zhejiang University of Technology,Hangzhou 310023, China;
2. State Grid Huzhou Power Supply Company,Huzhou 313099,China)

Abstract: The EH(Energy Hub) can promote the cooperative operation of different forms of energy carriers
and is the key point to accelerate the research on key technologies of ubiquitous power internet of things.
A non-cooperative game-based optimal operation method of multiple EHs is proposed. The single park con-
taining multi-energy system is abstracted into an EH, and the energy production, conversion and storage
equipment in EH are modeled,so as to establish the EH framework for multi-energy cooperative operation.
On this basis, the non-cooperative game model of multiple EHs based on Nash equilibrium is constructed.
Each EH participates in the game with other EHs with the objective function of minimizing daily operation
cost, and the equipment output and load balance in each EH are analyzed. Simulative results based on
MATLAB show that multiple EHs can make full use of the complementary characteristics of inter-regional
loads,so that each EH can optimize the individual operation cost and improve the system flexibility.

Key words:energy hub;multi-energy system;non-cooperative game;dynamic optimization; Nash equilibrium
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F AL BERITHEER
Table Al Results of power network calculation

CEACIRRIEY 1 2 3 4 5 6 7 8
B R A{E/p.u.  1.0200  1.0500 1.0351 1.0311 1.0500 1.0141 1.0151 1.0428

HLEAANI/(9  8.0493  0.0000 -0.3793 -0.3216 1.7907 2.9644 4.2287

-0.2120
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Table A2 Results of heating network calculation

A RED= 1 2 3 4 5 6 7 8
HEAAIREE/(C) 70.00  70.00 69.35 69.62 69.73 68.63 69.20 68.41
FCRENSY 9 10 11 12 13 14 15 16
BLEGIREN(T) 6873 68.11 69.56 68.98 69.36 69.23 69.10 68.48
F RN 17 18 19 20 21 22 23 24
HEAAIREEI(C) 68.38 6850 69.15 68.42 68.44 68.98 68.34 68.44
A RED= 25 26 27 28 29 30 31 32
HEIREN(T) 69.75  69.19 69.25 69.88 69.49 69.44 69.79 70.00

#F A3 AITEHIARSH
Table A3 Feasible region constraint parameters

éﬁz Pl,min Pl,max Pz‘min Pz.max ¢Ioadmin ¢Ioadmax Ploadmin Ploadmax Cl,min Cl,max Cz’min CZ,max

BAH 0.3MW 1.3 MW 0.2 MW 1.2 MW 15MW 3.0MW 12MW 24MW -5 -0.2 0.2 5

TE: PumeS Punad3 ) CHPL LI R IR 15 Pamn'y Pamad3 i) CHP2 HLZZRAY R RS BB 5 Prossmin'G Prossme I3 H PG DI A1 T B
5 I‘FEV Pluadmmﬁ PIuadmaé}%’Jﬂ‘:’%ﬁﬁm%E@‘FﬁEE I—IKE, Cl‘minlﬁ C1,max %%”7‘7%7;& C1 E(]TIKEE I—I.;Ev CZ,minE C2,max %%Uj‘:’é;& C2 E‘]TFF\!EJ‘
BB CHP 2 BF IREBUE T HAUE 2, #, W AsTiRoKME S /MBS % B 30k [21].
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