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Analysis on harmonic interaction and stability of LCL grid-connected inverter
based on harmonic state space theory
LIN Shunfu',DAT Yemin', YAN Xinyu’,LI Dongdong',FU Yang'
(1. College of Electrical Engineering,Shanghai University of Electric Power,Shanghai 200090, China;
2. State Grid Shanghai North Power Supply Company,Shanghai 200070, China)

Abstract: The electronization of power grid causes harmonic resonance and system instability. In order to
obtain the detailed harmonic interaction and instability mode of the system, the mathematical model of
three-phase LCL grid-connected inverter under dual current loop control is established based on HSS(Har-
monic State Space) theory firstly. Secondly, the influence of grid background harmonic voltage at PCC
(Point of Common Coupling) on DC voltage and AC current of the inverter,and the influence of DC voltage
disturbance on AC side are deeply studied. At the same time,the coupling coefficient matrix of harmonic
interaction is derived,and the coupling characteristics are analyzed. Then,the mechanism of inverter harmonic
oscillation in weak grid is revealed by impedance analysis method based on HSS mathematical model.
Finally, the results of experiment and simulation model are compared with the results of mathematical model
to verify the effectiveness of the established mathematical model and the correctness of theoretical analysis
conclusion.

Key words: harmonic state space; grid-connected inverter; harmonic interaction; weak grid; grid impedance;

stability analysis
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Distributionally robust optimal dispatching of integrated energy system
considering line pack effect of gas network
YI Wenfei',BU Qiangsheng',LU Shan®,QIN Yingming’,LI Peishuai’
(1. Electric Power Research Institute of State Grid Jiangsu Electric Power Co.,Ltd.,Nanjing 211103, China;
2. School of Electrical Engineering,Southeast University,Nanjing 210096, China;
3. School of Automation,Nanjing University of Science and Technology,Nanjing 210094, China)

Abstract:The IES(Integrated Energy System) integrated with renewable energy has the feature of uncertainty,
while the solution methods such as stochastic programming and robust optimization suffer from insufficient
robustness or high conservation. As the important flexible resources for IES,the line pack of gas network
is effective in alleviating the influence of uncertainty. For that,the distributionally robust optimal dispatching
method of IES considering the line pack of gas network is proposed. The consumption of renewable energy
is promoted and the safe and stable operation of system is realized by making full use of the flexible resour-
ces of system. On the basis of analyzing gas flow characteristics in natural gas pipeline and line pack effect,
the optimal dispatching model of 1ES considering the line pack effect of gas network is proposed to minimize
the integrated cost. In view of the different characteristics of uncertainty for wind power output and electric
load, the probability distribution set and trapezoidal fuzzy function are employed respectively to depict these
two kinds of uncertainty factors. On this basis, the distributionally robust optimal dispatching model of IES
is established and solved by the column-and-constraint generation algorithm. Finally,the case analysis verifies
the accuracy and effectiveness of the proposed method, and the results show that the proposed method has
stronger regulation ability and excellent economy under uncertain scenarios.

Key words: integrated energy system;line pack of gas network; uncertainty; distributionally robust optimiza-

tion; column-and-constraint generation algorithm
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Table C1 Equipment parameters for CU

OQrumm Onuwmra @ st tns

e TR K I UN _ b . e =/ JA3) el e /NELE R/ NES:
TTRE ERMW O IERMW ' ' MW - hY ARG ARG BRI LR AL
1 30 50 300 0.02 3562 85 120 28 28 3 3
2 31 50 300 0.02 3263 83 120 25 25 3 3
3 33 50 800 002 23 166 150 30 30 3 3
4 34 50 800 002 24 176 150 40 30 3 3
5 35 50 800 002 25 169 120 30 30 3 3
6 38 50 300 002 35 27 120 28 28 2 2
7 39 50 300 0.02 40.04 58 120 25 25 2 2
#* C2 RASRESH
Table C2 Equipment parameters for natural gas source
— = —
o 5 }{Jﬁibkzii/ /N [CoNG: Wl
%5 REP=X A Gt - km?) 0 kme
1 1 2.8X10? 0 60
2 5 3.0%x10° 0 60
3 8 2.8X10? 0 60
4 14 2.6X10? 0 40
#+ C3 EHMERSH
Table C3 Equipment parameters for battery
BT P %7 = L= y’ i
g g o WEHRE RORIE N &N A gL
S B IMW IMW soc 4 socfi ~ BWAAL HLAK ZARIMW
1 36 400 120 0.95 0.2 0.9 0.95 200
2 37 300 100 0.95 0.2 0.9 0.95 150
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Table C4 Equipment parameters for P2G

o e for e R o R/NEAT RKIBAT e
T CEN R PEE A ST AL E MW P IMW P
1 12 13 0 600 0.6
2 17 19 0 600 0.6
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Table C5 Equipment parameters for EB
o g R RIBAT P = oN (4854
ELRe) PP s I IMW o R T IMW
1 24 150 0.8 75
2 26 150 0.8 75
R C6CHP i F/EH
Table C6 Equipment parameters for CHP
e e o e b RRIEAT oy 2 . " IZON|[iF7i4
% AT AL E B T o HEIMW FERREL R AR MW
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Table C1 Operation cost under different confidence levels
B3 o — e — HIB e e —
BIEE st WmAst  BERAE Ol RimAE MR
KP BARIG
0.6 1960 485387 458 41.97 380345 868192
0.7 1786 491804 458 4291 408220 902311
0.8 1637 500134 452 43.50 435591 937857
0.9 1512 505718 452 43.86 467854 975580
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