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Fig.8 Simulative results of each node voltage
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Fig.9 Unbalanced power of DC microgrid

1P 8 FIE 9 Al Y, th T2 405 FC MR, i FC B
MRS FC AR, HATSBERTY R Gei 247 D) ) %
AT LIRS PRI, BT B4 SR BE A I L
DG A ELUL AR %) RO B ARPE RS 3K, HLAEA )
AIFRFNASH T, BT S S S RE S B B I s

5 #ig

ARSCAEAR G T T il i) S Ak L, 25 08 R R
WRYIB AT IRAS , B 1 —Fh 58 42 o3 A 2R 55 T R 216
P TBuE S iR Ce L A LR CA L)
IRZAE TR A PIRAS , Hol i ot 9 R J5URE
TR R A R R L TR ARE o 5 ELAM TR
B, 5 SR 19 J42 il SR RO AL 48 42 il SR A LE
Jrdi 45 il SR s AT By Y 22 5 Bl AR sy, B
X R R AR A A AOR S ) R LI
A P B AR E VS R PRI BB L

P s LA ) M 25 38 (http : / www.epae.cn) o
S 2k

[1] LI H,ESEYE A T,ZHANG ] H,et al. Optimal energy manage-
ment for industrial microgrids with high-penetration renewables
[J]. Protection and Control of Modern Power Systems,2017,2
(1):1-14.

(2] X0k, 587, el et 0 B B # 00 A 28 5% ) BE ik
(3. P E RIS, 2018,38(14) :4013-4022,4307.
LIU Yixin, GUO Li, WANG Chengshan. Economic dispatch of
microgrid based on two stage robust optimization[J]. Procee-
dings of the CSEE,2018,38(14):4013-4022,4307.

[ 3] JAWefif, 0. BT AN LU T I b i i 9 4 A X ik
eIl ]. s A sk, 2019,39(4) :50-55.
ZHOU Xiaogian, Al Qian. Distributed economic control of mi-
crogrid based on adaptive economic droop control[J]. Electric
Power Automation Equipment,2019,39(4):50-55.

[ 4] NUTKANI I U,LOH P C,BLAABJERG F. Droop scheme with

consideration of operating costs[J]. ITEEE Transactions on Po-

wer Electronics,2014,29(3) :1047-1052.

BARKLUND E,POGAKU N, PRODANOVIC M,et al. Energy

management in autonomous microgrid using stability-constrained

—
W
[—

droop control of inverters| J]. IEEE Transactions on Power
Electronics, 2008 ,23(5) :2346-2352.
[6] MI Y,CHEN X,JI H P,et al. The coordinated control stra-
tegy for isolated DC microgrid based on adaptive storage
adjustment without communication[J]. Applied Energy,2019,
252:113465.
SANRTE, PN B B, 45 . T — SRR I W~ P ) 43 AT
AR ()], o E AL TR, 2021, 41(4) 1 1334-

—
~
[i—



%114 FE A, 2 T aRAL A > B BRI A1 U B T sl (7]

1347, 1540. [J]. IEEE Transactions on Sustainable Energy,2018,9(3) :
BIAN Xiaoyan,SUN Mingqi,ZHAO Jian,et al. Distributed coor- 1448-1457.

dinative optimal dispatch and control of source and load based [15] LIU Z F,LUO Y,ZHUO R Q,et al. Distributed reinforce-
on consensus algorithm[J]. Proceedings of the CSEE,2021,41 ment learning to coordinate current sharing and voltage
(4):1334-1347,1540. restoration for islanded DC microgrid[ﬂ. Journal of Modern

[ 8 ] MAKNOUNINEJAD A,QU Z H,LEWIS F L,et al. Optimal, Power Systems and Clean Energy,2018,6(2):364-374.
nonlinear, and distributed designs of droop controls for DC [16] EUIE BOE R, ARk, 45 . B T8 B LR Ge i I8 S 52
microgrids[J]. IEEE Transactions on Smart Grid,2014,5(5) : B I8 B ) — B D R BRvE L)), P E AL TR 223, 2016, 36
2508-2516. (6):1471-1480.

[ 9] NUTKANI T U,PENG W,LOH P C,et al. Cost-based droop LU Pengpeng, ZHAO Jinquan, LI Duanchao, et al. A consen-
scheme for DC microgrid[C]//2014 TEEE Energy Conversion sus-based collaborative algorithm for real time dispatch of is-
Congress and Exposition (ECCE). Pittsburgh, PA, USA: IEEE, land microgrid in cyber physical system[J]. Proceedings of
2014:765-769. the CSEE,2016,36(6):1471-1480.

[10] NUTKANI I U,PENG W,LOH P C,et al. Autonomous econo- [17] KINGMA D,BA J. Adam:a method for stochastic optimization
mic operation of grid connected DC microgrid[C]//2014 IEEE [C]//3rd International Conference for Learning Representa-
Sth International Symposium on Power Electronics for Distri- tions. San Diego,USA:[s.n.J,ZOlS:1—15.
buted Generation Systems(PEDG). Galway,Ireland:IEEE,2014: (18] SAHOO B,ROUTRAY S K,ROUT P K. Robust control app-
1-5. roach for the integration of DC-grid based wind energy

[11] XPERTE Blik, 1505, 24 iR RO L 19 2 2 K a1z conversion system[J]. IET Energy Systems Integration,2020,2
H S I S S0 U 3], ) 1 31 ,2020,40(10) (3):215-225.

181-186. [19] BIRTF, RAZE, SERENL 5. FIR B M4 e i B I
ZHENG Ruixiao, ZHANG Shu,XIAO Xianyong, et al. Short- PSRy ] P EAAL T A2A 4, 2016,36(4) : 900-910.

LU Zhenyu, WU Zaijun,DOU Xiaobo,et al. A distributed droop
control scheme for islanded DC microgrid considering opera-

tion costs[J]. Proceedings of the CSEE,2016,36(4):900-910.

term load forecasting of multi-layer long short-term memory
neural network considering temperature fuzziness[J]. Electric
Power Automation Equipment,2020,40(10):181-186.
VKUK, R S AT L ST AR P I Y S T ELR AL
o R B S ). o 1 ah i g 2020, 40(11) . RIS
17-23,39.

WANG Bingbing, LIU Zhong,MEI Jun,et al. Fast recovery stra-

tegy of flexible DC distribution network based on energy sto-

[12

[

o (1968 —), 5 i sl A, K
BT W, TR @A
R ¥ I 5 RS R K e 5 5
M 3 A (E-mail : mfudong@126.com ) ;

FEE995—), F L ARFEFEA, M
+, LRI A AR LI ARALIR S
7 4] (E-mail : gxy1995113@163.com ) ;

% ko m(1976—), %, éd AL, 3%,
WA A ST, B, 2 RR

rage built-in converter after fault[J]. Electric Power Automa-
tion Equipment,2020,40(11):17-23,39.

[13] PREE MR, 22000, 55 . FE T s b > /Y 2w I 43 7 X ik
PeAetEmI ()], w1 R 58 A Sk, 2020,44(5) : 198-206.
SHEN Jun, LIU Wei, LI Hucheng, et al. Reinforcement lear-

e
ning based distributed secondary optimal control for multiple &

microgrids [J]. Automation of Electric Power Systems , 2020, 44

(5):198-206. 77 18] A A AR IR R B BER Sl M A2 42 4 (E-mail: miyangmi@
[14] LI X L,GUO L,HONG C,et al. Hierarchical control of multi- 163.com).,
terminal DC grids for large-scale renewable energy integration (?ﬁEﬁ i"‘fr‘?’ %‘)

Distributed economic droop control for DC microgrid based on reinforcement learning
FU Yang',GUO Xiaoyan’,MI Yang',LI Zhenkun',YUAN Minghan’
(1. College of Electric Power Engineering,Shanghai University of Electric Power,Shanghai 200090, Chinaj;
2. State Grid Weihai Electric Power Company, Weihai 264200, China;

3. School of Mechanical and Electrical Engineering and Automation,Shanghai University, Shanghai 200072, China)
Abstract: Aiming at the problems of high overall operation cost and static voltage deviation of DC microgrid
under the traditional droop control,a fully distributed economic droop control strategy based on reinforcement
learning is proposed. The optimal economic operation point of the system is searched by the distributed
consensus algorithm, and the economic droop coefficient is optimized by the deviation adjustment term and
Adam algorithm to improve the calculation speed and efficiency. The secondary optimal control of voltage
is carried out by improving the reinforcement learning principle. The simulation model of DC microgrid
with units of different operation costs is built by MATLAB / Simulink,and the results verify the effectiveness
and superiority of the proposed strategy,and its plug-and-play characteristics.

Key words:DC microgrid;economic droop control;consensus algorithm;fully distributed;reinforcement learning
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Table Al Initial data of microgrid simulation system

PIES of [$ (kW2 sh) ™ IS« (kW h)7] y ($eh™h Po/lkW Prn/KW
BA+PV 0.010 0.10 0.0015 6 15
FC, 0.011 0.15 0.0150 6 15
FC, 0.010 0.14 0.0100 6 15
MT, 0.018 0.19 0.050 0 6 20
MT, 0.020 0.20 0.0400 6 20
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Fig.A2 DC microgrid simulation system
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Fig.A3 Voltage simulation of traditional droop control
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Fig.A4 \Voltage simulation of economic droop control from compared literature
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Fig.A5 Power output based on traditional droop control
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