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Data-driven distributionally robust collaborative optimization operation strategy for
a multi-microgrid based on LSTM-CGAN

LI Hong, HAN Yumeng
(State Key Laboratory of Alternate Electrical Power System with Renewable Energy Sources, North China
Electric Power University, Baoding 071003, China)

Abstract: The high uncertainty of renewable energy poses significant challenges to the reliable and secure operation of
multi-microgrids. To address this, a two-stage distributed robust coordination optimization model driven by data is
proposed based on long short-term memory (LSTM) networks and conditional generative adversarial networks (CGAN).
First, to accurately characterize the uncertainty of renewable energy, the model generates an initial set of renewable
energy scenarios for the distributionally robust optimization (DRO) set using LSTM-CGAN and the K-meanst+
clustering algorithm. The CGAN model uses Wasserstein distance as the discriminator loss function, with the day-ahead
renewable energy forecast as the conditional variable for the generative adversarial network, and employs LSTM to
construct the generator and discriminator. Secondly, a benefit allocation method based on the contribution rate of
multi-node energy trading is proposed to achieve fair distribution of cooperative benefits. In addition, to protect the
privacy of individual entities and improve solution efficiency, an alternating direction multiplier method (ADMM) is
proposed. This couples parallel computation of columns and constraint generation (C&CG) to solve the energy trading
problem. Case study results demonstrate that the proposed approach, with the scenario-driven method for generating
scenario sets, can accurately and effectively describe the uncertainty of renewable energy, while considering system
robustness, economic efficiency, and privacy, and achieving fair and reasonable benefit allocation for each entity.
This work is supported by the National Natural Science Foundation of China (No. 51607068).
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Fig. 1 Multi-microgrid running model framework
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Fig. 2 Internal system model of a microgrid
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Table 1 Microgrid costs under two modes
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Table 2 Cost comparison of results at different

confidence levels
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TIBE A, R4 RGEEHENEE 1565010
Thgt R, R, ST R N HIBEE
RAE A e VOB A R PR, R
FETEAR.

6.7 SEA AR

N T BR TR LSTM-CGAN 3 5tIRE)
[¥] DRO J7i%fitERE, TEAT o Al A ST AT 7
155 3T R T AL )7 (Latin Hypercube Sampling,
LHS)P?, J&-F 52454 1% J7 % (Monte Carlo, MC)!'),
HF LSTM J7iEM L K 3ET CGAN (137 54 % 5
FEP A R T R, ARG RERS N
DRO 7771 MMG B A MMD 318 DL st A
R A4S BN 5 Fim. R 5 W LLEH, LSTM-

CGAN 714 37 54 1) MMD 48 B B/ T HoAth
J7iE, SRR T ARSI BRI A R ERE LR . X
ST g LSTM-CGAN £ B A BARKIE E A,
TEZIHE (1187 fe IR A 2 PR AL A HAth B A 5 5 IR
5P o UEBH T AR ST T v IR P R AR e

=3 FEETBHE o- LB AT

Table 3 Comparison of comprehensive norm and oo-norm costs

LR/ TE
“ AT oo- TR
0.2 75 488.61 75991.23
0.5 75 612.33 75991.23
0.99 75 680.91 75991.23

x4 GRTEHS 1SEBUR AT EE

Table 4 Comparison of comprehensive norm and 1-norm cost

” AR T
AT 198
0.5 75 471.41 75 873.37
0.8 75612.33 75 873.37
0.99 75 697.43 75 873.37

# 5 F°[E DRO FAERMMLILEER
Table 5 Optimization results of different DRO methods

DRO J7i%: MMD 73RSy W NDTH
LHS 0.2635 76 379.56
MC 0.2313 76 332.79
LSTM 0.2775 76 553.21
CGAN 0.1387 75982.15
LSTM-CGAN 0.0729 75 611.61

6.8 I KEFIFIE

T HE—BFE ADMM-C&CG Bk fE, 78
ARHT 535975 . 6 T AT 10 S A VR I2 47 I S92 i
SUBE AR . B 14 5 10 M2 551761
BOEEARE M, IR 1 R 47 YGEAE L,
THRE A 827 s, W SkPERE R4F. 3 6 N ADMM-
C&CG FiEHHEAXFIMALE R, ADMM-C&CG
R SEPRA AT, R HEER A RS
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Fig. 14 Iteration of 10 microgrids participating in cooperation

#*& 6 ADMM-C&CG SE&EHREEXLE
Table 6 Comparison between ADMM-C&CG and

centralized algorithms

. e (EEE
S T -
6 10
Erh At BITRAST T 7561733 18009521 279 060.72
ADMM AU 33 38 47
i TRAR I [/ 313 538 827
C&CG o
BATHASE  75611.61  180092.43 279 074.91
:I: ~
7 gn 1@

AT — M & sk R G002 U P Y
BEAR IR 73 A B B i R AR o Do B M M
WHREIE A, _E T —MET LSTM-
CGAN ¥4 7k, FHTAER DRO 6 WG
BREIR R . 1% RA LSTM M4 H%E CGAN
AR s Al 2, DASE Gt 2% ST B ReUR )7 %)
HIS FPRRE . FEESE LR

1) 3T ADMM-C&CG HiE R Al 2 f X 2 8] )
Ao L ZAMAB, SRS He A TRAE S,
PRI BN B o A SR THI SRR SR A PE B R 4T
[F) BN 53 AU B 4 B AR IB AT AR LU AL I AT AR #S
ARG, Reift —DRRRTIIN RGBT 528
Re R AN M 52

2) 5L SN TR L, AR SO RN
2 REAC G RE R TTER /NG L Bl A 1R UGS, A &K
MR TN EAR S 5 R AL 5 AR

3) A3+ LSTM-CGAN #4it /) DRO 5! AH

BT LHS 1 CGAN 753 AKEh K W B DRO J7i,
DR TR DR ST
FEJRSERIB T, K5 R MIZ E 2 5 1)
TR AR I E )M 22 BEANHA 52 PR RN .
B3 A
=M BWEITEH
Table A1 Microgrid operation parameters

£ Al BH Wi
Nere 0.35 S, 0.05
T 0.45 e 0.98
Heyy 9.7 77;}‘ 0.95
P JKW 2000 o 0,08
e 22 n 0.95

P kW 800 am 00
P [KW 1500 am ol
Mac 12 o 0o
P, kW 1000 a ol
e 4 Sha /KW 500
e 0.55 s kW 500
Nec 1.06 P kW 250
Nees 0.5 B [kW 250
PZon kW 300 o ol
P kW 200 o ol
% 0.05 a™ 0.1

a 05 Hy 0.5

= A2 BERINGE

Table A2 Energy prices
REJR i B Wt /ot /G
01:00—08:00
0.4 0.2
23:00—24:00
N 08:00—12:00
HRE 0.75 0.4
15:00—19:00
12:00—15:00
12 0.6
19:00—23:00
RIRA 00:00—24:00 22 —

R A3 WNBLERESH
Table A3 Microgrid O&M cost parameters

ZH HfE
Acsran Aot 0.03,0.25

A 0.15
Astiwacic 0.03/0.02/0.025/0.01

0.11/0.08/0.015/0.025

lwd/pv/PZG/L‘(‘S

o, 0.4
Aegs Ay 110/37
s P 30/10

I 0.01/0.005
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