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Coordinated scheduling with flexible boundary control of a microgrid

QI Zhiyuan, ZHANG Ruyi, ZHANG Huimin, YU Guochen
(College of Electronic Information Engineering, Inner Mongolia University, Hohhot 010021, China)

Abstract: To solve the problem that micro gas turbines (MGT) and energy storage devices are frequently adjusted
because of power distribution in microgrid scheduling, a micro-grid coordinated scheduling method with flexible
boundary control is proposed. First, the MGT flexibly changes its power output adjustment boundary according to the
adjustment ability of the battery. Then, the battery adopts a variable current charging and discharging method to quickly
capture randomly renewable energy and release stored energy to the maximum extent. Finally, the case simulation shows
that the MGT reduces the number of adjustments, the battery is controlled more reasonably to charge and discharge, and
the utilization rate of renewable energy is also improved. Therefore the proposed scheduling method can avoid MGT
frequent adjustment, prolong the service life of the battery, cut down equipment loss and system operating costs, improve
the scheduling flexibility of the microgrid, and reduce its dependence on the distribution network.
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Fig. 1 Optimization scheduling process of microgrid
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Fig. 2 Soft adjustment boundary of micro gas turbine
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Fig. 3 Charge process of variable current
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Fig. 4 Discharge of variable current
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Fig. 5 Microgrid scheduling based on soft boundary control
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Fig. 8 Partial detail of variable charging current

Kl 9 & eyt AR B A R R ORI . B
07:30—08:45 B B (1935 st 30 5] 1 BH &5 FLb 1
AF IR R . 7E 07: 30 I %1 25 Hth A eER A 4b
TR, WO B RO R 0.3C AT . Bl
& IR R T, Hun R TR, 7R
07: 45 W ZI|, & H it R T B4 21 ) B g i
JE, & HITEIEGR SRR, SR8
BN 0.2C, s EREZ [T, SRIELL 0.2C BT
YRAETHH . 7E 08: 15 IS Z3 H 1 F-CIA B AH B A
1B, 7R ERSR /N . 7E 08: 15—08: 45
B, B I 0.1C HIH FL AT R FL

1of
T
= osl T
;Tn; ]
0
13 ‘
—4—0.3C —=—0.2C —&— 0.1C(R B HLIT)
z 12 ,
S T ;7;\.\‘\*\—0 a4
£ 10
9

07:30 07:45 08:00 08:15 08:30  09:00

A %)
& 9 THRMEREHHRAE

Fig. 9 Partial detail of variable discharging current



FrGIE, 5

SRR S ) P AR X U 3

- 185 -

Bl 10 SRS L S iR T
& W AEAN [F 7S R IR N AT RE AN, B
PRMLEISh VR A bE A & H i ) A5 A I 21k
7E 01: 30~ 02: 45 W%, HHT 5 fay i B AR AE 1S 71
fuf AT HH B MR R TVE SRS It e
i RGReE, FULRUAPLIE Ko D . e
LBy 2] (1% BN, AN & it R mT AT e U
TURHLLE R R A T RS . RN I
HHERRE IR DR UAN LB B BB TIRES, RGUREW
FEAL R0 1 A8 R UE SR I (IR AT L R AR . [
B, ARSCHR B R RE RS TR R Y AR 1

600

§ . —

#‘_:n, 2 400} /_7~// —

S 200

= 200

£

28 0 . T

2

B 200

ﬁ 600

=

2 50 -~ . , , AN T
01:00  01:30 02:00 02:30  03:00

Al
B 10 R R IENED R FBE K E
Fig. 10 Partial detail of MGT soft adjustment boundary

ST PR 7 AN R B T 2% P A e D
BATHAST LA 11 o, A SCHTH R REE iR
FE R AR AT BCANEG T8 A B 7 VR BB AT A
R FE 7V N ORI H BB AT AN 60 857
TG, TR A SO HR R FE 5 iR B N H S 4T i
AN 55813 0, JaHEIKT 8.29%.

900

—— AT U R A

e A A

800

12 700
®

= 600

500

400

00:00 04:00 08:00 12:00 16:00  20:00 24:00
w2l
B 11 R RETRA
Fig. 11 Operation cost of microgrid
£ A
6 4R

ol L I ST P E UL e 2R P D ) e i %

PRAIE e o F A e o AR SRR HE A SRl S il

TR P iR R B2 DT VR SE R T B TR
1) ORRHLREAT K Tl =R e 3 1R 5 AN 75 s il kAT

ANDZEP AN, T T I A PR T e

JIVL R AL R VT RE
2) WURRAIL S A S 2y R B S BRI B R A

WTTREIRIEARAL, DD TR R, B G

TR DL, G T R RIS 51, 8

BHE R ARG & .

3) AR B IR AR AT AR H IR AR ],
G g I 70 SR R AR R AR FLTRR A T
JIETT A KRR FE At B it N O RE B, 84 T
SFGHIR TR R R LE .

4) A H PRl r DR R R T e R A AR
RPN BT RAEREUE, 4R T T A AU
MIFIZ,  BEAS T GO W B3 AT SRS I R GE0)
ek o P R
S 3k
(1] R, BRI, B, % ST AN S i

Tl re X 22 8 B AR AL AL R D], B, 2021,

54(7): 166-177.

LI Xianshan, CHEN Aobo, CHENG Shan, et al. Multi-agent

coordination and optimal dispatch of microgrid with ces

based on ecological game[J]. Electric Power, 2021, 54(7):

166-177.

(2] JASEAR, T8, BRI, 55 2558 R SR BRI
TR AU EED]. LT, 2022, 55(10): 45-53.
ZHOU Mengran, WANG Xu, SHAO Shuai, et al.
Hierarchical optimal scheduling of microgrid considering
demand response and carbon emission quota[J]. Electric
Power, 2022, 55(10): 45-53.

(3] e, BA, XMRIE, 55 5 ENIRY SR AR
L o A B iR ARG T VA D). O RS E Bk, 2022,
46(7): 50-59.

CAO Jinsheng, ZENG Jun, LIU Junfeng, et al.

Distributionally robust optimization method for grid-

connected microgrid considering extreme scenarios[J].

Automation of Electric Power Systems, 2022, 46(7): 50-59.
(4] HA, T8 SRR B E R

RCE 7). B0 RS H8hk, 2022, 46(11): 37-46.

XIAO Bai, WANG Zhuanzhuan. Optimal Configuration

method of generation capacity for stand-alone microgrid

with pumped heat energy storage[J]. Automation of Electric

Power Systems, 2022, 46(11): 37-46.

(6] %, E&8E. 558 v A RER AN E i i Y
P AL EELT]. b B AL T RE A4, 2021, 41(3):
973-984.

YANG Mao, WANG Jinxin. Optimal scheduling of islanded

microgrid considering uncertain output of renewable

energy[J]. Proceedings of the CSEE, 2021, 41(3): 973-984.
(6] M, AR, E5, % ETREERK S ZHMMK

FF A Z AL B[], H ) R GRS

2020, 48(18): 27-37.

YE Liang, LU Zhilin, WANG Meng, et al. Bi-level



- 186 -

W) &Gk B

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

programming optimal scheduling of ADN with a multi-
microgrid based on optimal power flow[J]. Power System
Protection and Control, 2020, 48(18): 27-37.

ELGAMAL M, KOROVKIN N, MENAEM A, et al.
Day-ahead complex power scheduling in a reconfigurable
hybrid-energy islanded microgrid with responsive demand
considering uncertainty and different load models[J].
Applied Energy, 2022, 309: 118416.

GAO S, XIANG C, YU M, et al. Online optimal power
scheduling of a microgrid via imitation learning[J]. IEEE
Transactions on Smart Grid, 2022, 13(2): 861-876.
TR, sKilEdE, BT 58l AU B 7 SR K
(0 ol v R R B AL TR BE (D). FL D R G DR 5
2021, 49(19): 1-10.

WEI Zhenbo, ZHANG Haitao, WEI Ping’an. Two-stage
optimal dispatching for microgrid considering dynamic
incentive-based demand response[J]. Power System
Protection and Control, 2021, 49(19): 1-10.

MEME, Tk, BZE SRR RE A P R IR Y
MM HFIZAT[I]. MR, 2018, 42(6): 1735-1742.
YANG Zhipeng, ZHANG Feng, LIANG Jun. Economic
generation scheduling of CCHP microgrid with heat
pump and energy storage[J]. Power System Technology,
2018, 42(6): 1735-1742.

CHEN J, QI B, RONG Z, et al. Multi-energy coordinated
microgrid scheduling with integrated demand response
for flexibility improvement[J]. Energy, 2021, 217: 119387.
LIU C, ZHANG H, SHAHIDEHPOUR M, et al. A two-
layer model for microgrid real-time scheduling using
approximate future cost function[J]. IEEE Transactions
on Power Systems, 2022, 37(2): 1264-1273.

MA J, WU S, RAAD E A. Renewable source
uncertainties effects in multi-carrier microgrids based on
an intelligent algorithm[J]. Energy, 2023, 265: 126098.
YUAN Z, LI P, LI Z. Data-driven risk-adjusted robust
energy management for microgrids integrating demand
response aggregator and renewable energies[J]. IEEE
Transactions on Smart Grid, 2023, 14(1): 365-377.

GOH H, SHI S, LIANG X, et al. Optimal energy
scheduling of grid-connected microgrids with demand
side response considering uncertainty[J]. Applied Energy,
2022, 327: 120094.

HU C, CAl Z, ZHANG Y, et al. A soft actor-critic deep
reinforcement learning method for multi-timescale
coordinated operation of microgrids[J]. Protection and
Control of Modern Power Systems, 2022, 7(3): 423-432.
ROSLAN M F, HANNAN M A, KERP J. Scheduling
controller for microgrids energy management system
using optimization algorithm in achieving cost saving
and emission reduction[J]. Applied Energy, 2021, 292:
116883.

TRAT, SUSE, E, . tF & WCVaR VA& T
PTG B R R B B H AL D). B RS E Ak,
2021, 42(2): 55-63.

ZHANG Hong, MA Hongjun, YAN He, et al. Two-stage
day-ahead optimal microgrid scheduling with coordination
between supply and demand considering WCVaR
assessment[J]. Automation of Electric Power Systems,

[19]

[20]

[21]

[22]

[23]

[24]

[25]

2021, 42(2): 55-63.

PRIE, REAE, B, &, BT CVaR EWAHE R
TR AR A R BERIF T[], B0 R GRS, 2021,
49(5): 105-115.

CHEN Han, TANG Zhong, LU lJiayang, et al. Research
on optimal dispatch of a microgrid based on CVaR
quantitative uncertainty[J]. Power System Protection and
Control, 2021, 49(5): 105-115.

KEH, Zedlnm, REM, 5. T IZRT R P
HURDSUZRDCAL R EELT]. LI EER, 2018, 42(6): 1899-1906.
MI Yang, LI Zhanqiang, WU Yanwei, et al. Bi-layer optimal
dispatch of grid-connected microgrid based on two-stage
demand response[J]. Power System Technology, 2018,
42(6): 1899-1906.

WA, e, PRER, % o R AT SR R
H Y A7 i B R LA R BE D], B0 B ki, 2020,
40(3): 1-7.

PENG Chunhua, ZHANG Jinke, CHEN Lu, et al.
Source-load-storage coordinated optimal scheduling of
microgrid considering differential demand response[J].
Electric Power Automation Equipment, 2020, 40(3): 1-7.
FIR, T, KT BHL ) FRE RS B K T G EL L
W BR2E L R 23 R HI ST AL (D). I RS R 512
], 2021, 49(4): 54-63.

MENG Xin, WANG Dan, ZHANG Ziyang. Research on
hierarchical control strategy of a user level DC microgrid
bus voltage for electricity trading[J]. Power System
Protection and Control, 2021, 49(4): 54-63.

HGIE, WATIE, R, SR EA IS R & B
FITH I R GEs AT [D]. RPHAE2EIR, 2018, 39(10):
2831-2842.

DONG Haiying, CHU Yanting, YU Yuting. Optimal
operation of microgrid containing battery under the theory
of power spot prices[J]. Acta Energiae Solaris Sinica,
2018, 39(10): 2831-2842.

Ko, AH, NFER, & ETRAZFRREEREL
0l R PRI A TR P[], A ) DRE R, 2022, 41(2):
163-170.

SONG Yang, SHI Yong, LIU Baoquan, et al. Optimal
dispatch of microgrid based on reversemutation sparrow
search algorithm[J]. Electric Power Engineering Technology,
2022, 41(2): 163-170.

SUKAMONGKOL Y, CHUNGPAIBULPATANA S,
ONGSAKUL W. A simulation model for predicting the
performance of a solar photovoltaic system with alternating
current loads[J]. Renewable Energy, 2002, 27(2): 237-258.

Fs HHA: 2023-04-16;

{&E HER: 2023-08-26

EEEIT:

FAEZ(1968—), ¥, @344, HE, al#ar, MR

7 6] A48 M AR, E-mail: qi_zhiyuan@126.com

Ko (1996—), 4, WAL, HLF QAR #A

BRI E-mail: 1759618567@qq.com

RE.

REAH(1998—), F, MEHRA, BRH @ AHKER
E-mail: 1501293774@qq.com
(CF: )



