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Fig.1 Principle of MPC rolling optimization
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Fig.4 Operation results of Scenario 1



%18 S i et O B A FE R U5 RURF IR S ®

I/ kW
I

5o o
S O o O

00:00 08:00 16:00 24:00
Lhgd
------ FRETRI, — BRI
(a) JABEVH BRERSEH

30 SC
0
z ' "WWW" W
~ =30
# 20 ba ] BS
B 0 “'N-WJWWM‘E!J%’Mlii\ﬁg‘*.;‘r-‘#"‘m,‘mw—“\
-20 1 i 1 ]
00:00 08:00 16:00 24:00
s %)
(b) HESS Hy3%
0.9 SC
05
wn
0.1 ! '
00:00 08:00 16:00 24:00
Fisf 1]

(¢) HESS ¥ SOC

Es5 BE2HIETER
Fig.5 Operation results of Scenario 2
x1 2MESTHERNITESER
Table 1 Calculative results of indexes under

two scenarios

B Vs / % AS, AS, o, 0, AF(»/]‘W AP,}/kW
1 4.26 0.72 045 040 0.31 4.08 0.58
2 4.14 0.71 0.37 0.36 0.23 5.84 0.68

BT AT, 5 1R 55 2 1 oy FHZEAS K,
EI 52 2 19 y o BB /DN, 2 AT S 506 2 AR 0/ RO A 2
5 %2R FECAR I Bh 3 2 i i Bt BROR TE R 4 1Y
PR ER AR, 1 11:00— 13:00 I BE P 1 min 2% 599 5
BT B I+10 %R EGR B T 48 K. fh 1
FUE 5 2 19 AS, FH 22 K (EAE 5 2 19 AS, .8, F1 6, 1
SN TS L A4S ] Bl e 1
T, SC Y SOCTE 11:00 B A2 47353 T F FR, BS 9 SOC
FER AL T HBAR 7K X B IS 5 1 AR 2 T
PRER R 22 9 2R (EAE BB HL T2 2 1 Fe i, 0B R
RH TR BERE S, H B A5 An e , M st
LIRS 5 2 TEMS R T8, X EZRE MR
U 1B T B ] BT T ) B R O 22 M A E SOC ATl R
AR AR D, T St 2 S 25 i 1 0 s s N 224
I 220 %) B B A 22 B2 it B SOC A1) 25 114 T 455 B T 15
FN AL EE R, BEAE Ry N X 2R G2 Ak T RE K AR Y AR
AT XHig RE $2 B BE A 4 &, A AT/ SOC 148 1k
JFE o AT, AR SO P 45 ] SR M AN A AT DGR TIE B
SR B AT LU AL BB RE BT Y SOC.

M RE -k S TRk E 2 s S T R AP, 3
A N AV I/ U s w1l O s WA O I 8 3 ) B S
T K2 {H M 5 7 SC FIT BS AU Th R0 il 45 ok &
SC 1) Ty 2228 A PR HL IR B2 K, BS 1Y M) 3848 4 35
B 454 SC I BS 114 70 i L b

TENE 525, T00I0 s 38 N VR Bl 4 o R 0 ) R
wm=3, LIRS min #17— IRk, T2
1 min 3 JE B 2E 47 SERF T . A SC AT BS S A
48 A BT B ET RDOR A, WA 2 18 GE 5 B 4k
L AMFERS , 7 MATLAB 2014b Hr, A S 4245 1l
MG 1 min [ 5 B 458 1 48 4 19 °F- 3 11 5 R] 24
S0.01 s FFAH [ 4 4 il 3R w0 s sk 475 o
15 min, ¥ MPC & a4 i 3010808 1 min, Bl m =
15, %F 1 min #5457 —R 2 MPC AL R )2 521 5
8 5 BB ATy e = 4.16 %, B 1 min Y52
I 22 48 A B SE H B TR 29 4 0.047 s, BR R4
JI_L]JI}H‘;:I(L F ':Plg F1, Zlijtﬁ)?%%?ﬁfﬁﬂﬁiﬂiﬁﬂ’ﬂ Yure =
4.14 % , P 3 W 458 ) B8R SE AR [R] , {H AR SC i B2 SR
B S IR 4 ol 45 A BT B RS T 79 %A A . X
FEZN A L ZEMPCERIT Y (k) AU (k) M 55
FEBEAEE 5 m A 5, 2 m B, R B 4 ot
KA SRR R, T RRNg h&tEit
TR R EME R ME L . DR il S 4
I TR] A, ] Y, MPC B o) 5 3% R 114
THE SR K, R, AR ST $E 5K & 5 1T MPC
WAL B, [R] B 3kt G 1 35 in MPC (%3158 &
FLAT TR A S I 7 R
423 JEIK R BT H R AR

A ST B ) O 0 AE T )2 R e S s 9l 4 SC
F1BS By Ty 230 gl /N S AR N B g 1) S s Ty 26 38 sy
PR R AR 5 ), U8 U R AL S35 I SC RN BS 1Y SE IR
DR HE, 8 T HAR 20 B 08 i 72 B0l 42 ol 35 R 1Y
SEM  TEASSCHTR U FE T SC 1 SOC 11728 1% 1 25X
HESS SZ 8 il SR v, 14 88 A [] 1) 90 0 22 RO A
Ao, IRV AR5 T — 2 15 08 I 2R 85, AN TR 2R
BOF BB A T45 B LN 2 BT 7R, A, = 0.10 B 25 I8 ik
B (0 ELEE AN E S TR, A, 4 9o 0.14
0. 18 s A% U8 1 22 KR W6 I [ 22 8 I8 28 BOR WS AR 15 L
2B L5 DL S F A F2—F4,

2 AREATHIERTESER
Table 2 Calculative results of indexes under

different values of A

T VM;S/ AS, AS, 5. 5, Afx‘iv/ Alf&/
2,=0.10 414 071 037 036 023 584 0.68
AEB A,=0.14 414 064 036 033 022 573 0.81
2,=0.18 414 0.8 036 031 022 557 1.00
[H5E Z%(A=0.14) 4.14 0.78 0.38 0.40 022 573 0.78




120 L/ AR {7 G-

F41%

F & 3 AT, A 232 M g R A B KN
2352 HESS I 75 #2445 14 T R 78 SC A1 BS 22 [8] Y 43
B, TR SC A BS (9 AR il . e 2 ml
Bt A, U/, AP 3G, AP, T8/, B SC 1Y 7784k
TP, BS B H AR AR AR X 2% , (0 S ARIE TR EE
R IR ERCR . BEAE A K, AS, B/ X2 R o A
SCHY T2 5 g R SC Y SOC 2R A [\] o i ik 22 %
AL SC Y SOC AT, 2R H T B8 I REEEE A,
X} SC N BS (T 4T 3L , B A, 385K, SC/RFH 1Y
e AL L) 5 43 AR 2D 5 2 SC Y SOC B AR I, ik
HESS F7 ZEH AL (o) TR i 3 K (Jdi/h) A
AR X V> (B T) SC AR HH () 8 45 5 2R A, nl LD
2% SOC T B in PR B 7t 5 24 SC Y SOC #5¢ ey i, )
52 AR o X LR FH 11 e 2R B 4 o 45 2R 5 AR
WEIR R B FE R4S AT LA B, AS, FHZE AN K H R
T 72 8 I 2 50T 19 AS, W I K TR FH AR e % 2R 50
B FS 25 5 o T DL, A ST HR 4 ) SR A PRI R
BRI R E, AT DAk B fif BE oAt FE A .

5 it

AR SCER X Fe Do) R B B R T S T — e
X)L 6] ] A S Bsf 42 i) SR e, b 236 T MPC 1
AL S W 5 R )2 HESS 52 B 458 1 S5 W T2 5L T 2
s [a] RO B PR BC S o BJZLLS min AR B)
o R ], 25 rE IR B e 22 S HESS /19 M 1
SOC, LAV 3 i 75 2 AR Ak — B sk 3sk 16 B i 9 i 31
R s T2 LA 1 min g ST B, SR
FTF SC 1Y SOC (2R JE T 72 50 HESS 52 H 42 i) 5 % Xof
SC 1 BS M TR AT 43 BC o A SCUTHE SR B AIG 1ok
ARG A 149 534 9 Ty 5 30 sl % BR B 0 8 TR B R
Mo, BRIE T TR RE B SE B A R AT . 55T
B ] AT TAT 174) 5% s 4 ) S5 s AR R P 1 2 8 0 R 0
TR A L, A% SO 12 3R s AN ELARIE T R 1 S B R
ERACH T HIUN T RE BT SOC AR fRYE L, m LA
G g BE I 704, A R T 4R o A RE B ) A
CEWA

T2 ST TAEN % B BAR T in AL
TerE B bR, E— 2 BT TR SR Y 25 A PR RE

B S LA ) M 25 8 (http : / www.epae.cn) o

SE

[ 1] Zme, SEms e, 2R g, 45 . s IBRTE 2 3hIC e g v it Bz
L], ®JrABhbBs,2015,35(4):8-16.
LI Peng,DOU Pengchong, LI Yuwei, et al. Application of mi-
crogrid technology in active distribution network [J]. Electric
Power Automation Equipment,2015,35(4):8-16.

[2 ] AR IO, T4 T0 . M AR 0 Rl S AE & 1T
PEIIELT ], L T AR 2441, 2012,32(16) : 26-35.
SHI Qingjun, GENG Guangchao, JJIANG Quanyuan. Real-time

optimal energy dispatch of standalone microgrid[J]. Procee-

dings of the CSEE,2012,32(16):26-35.

(3] EE IS 2. ol R AT 2 TR R T /
CEC 147—2018[S]. dtxt. ey il ,2018.
[ 4] kih,ike, A%, % . EHTHRERAZBRZANHNES

SRR R RS (1], W A sifbic % ,2018,38(3):
162-168.

ZHANG Yi, ZHANG Feng,ZHU Bingquan, et al. Closed-loop
control system of intraday rolling generation schedule for re-
newable energy generation integration[J]. Electric Power Au-
tomation Equipment,2018,38(3):162-168.

VPSR, B84 B RO R T AN E T A4 el X TC HL 1
H A2 T ], ) A 3hikis# ,2020,40(5) :85-94, 106.
XU Yin, LI Jiaxu, WANG Ying, et al. Day-ahead operation

plan for campus distribution network considering uncertainty

—
W
[a—

of photovoltaic output[J]. Electric Power Automation Equip-
ment, 2020,40(5) :85-94,106.

MR AN, R S BT R AR A 1 Tl FE X
R4 Ly RS MPC 5 I3k [T ). L 0 #E88,2019,40(8) :
34-42.

XTAO Haiwei, SUN Jiuyan, LI Zhangyi, et al. Real-time MPC

control method for tie-line power in industrial park conside-

—
=)}
[—

ring integrated energy storage devices[]J]. Electric Power Cons-

truction,2019,40(8) : 34-42.
[ 7] YANG Tingting, LI Xiangjun, QI Lei, et al. A schedule me-
thod of Battery Energy Storage System (BESS) to track day-
ahead photovoltaic output power schedule based on short-
term  photovoltaic power prediction [ C]//International Confe-
rence on Renewable Power Generation (RPG 2015). Beijing,
China: Institution of Engineering and Technology,2015:1-4.
TRSLH, Gyl , R RGE A 25 BB AR AL A ) 22 i i)
FEfe LI )], I R ST, 2014,42(23) :1-8.
XU Lizhong,YI Yonghui,ZHU Chengzhi,et al. Multi-time scale

optimal energy dispatch of microgrid considering stochastic

—
oo
[—

wind p()wer[ﬂ. Power System Protection and Control,2014,42
(23):1-8.

WG, A 28, 4 TR A M RGREDCIR R i
TR R RN ()], T HORS:4M,2016,31(14) :75-83.
TIAN Chunguang, TIAN Li, LI Dexin, et al. Control strategy

for tracking the output power of photovoltaic power genera-

[9

[—

tion based on hybrid energy storage system[]]. Transactions
of China Electrotechnical Society,2016,31(14):75-83.

[10] e, Tty B3, 55 . & THEBE SOC L A il A XU FRL ol S

R A LR R [ ] o T ROR 4R, 2016, 31 HI 1)«
214-220.
LUO Yu,HUANG Mei,BAO Yan,et al. Tracking power gene-
ration real-time schedule strategy for wind power and battery
energy storage combined system based on SOC optimal con-
trol of battery energy storage[J]. Transactions of China Elec-
trotechnical Society,2016,31(Supplement 1):214-220.

[11] DONGOL D, FELDMANN T,SCHMIDT M,et al. A model
predictive control based peak shaving application of battery
for a household with photovoltaic system in a rural distri-
bution grid[J]. Sustainable Energy,Grids and Networks,2018,
16:1-13.

(127 S, XUSCH, AT, 5 2 TRl 2 ] (9 22 1 [) N BE
S R R s 1] W) A S ke &, 2019,39(3)
64-70.
XIA Peng, LIU Wenying,ZHU Dandan,et al. Multi-time scale
optimal control method of reactive power and voltage based
on model predictive control[J]. Electric Power Automation
Equipment,2019 ,39(3) :64-70.

[13] FE5T, Bo'r, il 7, 45 . THSE R F0 2 o 1) T2 3l L 1 22



%18 S i et O B A FE R U5 RURF IR S ®

o) ROZ S8 AL L [T ). b [ i HL R4, 2016,36(17) -
4609-4617.

DONG Lei,CHEN Hui,PU Tianjiao,et al. Multi-time scale dy-
namic optimal dispatch in active distribution network based
on model predictive control[J]. Proceedings of the CSEE,
2016,36(17):4609-4617.

[14] S0 Bl Ze 50, 45 SL TR0 BO 2 i 1) 74 24t IR A L 3

WSS AL T ], AL T AR, 2017,37(24) : 7174-
7184,7431.
WU Ming, LUO Zhao,JI Yu,et al. Optimal dynamic dispatch
for combined cooling heating and power microgrid based on
model predictive control[J]. Proceedings of the CSEE, 2017,
37(24):7174-7184,7431.

[15] 8% € 500, F0 80, 5. BRI BIMEAR[T]. RS

H31k,2016,40(4) : 140-151.
GONG Yingfei, LU Zongxiang, QIAO Ying, et al. An overview
of photovoltaic energy system output forecasting technology
[J]. Automation of Electric Power Systems, 2016, 40 (4) :
140-151.

[16] Hhfs, F2E, RApR 4 Uil Is TN Rl s Hems L 22

TErEpr Y], IREEAR 2018,42(3) :730-737.
MA Wei, WANG Wei, WU Xuezhi, et al. Coordinated control
strategy of photovoltaics and energy storage for smoothing
power fluctuations of photovoltaics and economic analysis[ J].
Power System Technology,2018, 42(3):730-737.

[17] LIU Jingyu, ZHANG Lei. Strategy design of hybrid energy
storage system for smoothing wind power fluctuations[J]. Ener-
gies,2016,9(12):991.

(18] BRIEAA AU, sk i, 45 . 25 XU AN S8 TE R IR G R A

LA SIS AT RIS ()], ) H B kB4, 2018, 38
(8):174-182,188.
CHEN Houhe, DU Huanhuan, ZHANG Rufeng, et al. Optimal
capacity configuration and operation strategy of hybrid energy
storage considering uncertainty of wind power[]]. Electric
Power Automation Equipment,2018,38(8):174-182,188.

(197 PRAR, sk, 4= 45 SRR D) 3300 3 A XA
WEfTILL] BT RS A I, 2015,39(8) 1 12-18.
SHEN Shu, ZHANG Peichao, LI Zhonghao, et al. A coordina-
tion operation method of wind power and energy storage hy-
brid system for smoothing short-term and long-term wind power
fluctuations[J]. Automation of Electric Power Systems, 2015,
39(8):12-18.

[20] EVANS A,STREZOV V,EVANS T J. Assessment of utility
energy storage options for increased renewable energy
penetration [ J]. Renewable and Sustainable Energy Reviews,

2012,16(6):4141-4147.

% #(1995—), %, AR FHREA,
AR A, BB T & A WA
# #8 R & @ 3 R (E-mail: 19117030@bjtu.
edu.cn);

I OH(1959—), %, THREHRA,HK
". ¥ WML A ST, BEE, 2R
WG H RGO F R EH RS

(E-mail : wwang2@bjtu.edu.cn) .

(%m%E [&9T)

X %

Two-layer double-time scale real-time control strategy of microgrid
for tracking scheduling plan
WU Yan,WANG Wei,WU Xuezhi,TANG Fen,WANG Ziyi, YANG Zhengwen
(National Active Distribution Network Technology Research Center,Beijing Jiaotong University, Beijing 100044, China)

Abstract:In order to enhance the microgrid’s ability of tracking scheduling plan and reduce the impact of
power fluctuations of distributed generations and loads on the tracking effect,a two-layer double-time scale
real-time control strategy is proposed to track the scheduling plan by utilizing the HESS (Hybrid Energy
Storage System) composed of SC (SuperCapacitor) and BS(Battery Storage). In the upper layer, the intra-
day rolling optimization model is established based on model predictive control. Combined with the ultra-
short term power prediction results of distributed generations and loads,the tracking scheduling plan rolling
optimization is carried out by comprehensively considering the tracking deviation and the power and SOC
(State Of Charge) of HESS in a period of time. On the basis of the optimization results of upper layer,
in the lower layer, the real-time control strategy of HESS based on SOC is applied to allocate the real-
time power of SC and BS coordinately,so as to further reduce the impact of real-time power fluctuations
of distributed generations and loads on tracking effect. A simulation example is given to verify the pro-
posed control strategy. The results show that the proposed strategy not only achieves good control effect of
real-time tracking scheduling plan,but also optimizes the SOC of SC and BS.

Key words: microgrid; scheduling plan; two-layer control; double-time scale; model predictive control; hybrid

energy storage system;real-time control
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