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Research on Optimal Scheduling of DC Microgrid Considering Energy Storage
Regulation Characteristics
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Abstract: Independent DC microgrid with distributed power supply and energy storage system plays an
important role in improving power supply reliability. The energy scheduling optimization of DC microgrid under
different operating modes was discussed, including diesel generator, fuel cell, micro gas turbine, photovoltaic,
wind power and other typical distributed power sources and power load requirements. According to the operation and
maintenance cost, fuel cost, pollutant emission cost of energy and energy storage operation cost of the system
model, the optimization scheduling model was established to minimize the total operating cost of the system. An
improved intelligent algorithm based on beetle swarm optimization algorithm was used to solve the model. Through
the optimization test of two working environments with and without energy storage devices, the significance of
considering energy storage regulation characteristics for optimizing microgrid operation and reducing costs was
verified, and the effectiveness and superiority of the proposed scheduling model were also proved.
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Fig.1 Schematic of DC microgrid system structure
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Tab.1 Restrictions on installed power of each generation system

F, R B/ T /W R kW
PR 90 300
J SRR 16 400
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Tab.2  Gas emission cost parameters of each type of unit

Hee AR EY DCHER R AU FCHECER B MT HE &R £/
2 5T (kg) '] [ g+ (kW h)™] [ g+ (kW-h)'] [ g-(kW-h)™]

NO, 2.620 9.890 0.010 0.620
S0, 0.620 0.206 0.003 0.008
CO, 0.088 649.000 489.000 184.000
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Tab.3  Operating cost parameters of each type of unit

B A Z BT (kW)

SehpLe 0.7750
HORAFEHL 0.2510

SRR 0.3522

2.2 ffEBERIISI RS

H b it e FH T At A 2%, DAFE MG H IR
R I 2 S8 AR XU B 67 80738 A, 4E 47 R GE L R
R PR AR E o LA, i BE 2R 48 T LISE- BBk
WM R B B E HE AR AT PR . PR AT
WEEh MG AT L H i 56 R G AT R Bac#k,
TESAA IR AT I FEFEL By i DR B H, o 5 e g
R L, B AR RECT SN T R RE RIS T AR
C..., HHE AL AR

24

C.. =Y (Pl - Pl C,y, (8)
t=1
T Pt g 4% i 2 O BE T8 L ) 56 5 P e Sy 4% i

200 V0 A B TS HL ) 3 R PR N R G GB AT
A, FE R R R G AT A 5 C Ly Mt
B 20 %) 3 B H A, He i 28 HL ) 0.365 JG/kW - h
(1:00~8:00), FH 4 0.687 JL/kW +h(9:00~17:00
DI 22:00~24:00) , IEHLHY 0.869 JT/kW -h(18:00~
21:00),

3 ALYk

31 AERRIEITIRE THAREH

AN REAE AT IR T 1 29 R 55 F 2 LR
ELVR 341 .

1) v et R A7 £ 1) 24 0

SR+ Prlt) + Prrlt)=Pu)  (9)

b P () e B HLALAE e I 2B F75 P () A
S 220 B8 G 7 2R 5 Py (0) 4 P () 535000 ¢ I 200 14 '
RE AT,
2)ENA N IR AR . T oA IR
WAFAE—A IR, o R IE W s 17, 4%
3 2 H U B D3R5 B I IR TR LR
56

PSP (t)<P™  Yj=12,+-N (10)
AP, P R G LA M B/ R K
IR

3)iaAT KA S A 2
(T, - MUT)(u,_; - u,)20  (11)
(T, = MUT)(u,, = u,_,)20  (12)
AT LT Ay AL R B L R A5
2 5w, ;24 B ZIHLZE 9 DG A LA RS BIIRE 43 5
O 1 13 MUT 2y j HILA S/ INR i Bl LA S 4593 sk [i) 1]
B, X I E RS he
3.2 IEREEITIME THIARE Y
INEREIZ AT IRE T, IR AT B AR A5 F (10) ~
YRR (2P R ST B EF X BE , I8 75 %5 1
FIEAES TS S Lo
1) Dy F A 2R
EFHU+PWUH4%AU+P$MWU=PJU+P$%U

j=1

(13)
Forp o peter, plishar S35 Shy 85 15t 21 it RE 7T iR 2D
P ()R e B 2N B A 7 R
2)fif e H b D) R AR

Plow < P (1)< PR (14)
Pl SPIE(t)S P (15)
A AR “min”, “max” 43 551 b AH R A B B R BR

N FRAE

3) e HL M SOC RS ZY 3 . ifh B H Tt 7 s
fo it FE B A, ¢ I 2B SOC A H =1 I 21 1Y
SOC A FiZ I} [6] Be 114 H, il v, 15 2k 5, 7] D3RR
nr

']P(‘SS t
SOC(1)=S0C(t - 1) - "“C' e
HSOC RS NARAERFAE— T -
S0C,, <SOC(1)< SOC,.. (17)

K :SOC (1) it 158 F b oy AR S 5, o RS 520
HL B T LSR5 € O i RE L L A 6

& HK soc,,, SocC,, VA K, % E N 0.3,0.95 LU
1. 85%.

4 RAFRFFE

KA R L AR P52 (beetle an-
tennae search, BAS) i S ikl 22 I & R i ok i) — Fb
B kA

RA AR KA AT R AFAE
AN R — AR DAR AR 2220 RI A 250 )



FIOR,E T B AR S0 AR WAL IR AR R

WA 20225 H524K 15

FIASE B3 591 B0 7 O A a2k B8 7 1) FOSE B, AR B
B b KB RAAEY R RER R BAS
5 F#f (particle swarm optimization, PSO) 454,
I A 20 A 0N 3 IR eR R P A, BT B B
B R P S R R [N S 345 BAS 48
R L PROR 42 Jy 48 2R B 7 9 1 PSO RS 4048 R 1)
Rt
RATHE R R AR R,
)W BRI 5K 2 1)
rands(Dim,1)
”rands(Dim,] )”
s R RA W — A BENLRT G5 6] 5 rands A BEAL
PRI ; Dim Ry it 25 [E] 45K
2) W e ZEMIAT AR AL B, AT RN
xlzx,—dl-g/Z (19)
X, =x, +d, - b/2 (20)
AP o, R o N 2R A B0 B B s, ) 3 501K
LR AT L 5 d, o o B 20 P 25 22 8] ) B
3)EEN R AH AR AU
Xy =x 48, besign[ f(x) = ()] (2D
28,24 ¢ I 28 PG IZ (BB I Sl J32
TR, (H 25 5 B A Jm R WSS, (A5 Fe 2 1 ) 2 4
RAER
4) TR A Hi R IS A 3 R, SR R A R
IR Z [E) B R B A
6, =eta_0 X9, _, (22)
d,=cta_dXxd,_, (23)
K ceta_s, eta_d 73 51| 2 R A48 F AL KRN 25 B
P I ) SR Dol 2R L, ik LA B 0.95
5) M 4E K A4 R B A A A B AR AR LA S
AU, 456 BAS 5 SO, AE BUBT Y SR 2 {7 B B
i
it =w- vl + ¢, -rand(0,1)- (P, - X)) +

b= (18)

¢, ~rand(0,1)- (P, - X,) + (24)
¢, - rand(0,1)- v,
DEARED G RV (25)

ol USRI k1 RE AR A IE Bl
s 0 AR E 500, 00y 0, HZE T INT5 P, POT S
8 kR AR NS 245 2 A e D0 A5 P s e G
fift s X, X, 30 0 0 2 e UCR AR kLT 007 5 T s
BB X! 8 iR T AR A+ 1 OGRS AL
B 5o, KL R R
RAFHERF LA I 2 P

LW NG T € R S SN e i
HBEM i E e, epne0.eta 0,
eta_d WG AIEAT T3
v

TR AR H b ok KL 3K

JETI /EBAS
PRk S

™1 2453 77 77 5 S 0 A 1 45 ABASSPSO A BB
I O B R
R A
A AR A v
W 241 L A
! FRIHA G 2R
PR TR (B 15 25 4 ]

37 3 07 S L

)

KA S L |

[ 502 50 R 5 R e |

K2 RAFHERS LSRR

Fig.2  Solution process for beetle swarm optimization algorithm
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