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Energy balancing strategy for hybrid energy storage
based on improved SOC power exponential droop control

ZHANG Yijun, LI Peigiang, CHEN Qi, LIU Xifeng, ZHANG Shipeng
(School of Electronic, Electrical Engineering and Physics, Fujian University of Technology, Fuzhou 350118, China)

Abstract ; In order to suppress the voltage fluctuation of microgrid and absorb unbalanced power, a droop con-
trol energy management method based on improved SOC power index is proposed for the hybrid energy storage
system of lithium battery and super capacitor in DC microgrid. This method not only improves the shortcomings
of poor current balance and voltage deviation caused by traditional droop control, but also uses online imped-
ance detection method to quantify the line resistance value, eliminates its influence on the balance of energy
storage output current, and compensates for the DC bus voltage offset caused by droop control through seconda-
ry control. Finally, a simulation system model of optical storage DC microgrid is constructed based on the Mat-
lab/Simulink simulation platform, which tests the voltage stability effect of the DC microgrid, and verifies the
superiority of the improved SOC power index droop control method over the traditional droop control method.
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Fig.1 Structural diagram of a photovoltaic DC microgrid

system with hybrid energy storage systems
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Fig.2 Lithium battery and supercapacitor models
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Fig.3 Photovoltaic cell model
IRINCERI R A RIS

U=U,+IR, (2)

I=1y -1 -1y (3)

Horp 1y DGR A SRR 5 Uy, T, 050 A
AR R TR IAE 5 U L1 53531 DAy P el ) e 4 P S A
s Lo FIMEIRT FRL IR o DG OR Al R P i R R i B




553 3]

SRANAE 45 B TR0t SOC FEHEECT T4 1 A TR 75 il RE RE 1 24l SR 245

EE ] ( maximum power point tracking, MPPT) , )%
R 7 B S R (AR

2 R T EEFIRIE SRR

P GE T P D7 AR T 25 /N R ST AR
FRASCR R4 ELEE B (ol r IO S A AN DB 2
e T A ) 14y FIR P A MR Bl 2 2, 2SR
hy i S AL A Rl 22 R A ELIAL P TR R 9K
ANTTHEREE S
2.1 WHERHEERE

Kl 4 iR &k RE R G fag feos B o
Ry M1 Ry, o A fif RS 2 2 ELIALBF AR Z [ B 26
R RH, AR AR e g LA MG Rk b AR Y BAE
DA R b 1 2% P 7 2L IS AR TR 5 i RE AR 8 101
HAL G N R R R AN

{ Uy = Ubatref _Rl i]:at ( 4 )
uSC = Uscref _RZ isc
et Ry R, & R I R AL
Roa Ryt
—1 —1+—
¢ Uhatref ubat
Rsc isc Rlinez Rlcad [] Uload
1 —— ]
@ Uscref usc

E4 BREFEREELTIEE
Fig.4 Simplified schematic diagram of hybrid

energy storage system
1 T AR RE SR OTHR I IR B RELR L, I e mT
LA P B AR S 2 U,y = U,or, U
PR L b I 4 P A ) R RE AL e A B LR
RV £ Fh A R4 88 B R AR R

R,
. R.+R R RlineZ _ERlinel
lbﬁat_ )t line2 _ Y2 1 (5)
isr: R] +Rlin(>1 Rl Rl +R]ine|

M (5) FTLUF H DESS 19 % H L It 35 15
LG T 2 R EOA K, b 52 B 26 i L B RS20
R T LM T 2 ML i B Ry, R0 5
SR, Bt LR R 19 P £ i e 2R 8 RS AS W g

R 2t F BHAN T 2200, 25 RE A Aoy AR ZS
DAL B iy g an =X (6) (7))

1
S0C =S0C, - C—fidcdt (6)

i,,=—C, - S0C’ (7)
Hop i, S A BE HL T Y LI 5 SOC, A2 % fifi ik
) SOC WA TE ; C. EAitREF Z1H
H T4 % HL BELAE A (], 5 38055 i o i 1 Pl O
B AR A 10 IR (6) R IL , i HH R I A i
REFATCHY SOC A TR, i i i it/ B B i
JCHY SOC A TR, BIAiZ i SOC (5K it fig
BATT 22 TR PRI 45 BT I 3 L I A7, S BRI AH
B, B 18 0 i BE BTG A 78 35 80N 1 fili
SHRHiEfT, FRAEEA L LFFRGR, HE
RE S EERA R
ZE L RTIR AR R A RE SR AR R RS
FaAS R At it EL AT AR [R] A9 H fEL IR, DA R TE 4%
ANt RE Y SOC 78 b #6840 45 b e i 72 5 Tl /Y
Y[R
22 HiRBERE
G BRI 53— A ERBE R B TR T
T g I O R R 25 . K (4) AT LA
19 57 B R R 25 () 2R A0 .
Au,, =R,i,,
Au, =R, (8)
A TR RS R 6, FD i AT 0, R
il S Y LI F Sl 22 i e 1 R T T AR Ak, 52
M) R GedeE M, SR LI PR AR 2 e 0o B K AR
HLRARZE Ay, » T 75 125 OB B A 23 32 5200
JIT ABEX H A TAME BB IE

3 B SOC Bie# T E= IR

N T AR G e T A R s DLl —
AP R A E R TR — A 2 R A A E SR T A AL
i) DESS JIBIFFERT 4, Wil RETC 1 Y 28 e 2R
PR A i ) S U i 1) i L Zh 5<0h

Pra = Ul TRy iﬁm
. ” (9)
Poe T by HRy 15
b py I p 3 A B R S R 9 FRL 2 1)
PIE DY GV SH

TE ELIA A, 199 v it BE B4 10 it D) 38 55 T

PRI P, 5 IR P 2
Pt tP s =P p (10)

load pv



246 Ginye st My N i 224
YEHL R Yl R % FL 7 i R R R P T T R AR U - R, b o
R, M1 R, %4 A fE SOC s, HAE b 5% & barel = el gy bl fac”
EEFIT:ZI‘ETJW%EE&( 11) o Rsc() ( 15)
R, =R,i., (11) U.u=U P 14.>0

SKH SOC AR BT E =il Jr ik T 245
SOC Z IR AT IR A .
R, SOC", i,<0
R=1 R, (12)
, i3.>0
SOC”
Hrf Ry B FEEREWIME, n o SOC MIFRFEEL, i,
FE i RE RSt BRI, [RIRE LUBCR R I
T FL P g B U D SOC™ G IE L, SOC #5ok
FRA% BE BA TG 3 Y FEL R K, SOC R kR g e
SOC BNt RE S oo Hh A/ INHL L, SOC T il
RN TR B U AH B, Tl gk i T
ZECR, RN R, AOMELHE AT LA 6 A% HE 2R TC A %6 Y
HL A 55
DESS £ H b 1 % R 2% Y 2k B R B
Ry M1 Ry, AT LLGH 3 B AT AR LA 2R 15,
it B AR H 2 1 LB R R AR R S PWM {55,
A5 T 2 38 o B 2 28 L Il B AR 4
AT AR B ) = A 0 S5 3k B AT o] DL Z
AT E PR BB R AR A S R R AR T
WA 5 1 v AT e 30 o R A L 2 46 4
RS AR S — B o 1, 15 B4 K B BT
AR
wumq

R,,. =real |: y (13)
FFT(i,)
K FFT( - ) % B R B L [ 5 A e e
AR s veal (- ) HIBGTHRE R IZE,
SRAS LR s H B it BE T A4 A9 SOC 7T LA i
A (14) R f#

1 U cref U(L‘
=S0C, = | oy

SOC
. Cbat Rlinel * Rl)a(E

1 Udr-,ref - Udc

SOC,, =S0C,o = [

C.” Ry + Rs

(14)

K, R ABERETTIE P BH 5 6iff fE A2 46 2 55 45 FH.

Pz A,

G 2(6) A (12) AT LUAS 31 45 H vt 18 2

L0 SAE ST R 0 T T T4 1) 09 28 g i o
= (15) (16) FiR,

deref n = screl
S0C",
_ _ n .

UhatrPf - U(lm'ef RhatO SOC hatPhatref ’ Lae <0
_ _ n .

USLT&[ - Udcref Rsco SOCs 'Pscre[' ’ Lie <0

BEXF BLUR RF 2k o T i 22, R R i X B
L EIATAME . BT SR AME i Su,, AN
(17) FirR,
U ge; =g = Vgerer H (R R ) T (17)
BRI A T AT ) B B L B, FHR
EMHMLARIESEE U, L% Au,,, 12
(18) Pz,
Aty =g =Ugeres (18)
B (15) F(16) , A AMER S I R 2% &
YABBR S, oL X B[R] A 3 A 2 AT, 2R
15

dAudc[ _dgudci 19
de dt (19)
AT PEFHREZ L R H R M T A
Su,, = [(= oAu,,)dr (20)
Hrp o USHIH 7, i — AR 15 5]
Audci :Au’dcﬂ : eim (21)

M (21) AT UL 558 WS - o T LA
o v i 26 7E — 7 N ) Y WSCSRE 0, DT 3% 21
L R AME R ORI 245 3 1y et SOC s
R A O R AT AR N
{udc = Vs = Rig = Ripeilia + Oy,

22
Ou,,; = f[ =0 (uy = Upp) 1dt (22

LA UL BT, B SOC T80T de sl ok
WEE 5 Fis .

E5 i SOC BiFH TEIERMEE
Fig.5 Improved SOC power exponential droop control

strategy diagram
i SOC 48 BT 2 2 1 J7 4 ML 405 it RE Y
SOC {ELEIE T 3 R 8K, (645 %% il BE L/t i
PARSE , S A i B A M



553 3]

SRANAE 45 B TR0t SOC FEHEECT T4 1 A TR 75 il RE RE 1 24l SR 247

55 AR AR s i L AR BN, X R R
4 k% B THREA T M A

4 BEHISH

4.1 ABEERBEMEFRESEESH

N T BB SOC 45 X 2 P2 il g
PSS A ] A7 1 5 HERA 1, 7E Matlab/Simulink
SESE T AN 6 /s B B MCR M R SRR AT
B 05 B R RS BN 1R,

Bl 6 Eities M R g E
Fig.6 DC microgrid control strategy diagram

®1 HERBENEESH

Tab.1 Main parameters of DC microgrid

SRR s IESH
Hi&BESHEE U 650 V
HIRFFEIF B A c 0.01 F
AR Tt A R Tl 3 X o i L L Upy 650 V
DC/DC 725 25 i J% 1 mH
PWM 2k 47 % ¥ 10 kHz
SOC 8% n 5
PR T A L R U 200 V
SR ATN R, 0.02 Q
R H A Capacity 1 000 Ah
PR i 2R B L BH Ry 0.4 O
TR LA A TR Py 3 kW
B % HL 2 1 HL P U, 728.5 V
FA G PR 7 2R I PR R 0.8 Q
B LA N E R,  0.0089Q

DR R 2 ) SR A AR AR R T M
i R LR B E D A AE A, B T Nk 2 PR
(9 3 Ff TOLHEAT T AT

R2 BIARZSH

Tab.2 System parameters for each working condition

JERERIE/ PR RS btk

T

W-m>  JE/C B
JIREFTTH 1000 25 8 —
T 1 500 25 8 —
T2 1 000 25 4 —
T3 1 000 25 8  HULHML

T 1 AR S B R AR AR, 2 R R Y
IR BE R B /NI, 360 2R S A R AU LA K A
RETC /A4 H L I I T B

T2 SR ERAR AL, A T U R )
B R S SR/ I B AIE 2R G5 A e R R LA
B A e TC 1t F R A A

T3 wpili R R ARIEA L M E
W R g SR I A — 5 vhki M B F AL, B0 IR AR DL
BT R G0 0 e AR LA B Ak BE T 1 i S FR T 8
4.2 EETERFHERBRMEIER

R T SSRGS T e i ) SR BRI R D &
S T S e B e, 6 T 1 RAE ST
MR vk, IRAMEeH A R i & an & 7 Br
N, R G T A J5 ARk B T RS e BE 4R
FEL S PR 255 SR (2 L e b 0 0 0 L 25 1100 B o Pl O
FEBAT IR BN BRI BRI A 223K, X
PEER R — AL T R R RS IR 5 R 86
Feid L, BEAIR DESS i,

43 FEIRTHRSZHE
431 ITUW 1. HRMEKE A

FeARAR AL 0 F ek SOC T 3 44 il 11 EL 4%
FE 8 iR, M T OCREGEE T S BO6M A
s R DR 5 IR 2R L R RS RIS (2 v,
5 ILIRIBHR A e R 40 1 VR M I i 1)
Bugm i BRI R 0.15 s JAIKE EFaE il
FE o FET) 23R AV IF 0] 6 2 L 25 00 51w 7 -4 1 P
T, TE RS UGE BIRE 5, Bt AR A 1Y



248 [Eyes i NG 1

H22 %

30
25 F \
20 Ty
< 15
3
=
# 10
sh
_J -
or Vv
5+
0 02 04 06 08 L 12 14 16 18 2
I

E7 fEETEEHEESHER
Fig.7 Conventional droop control energy storage output
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Fig.9 Simulated waveform for load step change
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