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Research on DC microgrid coordinated control strategy considering battery SOC
LIU Hongshuo, LUO Xiangyang, ZHANG Wei, LIU Yue, SUN Weiqi, GUO Minghui
(Chengde Power Supply Company, State Grid Jibei Electric Power Company Limited , Chengde 067000, China)

Abstract: Microgrid technology is an effective way to solve the efficient use of renewable energy. DC microgrid
technology has obvious advantages and has become a research hotspot. Firstly, the specific structure of the DC
microgrid system is introduced, the principle of the droop control strategy is analyzed, and theoretical support is
provided for subsequent improvements. Secondly, considering the battery SOC management and battery charge-
discharge interaction, an adaptive calculation method for the droop control virtual impedance is obtained. An
adaptive droop control strategy is proposed. Further considering the charge-discharge characteristics of the battery
and the power coordination of each unit of the system, a system-level coordinated control strategy is proposed to
maintain system power balance and DC bus voltage stability. Finally, a corresponding simulation model is built in

Matla/Simulink to verify the effectiveness of the proposed control strategy.
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Fig. 1 DC microgrid structure
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Fig .2 Equivalent circuit diagram of DC microgrid under droop control
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Fig. 3 Battery equivalent civcuit diagram
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Fig. 4 Battery control strategy

Blocwy, Bk K REAE & G0 vh 3 AH D & R ith
4, [ E i 7E FE R R 2 R Y, &
ANERLEARZ AR, ZHMASOCSH
BAR KW ZN, g FEERESST, &
FEL b 11 i R 9 R /N e T 2 2 46 AR ORE 4D BEL
P E, M TFRSEAEAERERESE A
WHSOCHY Z M ith , i FHAH [R] 09 i 400 PH r B 1 2
AFATHY, SFHEMERISOC—H A A E,
RERFERAGTHEZHEIMBSOC—AF T#E
HEHEa., I TRIFSOCE A —F, FHEil
SOC & 11y & HL ith i MLl BE PR, M SOCIRME
fth L G R R, T HL IR 0 2 ) AR E B

A TER EARWBER, FEILEHRMBM
SOCHI MEE# il L BH L A2 b, ZHhith
Y R 40 BELBe B 1H 5 2 %6 . & Lk il SO C ok /)y,
2 M HOLBE BT HE R B, E R it Y R R B S PR
ik, W, AZSHBFTHEPMPE, SOCKE
FEL 7th, 5 158 B S ORI M AL BEL BT s i R I
SOCKWEZ M FEIXEFE /B EIEPT, "
IAR SR X A SR, 5% i 400 BE L Fn SO C |y *t bz ¢
At rikE, HTEmbTEkE, S8ihiy
SOCHEARX N

soqm=&x4m-ﬂm%§2@mt (15)

b, SOC(0)AZFERMIIMIASOC; n AER
o & S

48 Bk o HrFn A X, BT h
I AL IR B R ADLBEL B T 34

C .
Rd,i,chargc = Cbat” aexp(ﬁsoc) ( 16)

C
=2 qexp(B(100 - SOC))

R
d.,i,discharge
Cmax

20 | @i hdl - BABEM - 2020FE395 %11

A, Con AR R RHIA A .
6 FRGEIEE S

AT REEIMBRENZEIT, RN RS
M E B R R Fn T ROy, HREMAT A
G0 Wip AR 4 AT, B DR LR & 4 ) B
A B e S, RN AS BT T
HEALBE T, LA R F 47 & W i 5 R PR L. A
T 0 R4 M S At 1 78 i L LA St SO C
FHL, A ASMNERALRE, FEE
BLUTILAE: OFERKEFHNT, Ehib
FISOCHE FEAR YR A & b T 3 R FA) i gk 17
KPR s @ 4046 SO C W i 1 25 f it B 12 o 56 Wk
T OMRRGHIIEREK L, WLER
M % — HERFMTIRE: @RS M At
FEH, SEFTHEMMETEEREKE; © 1 Hih
TR, 25 — A SOCHL T 90% [ it
foe, XA TEEIT AR . AR R Gk Ik R
W A7, Wtk LD BR 19 05 24k 3 75 0k 2
X RN S PR T L M Ay, R L it
fEREM R HL ., ARG Ph A A HFpaE, A
R )5 A B S s, AR B AT,

1) THEEXIAE®RE7HR, o/l
JRiZ P (EMPPTHL,, FHMhEfT/E RGN [
e 5 T, AR & G o A o DR B
Iy SN AR By 2K /N ok B 2 L it A9 7S L R i
LR K, AH R S O C i B8 W] LU AR 412 A ik 1 2K
(15) . ZFFLERKT, ZEHETSEIB
SOCH#%, JFH X SOCH &1y & M ith FE477C
4w, ARG LR E, SOC
E R, AR R SOCHIHN,
VARG T EEG TS RISOCHKT0%m
i i I 46 L

2) TAERR2AZB b —F s,
T Z b s L SOCHE R i%, Wk
T 2 DA 25, ith, 1 H, S Oy A oz 19 A58 X 2 460 fioh
2o fE LIt o T TR B A B R T, X R SR
B o A AR AL e h T SRR A, A Rk
o R R e AR A . 2 A& G b i iR PR A 2



AR = REO] i I S A o o S 0
HIE I, MR SOCIEE 100% [y i
i, MAGHHEBRBLERI T -1E i,
MR, R EFH TIERRKL,

3) TAEREI3 4 E f it 55 — Fp 78 B BE X,
BB — N ZBH T, A E M R RS F
Tl kR R BUE X A X R B 4 O T 1
PR, ik E g A FE R, fESOC
BFEN100% )5, RGN TIERAL,

4) TAEMRALZ b, K
ML AR 07 R & 2T, o A SR b T 1R
BEHIRE T . E RS R KT 4 A 200 I 4 Y
MR, 5% B R AC(E X B i T 4

Energy Storage | fi#HE

ReFacr ks, Wtk E AR LBk, £iX
BT, ST R R S R S, 2
Z2 G0 WL AIC T 15 B A R G Bk £ el PR
Ak TIERRL,
7 {(hESH

Jy T 34T b A P U R R g IS IE 1R
Matlab/Simulink i #4550 EAE A, X 40 B 1)
PR M AT E o b, R RSB
HEZ % {E AH500 V, RGN E b
JC. ek K K L LA B R R B
7.1 TIEER15 TR 2% #

R B mE 6 R, REIT AT 1E

it o
FEHILESE

Im 1,
T N i Iy . T
Cl N 2 Vo aaa" ————
EH v, T Y T—VDC o[- a o T @
MPPT) ===~ fifie
o PN L LT e
N i IREZS 4 N i | &
T ;?:ﬁ?u . _i_/_i:z}’rﬁllﬁﬂ st
N Yy S — o fmE_[rmw_ i
| i I el
i e < ! !
! A & K L L= T = P
| O A IE S I S FU o N == Lo
! X & & i 1 . C + ' 4@5 C+ = i (O
i 1 I
Y — e ||
| . Hith2 1 !
] ) _— Ty A Gk Lo
1 | JIL ! T 2% H 1
! %E%IJ N / : ] ‘H'J N !
, S e !
: ‘f [} - iU T :
I ! I
i |
I I
I I
] I
I I
I I
I I
i
I
I

(LS vl

Bl |

soc, SOC, ks 5 2
____________________________ Re ] s

3 X B

||

Vba/l 1, bat2

|

Vlm/ 1 1, batl VDC

ElS REMAERIRE

Fig. S system coordination control diagram

www.eage.com.cn

20206E1F - BAEWM - wi bd | 21



fikBE | Energy Storage

Rz, e R b AR ) % L e 2D
BRT RGO HIIHRE, 2 Ik 170 & 2 =
MIHFE, MRIERGRIKE, HFRBPAEN T
oA BT R AT, BB EE— R
BZTRRFEETR, REDRFEFEE.
BRGNS MERBII AR TR, £&B
13k B K0 . (9 1% ) 7¢ i B IR (B N, R G TF oA
HEABER 2, B 7oA X2 o 2 it i ) T
LR AT IR O B RS2 R o A R TR
i f£ T S 2, HhRih LI amRitA

(R T v
510
505“\%————————1
|
e |l b |
(& 500¢ " W
J”v"NMJﬂ'l‘)1';N."W'JV
495}
490

5 52 54 56 58 6.0 62 64 66 68 7
t/s
(a) BELif Rk AL E

8 :
. kb
Al it
20 Rk L
< of
—2F EHihl
-4\ J b2
—6
—8 ' ' ' ' ' ' ' ' '
5 52 54 56 58 60 62 64 66 68 7
t/s

(b) % e 4 L g
Ee R 1FRK 2L HIK

Fig. 6 Mode 1 to mode 2 wnrersion wareform

7.2 TEEN15 TEE3H% %

O B op ook 51 20 53 A e i B 2 47 4
B, FREIMESF R B . (£ RGP R
Hp—AHibSOCKE MM, »— it TE
R, W R R AERRE., XA
AYGWIHERE , o A 2R IR T 4 o AT AE T 2 1 4
B, REHRASERS SR B, MR
TFARTE IR T L, 58 B T B A3 A e 4

8 4RiE
A SCUAEL IR WA X %, DRSS T B3R

22 | @i hdl - BABRM - 2020 E395 %11

310

300 Mmapmaian,
|
290+ “

Viad/ V

I IW»,»(»I"“UM'M
| ﬂ«‘ | Jl' W N\MMmu\mw,(rlﬂ\wvuwwwWMﬁwumnM}/‘Mﬁ\-
2801 Y

270

1 12 14 16 1.8 20 22 24 26 28 3
t/s

(a) Frtitb 1HUE

N AT ey
2.—
1
0
1

[ "
e

r 4 ?%EE(M HLTE

I/A

N i i 1R

=] —

1 12 14

6 18 20 22 24 26 28 3
(b) %Hi;l/:siﬁtt‘:ﬂliﬁ
B7 W2 TERMFENTRERIET
Fig. 7 Battery tloating charge conversion wareform in mode 2
T e, W e S B S Il R, AR BILL R 45 IR,
1) sy 7% R T s il s ng , 76 b8l
AR T AR R AL PR BT A B A& BT R R e
b 5 W . FH AE AR B B B R sl 2k, T
A 2 H TR D 5 Lt A B B T A A L
2) BFZE T E HL M Y TE R R e FnS O C 4

510
505
ZQ 500 wwwwwwwwmwwwmmwuwwm
~ b
495
490 | | . | . . | . |
5 52 54 56 58 60 62 64 66 68 7
t/s
(a) B E
8
6 kiR
4r | r‘-*"w
20 A% ey
< ot '
~
72_
—4] bl i %EE(HJQ\
—6L L m""nm.mW‘v.‘,.w-m

5l.8 6.IO 6‘.2 6..4 6:6 6:8 7
t/s
(b) & B0t i

E8 X1 FRK IR

Fig. 8 Mode 1 to mode 3 conversion ware torm

5 52 54 56



B, HRE R B T R b R 4% A e
YA E LA B T HE AT PR 5, AT O B A [ A K

TR E A,

ST ES HL 7t SO C 48 B N 7 7 B

LM RS, 25 R it 7T R A B N e
ft, £ 7 AR ZhEE .

[4]

[8]

SE Nk

GAO F, BOZHKO S, ASHER G, et al. An
improved voltage compensation approach in a
droop-controlled DC power system for the more
electric aircraft[J]. IEEE Transactions on Power
2016, 31(10); 7369-7383.

THOMPSON C C, OIKONOMOU P E K, ETEMADI

Electronics,

A H. Optimization of data center battery storage
investments for microgrid cost savings, emissions
reduction, and reliability enhancement[J]. IEEE
Transactions on Industry Applications, 2016,
52(30): 2053-2060.

SECHILARIU M, WANG B C, LOCMENT F.
Building integrated photovoltaic system with energy
storage and smart grid communication[J]. IEEE
Transactions on Industrial Electronics, 2013,
60(4):

DIAZ E R, VASQUEZ J C, GUERRERO J M.

1607-1618.

Intelligent DC homes in future sustainable energy
systems[J]. IEEE Consumer Electronics Magazine,
2016, 5(1): 74-80.

KAKIGANO H, MIURA'Y, ISE T. Low voltage
bipolar-type DC microgrid for super high quality
distribution[J]. IEEE Transactions on Power
Electronics, 2010, 25(12): 3066-3075.

XIAO J F, WANG P, SETYAWAN L. Multilevel
energy management system for hybridization
of energy storages in DC microgrids[J]. IEEE
Transactions on Smart Grid, 2016, 7(2). 847-856.

=W, BRIEEE, BRI, . OBTRENRL R MBI

LR [J]. BT, 2017(1):
XEKw, HHIE, £&, F. AR MsirE
HEnE ], BMEA, 2014, 38(9): 2356-2362.

www.eage.com.cn

[10]

[11]

[13]

[14]

[15]

Energy Storage | fi#HE
EAEIR, XK, W, . BRI A e
il K& R Gor E AT RIRIE D], EmREEAR,
2015, 41(7): 2186-2193.
Einrx, £, &2HE,
FHMz T8 il R g 1]
2015, 35(17). 4388-4396.
MAHMUD M, POTA H, HOSSAIN M. Nonlinear

. BB ER S
- P EBILTRR R,

current control scheme for a single-phase grid-connected
photovoltaic system[J]. IEEE Transactions.
Energy, 2014, 5(1). 218-227.

XUYL, ZHANG W, HUG G, etal.

Sustainable.
Cooperative
control of distributed energy storage systems in a
microgrid[J]. IEEE Transactions on Smart Grid,
2015, 6(1): 238-248.

TALAQ J H, EI-HAWARY F, El-Hawary M E.
A summary of environmental economic dispatch
algorithms[J]. IEEE Transactions on Power
1994, 9(3):

SUNK, ZHANGL, XINGY, etal.

Systems, 1508-1516.

A distributed
control strategy based on DC bus signaling for
modular photovoltaic generation systems with battery
energy storage[J]. IEEE Transactions on Power
2011, 26(10): 3032-3045.

e, FOCHE, wETE, . A THRETER
FAY LT P DTS 5 i E AR S AR I SRR [J]. LI
A, 2015, 39(4): 892-898.

GUERRERO J M, VASQUEZ J C, MATAS J,

Electronics,

et al. Hierarchical control of droop-controlled AC
and DC microgrids — a general approach toward
IEEE Transactions on Industrial

58(1): 158-172.

standardization[J].

Electronics, 2011,

1E&EN

B, AR, FZEREITT5 1R R
WOER K e e E Bt HTREDR K
HLAE,

(efs H . 2019-05-19)EA

PR

2020%F1 8 - BAEN - % hd | 23





