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Resear ch on Two-stage Optimization Scheduling Strategy for
Distribution Network Considering EV and BESS
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(College of Electrical and Information Engineering, Lanzhou University of Technology, Lanzhou 730050, China)

Abstract: With the large-scale network entry of electric vehicles (EVs), their disorder charging further increases
the load peak-valley gap, which has a negative impact on the stable operation of power system. A two-stage
optimization scheduling strategy which takes into account the EV load and the energy storage system of batteries is
proposed. First, an orderly charging scheduling model for EV is established, which aims at minimizing the absolute
peak-valley gap between user charging cost and load. The improved particle swarm optimization algorithm is used to
solve this model to avoid peak charging. Second, an optimal scheduling model of peak-shaving and valley-filling for the
energy storage system is established with an objective of minimizing the variance of load and the combined cost of
energy storage life, which is solved by the improved Harris Hawks optimization algorithm to reduce the peak-valley gap
of load. In addition, the optimization results are evaluated and analyzed based on the evaluation index of peak-shaving
and valley-filling. Finally, a simulation experiment is carried out with the measured load power of one power network
as an example. Results show that under the proposed two-stage optimization scheduling strategy, the peak load
decreases by about 147 kW, the valley load increases by about 223 kW, and the peak-valley gap deceases by 46.73%,
indicating that this strategy can effectively improve the load curve, alleviate the pressure on power supply during the
peak load period and ensure the safe and stable operation of power grid.
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Harris Hawk optimization

%:;\c S L yrd Sl E==a =Ny N
WFsHE: 2022-01-02; f&EIHHR: 2022-02-28; RAHH: Hagreeyy AR, 0T SR YT R AT

2022-03-24; MK BHE: 2022-05-27 Fr, (A far R 5 0 H AR v AR 25 K A

BEETE: EFH S f /A TR B H (52273118000Y) R T R TRGE T KT
This work is supported by Science and Technology Project of State s B g
Grid Gansu Electric Power Company under the grant 52273118000Y IR EEVE, AN, MR T RREEIR SN LA FA 5 g Yy



CoRR

XUPPES, 4F: THM EV R BESS AR HL [ HI WA 1 B B DL A I 2 SR 5 161

a3, HL3h75 4 EV(electric vehicle)fF ME Stk
ARSI T I R i, AR5
RAEE RE BT, SR, K BV BEALIE A HL M
BT IO FEHL, b e g R B,
JRIH ) RGN AT IR 22, ATCHE T faE
B AT AR KRR 2 R, o A L P i
LT HIAELA | Bl MBS 22 , DRIIEIC L R 1Y 2242 |
fsty, BAHEEMIITE L.

HET, T S iR 4= 1 far 4 i R IR L AL
T IE FEAL PR 2 7T .

H—J& BV BA RIG LR REreE:, feig
SEFLAE XA H 3 V2G(vehicle-to-grid), X} H#EFT
BIFFE IR, AT LA SO % O 70 HL 45 i T R
fyahiti, ISR Y, SCERISIER I 1 A
TR IRH) BV AP AR, Lo
R ET BV SRS TIRE, JfE EV M
W H, , (o fer 2 1122 5 SCER[6]42 i 1 A%
JEZAFEHL IR G BT 5 1 KR EV S B2 2 2
AEAVEMIEBAY, BRAR T s A, P Tt far i
25 SCHR[ 78S T 36T 20 i H AN AT SR 42 A A
JFE R ) S AR BRI SRR, DIl ME
T80 )5 22 MR A B ARIFEFATSR A, Sk 1
PRI [P 28 55 A0 25 FNIRIEERICR ; SCHR[SI M RE
P A, BT, LLEV S, HUR
et/ Ny Hbs e T 58 . o Befifl, 183 171
A i B ) o (B _E Ak o) v sl R 2 1 i
ATV BER S I WA A T TR 5 JE EV B9 78
BRI, (AR B AT e AN B ] L R AR, TR
famlgE B S EV B M HBBAES, &5
SEM P IR, AT B RE T A

H IR BE R GLESS(energy storage system) H.
AR REEAEAE R TR, PRIIOR L2 2 H )
ot S far A TR LAk, W] A R0 N faplie
PR, AR R R TReRE T, Scik[12]48
1 R HARRE R HIEES 2 BARLIk oK
fil ik, ARG b 2E AL e N Bk, ff
WE T RGBT TIETE; SCIR[131821 1| FhZr G518
HIWEEA TSP ST S UZR AR ik, L2

DL i 255 o B, TR LR A H
b, Wi A S RE AR DL IR B S STk 1415
TS AR AEZE RN S F ARG A T T H R I A A 22
AR, Jf 3 THst i s ot 2 H
PR RO A TR A, Bk 1 il
S (BB T RE R G M A T AR &
EV WA & ATt BRIJC se il 1 6
WA AR, TG & S R AR RUARAER &, T2
HAT R HIRERCRAE .

BEXF FIRBIEE, ASSCMHI P A |t e 2 ] &
PSR Z D R, P2 1 At & BV R b RE
Z 4t BESS(battery energy storage system)fit) H ]
SR P B Be LA IR BE SRS . 1526, $1XF EV AL
FEHL RO MR, DL S 0
A 2 ML B I/ N BAR, XL BAE T A 7
FEHLHRE, fefl EV R0 el , DA 2 ik i 1o i) 1
HUE 75 SRJGE, LA RE 2R G0 2 i ol S0 UAS A7 far 7
Zef/Nh BER, TEMRERG AT, JFREH
F. HORN B TR, B AT s RS, i
MR NEERS 22 5 S, DABGERR - RERIG BT A
AL HHO(Harris Hawks optimization)3&.32: X} 9 [ BE ok
WEHEATORAL, I LA H o S0 671 £y D) 28550 1]
GG UEAS SO 7 vk B DB

1 EV ¥ BESS &f#

1.1 EV fafaiR sy

ML BIVA G TE AR AT 5 T B A 245 | &
W, 32 HE A B sg ), HA TR RLA 5L Sk
IR AEIEAAN], DA FT L ] S SRR 42
RATRRLE AR 20 AR —F, ik, MR 3E EACE
XA LA A ST R, E AR ARUSARAG
IR, BT H AT 0 8 R4 4 7 H st (i) 3
AR IE 250 A1) HCARE R 5 B R T B

HAT3E =S

1 Inx— )
fD(x>=mD—mexp{—%} (1)

b x W HATHIEES; op WML L R B AR I



162 HH, TR

S ¢ 231

=, WUEN 3.25 up HEXIATR0EE RS, BUE R 0.88.
it MATLAB #4415 6% 040, aniEl 1 s

0.14
012}
0.10F
0.08}
0.06
0.04
0.02

W SRR
— AR

WA

I ' W ] 1
0 50 100 150 200 250 300

HAT3L PR /km
E1 BTHESEHESA
Fig. 1 Probability distribution of daily driving distance

345 78 L S i)

I (h- )’
exp| —
ogV2n { 20,
p—12<h<24

S 1 (h+24— ) @
_ — Hs
asme"p[ 20 }

0<h<p,—12

R U RATREE R os MIR2E, BUEN
3.4; us AWIEIRBIAEHE], BUER 17.6. @it
MATLAB A4 nl 5486 R0 AR an & 2 FiR o

0.10
[ Ewricy
0.08| — EHEL
E 0.06}
N
£ 004
0.02+

0 4 8 12 16 20 24
I [f)/h

B2 ¥BRTEBEESS
Fig. 2 Initial charging probability distribution
1.2 BESS#=#!

HIAEREIE U, PR HL M AR 2 A RE
&R ZE S ERE RS, JLP R B IS, H
FRA A A VERERF, PRIAR SCLL A BRI Hi b A
S ISR AR RERL R
1.2.1 ESS A&, #d Ay vk S8R

DFE., T

N A BE R GUHE BIIR B4R 4 R BERSAE T IR

TRAHBRFHL | G ROV BOMCF , TR S0

W%, TSRS, MORBI, HA . Mk

L
E(+1) = E(6) + 7, P(1)At
{ Py (DA 3)

4

E(t+1) = E(t) -

K E@+ DA E@Q53510 e+1 B2 ¢ 21
RGMRIARH; ne M pa 2300058 . HOBKCR;
P(O)F Paig(t) 53 WIHAERER G 7 . RN A
S RFERT ]

2)faf HARAS

FFHLIRZS SOC(state-of-charge) 3 7 i BETE
TR A 22 /0 3 I R A P A A 2 Y
Ekefigiat, nRmHh

SOC(1+1) =50C(r) + =AW

ESS (4)

SOC(+1) = soc(e) + 2 ®

ess/la
. SOC(t+1)F1 SOCH) 35Ky t+1 B ZIFN ¢ B 2]
GERE R RIMTHVIRAS s Erss MBRERSNI A& .
122 # k&M

MRUEAERE RGN L R H RGBT, T5 5 AR
2R ST

)ARE D)3 580 A i 2R

BRERY DR i B A HBUE (H N, R
HLys, R

PESSfmin < ESS (t) < 13ESS7max
EESS_min < ESS (t) < EESS_max

K Pess(OF Egss(t) 39010 ¢ I ZHRE R GEH )
MG 5 Prss max M Pess min 735 1 RE R GEAE
DR KAB AN e/ IME 5 Erss max 1 Egss_min 739014
fiftie 2R Ge e 25t 1 B R AE R/ IMEL

)7 . HLIIFRL R

ERERY FE . ik F Bl AR EEAE H BT RE AR 52 3
W, XS BRI TR, B

{Pc(f) S B

)

P.(<P, ©

is_max



CoRR

XUPPES, 4F: THM EV R BESS AR HL [ HI WA 1 B B DL A I 2 SR 5 163

K, Pe a1 Pais max SF AN ERE R GEIRTE L iR
)R,

3)fi RS 23R

F HAR S AT 3Ry

SOC,. <SOC()<SOC,. 7)
ST, SOCin FI1 SOCmay 431 H b 7 LIRS 5
VINER EFONIE R

2 EVABRFFEREIEEEENEKE

HAL B9 A 7 L A7 ey LA 28 B AL A e, 7R
B fr ey WA BE i A RS L BIVA A Fe e, 3 KL )
ARG AT, SRR AT L e 22 . 8
XL BAZE ST R I B A TR B, R DA R0 N R
G AT 2508, PRI BRI T TR0R
I, MY 78 2 B P e o s e 19 0 T i,
SRR FUHLR EE SR I TR M, FTARUEAR EV
FoHL R L P 18 it
2.1 BREH

B B BVA R A S BEAIL 7 i 5 | kS 1 7 7 it
el Fhnugeln) @, B, il i A T A RS |
S, DT INF R A 22 5 LR, R AEAS A
FUEFHRE O TS AT REREIR S 2 o Rk, DL&R
Gl 22 TR P 7 i 9 F BNl B A R B ST L
SRR T TR R BRI

DR G 2%

71 My U6 75 25 R AEAE — 8 B 0] RUBE R 67 Ao 1) e
KIS H/IMEZ A28, AR, FBH 17 a7
250N, B

minAP = P(¢t),, — P(t),;, ()

T, PO F1 PO)in 551 BV AR 067
E SNILIYNC

D) P LA

XS T SR RS E
AT LR 2R, TR, DAFrh BT N L
B, AT IR B AT A i,

minF =3 3P 0)C() ©)

t=1 i

Ko TR ; ¢ S FTHITE] N O BV £l
i R TRVSAEEEIE s Pey i(0)8 EV RIFERLIIER; C()
Mo LAY
2.2 AREHE
SR T, T LR A4
DVIES T AN
L, O (14 T 3R S AT, A7 T AR TR A
EV JHFERY TR T L 2k, B

})grid = 1)1 + 1)3\/_0 (10)
K Poia AR BER DI PO TSI HIEE Py
A EV FEHLIHFER TR

2)EV FEHL I ZRA)

BV WI7et IR e T AR T, B
R HL AL TRk, B
Py in SPUOSP, (11)

ev_min

K, Pey max T Pey min 73 A SR FEHL IR
AR/ ME
2.3 MHEERKIE

LT BELALPSO(particle swarm optimization)
PR 1 MR TR R REALOCAL A, DR B |
Sy SEBI Rz T pR G R, AR ST
A BINAGA  E L IR FEAR R A R BB TR, i
R PR BRI A TR A o AEDRL - REOL AR 12
AR BRSNS —HF, FAAE— B, PRHoxt
Hi AT 2 D Irmm ekt

HE, AT A SR AT,
(BRI AE A2 SRy RS R i 2 Jé 22 (R AT A, 7 3
FERH AP ARG A T, B

b= 2

‘2 —-c— m

A, e il e, FEE A

HR, BHENE o IR R E ST
A4 SR AR I R BE T SE, o ANBEET ] 728
iz Ak, TR AR P AR A kAR Tk A
W, B EA A TR R B e, B

1
1+1.5¢*¢

c=c¢ +c, (12)

o(f)= €[0.4,0.9]

Vfel0,1] (13)



164 HH, TR

S ¢ 231

W S R RS SR A
Vig = Ylo( )iy + (P = %g) + €315 (Pyg = X))
(14)

A vig AT HERE s 1 ATy [0, 1 FEBILEL
pia AVEWAE; xig AR HHILE ; pea A
EIE

U R HE LA I3 25 BE 28 2 A8 4 R
Dol , FERAACALZE IR B B SR A3, IR
A SO T AR F A R X L SR G TR
FrFe i aE, BAARmFEIE 3 s,

iR

iy NI R 57 A 0 LD
R BIF BRI A SR

B AL A 5

W AR AR AEV A 7
78 W bR B 308 1V JEE

|

| Frimammprbnp |
[

v

A (14)
X RE I B T SR

|

| st e g |

l

| i bttt R e e |

| o1

B3 EViHERMERE

Fig. 3 Flow chart of solution to EV scheduling
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Fig. 6 Measured load power data of one power grid
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Fig. 7 Grid load curves before and after EV disorderly
charging and orderly scheduling are taken into
account, respectively
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Tab. 2 Comparison of results before and after optimal
scheduling of EV
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Tab. 3 Basic parameters of all vanadium redox

flow battery
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