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Dynamic economic/emissions dispatch
considering user satisfaction under V2G mode

WU lJiaxin, HAO Zhenghang
(College of Electrical Engineering, Guizhou University, Guiyang 550025, China)

[ Abstract] With the large —scale application of electric vehicles, the power system is facing the dual test of economy and
environment. In order to cope with the new challenges, this paper proposes a dynamic economic/emissions dispatch model that
considers user satisfaction under the V2G mode. First, the Monte Carlo random sampling method is used to analyze the impact of
large—scale EV disorder charging on the grid load; second, in order to take into account the interests of both the power grid and the
user, the charging and discharging power of the EV and the power of the thermal power unit are used in each period of economic
dispatch. Taking load peak—to-valley difference, total fuel cost and pollutant emissions as objective functions, fully considering
power system constraints, EV constraints and user satisfaction constraints, power system economy, environmental benefits and EV
charging and discharging power are dynamically optimized. Considering the multi—constraint complexity of the model, this paper
adopts a two—-layer optimization scheduling strategy, and uses particle swarm optimization algorithm and multi-objective particle
swarm optimization algorithm to solve the model respectively.Taking the modified IEEE 6—machine 30—node system as an example
for simulation analysis, the rationality of the model proposed in this paper has been effectively verified.
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Fig. 1 The flowchart of power demand modeling in the case of

random charging of EV

AR SCHK [ 13 ] % F A7 S BELASE A0 58 L T 0y i 221
AL AT JEASE 45 1 A7 s LR R 5 R T 0 ek 221
AR 4 BE R A N (1) A (2) B, 8% H
A LR R 70 L T8 6 220 1) %% B8 PR IR T S5 R
IEHEATRENLAN AR s FHERAR P55 (3) ~ (5) AlKRA§ EV
FERLRFEEIN 6] , 255 5 L T 46 I 220 (5 n] 45 3] — K )

£ EV WSFRE R IRTOR . SR A 2 PR,

L1
—*— L5 BV T SRR

1.0 .
*f ke

£ 09} / \
;.5\1\!; 08} ¥ \
= 0.6} \
E’ / *

IS L &
0.5 /
o
0.4+ *"‘*"""’\k- aeteke

03 P R T S T T S S S S

0 2 4 6 8 1012 14 16 18 20 22 24
i Be/h

H2 —XMHA EVOERERDERR

Fig. 2 The equivalent charging power demand of a single EV in

one day
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Fig. 3 The equivalent load curves at different EV permeability
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Tab. 1  The indicators of equivalent loads under different EV
permeability
i MRIT22/MW?  IER 2R/ % FUIE(H/ MW
J b B Ay 1754.94 51.11 263.88
20%15i5 % 1777.28 51.18 265.85
40%3% 15 % 1 800.03 51.25 267.81
60%3% %% 1 823.17 51.32 269.78
100% 1 7 % 1 870.69 51.46 273.71

2 V2 G EATHERAPREENHEER
3/ HE AR AR B R R A
2.1 BiREH
(1) ity 2285/ N S BFFEHEAT AR 2 o
RESPSE

1= min<L0admax - Load,;,)
Load,, =max(P,, +P,,) (6)
Load,;,, =min(P,, + P, )
1
Pev,t = ncpch,tAt - 7Pdis,zAt (7)
D

Hrf, Load,,, , Load,, 435 kil B B P S A7 A
MR d/IME s Py, oo 2088 B i P, R
IR SR ARSI, P > 0P, , < 0
IFOR RN TSR R P, L Py, 3
SRR ¢ I 2B TS BB T 5 ), m,, 2300
I AR 5 A Ry BEIS )R] BR



5 6 1]

FAER, A2 V26 BT 5 I I 6 B 0 sh A 2 5t/ HE e i 91

(2) &I, D/ METHEEI N R A K
HUHLE IR A AR, A TE BN B 24 5K
N

F1=min2 ZF(P(.‘[J) (8)

i=1 t=1

F(PGi.r):aiP ? +biPGi,t +c; (9)

Gi,t

oo, N, R R RS R BLALS R T i
RESARTEORG F(Py ) WHLAL i 16 1 1 21 B HERE IR
Ay Py WHLAL i AE AT T T s, b, e, o
SerULAL i % AR R

(3) BRELIRIE , LA IREE R P 2R 56 A7 2 L BL A
BT SRR R o L VAT ph A R R A
Sj‘zﬁg“'

Ne 1
Fy=min Y, Y H(Pg,) (10)

i=1 =1
H<P(,'i,,) = 1072(OLiPGi’t ? +ﬁiPGi,t +y,) + gie)‘#’r;i,/
(11)

Hop H(Pg, ) RFHLAL i 78 ¢ B0 75 Y <AHE
i, o B,y L AN, S E LA @ HER R B
22 AREH

(D) RGN RPMAR, BARECE A ATE
N

D P, Py =V, > V[Gcos(8;) +Bsin(5,)] = 0

i=1 j=1

(12)

Ne Ny
;@fvw—mgnwﬁmw—&m@m=o
= J=

(13)
Pyl =P, +P,, (14)
Hrp, P, L0, 535 L i 7 ¢ 2189 2 TS
i J1s Py S e 2T I V26 J5 I R G A T
175 Q) h e W2 RGEATCIN ST V., V, 53 B2
i M IHLEAA G, B, 0 REER 5 j Z B RS
ML AN 6, WBEER 0 5 j Z I 22 N, I BEE
S
(2) RGEATFAL R
O EHEMAFLAREXLGR, X ges A ]
VR
V

Gm,min

= VCm,t g VGm,max m = 15293"”5N(;

Gm,t = PCm,max m = 1’2’3’”.’]\[(} (15)

QCm,min = Qcm,z = QCm,max m=1,2,3,...,N,
Hofr, Ve, 8 o 2 AL R om B

= P,

Gm ,min

(B3 Ve e s Vmin 23 0RHS m AL FTTERF L HL IR
FLUTFBRS P, Qg 2308 1 IS 2R ALY B m B
BLAA T T T3 Pl s Pomnin RS m A
BLAMA I T B TR Qo s Qi 7350 R 5
m LR T ) E URBR,
@ AR A FR LY, XA AT %R
RN
v

Ln,min

Horb, vy, o EZ05E n A S A R TR,
Vi » Vi win 23BN A SR n AN G0AT Y 00 A5 L T b
TR,

@ L 2R ik A R LB A AT KR
N

= th,,l = V

Ln,max

n=1,2,3,-,N, (16)

Pl,min = Pl,[ = Pl,max (17)
Howp, P, o BEZIZe B DS A SR,
Pl,max \Pl,min %%uyﬂgﬁ% l ﬁitFiﬁﬁEgﬂElij( \EEIi/J\ﬁJjJ

(3) KHBLA LR

O #HAREAR, HREEAAXBART .
0<P, .. -P,<R,. (18)
0<P,-P . <R .. (19)

Hf Py P ST HLAL i ORI E
TR, s R, AHIRHLAL i 0 TSR 1 F
.

@ MeZysi, HIBECE A B AT

0= Pi,[ - Pi,(;—l) = 6i,max+ (20)
0= Pi,(t—]) - Pz.: = 5/,max— (21)
FA, 8, s 38, SN @ HONEYE | F
R
(4) R LR

@ EV AL e Ay i i 2o, s HA L
T
Sevmin < St = S (22)
S, =8, +P, At-S,, (23)
Hor, S, FHENTAGTE t 2125 V26 H4E
MAERE R S a5 S, o, Se i ST BIN LIRSS
5 V26 TR ER LR R RN BRE; S, N
Ayt A ) H SR A TE ¢ I 2 VA FE A
@ EV 78 A IRAR ,, HECA AW AT .
Pch,l = Ps\"ch
P dis,t sP Ndis
Hor, Py Py, 539 B BIIA G AR s L T R
I F T A i 0 A, AR U AH A

(24)



92 oBe

12 N A |

=

(5) PR, ARG [ 17 ], % SO
FUEE BV P R RERE R, AN

HS,t = HS,min
FS,L ‘
H,,=1- (25)
' ZPNCIL
FS,t = Pev,t - NevEt

Hb ) Hy, AR I 20 L SR 4 SR R T
T s Hy,, HAERSR PSR LR
77 2 R P RV B/ IMEL; P, LB RAE
ME R V2GR JE Y P A AR e T R A P A A i By
TAE; N, AZ5 V26 IR E, N3
f EV EELFARBER T ¢ 2SR GFTR %,
2.3 KRfEFHE

R T RIS P 0 A O R, AR 2.2 /N A Y
R 22 L& T P R 2o, LAY A R 1 5
M7 A 45, BEAREG 2 HL RIS EV AR A B, 3L
NS P I R A

HI A SCHA AL A o 2 4R, R Tk SC
TR, A EV 25 V26 By g T
AREPE B T an &l 4 FTOR B 43 By B Ak I BE SR
WL R, SO AR PO R AR L
EV SR Bl B DL SR far 4 45 22 Je/ Nl H s bR
B, IR PSO XA IEAT R, A e LAY EV 52
TECH DI AR B 2 2R L R AL IS i fasg it £, U,
ReOUAL I i G i A A A 5 18K R BLZE 20701
VAR R GEI A R A 20, S T AR P S 3
SR Tt/ AR 2 BARE AR ST R H] 22 B Aok
F B 1 1k B 7% ( Multi — Objective Particle Swarm
Optimization , MOPSO ) (20] Xof 45 A R AT R R Har S A
LI TR

HL SR AR 2T R

J5L i R 67 i
Ok
T
T AT 22 F5 /)

PSO SR fiftdre A 18 i

¥ ¥
| mteRmommg | | smmsion g

K ML LR
ARG LA
v
MOPSO =K fif 28 5 54+
i % Hinth ik g
v
i e e 22 B kT
LA AL )

B4 RHEHREER
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Tab. 2 The parameters for thermal power units

) W R, AT, TEHR/
HLZH b c « B % e A
MW MW (MW - h7!)

1 80.0 24.0 40.0 2.00E-02 2.00 10 6.49E-04 -5.55E-02 4.091 2.00E-04 2.86E-02
2 100.0 30.0 50.0 1.75E-02 1.75 10 5.64E-04 -6.05E-02 2.543 5.00E-04 3.33E-02
3 50.0 15.0 25.0 6.25E-02 1.00 20 4.59E-04 -5.09E-02 4.258 1.00E-06 8.00E-02
4 55.0 16.5 27.5 8.34E-03 3.25 10 3.38E-04 -3.55E-02 5.326 2.00E-03 2.00E-02
5 30.0 9.0 20.0 2.50E-02 3.00 20 4.59E-04 -5.09E-02 4.258 1.00E-06 8.00E-02
6 40.0 12.0 20.0 2.50E-02 3.00 10 5.15E-04 -5.56E-02 6.131 1.00E-05 6.67E-02
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Gt WEM/MW  EIE/MW IR R/ %
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MR LA e 34 V26 B, AT LA
SEHLH A SEAT AR, Bl D R GE DA T I AR 2 | -3 11
THIZR . LRI M R TE 5t 3 58 T I il
T PELHT R I L P 97 DG AR B 45 TR 4
Yy 2 #5225, X ERWIE V26 B ik 5
PP A T F O 06 J B =2 1B A 1 4 I ) 2 G
Z R T IRAG S ihZ, e 5 3 MUE R
ST I ZAR IH PR 1 B 8 A 1 S AR 28R

T UG BB i T R R LA
FHHL A2, P 7 (a) R 7 (b) 23500 J 7R 1 — A1
FERAIN, AEA T i RIS LT EV AR A
14 T HL e R R P 0 T R A2 AR TR O, P 8 ()
FIE 8(b) 7 s 1 — N IREE R, 7625 i
W RTROL T EV SR ST o A A P 3
JE M EAL L
30000
20 000
10 000

0

B -10000F

EV FE L I3k W

-20 000

=30 000

_400000 2 4 6 8 10 1214 16 18 20 22 24

D2
(a) #IEEEV SOOI

X:24 |
10 * ¥:0.99 \*;7,
***/ /"~*\ /\ W
B g9 Fa™
in X/ bl |
jiid *h *
1 08
i
07
06 X: 19
- Y: 0.55
\*/
0.5

0 2 4 6 8 10 1214 16 18 20 22 24
i B
(b) #WBUH P i =
E7 AEEAPHRERNEV ST MEIER
Fig. 7 The charging — discharging power of EV cluster without
considering user’s satisfaction



94 C N = N N ] R R A W12 %
B> T 0.5 JTICH 0.07 M 2R IR 3 BT R
0000 - FH PR V2G B A H IR | 5 45 Y LA
SR RL 2 0 fi A6 15 G W HF i o3 0 s b 1
20000 0.28 J7 JGA 0.06 i ,
2 ool £4 3WHRTOREAELRL
453 Tab. 4 The comparison of optimal scheduling results under three
:b"é 0 scenarios
§ 10000 L Yt Btz PRBLSR R/ TC TS Y
51 2SS SN 12.27 5.13
~20000 1 ‘ R EZN e 2 12.16 5.24
02 4 6810 121416 18 20 22 24 i 12.19 515
N‘Ex 75 ) 2SS S aYn 11.77 5.06
(a) HBFTE EV SRR D) SRR 1169 .
1.1 . i 11.73 5.09
" _*;/ 1:0.998 . B3 awEdt 11.99 5.07
x j\* / S AN« SRR 1188 .18
o9t %/ \ * /Kr IR 11.91 5.13

..l
£ 08 [
X: 19

07 F Y:0.67 \ f

0.6

0 2 4 6 8 10 1214 16 18 20 22 24
i Bt
(b) #WBUH P =
B8 XERARHEEMRMNEV EHRMBINE
Fig. 8 The charging—discharging power of EV cluster considering

user’s satisfaction

HH L 7 AT DA Y R AN 25 DB P G 3 B A 155 0
TLEV SR A O S R R AR S L e, T
JEEAE 2400 IFIKF] T 0.99 422300 il 7 B Fe KAl i
FE B A i WA B2 1900 B Tl R BEAELIR B T HAIG, X
A 0.55,3% 2 T EV SRR 0107 = W B A I A
YER T 800, R BS EV 82 B 78 550 D)2 1 % 3 i
JE L AR, 7R -34 461.82 kW ~28 410.06 kW 2 [a] 31
3, I8 AT LA I Y P T S EV
FETCEL IR A B AR RT3/ #E =20 477.04 kW ~
28 191.28 kW Z [a] 3% g, HH P i I e 7 X0 2
AR 0.67 45764 F P i B BE#E I 7E 0.6 L 1
MEARESK . A, 2 Rz T EV S il fe )
R BRI ESIL T A 2 K IBIRIL T V26
BT B HIE A ROR

3PS RIS SRR 4, HE 47
DA BT 5 | 7, s 2 i
EV DA [EH Pl R 1 V26 A3 A B
FRG WL A S LR 2 P AN S L 15 G HE i )

Rt Al U A EE T35 1, R AT BB V26
BT ST, AT LA RO AT g 22 [) B8 01w 52
e, I ELX G777 IS BOSCR U A, A ) T el ok
P AL A B Ay v 8 E5F ST 4 1 7, I AER ML AL AR e 2
MG HE R, S e 5 2 fig s 3, vl LA
B IR LRI, ML B AN T e
TS LA 2% JEHT P i T BE I 205 X 2 T EV
16245 V26 s A% AT /9 A o 5 =X S L )
SRV BE 2 18] B4 X 5 5% AR 3 Y, (A 7% B8
SRR OL T R AR 22 . (0 M T 5
2 Ykt 3 XA TS PR A B KTH B R
I, AN SO H AR Y A AR B T B

BIR T e, Ay 17 i DA SCRT B2 SRt 1) S 4 1 P
9 I 5 43 i T Y5 3 ALY PR BT O
HIH AT LU R GE 30 2GR

350
D¢ EHG 06
300 i ¢, e [ 6
—*— i 3 SR A + 4
250 A, AT
P o .
B S el 0
= 200t S n H
o 1 Haqe
B 150 [ i [ [ L
100 OITHTTHTHHTL L O EU
50 "__[--_—;__:_]:
0 L L] ]

2 4 6 8 10 1214 16 18 20 22 24
1 Bt /h

9 %= 3 MThE FERIE

Fig. 9 The power balance verification for scenario 3
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Tab. 5 The optimal compromise solutions for scenario 3

. HALL HLALH S/ MW R, R SRR
METUAL a2 b BALe BALS Blae MV MW MW
1 36.145 31.465 26.366 20.628 18.899 12.811 1.688 137 7.625
2 25.206 50.898 21.027 19.230 14.616 19.993 1.732 139 10.238
3 29.765 34.806 18.538 35.275 13.060 14.707 1.841 136 8.310
4 42.241  30.000 22.326 16.500 17.994 14.974 1.756 129 13.278
5 31.156  33.029 27.420 25.631 11.517 15.102 1.577 129 13.278
6 36.184 30.741 23.442 29.036 22.293 19.823 1.956 141 18.564
7 31.149 74.399 22.447 20.120 20.472 19915 2.712 165 20.790
8 51.231 49.206 20.209 28.908 27.648 33.058 3.250 200 7.009
9 44.560 65.576 17.703 53.176  30.000 31.578 4.439 224 14.153
10 55.044 58.690 34.484 48.465 23.386 20.092 4.048 242 -5.887
11 31.426 73.198 31.369 55.000 18.923 37.087 3.928 236 7.076
12 46.894 70.415 30.128 43.459 30.000 20.781 4.074 231 6.603
13 67.611 43.131 40.231 28.646 26.677 24.320 3.664 223 3.952
14 51.996 76.423 31.400 26.171 24.545 16.746 3.851 220 3.431
15 39.561 62.760 22.527 49.515 15.983 31.015 3.587 213 4.773
16 63.220 47.559 42.782 20.425 9.000 36.380 3.420 197 18.946
17 33.313 72.766 38.830 55.000 11.313 23.813 3.843 203 28.191
18 28.596 80.293 49.782 52.407 16.337 19.984 3.877 224 19.523
19 67.196 73.156 16.462 32.262 19.760 39.670 4.983 264 -20.477
20 78.950 74.651 15.000 38.175 30.000 12.530 5.782 258 -14.477
21 33.691 60.948 45.643 41.626 19.961 31.869 3.086 234 -3.348
22 44.092 59.467 15.000 44.071 20.582 40.000 3.713 212 7.498
23 46.536  78.064 35.087 19.515 9.293  20.629  3.455 185 20.669
24 28.514 35.571 17.993 19.541 19.998 33.548 1.783 159 -5.618
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