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Fig.6 Charging power of single vehicle chain

under uncoordinated charging
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Fig.7 Total charging power of uncoordinated charging
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Coordinated charging strategy of electric bus considering driving plan
CAI Zilong,SHU Hongchun, YANG Bo,SHAN Jieshan
(Faculty of Electric Power Engineering, Kunming University of Science and Technology , Kunming 650500, China)

Abstract: In order to improve the economy of electric bus and take into account the benefits of public
transport and power grid, the charging strategy and driving plan of electric bus should be considered com-
prehensively. Firstly, feasible vehicle chains satisfying the constraints of time connection relationship and
battery capacity are generated, and the coordinated charging stage 1 model of feasible vehicle chain with
the minimum charging cost as its optimization objective and the optimal vehicle chain selection model with
the minimum total operation cost as its optimization objective are established. Then,with the minimum fluc-
tuation of charging load during the day and night as the optimization objective, the coordinated charging
stage 2 model and the quadratic programming model of night charging for the feasible vehicle chain are
established respectively. Finally, taking a bus line as the example to verify the proposed model, the results
show that the proposed model and method can meet the demand of bus companies to make driving plans,
achieve the goal of the lowest total operation cost of electric buses, and achieve the purpose of reducing
charging cost and suppressing charging load fluctuation through coordinated charging, which has important
reference value for guiding electric buses to make charging strategy and driving plan.

Key words: electric bus; driving plan; charging strategy ; coordinated charging ; time-of-use electricity price;

vehicle chain
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Table A1 Parameters of bus line
ZH iVE:N ZH e
2t % /km 60 2432 B R B /(KW -h-km) 1.1
P HEAT I S /(km-h!) 30 FLI £ 25 B/ (kW +h) 250
xR A2 BEIARERN R FENZ
Table A2 Departure schedule of electric bus
s HENZ BENZ | Fxks ORI BENZ | Fke RN Z BIENZ | ERS HRINZ] BER Z)
1 06:00 08:00 16 09:15 11:15 31 13:40 15:40 46 15:52 17:52
2 06:12 08:12 17 09:30 11:30 32 14:00 16:00 47 16:15 18:15
3 06:24 08:24 18 09:45 11:45 33 14:08 16:00 48 16:30 18:30
4 06:36 08:36 19 10:00 12:00 34 14:16 16:16 49 16:45 18:45
5 06:48 08:48 20 10:20 12:20 35 14:24 16:24 50 17:00 19:00
6 07:00 09:00 21 10:40 12:40 36 14:32 16:32 51 17:15 19:15
7 07:12 09:12 22 11:00 13:00 37 14:40 16:40 52 17:30 19:30
8 07:24 09:24 23 11:20 13:20 38 14:48 16:48 53 17:45 19:45
9 07:36 09:36 24 11:40 13:40 39 14:56 16:56 54 18:00 20:00
10 07:48 09:48 25 12:00 14:00 40 15:04 17:04 55 18:15 20:15
11 08:00 10:00 26 12:20 14:20 41 15:12 17:12 56 18:30 20:30
12 08:15 10:15 27 12:40 14:40 42 15:20 17:20 57 18:45 20:45
13 08:30 10:30 28 13:00 15:00 43 15:28 17:28 58 19:00 21:00
14 08:45 10:45 29 13:20 15:20 44 15:36 17:36
15 09:00 11:00 30 13:40 15:40 45 15:44 17:44
F A3 ASH
Table A3 Cost parameters
ZH e
It 7€ A /7T 400
A I BUR B AT ARG 4
R4 N BRI B A RUAR /T 0.2

& A4

SETERM

Table A4 Time-of-use electricity price

i B AN /[G-(kW-h)']
K% 00:00—08:00 0.365
[ 08:00—12:00, 17:00—21:00 0.869
TUg 12:00—17:00, 21:00—24:00 0.687
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Fig.A1 Flowchart of solving optimal charging strategy

x A5 RINERE
Table A5 Optimal vehicle chains

iRl IRk kel IRk
1 1-12-22-32 9 9-19-26-41-52
2 2-13-37-50 10 10-20-39
3 3-14-23-36 11 11-21-40
4 4-38-51 12 29-42-53
5 5-15-25-45 13 30-46-55
6 6-16-24-34 14 31-47-56
7 7-17-27-44-54 15 33-48-57
8 8-18-28-43 16 35-49-58

x A6 RMEREAFFTEITX

Table A6 Coordinated charging plan of optimal vehicle chains

ey 1K 78 FL I B A1) 78 AL I B

’ BB 1 AR BB 2 B (AR
1 13:31—14:00 13:01—13:30 00:01—01:25
2 13:01—13:30 12:51—13:15, 15:51—15:55 00:01—01:25
3 13:36—14:05 13:21—13:50 01:41—03:05
4 — — 04:16—05:40
5 15:21—15:50 15:21—15:50 03:06—04:30
6 13:56—14:25 13:51—14:20 04:31—05:55
7 14:41—15:20 12:36—12:50, 15:06—15:20 01:26—02:50
8 12:06—12:10, 15:01—15:20 12:36—12:50, 15:06—15:20 04:31—05:55
9 12:01—12:10, 14:31—15:20 12:01—12:15, 14:21—15:05 00:16—01:40
10 — — 02:56—04:15
11 — — 01:41—03:05
12 — — 00:01—01:25
13 — — 02:56—04:15
14 — — 04:31—05:55
15 — — 01:31—02:50
16 — — 03:06—04:35
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Table A7 Charging period,charging energy and charging cost of coordinated charging stage 1

AR 7S 1) 78 A
%5
FEHLI B FoHLHLE/(KW-h) T8 HLEA /T FEHLI B FoHL L E/(KW-h) TR HLEA /T
1 13:31—14:00 68 51 00:01—01:25 197 80
2 13:01—13:30 68 51 00:01—01:25 197 80
3 13:36—14:05 68 51 01:41—03:05 197 80
4 — 0 0 04:16—05:40 197 80
5 15:21—15:50 68 51 03:06—04:30 197 80
6 13:56—14:25 68 51 04:31—05:55 197 80
7 14:41—15:20 135 103 01:26—02:50 195 79
8 12:06—12:10, 15:01—15:20 68 51 04:31—05:55 197 80
9 12:01—12:10, 14:31—15:20 135 105 00:16—01:40 195 79
10 — 0 0 02:56—04:15 198 80
11 — 0 0 01:41—03:05 198 80
12 — 0 0 00:01—01:25 198 80
13 — 0 0 02:56—04:15 198 80
14 — 0 0 04:31—05:55 198 80
15 — 0 0 01:31—02:50 198 80
16 — 0 0 03:06—04:35 198 80
KA BFFEME2MWARME., REEEMTEMAK
Table A8 Charging period,charging energy and charging cost of coordinated charging stage 2
- AR7E i 7E
7 LB B 7S HL /(KW h) 7S HEA/ TG 7 LI B 7S HL /(KW h) 7S HEA/TG
1 13:01—13:30 68 51 00:01—01:25 197 80
2 12:51—13:1515:51—15:55 68 51 00:01—01:25 197 80
3 13:21—13:50 68 51 01:41—03:05 197 80
4 — 0 0 04:16—05:40 197 80
5 15:21—15:50 68 51 03:06—04:30 197 80
6 13:51—14:20 68 51 04:31—05:55 197 80
7 12:36—12:50, 15:06—15:20 135 103 01:26—02:50 195 79
8 12:36—12:50, 15:06—15:20 68 51 04:31—05:55 197 80
9 12:01—12:15, 14:21—15:05 135 105 00:16—01:40 195 79
10 — 0 0 02:56—04:15 198 80
11 — 0 0 01:41—03:05 198 80
12 — 0 0 00:01—01:25 198 80
13 — 0 0 02:56—04:15 198 80
14 — 0 0 04:31—05:55 198 80
15 — 0 0 01:31—02:50 198 80
16 — 0 0 03:06—04:35 198 80
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Table A9 Cost of coordinated charging stage 1 and stage 2

% FEHIRA/TT BEBITRALL  FIER AT [E] 58 A/ TG BIZEEAT
1 131 384 6 400 921
2 131 384 12 400 927
3 131 384 6 400 921
4 80 288 16 400 784
5 131 384 8 400 923
6 131 384 4 400 919
7 182 480 6 400 1068
8 131 384 6 400 921
9 182 480 4 400 1066
10 80 288 8 400 776
11 80 288 8 400 776
12 80 288 2 400 770
13 80 288 2 400 770
14 80 288 2 400 770
15 80 288 2 400 770
16 80 288 2 400 770

RAI0 TFFREFENE. FTEAE., TEBEMTBEME

Table A10 Charging time,charging energy and charging cost of uncoordinated charging

78 HLAE 3
R 7o HL i Bt - 25 o e B/ R
(kW-h) JRA/ T
) 97, 98, 124—129, 08:01—08:10, 10:16—10:45, 13:01—13:30 G&47E]) 155; 135.7;
157—162, 195—204 16:11—17:00 ({35 ) 110 80.6
) 100, 101, 127—132, 08:16—08:25, 10:31—11:00, 16:51—16:55 GZ4THIE]D 100; 94,
203, 229—243 20:00—20:55 ({355 ) 164 155
3 102—104, 130—135, 08:26—08:40, 10:46—11:15, 13:26—13:55 G4 166; 147;
161—166, 201—209 16:41—17:25 (Zi8)5) 98 81
4 105—110, 205, 08:41,09:10, 17:01-17:10 GZE4FHE]) ; 89; 85.4;
206, 232—241 19:16—20:05 ({355 ) 110 101
s 107, 133—138, 08:51—08:55, 11:01—11:30, 14:01—14:30 GZ47HED 143; 125;
169—174, 216—226 18:01—28:55 ({Ziz &) 121 112
p 109, 110, 136—139, 09:01—09:10, 11:16—11:35, 13:41—14:10 G&47HIED 134; 115;
165—170, 198—209 16:31—17:30 ({2i8)5) 131 106
; 112, 113, 139—144, 177—182,  09:16—09:25, 11:31—12:00, 14:41—15:10, 17:46—17:55 (i&47 W] ); 177; 157;
214, 215, 241—254 20:01—21:10 (f#iE)5) 153 142
g 114—116, 14—147, 09:26—09:40, 11:46—12:15, 15:01—15:30 G&47HIAED 166; 140;
181—186, 213—221 17:41—18:25 (#iEJ5) 98 90
9 117—119, 145—147, 09:41—09:55, 12:01—12:15, 14:21—14:50, 17:21—17:25 G&47 1a)); 145; 120;
17—178, 209, 235—251 19:31—18:55 (f#i&)5) 185 176
1 119—123, 149—154, 9:51—10:15, 12:21—12:50 GE47 W) 122; 105;
206—212 17:01—17:35 ({Fig)5) 76 69
. 121—126, 153—158, 10:01—10:30, 12:41—13:10 GS47HIA]) 132; 114;
208—213 17:16—17:45 ({Fig)5) 66 58
15:21—15:25, 17:31—17:40 GS47HIA]) 34; 30;
12 185, 211, 212, 238252 19:46—21:00 ({#iZJ5) 164 155
3 189—191, 217, 218, 15:41—15:55, 18:01—18:10 G&47HIA]) 56; 47.4;
244—256 20:16—21:20 (£iE)7) 142 126
11 193, 194, 220, 221, 16:01—16:10, 18:16—18:25 CGizfT#ilA]) ; 45 39;
247—260 20:36—21:45 (£iE)5) 153 128
16:21—16:25, 18:31—18:40 GEATHA]) ; 34; 30;
15 197, 223, 224, 250264 17:46—18:10 (153iE)5) 164 130
16:36—16:40, 18:46—18:55 GEATHE]) ; 34; 30;
16 200, 226, 227, 253267 21:01—22:15 (IFiEJ5) 164 123
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