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Optimization of Charging Scheduling of Electric Urban Buses
with Multiple Routes

Student: Ching-Fang Shao Advisor: Dr. Jin-Yuan Wang

Department of Transportation and Logisitics Management

National Chiao Tung University

Abstract

With global warming getting worse, all countries are actively promoting the
electrification of public transportation to solve environmental pollution problems.
However, the characteristics of electric buses have led to some challenges in the
implementation of operations, such as: range anxiety, lack of chargers, and massive

capital cost.

This study aims to develop a mixed integer programming model to optimize electric
bus recharging schedules, which determines both the planning and operational decisions
while minimizing annual operation costs. The contributions of this study are three. First,
the integrated model make electric buses be charged more properly. Second, we add new
constraint into model to make every bus return to depot with battery full charged, so that
the transit agencies can use the same operation and recharging schedule to operate day
after day. Finally, the model is considering more complicated dispatching mechanism and
demonstrated using a real-world transit network based in Kaohsiung, Taiwan. Sensitivity

analysis is concerned with different frequency, route length and extreme situations.

The results showed that range anxiety can be eliminated by adopting optimized
recharging schedules. Sensitivity analyses revealed that the model could provide transit
agencies with comprehensive guidance on the utilization of electric buses and

development of a fast charging system.

Keywords: Electric bus, Recharging scheduling, Fast charging, Mixed integer

programming,
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107 &0 R ¥ B Ap= A

LT ¥ T AP B
1 EAA-901 14, 26, 47, 78, 96, 105, 109, 113,
2 EAA-902 6, 20, 34, 49, 59, 91, 114,

3 EAA-903 12, 21, 35, 46, 56, 75, 98, 115,

4 EAA-906 2,16,31, 41, 53, 65,76, 116,

5 EAL-0901 9,22,36,44, 62,72, 84,94, 117,
6 EAL-0902 66, 74, 87, 100, 118,

7 EAL-0903 13, 25, 37,52, 60, 69, 82, 97, 119,
8 EAL-0905 1, 23, 55, 64, 77, 89, 120,

9 EAL-0907 3, 15, 29, 40, 57, 67, 81, 95, 121,

10 EAL-0908
11 EAL-0909
12 EAL-0910
13 EAL-0926
14 EAL-0959
15 EAL-0960
16 EAL-0961

10, 30, 63, 79, 90, 102, 106, 110, 122,
5,17, 28, 42, 54, 73, 92, 103, 107, 111, 123,
4,18, 33, 48, 58, 70, 86, 124,

11, 24, 38, 50, 61, 80, 93, 125,

43, 51, 68, 85, 99, 126,
8,27,39,71, 88, 101, 127,

7,19, 32, 45, 83, 104, 108, 112, 128,
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51, 53, 55, 58, 59, 62, 64, 65, 68, 70, 71, 73, 77,
78, 82, 85, 86, 88, 89, 92, 96, 98, 101, 103, 105, 107, 109, 111,
52A 7,15, 19, 25, 28, 32, 39, 46, 54, 60, 63, 69, 76, 81, 97, 102, 110, 17.6
52B  3,5,12,13,17, 21, 27, 30, 35, 37, 42, 47, 52, 56, 57, 61, 66, 67, 14.2
72,74, 79, 80, 84, 87, 90, 94, 95, 99, 100, 104, 106, 108, 112,
73 1, 8,10, 23, 75, 83, 91, 93, 31
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i a; b; i a; b; i a; b;

1 05:40 07:29 21 07:54 08:49 41 10:25 11:37
2 05:43 06:41 22 07:56 09:08 42 10:30 11:36
3 05:45 06:37 23 07:58 09:50 43 10:45 11:59
4 06:00 07:15 24 08:08 09:17 44 10:54 12:48
5 06:00 06:49 25 08:15 09:19 45 10:59 12:08
6 06:15 07:38 26 08:30 09:38 46 10:59 12:01
7 06:18 07:21 27 08:31 09:24 47 11:00 11:56
8 06:19 08:21 28 08:40 09:51 48 11:19 12:27
9 06:29 07:51 29 08:44 09:53 49 11:28 12:38
10 06:43 08:35 30 08:56 11:02

11 06:44 08:03 31 08:59 10:06 103 19:11 20:28
12 06:44 07:41 32 09:12 10:19 104 19:34 20:39
13 06:51 07:59 33 09:18 10:26 105 19:50 20:56
14 07:00 08:19 34 09:25 10:36 106 20:26 21:16
15 07:05 08:23 35 09:32 10:38 107 20:29 21:42
16 07:08 08:26 36 09:46 10:56 108 20:51 21:46
17 07:23 08:21 37 09:49 10:44 109 21:12 22:25
18 07:33 08:47 38 09:58 11:05 110 21:25 22:31
19 07:37 08:39 39 10:01 11:16 111 21:49 22:56
20 07:39 08:47 40 10:11 12:51 112 22:00 22:51
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F 10 2 AP PR 4 (H 0 A 48)
il RS

i a; b; i a; b; i a; b;

1 10 119 21 144 199 41 295 367
2 13 71 22 146 218 42 300 366
3 15 67 23 148 260 43 315 389
4 30 105 24 158 227 44 324 438
5 30 79 25 165 229 45 329 398
6 45 128 26 180 248 46 329 391

7 48 111 27 181 234 47 330 386
8 49 171 28 190 261 48 349 417
9 59 141 29 194 263 49 358 428
10 73 185 30 206 332

11 74 153 Sab 209 276 103 821 898
12 74 131 32 222 289 104 844 909
13 81 149 33 228 296 105 860 926
14 90 169 34 235 306 106 896 946
15 95 173 35 242 308 107 899 972
16 98 176 36 256 326 108 921 976
17 113 171 37 259 314 109 942 1015
18 123 197 38 268 P53 110 ) 1021
19 127 189 39 271 346 111 979 1046
20 NG 1o 40 281 441 112 990 1041
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i a; b; i a; b; B i a; b; B i a; b;

14 90 169 22 146 218 40 281 441 86 684 767
26 180 248 36 256 326 57 444 509 124 1080 1080
47 330 386 44 324 438 67 548 o613 | 13 11 74 153
78 636 729 62 490 560 81 649 744 24 158 227
96 744 821 72 589 656 95 743 806 38 268 335
105 860 926 84 665 734 121 1080 1080 50 389 455
109 942 1015 94 742 804 | 10 10 73 185 61 489 544
113 1080 1080 117 1080 1080 30 206 332 80 644 716
6 45 128 66 531 589 63 505 577 93 727 828
20 129 197 74 613 086 79 640 699 125 1080 1080
34 235 306 87 690 754 90 705 771 | 14 43 315 389
49 358 428 100 793 854 102 819 897 51 389 513
59 462 540 118 1080 1080 106 896 946 68 550 626
91 707 831 13 81 149 110 955 1021 85 676 756
114 1080 1080 25 ..165 229 122 1080 1080 99 780 849
12 74 131 37 259 314 | 11 5 30 79 126 1080 1080
21 144 199 52 391 441 17 113 171 | 15 8 49 171
35 242 308 60 467 527 28 190 261 27 181 234
46 329 391 69 560 629 42 300 366 39 271 346
56 428 486 82 659 746 54 410 480 71 581 662
75 616 615 97 749 819 73 610 695 88 693 782
98 769 846 119 1080 1080 92 708 780 101 796 863
115 1080 1080 1 10 119 103 821 898 127 1080 1080
2 2 7/l 23 148 260 107 899 972 | 16 7 48 111
16 98 176 55 419 494 111 979 1046 19 127 189
31 209 276 64 510 579 123 1080 1080 32 222 289
41 295 367 77 630 704 | 12 4 30 105 45 329 398
53 399 470 89 704 809 18 123 197 83 661 783
65 529 600 120 1080 1080 33 228 296 104 844 909
76 619 693 3 15 67 48 349 417 108 921 976
116 1080 1080 15 95 173 58 450 519 112 990 1041
9 59 141 29 194 263 70 572 641 128 1080 1080
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Veh i b; E t w Veh i b, E t w
EAA-901 26 248 110 248 0 57 509 95.8 509 0
47 386 1358 38 0 67 613 1216 613 0

105 926 9 926 0 95 806 1182 809 3

109 1015 110 1015 0 EAL-0908 30 332 104.8 332 0

EAA-902 34 306 9 306 0 79 699 113 699 0
49 48 110 428 0 106 946 104 946 0

59 540 130 540 0 110 1021 126.4 1021 0

91 831 119 833 2 EAL-0909 42 366 89.8 366 0

EAA-903 21 199 121.6 199 0 54 480 112.2 480 0
46 391 118.2 391 0 92 780 110 780 0

18 615 104.8 618 3 107 972 110 972 0

98 846 124.8 846 0 111 1046 130 1046 0

EAA-906 31 276 90 276 0 EAL-0910 33 296 90 296 0
53 470 90 470 0 58 519 90 519 0

65 600 110 600 0 70 641 110 641 0

76 693 132.4 693 0 86 767 130 767 0

EAL-0901 62 560 50 560 0 EAL-0926 24 227 110 227 0
72 656 75.8 656 0 50 455 110 455 0

84 734 101.6 734 0 80 716 121.6 716 0

94 804 127.4 804 0 93 828 119 828 0

EAL-0902 87 754 107.4 754 0 EAL-0959 51 513 110 514 1
100 854 133.2 856 2 68 626 130 626 0

EAL-0903 37 314 104 314 0 99 849 115.8 851 2
52 441 129.8 441 0 EAL-0960 27 234 104.8 234 0

69 629 114.8 631 2 39 346 127.2 346 0

97 819 112.4 819 0 71 662 130 662 0

EAL-0905 23 260 88 260 0 101 863 110 863 0
55 494 108 494 0 EAL-0961 32 289 97.2 289 0

64 579 128 579 0 45 398 117.2 398 0

89 809 110 814 5 104 909 104.8 909 0

EAL-0907 15 173 118.2 173 0 112 1041 1164 1041 O
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i route length a; b; E; t w
1 73 31 10 119 119 119 0
2 73 31 148 260 119 - -
3 50 20 419 494 99 494 0
4 50 20 510 579 119 579 0
5 50 20 630 704 130 - -
6 50 20 704 809 110 814 5
D - - 1080 1080 150 - -
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218 MOE 2 B B b ] 4
50 g 52A 73
a; b; a; b; a; b; a; b;

05:45 07:05 06:45 07:55 05:45 06:50 05:40 07:30
06:15  07:35 | 08:15 09:25 | 06:15 07:20 10:40 12:30
06:45  08:05 10:45 11:55 | 07:15  08:20 15:40 17:30
07:15  08:35 13:45 14:55 | 07:45  08:50 | 20:40  22:30
07:45 09:05 16:45 17:55 08:45 09:50

08:15 09:35 18:15 19:25 09:45 10:50

09:15 10:35 | 20:15  21:25 11:45 12:50

10:15 11:35 12:45 13:50

11:15 12489 14:45 15:50

12:15 13:35 15:45 16:50

13:15 14:35 17:15 18:20

14:15 15:35 17:45 18:50

159 16:35 18:45 19:50

16:15 17:35 19:15  20:20

16:45 18:05 gl 22:20

17:15 18:35 2 24157 s

17:45 19:05

18:15 19:35

18:45 = 20:05

19:15 20:35

208" -3 5

21 ™ R 8.5
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% 19 P F 2 FRFE IR A
50 g 52A
a; b; a; b; a; b; a; b;

05:45 07:05 06:25 07:35 05:45 06:50 05:40 07:30
06:05  07:25 | 07:25  08:35 | 06:05 07:10 | 08:10 10:00
06:25  07:45 | 08:25 09:35 | 06:45  07:50 10:40 12:30
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