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ABSTRACT

The main objective of this research is to study an enhance of the efficiency of transportation using
theories related to the Capacitated Vehicle Routing Problem (CVRP) by conducting experiments that involve
changing the truck types and adjusting the delivery time window. The Clarke & Wright's Savings Algorithm was
employed to find the most suitable and efficient routes, and the results of the experiments were analyzed and
compared with the current operational processes.

The research findings indicate that increasing the sizes of the trucks, which lead to reduced
transportation costs per delivered quantity over shorter distances can result in cost savings of up to 20%. This
is achieved under the condition that all customers permit the use of larger trucks for safe delivery.

Furthermore, expanding the delivery time window is a factor that contributes to increased transportation
efficiency. By extending the delivery time to 3, 5, and 7 days, it is possible to achieve overall cost savings of up
to 30%, 41%, and 46% respectively. These savings are achieved under the condition that the product level on
the delivery date must not fall below the level that can be maintained in the gas supply system at the customers’
location.

The main practice of this research is to maintain the product level on the day of refueling at a minimum
of 30% of the maximum tank capacity. This is achieved by adjusting the delivery time to achieve greater long-
term cost savings and improve transportation efficiency in the short term. Therefore, this research enhances the
management of vehicle routing and delivery planning, allowing for potential improvements to the current

operational processes.
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Research procedures

[ Study the research problems ]

Literature Review
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Gather Information

v

BN

and using CWRP

Conductincreasing transportation efficiency scheme
1. Calculate actual cost for base line
Improve base line cost by using CVRP
Improve base line cost by changing Truck Type and using CVRP

Improve base line cost by changing Truck Type, Time Window,

¥

Compare results from each scheme

v

[ Conclusion and recommendation ]

Figure 3 Research procedures
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Table 1 Transportation cost by type of truck

Type of Truck Transportation Cost (THB/km)
Rigid 28.22

24.24
Trailer 29.02

23.47

Remark: Diesel price 24 THB/Liter

Table 2 Tank size and type of transportation

Customer Tank Size (MT) Type of Truck

Do7 14.9 Rigid

D10 14.9 Rigid

D02 14.9 Rigid

D12 14.9 Rigid

D06 14.9 Rigid

D01 14.9 Rigid

D09 14.9 Rigid

D05 40.5 Trailer

D08 25.0 Trailer

D11 40.5 Trailer

D04 14.9 Trailer

D03 14.9 Trailer

D15 40.5 Trailer

D14 25.0 Trailer

D16 25.0 Trailer

D06 25.0 Trailer
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AI9e levinsideannsdidnmlasiden 1Iuduan 16 e mzmmag}iﬂ”ﬁ"tﬂluﬁuﬁnm
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Table 3 Calculated transportation distance in kilometer (km) from each pair of customers

0 D05 D08 D10 D11 D16

0 0 208 179 122 191 82
D05 0 24 92 137 121
D08 0 65 113 98
D10 0 82 21
D11 0 121
D16 0
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Table 4 Product demand in tons/month (MT/m) of 5 target customers

No. Customer Demand (MT)
1 D05 7.0
2 D08 9.0
3 D10 3.0
4 D11 7.0
5 D16 14.0

Table 5 Calculated saving cost from each pair of customers in term of kilometer (km) saving.

1 2 3 4 5
D05 D08 D10 D11 D16
1 D05 0 363 238 262 169
2 D08 0 236 257 163
3 D10 0 231 183
4 D11 0 152
5 D16 0
Table 6 Sorting the order of savings of each pair of customers (km)
Node Pair of Customer Saving (km)
1-2 D05-D08 363
1-4 D05-D11 262
2-4 D08-D11 257
1-3 D05-D10 238
2-3 D08-D10 236
3-4 D10-D11 231
3-5 D10-D16 183
1-5 D05-D16 169
2-5 D08-D16 163
4-5 D11-D16 152
Table 7 Calculation of the total capacity of each pair of customers.
Route Total Capacity (MT) Status
1-2 7+9 = 16 Under Capacity
1-2-4 7+9+7 =21.0 Over Capacity
1-2-3 7+9+3 = 19.0 Under Capacity
4-5 445 19.0 Under Capacity
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Table 1

Table 8 Product demand in tons/month (MT/m) of 16 target customers

Row Labels Jan-19 Feb-19 Mar-19 Apr-19 May-19 Jun-19  Jul-19
DO1 5.54 6.49 5.78 3.30 6.70 6.25 6.11
D02 28.29 23.65 27.79 9.11 18.16 17.83 39.76
D03 22.03 21.16 7.90 29.59 14.53 15.60 6.13
D04 4.97 0.00 2.41 2.87 2.50 2.77 0.00
D05 16.41 16.58 16.98 17.00 33.85 17.00 17.00
D06 2.00 2.00 2.01 4.00 0.00 4.27 2.00
D07 11.73 8.99 14.12 9.29 9.47 12.92 16.38
D08 29.88 46.03 39.68 33.30 62.68 62.13 48.24
D09 11.65 5.01 9.04 6.02 11.12 5.90 6.67
D10 7.97 9.73 10.49 6.95 7.53 7.82 7.68
D11 18.21 0.00 19.11 16.27 19.59 0.00 0.00
D12 2.71 3.89 0.00 0.00 2.50 0.00 3.77
D13 10.67 0.00 0.00 10.00 14.24 0.00 0.00
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Table 8 Product demand in tons/month (MT/m) of 16 target customers (continue)
Row Labels Jan-19 Feb-19 Mar-19 Apr-19 May-19 Jun-19  Jul-19
D14 20.65 19.39 17.28 20.26 19.94 28.54 10.21
D15 15.20 17.51 16.05 18.11 17.31 16.14 16.72
D16 27.78 64.86 63.15 58.47 61.03 48.03 55.00
Total 235.67 245.31 251.79 244.54 301.17 24521 235.67
Table 9 Calculated transportation distance in kilometer (km) from each pair of customers
6 w0 @ o ~ N~ [a) < N © 50 by o] < D © ©
g 8 8 &3 535 8 8 8 & &8 &8 8 & & 8 & 8
Depot 0 208 179 122 191 135 104 170 104 127 148 132 322 311 162 82 212
D05 0 24 92 137 88 127 111 127 93 101 74 256 163 108 121 90
D08 0 65 113 64 103 90 103 71 77 52 231 164 83 98 83
D10 0 8 25 43 57 43 33 40 50 214 188 50 21 80
D11 0 95 104 45 104 114 56 103 146 143 51 121 70
D07 0O 70 65 70 20 55 16 218 203 58 47 90
D02 0O 8 0 72 63 77 237 223 77 26 126
D04 0 92 8 29 70 164 161 22 108 52
D12 0 72 63 77 237 223 77 26 126
D06 0 68 33 242 216 82 47 109
D03 0 58 184 174 20 78 54
DO1 0 223 197 66 60 90
D15 0 106 176 250 169
D14 0 174 248 120
D09 0 142 50
D16 0 129
D06 0
Table 10 Calculated saving cost from each pair of customers in term of kilometer (km) saving
= 8 & 5 8 8 8 5 8 8 83 8 &5 & & B
D05 0 363 238 262 255 185 267 185 242 255 266 274 356 262 169 330
D08 0 236 257 250 180 259 180 235 250 259 270 326 258 163 308
D10 0 231 232 183 235 183 216 230 204 230 245 234 183 254
D11 0 231 191 316 191 204 283 220 367 359 302 152 333
D07 0 169 240 169 242 228 251 239 243 239 170 257
D02 0 190 208 159 189 159 189 192 189 160 190
D04 0 182 211 289 232 328 320 310 144 330
D12 0 159 189 159 189 192 189 160 190
D06 0 184 203 184 199 184 139 207
D03 0 222 286 285 290 152 306
D01 0 231 246 228 154 254
D15 0 527 308 154 365
D14 0 299 145 403
D09 0 102 324
D16 0 165
D06 0
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Table 11 Compared results for different schemes of vehicle routing

Distance Cost Cost Saving % Saving
Scheme Condition
(km) (THB) (THB)
Base Line - Truck Type: Trailer and Rigid 70,862 2,034,132 0 0%
- Time Window: 1 Day
- Route Management: On-call
Scheme 1 - Truck Type: Trailer and Rigid 66,538 1,910,031 124,101 6%
-Time Window: 1 Day
- Route Management: CVRP
Scheme 2 - Truck Type: Trailer 55,961 1,623,988 410,144 20%
-Time Window: 1 Day
- Route Management: CVRP
Scheme 3.1 - Truck Type: Trailer 44,863 1,301,924 732,207 36%
- Time Window: 3 Day
- Route Management: CVRP
Scheme 3.2 - Truck Type: Trailer 41,551 1,205,810 828,321 41%
- Time Window: 5 Day
- Route Management: CVRP
Scheme 3.3 - Truck Type: Trailer 38,176 1,107,868 926,263 46%

- Time Window: 7 Day
- Route Management: CVRP
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