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BURIM NILPAN : AN EFFICIENT TRANSPORT PLANNING TO DELIVER
SUGAR CANE TO SUGAR MILL. THESIS ADVISORPHONGCHAI

JITTAMAI, Ph.D., 185 pp

LINEAR PROGRAMMING/VEHICLE ROUTING PROBLEM (VRP)/SXINGS

ALGORITHM

Sugar cane harvest and transportation are impdiasugar production cost.
Previous research has found that this cost is gis & 40% of the overall sugar
production cost. Currently, each sugar cane farpians his harvest, labor and
transportation individually without cooperation fnonearby farmers. This may
contribute to an inefficient use of labor and aatigf trucks at the mill simultaneously
for unloading process, which causes traffic congesand delay. Consequently, it
contributes to a cost increasing to farmers.

The idea is to group farmers’ land together anch larvest sequence using
sugar cane harvesters. The truck path sequertssigned to depend on sugar cane
harvester path, which helps distance and time ctetipn of sugarcane harvesters.
As a result, the time which the trucks spend wagifor unloading can be eradicated
and the trucks utilization is improved.

The number of trucks is formulated and compute dgear programming
problem. Sugar cane harvesters and trucks patleseimg are formulated as vehicle
routing problem and computed using savings algarith

The information of 50 plantations surrounding th@l mith 25,000 tons of
sugar cane harvest is used in this research. a&m skts ranging from 5 to 50

plantations are used tested to determine the refuitas been found that the number



of trucks can be reduced by 9% to 42%, the disttnaceled can be decreased by 2%
to 27%. The trucks can be utilized by traveling tteunds a day. The harvest and
transport cost can be reduced to 217 baht perwdich is approximately 3-5%

reduction from the current practice.

School of Industrial Engineering Student’signature

Academic YeaR008 Advisor’'signature
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n.1 meyammmmwawamsﬂaen’]mmﬂ

A13197 0.1 uaasduvusvelasazalsuamanan

uauthyiang waulasaaasu vinavaanaa (19) 3nades (A1)
1 1 50.40 504.00
2 1 23.85 238.50
3 7 5.10 51.00
4 1 5.40 54.00
5 7 9.15 91.50
6 7 10.58 105.75
7 7 18.90 189.00
8 2 10.35 103.50
9 5 71.03 710.25
10 7 33.83 338.25
2385.75

Y
N2 VIYAITUSNIY

A1319N 0.2 LAAIAIUATATTZEZN

Distance Matrix

0 1 2 3 4 5 6 7 8 9 10

0 0 3.09 | 21.08 | 5770 | 431 | 11.60 | 1.53 | 23.33 | 21.80 | 13.67 | 19.48

1 3.09 0 2471 | 634 | 5.48 | 10.32 | 13.19 | 23.96 | 22.59 | 12.58 | 20.30

2 | 21.08 | 2471 0 27.19 | 25.77 | 32.47 | 36.21 | 44.34 | 42.80 | 34.60 | 40.96

3 570 | 6.34 | 27.19 0 273 | 11.59 | 1492 | 18.02 | 16.92 | 13.71 | 14.63

4 431 | 548 | 25.77 | 2.73 0 11.61 | 14.93 | 19.43 | 18.33 | 13.72 | 16.04

5 11.60 | 10.32 | 32.47 | 11.59 | 11.61 0 541 | 28.78 | 27.68 | 4.20 | 23.36

6 1.53 | 13.19 | 36.21 | 14.92 | 14.93 | 5.41 0 32.10 | 31.00 | 2.67 | 26.68




79

A9 0.2 LAAIAIUATATIZZN (919)

Distance Matrix
0 1 2 3 4 5 6 7 8 9 10
7 | 23.33 | 23.96 | 44.34 | 18.02 | 19.43 | 28.78 | 32.10 0 14.98 | 31.03 | 18.88
8 |21.80|22.59 | 42.80 | 16.92 | 18.33 | 27.68 | 31.00 | 14.98 0 29.93 | 17.78
9 | 13.67 | 12.58 | 34.60 | 13.71 | 13.72 | 4.20 | 2.67 | 31.03 | 29.93 0 25.47
10 | 19.48 | 20.30 | 40.96 | 14.63 | 16.04 | 23.36 | 26.68 | 18.88 | 17.78 | 25.47 0
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nosanaunulumwan

Aunulumsnan = 4,771,500 UIN* (100/140)

= 3,408,214.29 1

a Y U
Wﬁ]]ﬁiﬂ]ﬂﬂﬂﬂiﬂﬂ]ﬁﬂluﬁ\‘l

Aunulumsvuds = 3,408,214.29 110* (30/100)

= 1,022,464.29 U

dou o d
ﬂ%}Nﬁ\‘lﬂ‘lm?ﬂQﬂﬁzﬁQﬂ (Objective Function)

o Y
frualv
) Y a 1 A .
X, = IUIUTD 10 aBAANIY Taen i =1
o Y i 1 A .
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a 9 g 1] {
Y = suadesinuluiun 1

1

Objective Function (1143usanvoanganldlumsvuassaiu)
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Min=x11 +x21;
30*x11 +20*x21 =yl;

yl =2385.75;

x11 <=334;

x21 <= 500;

6270*(x11) +4770*(x21) <= 1022464.286;

8)  ayUwaildvinmsilszananadialisunsu LINGO 10.0

Global optimal solution found.
Objective value:

Total solver iterations:

Variable Value
X11 79.52500
X21 0.000000
Yl 2385.750
Row Slack or Surplus
1 79.52500
2 0.000000
3 0.000000
4 523842.5
5 254.4750
6 500.0000

79.52500

0

Reduced Cost
0.000000
0.3333333
0.000000

Dual Price
-1.000000
-0.3333333E-01
-0.3333333E-01
0.000000
0.000000
0.000000

) ¥ ) 9 Y 9 a 1 9
paf lanmsmiuiudle Tlsunsuagdlanszunldsaussynaana 10 do

Y 2
311U 80 AU TumMsAUHUMITNUHUMTUUFIATIH
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N4 MIMUIUA Saving Cost 1HIZUY

A15199 1.3 LEAIHANITATUIUAT Saving Cost

Order Delete Node From | To d,; d, d; Saving value
1 - 7 8 23.33 | 21.80 | 14.98 30.15
2 7 8 10 | 21.80 | 19.48 | 17.78 23.50
3 7,8 5 9 11.60 | 13.67 | 4.20 21.07
4 57,8 6 9 1.53 13.67 | 2.67 12.53
51 56,7,8 3 10 5.70 19.48 | 14.63 10.54
52 3,5,6,7,8,10 4 10 4.31 19.48 | 16.04 7.75
6 3,5,6,7,8,10 4 9 4.31 13.67 | 13.72 4.26
71 3,4,5,6,7,8,10 1 9 3.09 13.67 | 12.58 4.18
72 1,3,4,5,6,7,8, 2 9 21.08 | 13.67 | 34.60 0.14
9,10
Total calculate iteration 9
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vl ngudleesva 5 uilas

m3stloua

90

min=x11+x21;

30*x11 +20*x21 =yl;

yl =939;

6270*(x11) +4770*(x21)<= 402428.57;

x11 <=334;

x21 <= 500;

wan laa1nmslszunanaas Tsunsy LINGO 10.0

Global optimal solution found.
Objective value:

Total solver iterations:

Variable Value

X11 31.30000
X21 0.000000
Y1 939.0000
Row Slack or Surplus
1 31.30000
2 0.000000

31.30000
0

Reduced Cost
0.000000
0.3333333
0.000000

Dual Price
-1.000000

-0.3333333E-01




91

Row Slack or Surplus
3 0.000000
4 206177.6
5 302.7000
6 500.0000

Dual Price
-0.3333333E-01
0.000000
0.000000

0.000000

V.2

naneed19ua 10 wilag

m3tlaua

min=x11+x21 ;

30*x11 +20*x21 =yl;

yl =2385.75;

6270*(x11) +4770*(x21)<= 1022464.286;

x11 <=334;

x21 <= 500;

wan laanmsszunanaals Tsunsy LINGO 10.0

Global optimal solution found.
Objective value:

Total solver iterations:

Variable Value

XI11 79.52500

79.52500
0

Reduced Cost

0.00000




92

Variable Value

X21 0.000000

Y1 2385.750

Row Slack or Surplus
1 79.52500

2 0.000000

3 0.000000

4 523842.5

5 254.4750

6 500.0000

Reduced Cost
0.3333333

0.000000

Dual Price
-1.000000
-0.3333333E-01
-0.3333333E-01
0.000000
0.000000

0.000000

v.3

naneveava 15 uiag

mM3tloua

min=x11+x21 ;

30*x11 +20*x21 =yl;

y1 = 6790.50;

6270*(x11) +4770*(x21)<=2910214.286;

x11 <=334;

x21 <= 500;




wan laa1nmslszunanaals Tsunsy LINGO 10.0

93

Global optimal solution found.

Objective value:

Total solver iterations:

Variable Value

X11 226.3500

X21 0.000000

Y1 6790.500

Row Slack or Surplus
1 226.3500

2 0.000000

3 0.000000

4 1491000

5 107.6500

6 500.0000

226.3500
0

Reduced Cost
0.000000
0.3333333

0.000000

Dual Price
-1.000000
-0.3333333E-01
-0.3333333E-01
0.000000
0.000000
0.000000

V.4

NQNFIRENIYIA 20 ti)ag

m3stloua

min=x11+x21 ;

30*x11 +20*x21 =yl;

yl =9339.75;

6270*(x11) +4770*(x21)<= 4002750;
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x11 <=334;

x21 <= 500;

wan ldanmstlszuranadieTsunsy LINGO 10.0

Global optimal solution found.
Objective value:

Total solver iterations:

Variable Value

X11 311.3250

X21 0.000000

Y1 9339.750

Row Slack or Surplus
1 311.3250

2 0.000000

3 0.000000

4 2050742.0

5 22.67500

6 500.0000

311.3250
0

Reduced Cost
0.000000
0.3333333
0.000000

Dual Price
-1.000000
-0.3333333E-01
-0.3333333E-01
0.000000
0.000000
0.000000

U.5

nguFIRENIYINIA 25 uilag

m3ytloua

min=x11+x21 +x12 +x22;

30*x11 +20*x21 =yl;
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30*x12 +20*x22 = y2;

yl =10563.75;

y2 = 563.75;

6270*(x11 +x12) + 4770*(x21 + x22)<= 4527321.429;

x11 <=334;

x12 <=334;

x21 <= 500;

x22 <= 500;

wan laanmsszunanaals Tsunsy LINGO 10.0

Global optimal solution found.

Objective value: 379.9792
Total solver iterations: 0

Variable  Value Reduced Cost
X11 334.0000 0.000000
X21 27.18750 0.000000
X12 18.79167 0.000000
X22 0.000000 0.3333333

Yl 10563.75 0.000000




Variable Value

Y2 563.7500
Row Slack or Surplus
1 379.9792
2 0.000000
3 0.000000
4 0.000000
5 0.000000
6 2185633.
7 0.000000
8 315.2083
9 472.8125
10 500.0000

Reduced Cost

0.000000

Dual Price
-1.000000
-0.5000000E-01
-0.3333333E-01
-0.5000000E-01
-0.3333333E-01
0.000000
0.5000000
0.000000
0.000000

0.000000

.6

nQuFIRENIYIA 30 uilag

m3stloua

min=x11+x21 +x12 +x22;

30*x11 +20*x21 =yl;

30*x12 +20*x22 = y2;

y1 = 10000;

y2 =1817.75;

6270*(x11 +x12) +4770*(x21 + x22)<= 5064750.00;




x11 <=334;

x12 <=334;

x21 <= 500;

x22 <= 500;

wan 1danmstlszuranadleTsunsy LINGO 10.0

Global optimal solution found.

Objective value: 393.9250

Total solver iterations: 0

Variable  Value Reduced Cost
X11 333.3333 0.000000

X21 0.000000 0.3333333

X12 60.59167 0.000000

X22 0.000000 0.3333333

Y1 10000.00 0.000000

Y2 1817.750 0.000000

Row Slack or Surplus Dual Price

1 393.9250 -1.000000

2 0.000000 -0.3333333E-01
3 0.000000 -0.3333333E-01
4 0.000000 -0.3333333E-01
5 0.000000 -0.3333333E-01

6 2594840 0.000000
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Row Slack or Surplus Dual Price
7 0.6666667 0.000000
8 273.4083 0.000000
9 500.0000 0.000000
10 500.0000 0.000000

V.7

naneveava 35 uiag

mstlaua

min=x11+x21 +x12 +x22;

30*x11 +20*x21 =yl;

30*x12 +20*x22 =y2;

y1 = 10000;

y2 = 5981.75;

6270*(x11 + x12) +4770*(x21 + x22)<= 6849321.43;

x11 <=334;

x12 <=334;

x21 <= 500;

x22 <= 500;

wan ldnmstlszuranadleTisunsy LINGO 10.0
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Global optimal solution found.

Objective value:

Total solver iterations:

Variable
X11
X21
X12
X22

Y1

Y2

Row

10

Value

333.3333
0.000000
199.3917
0.000000
10000.00

5981.750

Slack or Surplus
532.7250
0.000000
0.000000
0.000000
0.000000
3509136
0.6666667
134.6083
500.0000
500.0000

532.7250
0

Reduced Cost
0.000000
0.3333333
0.000000
0.3333333
0.000000

0.000000

Dual Price
-1.000000
-0.3333333E-01
-0.3333333E-01
-0.3333333E-01
-0.3333333E-01
0.000000
0.000000
0.000000
0.000000
0.000000




1.8

NQNFIRENIYIIA 40 ti)ag

m3stlouna

100

min=x11+x21 +x12 +x22;

30*x11 +20*x21 =yl;

30*x12 +20*x22 =y2;

y1 = 10000;

y2 = 8424.5;

6270*(x11 +x12) +4770*(x21 + x22)<= 7896214.29;

x11 <=334;

x12 <=334;

x21 <= 500;

x22 <= 500;

wan laa1nmslszunanaas Tsunsy LINGO 10.0

Global optimal solution found.
Objective value: 614.1500

Total solver iterations: 0
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Variable Value

X11 333.3333
X21 0.000000
X12 280.8167
X22 0.000000
Y1 10000.00
Y2 8424.500
Row Slack or Surplus
1 614.1500
2 0.000000
3 0.000000
4 0.000000
5 0.000000
6 4045494.
7 0.6666667
8 53.18333
9 500.0000
10 500.0000

Reduced Cost
0.000000
0.3333333
0.000000
0.3333333
0.000000

0.000000

Dual Price
-1.000000
-0.3333333E-01
-0.3333333E-01
-0.3333333E-01
-0.3333333E-01
0.000000
0.000000
0.000000
0.000000
0.000000

1.9

NQNFIRENIYINA 45 nilag

m3stloua

min=x11+x21 +x12 + x22 + x13 + x23;

30*x11 +20*x21 =yl;

30*x12 +20*x22 =y2;
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30*x13 +20*x23 =y3;

y1 = 10000;

y2 = 10000;

y3 =202.75;

6270*(x11 +x12 + x13) +4770*(x21 + x22 +x23)<= 8658321.43;

x11 <=334;

x12 <=334;

x13 <=334;

x21 <= 500;

x22 <= 500;

wan laa1nmsszunanaais TUsunsy LINGO 10.0

Global optimal solution found.

Objective value: 673.4250
Total solver iterations: 0

Variable Value Reduced Cost
X11 333.3333 0.000000

X21 0.000000 0.3333333
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Variable
X12
X22
X13
X23

Y1

Y2

Y3

Row

10
11
12
13
14

Value

333.3333
0.000000
6.758333
0.000000
10000.00
10000.00

202.7500

Slack or Surplus
673.4250
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
4435947.
0.6666667
0.6666667
327.2417
500.0000
500.0000
500.0000

Reduced Cost
0.000000
0.3333333
0.000000
0.3333333
0.000000
0.000000

0.000000

Dual Price
-1.000000
-0.3333333E-01
-0.3333333E-01
-0.3333333E-01
-0.3333333E-01
-0.3333333E-01
-0.3333333E-01
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
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NQNFIRENIYIIA 50 ui)ag

m3stlouna

104

min=x11+x12 +x13 +x21 + x22 + x23;

30*x11 +20*x21 =yl;
30*x12 +20*x22 =y2;

30*x13 +20*x23 =y3;

y1 = 10000;
y2 = 10000;

y3=5163;

6270*(x11 +x12 + x13) +4770*(x21 + x22 + x23)<= 10783930;

x11 <=334;
x12 <=334;

x13 <=334;

x21 <= 500;
x22 <= 500;
x23 <= 500;

wan laa1nmsszunanaals Tsunsy LINGO 10.0

Global optimal solution found.
Objective value: 838.7667

Total solver iterations: 0
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Variable

X11
X12
X13
X21
X22
X23
Y1

Y2

Y3

Row

10
11
12
13
14

Value

333.3333
333.3333
172.1000
0.000000
0.000000
0.000000
10000.00
10000.00

5163.000

Slack or Surplus
838.7667
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
5524863.
0.6666667
0.6666667
161.9000
500.0000
500.0000
500.0000

Reduced Cost
0.000000
0.000000
0.000000
0.3333333
0.3333333
0.3333333
0.000000
0.000000

0.000000

Dual Price
-1.000000
-0.3333333E-01
-0.3333333E-01
-0.3333333E-01
-0.3333333E-01
-0.3333333E-01
-0.3333333E-01
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
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