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Table 1. CO, emission factor from fossil fuel consumption (revised IPCC guidelines 1996)

g Eg CO, (g/Liter) CO, (Kg/Gj = Gg/Pj =Kton/Pj)
Fuel type
b 8 1897.9 55.820
Natural gas
sl 1624.6 62.436
LPG
B3 2289.8 68.607
Gasoline
RVESHRUR 2610.8 71.148
Kerosene
J2s3l5 2684.7 73.326
Gas oil
) 3001.3 76.539
Heavy oil
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Table 2. Distribution of beet from domestic supply centers to sugar beet factories in existing condition

(thousand tons)

R10 R9 RS R7 R6 R4 R3 R2 R1
304.541 P1
312.232 P2
239.129 P3
33.296 39.372 354.610 293.819 544518  665.363 P4
332.602 PS5
65.254 P6
15.227 P7
15.227 P8
155.000 P9
149.392 P10
11.628 P11
137.000 P12
84.358 P13
55.427 82.067 8.148 89.704 P14
0.3 P15
175.018 P16
43.315 P17
66.313 P18
95.159 P19
225313 P20
73.525 P21
53.088 P22
95.159 P23
84.500  33.590 P24
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Table 3. Distribution of sugar beet from the producer and importer province to sugar beet mills in optimal state

(thousand tons)

R10 R9 RS R7 R6 R4 R3 R2 R1
63.574 189.703 0.263 P1
260 52.231 P2
104.324 134.805 P3
409.713  1521.265 P4
332.602 P5
65.254 P6
15.227 P7
15.227 P8
155 P9
149.392 P10
11.627 P11
137 P12
55.426 28.931 P13
82.367 152.979 P14
0.3 P15
175.018 P16
43.315 P17
66.313 P18
95.159 P19
225313 P20
73.525 P21
53.088 P22
95.159 P23
84.500  33.590 P24
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Table 4. Transportation costs, loading and unloading of beet distributed from supply centers to demand centers
between existing and optimal situations

(w0y0) Jwals oyl o
Reduction rate Optimum mode
(percent) (million rails)

(Jby ogebeo) asuge <>

(JUy pgekao) 29250 229

Current situation
(million rails)

3/84 1131107.401206

1174750.630670 a2
Cost

A 9992 90 Camdg Clo 90 )0 HgulS 53 U8 juider @1 598 12 5L 9590 LS g O puao A Lo -0 Jgur
Table 5. Comparison of fuel consumption for distribution of sugar beet in the country between existing and

optimal conditions
(w29) oS ol e (i) aige > (5d) 292 90 gudg
Reduction rate Optimum mode Current situation
(percent) (liters) (liters)
24 89818780 91995745 e

Cost
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Table 6. Calculation of the environmental benefits of optimizing the sugar beet transportation network

(Jby) (o Coms ) Cxido

Environmental benefit (rials)

() CO, Ll grals
Reduction of CO,
emissions (tons)

bl pals Jigil O pao
(¥d)
Reduced gasoline
consumption (liters)

5733452475 5844

2176965 a5
Cost
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Introduction: Considering the high transportation costs of sugar market (produced by sugar beet), the logistic manage-
ment of its supply chain is of particular importance, which can reduce costs as well as air pollutants, and help with locating
facilities, on-time delivery of services and customer satisfaction. Up until now, few studies have been conducted on the
optimization of the distribution network of agricultural products in the supply chain, taking into account the economic and
environmental impacts. Therefore, the present study aimed to optimize the sugar beet’s distribution network from produc-
tion areas to refineries in Iran’s sugar supply chain and determine its economic and environmental impacts. In this study, in
addition to comparing transport costs in the current and optimal distribution situation, changes in fuel consumption per shift
in sugar beet’s distribution, reduced emissions due to the reform of the transportation network and its economic benefits in

the country were also evaluated.

Material and methods: The present study was carried out using data obtained from Iran’s statistics center in 2014 for 10
provinces producing sugar beet’s sugar, including Western Azerbaijan, Kermanshah, Khuzestan, Fars, Yasuj, Lorestan,
Semnan, Qazvin, Khorasan Razavi, and northern Khorasan and 24 demand centers. This study used a linear programming

model to consider the simple transport model to analyze the data using GAMS software.

Results and discussion: The implementation results of optimal transportation plan showed that the implementation of the

proposed program decreased the costs of about 4.5 billion USD, equivalent to 3.84%. Also, the implementation results of the

* Corresponding Author: Email Address. mfehresti@ardakan.ac.ir
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optimal transportation plan considering the environmental impacts indicated two million and 177 thousand liters reduction of

gasoline and 5.7 billion rials increase in environmental benefits.

Conclusion: It can be concluded that implementing an optimal transportation plan may reduce transportation costs as well
as environmental pollution. Therefore, implementation of an optimal plan resulted in the reduction of transportation costs
and consequently, on the final price of sugar. Based on results, it is suggested that, during transportation planning in the

sugar supply chain, the proposed model in this study should be used for sugar beet transport.

Keywords: Transport modeling, Mathematical programming, Fuel consumption, Sugar supply chain..
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