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 Agri-food supply chains have received the attention of many researchers in recent years for 
various reasons, including food security and health-related issues. Wheat, as a staple food in 
many countries, is the most cultivated crop in the world. Due to the importance of wheat, this 
paper proposes a mixed-integer linear mathematical model for redesigning and planning of the 
wheat supply chain. The proposed model determines the location and capacity of new storage 
facilities while addressing supplier selection, ordering, storing, transportation, and distribution 
problems. This model considers the differences between long-term and short-term storage 
facilities and the quality of wheat. Moreover, the proposed model addresses the uncertainties 
associated with the quantity of domestic supply and demand through a stochastic scenario-based 
programming approach. Applicability of this model is investigated using real data from the wheat 
supply chain of Iran. Results show that seven new long-term storage facilities should be opened, 
which decreases total costs by 3.45 percent. 
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1. Introduction 
 

Agri-food supply chain is a network of organizations working together in different processes and activities to bring 
agricultural products from the farm to the table. Agri-food supply chains are currently under public attention due to various 
reasons, including the changing attitudes of more health-conscious and better-informed consumers. These customers want 
to have precise information about the farming, marketing, and distribution practices used to bring the agricultural products 
into the shelves of the neighborhood supermarket (Ahumada & Villalobos, 2009). Wheat is the most important food grain 
source for humans. It is a major diet component because of its plants' agronomic adaptability, ease of grain storage, and 
ease of converting grain into flour for making edible, palatable, and satisfying foods (Curtis, 2002). As a result, wheat is 
the most cultivated crop in the world (FAO, 2017). Iran ranks 13th in the world regarding the quantity of wheat production 
and 6th regarding consumption per capita (FAO, 2017). Since the wheat supply chain of Iran is very vast, it needs to be 
planned carefully.  

In this paper, a mixed-integer linear mathematical model is proposed for redesigning and planning of the wheat supply chain 
of Iran. This model can optimize decisions about importing, transportation, storage, and distribution of wheat in addition to 
determining the location and capacity of new storage facilities that are needed. The proposed model considers the differences 
between long-term and short-term storage facilities. Also, this model addresses the uncertainties associated with the quantity 
of domestic supply and demand through a scenario-based programming approach. Since the government of Iran is the 
manager and the majority owner of the wheat supply chain, the proposed model can serve as a decision support system for 
the government.   
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The rest of this paper is organized as follows: Section 2 provides a review of related studies. The problem is defined and 
described in Section 3. Section 4 is dedicated to developing and explaining the mathematical model, and Section 5 presents 
data and results. Finally, section 6 is dedicated to conclusions and recommendations for further research.  

2. Literature review 
 

Many researchers have studied the supply chain of agricultural products in recent years. Ahumada and Villalobos (2009) 
reviewed the papers published from 1985 to 2007 and investigated various aspects of them, including crop type, planning 
scope, and modeling approaches. Tsolakis et al. (2014) reviewed the papers that were published in this field and classified 
them based on different strategic, tactical, and operational decisions. Handayati et al. (2015) reviewed the papers that 
addressed coordination in agri-food supply chains. Kusumastuti et al. (2016) focused on agri-food supply chain activities 
and classified the papers that were published from 1991 to 2015.  

Sheikhi and Nazeman (2004) focused on wheat imports of Iran and proposed a mixed-integer linear model that minimizes 
total costs. Bilgen and Ozkarahan (2007) concentrated on wheat exports of Turkey and developed a model that addresses 
shipping and blending decisions. O’Donnell et al. (2009) studied the wheat transportations in the northern U.S. and proposed 
a model that minimizes greenhouse gas emissions. Thakur et al. (2010) presented a multi-objective model to optimize 
shipping and blending decisions. The proposed model reduces the number of required storage bins for blending and total 
costs.  

Asgari et al. (2013) focused on domestically-produced wheat in Iran and proposed a mixed-integer linear programming 
model to optimize storage and transportation decisions. Casals and García (2015) addressed the import-export overlapping 
problem in Europe. Mahmoudinia et al. (2016) proposed a model to determine the location of multiple hubs in the wheat 
supply chain network. They also addressed transportation decisions. Nourbakhsh et al. (2016) presented a mathematical 
model that optimizes transportation decisions and determines the location and capacity of new processing facilities that are 
needed. Gholamian and Taghanzadeh (2017) proposed a mixed-integer programming model that addresses strategic and 
tactical decisions of the wheat supply chain of Iran. The storage plan of domestically-produced wheat is predetermined in 
their model.  

Mogale et al. (2017) studied the transportation and storage decisions of bulk wheat in India. Hajikhani et al. (2018) addressed 
the supplier selection and order planning problems in a fuzzy environment. The proposed model is Np-hard, and the Multi-
Objective Particle Swarm Optimization Algorithm is employed to obtain the results. Mogale et al. (2018) presented a multi-
objective model for the location-allocation problem of grain silos that considers costs and lead-times. Maiyar & Thakkar 
(2018) studied the grain transportation problem in the presence of hub disruption. They proposed a nonlinear programming 
model and used the particle swarm optimization algorithm to obtain the results.  

Mohammadi et al. (2020) developed a sustainable multi-objective model to design the supply chain network of the processed 
food industry. They considered the perishability of food products and employed the augmented ε-constraint method to solve 
the multi-objective problem. Irtyshcheva et al. (2020) addressed the theoretical and practical aspects of managing business 
processes in the food industry. Jifroudi et al. (2020) developed a mixed-integer linear mathematical model for designing 
and planning of the rice supply chain. They showed the applicability of the developed model through a case study of Iran 
farmlands in Gilan.  

Table 1 
Comparison of this paper with previous studies regarding the grain and wheat supply chain 

Authors Model Objective function(s) Uncertainty Decisions Considerations 
FL IP EP TSP B Q SP DSF 

Sheikhi & Nazeman (2004) LP Min cost          
Bilgen & Ozkarahan (2007) MILP Min cost          

Asgari et al. (2013) MILP Min cost          
Mahmoudinia et al. (2016) MILP Min cost          
Gholamian & Taghanzadeh 

(2017) MILP Min cost Scenario-
based         

Mogale et al. (2017)  MINP Min cost          
Mogale et al. (2018) MINP Min cost, Min lead-time          

Maiyar & Thakkar (2018) MINP Min cost Disruption         

This paper MILP Min cost Scenario-
based         

FL: Facility location, IP: Imports planning, EP: Exports planning, TSP: Transportation and storage planning, B: Blending, Q: Quality, SP: Sleep period, 
DSF: Differentiation between storage facilities, LP: Linear programming, MILP: Mixed-integer linear programming, MINP: Mixed-integer non-linear 
programming. 

Table 1 demonstrates the contributions of this paper in comparison to similar studies in the literature. In this paper, a mixed-
integer linear programming model is developed that addresses the following problems: 1) supplier selection and order 
planning, 2) transportation and storage planning, 3) blending, and 4) locating and determining the capacity of new storage 
facilities. To the best of our knowledge, this research is the first one that addresses designing and planning problems while 
differentiating between long-term and short-term storage facilities. Short-term storage facilities can hold wheat for three 
months, and existing wheat in these facilities must be relocated or sent for consumption before it deteriorates. Also, this 
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model considers the uncertainties associated with the quantity of domestic supply and demand through a scenario-based 
programming approach.  

3. Problem description 
 

The considered supply chain is shown in Fig. 1. In Iran, wheat is supplied by domestic farmers and foreign suppliers. 
Farmers, who are independent of the government, decide how much to plant and sell to the government based on the wheat 
guaranteed prices, which are announced before the beginning of the next crop year. The government is obliged by law to 
purchase all the quantity that farmers want to sell. Domestic supply is always less than production since farmers keep a part 
of their production for their consumption as well as next year's seed. Domestic wheat has different qualities and is classified 
into three quality groups. If the quality of wheat is not suitable for intended use, it is blended with another quality group. 

The government imports wheat to cover the gap between domestic supply and consumption and provide high-quality wheat 
for blending. Imported wheat is delivered at northern and southern seaports, as shown in Fig. 2. Imported wheat from 
countries like Australia can only be delivered at the southern ports, while wheat from countries like Russia can be delivered 
at the northern ports. Imported wheat is stored in storage facilities alongside domestically-produced wheat. 

 

Fig. 1. The wheat supply chain considered in this paper 

Vertical silos and automated horizontal silos are long-term storage facilities, while simple horizontal silos and ground 
warehouses are short-term storage facilities. Long-term storage facilities can hold wheat for three years, and short-term 
storage facilities can hold wheat for three months. Wheat is distributed among flour factories based on demand. In Iran, the 
capacity of flour factories in each province is almost twice the demand, thus demanded flour of each province is produced 
inside that same province. For this reason, flour factories are considered as actual demand zones in this paper.   

 

Fig. 2. Location of Iran's seaports that have the necessary equipment for importing wheat 
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Assumptions are as follows:  

- Production points, storage facilities, and demand points are located in the center of provinces.  
- Potential points for opening new storage facilities with four capacity levels are considered. 
- Short-term storage facilities can hold wheat for three months.  
- Long-term storage facilities are not empty at the beginning of the planning period, but short-term storage facilities are. 
- Imported wheat is delivered at seaports after lead time is passed. 
- The capacity of seaports for importing wheat is unlimited.  
- Wheat can be transported through rail and road.  
- For strategic reasons, the total inventory of wheat at the end of each period must be greater than or equal to the average 

demand of six months.  
- Shortage is not allowed.  
- Each period equals a month.  

 

4. Model formulation 
 

Indices, parameters, and variables used to formulate the mathematical model are introduced in the following: 

Sets and indices: 𝐼 Foreign suppliers, 𝑖 ∈ 𝐼; 𝐽 Seaports, 𝑗 ∈ 𝐽; 𝑃 Production points, 𝑝 ∈ 𝑃; 𝑆 Storage locations, 𝑠 ∈ 𝑆; 𝐾 Demand points, 𝑘 ∈ 𝐾; 𝑁 Storage facility types: short-term and long-term, 𝑛 ∈ 𝑁; 𝐿 Capacity levels for opening new storage facilities, 𝑙 ∈ 𝐿 𝑀 Transportation modes: rail and road, 𝑚 ∈ 𝑀; 𝑇 Periods, 𝑡 ∈ 𝑇; 

Θ Scenarios, 𝜃 ∈ Θ. 

Parameters: 𝑦  Equal to 1 if supplier 𝑖 can deliver wheat at port 𝑗, 0 otherwise;  𝑝𝑟𝑖𝑐𝑒  Price of wheat purchased from supplier 𝑖 in period 𝑡; 𝐿𝑇  Lead time: wheat purchased from supplier 𝑖 in period 𝑡 will be delivered at port 𝑗 in period 𝑡 + 𝐿𝑇 ; 𝐹𝐶  Fixed cost of supplier selection; 𝑐  Transportation cost form supplier 𝑖 to port 𝑗; 𝑐  Handling costs at port 𝑗; 𝑐  Transportation cost from port 𝑗 to storage facility 𝑠 using transportation mode 𝑚; 𝑐  Transportation cost from production point 𝑝 to storage facility 𝑠 using transportation mode 𝑚; 𝑐  Transportation cost from storage facility 𝑠 to demand point 𝑘 using transportation mode 𝑚; ℎ  Holding cost in a storage facility of type 𝑛; 𝐼𝑛𝑖𝑡𝑖𝑎𝑙  Initial inventory of long-term storage facility 𝑠; 𝑐𝑎𝑝  The supply capacity of supplier 𝑖 in period 𝑡; 𝑐𝑎𝑝  Holding capacity of storage facility type 𝑛 at location 𝑠; 𝑐𝑎𝑝  The capacity of transportation mode 𝑚 in period 𝑡; 
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541𝑂𝐶  The cost of opening new facilities of type 𝑛 at location 𝑠 with capacity level 𝑙;  𝑐𝑎𝑝  The capacity of new facilities of type 𝑛 with capacity level 𝑙; 𝑠𝑢𝑝  Domestic supply at production point 𝑝 in period 𝑡 under scenario 𝜃; 𝑞   The quality of wheat from supplier 𝑖; 𝑞  The quality of wheat from production point 𝑝; 𝑄 Acceptable quality level; 𝑑𝑒𝑚𝑎𝑛𝑑  The demand of point 𝑘 in period 𝑡 under scenario 𝜃; 𝑀 A big number; 𝜋  Probability of scenario 𝜃; 

Decision variables: 𝑥  The quantity of wheat purchased from supplier 𝑖 in period 𝑡 that will be delivered at port 𝑗 under scenario 𝜃; 𝑥  The quantity of wheat transported from port 𝑗 to storage facility type 𝑛 at location 𝑠 using transportation mode 𝑚 in period 𝑡 and is originally from supplier 𝑖 under scenario 𝜃; 𝑥  The quantity of wheat transported from production point 𝑝  to storage facility type 𝑛  at location 𝑠  using 
transportation mode 𝑚 in period 𝑡 under scenario 𝜃; 𝑥  The quantity of wheat transported from storage facility type 𝑛  at location 𝑠  to demand point 𝑘  using 
transportation mode 𝑚 in period 𝑡 under scenario 𝜃; 𝐼  The total quantity of wheat available in storage facility type 𝑛 at location 𝑠 at the end of period 𝑡 under scenario 𝜃; 𝑦  Binary variable: Equals 1 if supplier 𝑖 is selected in period 𝑡 under scenario 𝜃, 0 otherwise. 𝑦  Binary variable: Equals 1 if a new facility of type 𝑛 is opened at location 𝑠 with capacity level 𝑙, 0 otherwise. 

The objective function and constraints of the proposed mathematical model are as follows:  𝑀𝑖𝑛 𝐸[𝑍] = ∑ 𝜋 ∙ (∑ ∑ 𝐹𝐶 ∙ 𝑦 + ∑ ∑ ∑ 𝑝𝑟𝑖𝑐𝑒 + 𝑐 + 𝑐 ∙ 𝑥 + ∑ ∑ ∑ ∑ ∑ ∑ 𝑐 ∙ 𝑥 +∑ ∑ ∑ ∑ ∑ 𝑐 ∙ 𝑥 + ∑ ∑ ∑ ∑ ∑ 𝑐 ∙ 𝑥 + ∑ ∑ ∑ ℎ ∙ 𝐼 + ∑ ∑ ∑ 𝑂𝐶 ∙ 𝑦 )  

(1) 𝑠. 𝑡.: 
(2) ∑ 𝑥 ≤ 𝑐𝑎𝑝 ∙ 𝑦           ∀𝑖, 𝑡, 𝜃  

(3) 𝑦 ≤ ∑ 𝑥           ∀𝑖, 𝑡,𝜃  

(4) 𝑥 ≤ 𝑀.𝑦           ∀𝑖, 𝑗, 𝑡, 𝜃 

(5) 𝑥 = ∑ ∑ ∑ 𝑥 ,           ∀𝑖, 𝑗, 𝑡,𝜃  

(6) ∑ ∑ ∑ 𝑥 = 𝑠𝑢𝑝          ∀𝑝, 𝑡,𝜃  

(7) 𝐼 = 𝐼𝑛𝑖𝑡𝑖𝑎𝑙 + ∑ ∑ 𝑥 +  ∑ ∑ ∑ 𝑥 − ∑ ∑ 𝑥           ∀𝑠,𝜃,𝑛 = 𝑙𝑜𝑛𝑔𝑡𝑒𝑟𝑚, 𝑡 = 1  

(8) 𝐼 = 𝐼 , + ∑ ∑ 𝑥 + ∑ ∑ ∑ 𝑥 − ∑ ∑ 𝑥           ∀𝑠,𝜃,𝑛 = 𝑙𝑜𝑛𝑔𝑡𝑒𝑟𝑚, 𝑡 ≥ 2  

(9) 𝐼 = ∑ ∑ ∑ 𝑥 + ∑ ∑ ∑ ∑ 𝑥 − ∑ ∑ ∑ 𝑥          ∀𝑠, 𝑡,𝜃,𝑛 =𝑠ℎ𝑜𝑟𝑡𝑡𝑒𝑟𝑚  

(10) ∑ ∑ ( 𝑥 , + 𝑥 , ) ≥ 𝐼           ∀𝑠, 𝑡,𝜃,𝑛 = 𝑠ℎ𝑜𝑟𝑡𝑡𝑒𝑟𝑚  

(11) 𝐼 ≤ 𝑐𝑎𝑝 + ∑ 𝑐𝑎𝑝 ∙ 𝑦          ∀𝑠,𝑛, 𝑡,𝜃  



  542

(12) ∑ 𝑦 ≤ 1          ∀𝑠,𝑛  

(13) ∑ ∑ ∙ ∑ ∑ .∑ ∑ ∑ ∑ ∑ ≤ 𝑄        ∀𝑠,𝑛, 𝑡, 𝜃  

(14) ∑ ∑ 𝐼 ≥ 0.5 ∙ ∑ ∑ 𝑑𝑒𝑚𝑎𝑛𝑑          ∀𝑡  
(15) ∑ ∑ ∑ 𝑥 = 𝑑𝑒𝑚𝑎𝑛𝑑         ∀𝑘, 𝑡  
(16) ∑ ∑ ∑ ∑ 𝑥 + ∑ ∑ ∑ 𝑥 + ∑ ∑ ∑ 𝑥 ≤ 𝑐𝑎𝑝      ∀𝑚, 𝑡  
(17) 𝑥 ,𝑥 , 𝑥 , 𝑥 , 𝐼 ≥ 0,𝑦 ,𝑦 ∈ {0,1}  

 

The objective function (1) minimizes total opening, purchasing, transportation, and holding costs. Constraints (2) and (3) 
determine the capacity of foreign suppliers. Constraint (4) assigns seaports to foreign suppliers. Constraint (5) calculates 
lead-times and guarantees that imported wheat is transported to storage facilities when it is delivered. Constraint (6) 
determines the storage plan of domestic wheat. Constraints (7) to (9) calculate the amount of wheat in short-term and long-
term storage facilities. Constraint (10) makes sure wheat is sent for consumption before it deteriorates in short-term storage 
facilities. Constraint (11) determines the total capacity of storage facilities (existing and new). Constraint (12) states that 
only one capacity level can be selected for opening new storage facilities. Constraint (13) makes sure the quality of wheat 
in storage facilities is better than the acceptable quality level. Note that the first quality group is better than the second and 
third, so less is better. Constraint (14) guarantees the holding of strategic inventories. Constraint (15) states that all demand 
must be fulfilled, and shortage is not allowed. Constraint (16) determines the capacity of transportation modes. Finally, 
Constraint (17) shows decision variables and their types. 

The proposed model is a mixed-integer linear programming model since constraint (13) can be rewritten as follows: 

(18)  ∑ ∑ 𝑥 ∙ 𝑞 + ∑ ∑ ∑ 𝑥 . 𝑞 ≤ 𝑄 ∙ (∑ ∑ 𝑥 + ∑ ∑ ∑ 𝑥 )        ∀𝑠,𝑛, 𝑡  
5. Model implementation and results 
 

We investigated the applicability of the proposed mathematical model using real data of the wheat supply chain of Iran. The 
data was gathered with the help of different organizations such as “Ministry of Agriculture-Jihad,” “Government Trading 
Organization of Iran,” “Iran Road Maintenance & Transportation Organization,” “The Railways of Islamic Republic of 
Iran,” and “Ports & Maritime Organization of Iran.” Also, we used the expected value approach to obtain the results of the 
stochastic scenario-based problem.   

5.1.  Data and information  
 

The size of the problem is presented in Table 2 and wheat is cultivated in all 31 provinces of Iran. The amount of domestic 
production, domestic supply, imports, and demand from 2014 to 2017 is presented in Table 3. Major foreign suppliers of 
wheat include Argentina, Australia, Canada, the European Union, Kazakhstan, and Russia based on data provided by “Ports 
& Maritime Organization of Iran.” Iran has about 700 storage facilities with an overall capacity of 17.691 million tonnes 
for storing wheat, as shown in Table 4.  

Table 2  
The values assigned to indexes   

Index Description Details 𝑖 Foreign suppliers Argentina, Australia, Canada, European Union, Kazakhstan, Russia 𝑗 Seaports Imam Khomeini, Shaheed Rajaee, Chabahar, Bushehr, Anzali, Amirabad 𝑝, 𝑠,𝑘 Provinces 31 𝑛 Type of storage facilities Short-term and long-term 𝑙 Capacity levels  50000,100000,150000,200000 (tonnes) 𝑚 Transportation modes Rail and road 𝑡 Periods 12 months (one year) 
 

Due to currency fluctuations, all of the monetary-related data are presented in Iranian Rial. Wheat prices are obtained from 
indexmundi.com for corresponding years, and the exchange rate for global prices is considered 42000 (1 United States 
Dollar equals 42000 Iranian Rials) since wheat is a staple food and the government grants subsidies for its supply to keep 
the bread prices low. 
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Table 3  
Historical data regarding wheat production, supply, imports, and demand (tonnes) 

Year Domestic production Domestic supply Imports Total Demand 
2013 9304246 4820500 3404000 9051900 
2014 10578698 6716600 5275800 8930200 
2015 11522318 8082000 334000 7465700 
2016 14592003 11519700 544200 8955000 
2017 12400000 9500000 0 8900000 

 
Table 4 
Capacity of storage facilities 

Type of storage facility Capacity (thousand tonnes) 
Long-term 12622 
Short-term 5069 

Sum 17691 
 

5.2.  Scenarios 
 

Stochastic scenario-based programming is a popular tool in strategic planning. A scenario is a description of a future 
situation and the course of events that enables one to progress from the original situation to the future situation (Pishvaee 
et al., 2008). A good scenario is a relevant, consistent, probable, and transparent scenario. In principle, only a few 
substantially different scenarios are needed (Nguyen et al., 2007).  

Scenario building requires a wide spectrum of knowledge and opinions from multidisciplinary team members (Schwab et 
al., 2003). In other words, scenarios are usually built on experts’ opinions. In this research, the experts were asked to provide 
pessimistic, realistic, and optimistic values for domestic supply and demand. Based on the historical data and their expertise, 
while forecasting an increase in demand, they selected three values for total domestic supply and two values for total 
demand. As a result, six scenarios with equal probabilities were created, as shown in Table 5. 

Table 5  
The values of uncertain parameters 

Uncertain parameters Values (tonnes) 

Total domestic supply 
6000000 
9000000 
12000000 

Total demand 9000000 
10000000 

 

5.3. Results  
 

The model is coded in GAMS 24.1.2 and is solved by CPLEX solver. Tests are carried out on an Intel Core i7-5500U 2.40 
GHz computer with 8.00 GB RAM. This model has 25,411 equations and 837,103 variables. In the optimal solution, seven 
long-term storage facilities are opened in the following provinces: Bushehr, Khuzestan, Fars, Golestan, Gilan, Lorestan, 
and Hormozgan. The capacity of the silo that is opened in Hormozgan is 150000 tonnes, while the capacity of other silos is 
200000 tonnes. Note that, on average, the capacity of long-term storage facilities in Bushehr, Gilan, and Hormozgan is less 
than the annual demand. Also, in 2015, the capacity of long-term storage facilities in Bushehr, Khuzestan, Fars, and Golestan 
was less than the domestic supply. Therefore, historical data supports the results.  

The value of the objective function (total costs) in each scenario is presented in Table 6. Scenario 2 has the highest imported 
quantity and costs, while Scenario 3 has the lowest. This result shows the effects of purchasing and importing costs in 
increasing total costs and highlights the importance of achieving self-sufficiency. Moreover, in Scenarios 5 and 6, domestic 
supply can cover demand, but high-quality wheat is required for blending; hence wheat is still imported. Thus, improving 
the quality of domestic productions can reduce imports and total costs. 

Table 6  
The values of the objective functions  

Scenario Total domestic supply (tonnes) Total demand (tonnes) Total imports (tonnes) Total costs 
(million Rials) 

1 6000000 9000000 2963723.8  1.994 × 10  
2 6000000 10000000 4032792  2.641 × 10  
3 9000000 9000000 924047.1  8.313 × 10  
4 9000000 10000000 1032792  9.234 × 10  
5 12000000 9000000 997612.9  9.400 × 10  
6 12000000 10000000 1081498.7  1.001 × 10  
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Table 7 shows the amount of received wheat at seaports in each scenario. These results are interesting because, in 2014 and 
2015, 59 and 45 percent of imported wheat was received at Imam Khomeini port, respectively. However, in the optimal 
solution, this port is barely selected. In the optimal solution, 84 percent of imported wheat is received at northern ports, and 
the other 16 percent is received at southern ports, among which Shaheed Rajaee port is the most popular. Fig. 3 presents the 
results graphically.   

Table 7  
The amount of received wheat at seaports (tonnes) 

Scenario Imam Khomeini Shaheed Rajaee Chabahar Bushehr Anzali Amirabad Total 
1 0 311169.7 153787.3  227109.7 824151.5 1447505.6 2963723.8 
2 335469.1 298197.5 139171.5 264915.5 1011726.2 1983312.2 4032792 
3 0 0 0 0 584548.9 339498.2 924047.1 
4 0 0 0 0 568594.0 464198.0 1032792 
5 0 0 0 0 769478.0 228134.9 997612.9 
6 0 0 0 0 774803.7 306695.0 1081498.7 

 

 

Fig. 1. The share of seaports in importing wheat 

Finally, we investigated the effects of opening new storage facilities on total costs. For this aim, we compared the costs of 
each scenario before and after new storage facilities are established. Total opening costs are 150000 million Rials, and the 
improvement in costs are always more than opening costs, as shown in Table 8. The improvement in total costs increases 
when domestic supply grows.  

Table 8  
The effects of opening new storage facilities on total costs 

Scenario 
Total costs before 
opening new silos 

(million Rials) 

Total costs after opening 
new silos 

(million Rials) 

The improvement 
(million Rials) 

The improvement 
(percentage) 

1 2.00E+07 1.98E+07 2.18E+05 1.09% 
2 2.65E+07 2.63E+07 2.72E+05 1.03% 
3 8.47E+06 8.16E+06 3.08E+05 3.63% 
4 9.41E+06 9.08E+06 3.30E+05 3.51% 
5 9.86E+06 9.25E+06 6.12E+05 6.21% 
6 1.04E+07 9.86E+06 5.44E+05 5.23% 

 

6. Conclusion 
 

In this paper, a mixed-integer linear mathematical model has been proposed for redesigning and planning of the wheat 
supply chain of Iran. This model addresses the following problems: 1) supplier selection and order planning, 2) 
transportation and storage planning, 3) blending, and 4) locating and determining the capacity of new storage facilities. The 
proposed model considers the differences between long-term and short-term storage facilities. Also, this model takes into 
account the uncertainties associated with the quantity of domestic supply and demand through a scenario-based 
programming approach. Applicability of this model is investigated using real data from the wheat supply chain of Iran. 

Based on historical data, we have considered six scenarios with equal probabilities. Results show that seven long-term 
storage facilities should be opened in Bushehr, Khuzestan, Fars, Golestan, Gilan, Lorestan, and Hormozgan. The capacity 
of the long-term storage facility that should be opened in Hormozgan is 150000 tonnes, while the capacity of other silos is 
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200000 tonnes. Total opening costs are 150000 million Rials, which improves the costs of scenarios by 3.45 percent, on 
average. 

Moreover, we investigated the imports more thoroughly. In the optimal solution, 84 percent of imported wheat is received 
at northern ports, and the other 16 percent is received at southern ports, among which Shaheed Rajaee port is the most 
popular. However, in 2014 and 2015, 59 and 45 percent of imported wheat was received at Imam Khomeini port, 
respectively. This result states that the current situation is not optimal.  

For future research, considering a multi-product supply chain in which different qualities are needed for different purposes 
is suggested. Second, redesigning and planning of the wheat supply chain through a Robust programming approach is 
recommended. Finally, considering the possibility of exporting surplus wheat is suggested for future research.  

 

Acknowledgment  

This paper presents some results of a project funded by “Iran Road Maintenance & Transportation Organization.” The 
authors of this paper would like to express their special thanks of gratitude to the following people and organizations for 
their assistance and support in the data collection process: Dr. Adamnejad, Eng. Teimouri, Mr. Broujerdi, Dr. Fallahkohan, 
Mr. Ghanbari, Eng. Niyafar, Eng. Sharifpour, Eng. Pourazari, Eng. Dibaee, Eng. Mohri, “Iran Road Maintenance & 
Transportation Organization,” “Government Trading Organization of Iran,” “Ministry of Agriculture-Jihad,”  “The 
Railways of Islamic Republic of Iran,” and “Ports & Maritime Organization of Iran.”   

References   

Ahumada, O., & Villalobos, J. R. (2009). Application of planning models in the agri-food supply chain: A review. European 
Journal of Operational Research, 196(1), 1–20. 

Asgari, N., Farahani, R. Z., Rashidi-Bajgan, H., & Sajadieh, M. S. (2013). Developing model-based software to optimise 
wheat storage and transportation: A real-world application. Applied Soft Computing, 13(2), 1074–1084. 

Bilgen, B., & Ozkarahan, I. (2007). A mixed-integer linear programming model for bulk grain blending and shipping. 
International Journal of Production Economics, 107(2), 555–571. 

Casals, L. C., & García, B. A. (2015). Wheat interchanges in Europe: Transport optimization reduces emissions. 
Transportation Research Part D: Transport and Environment, 41, 416–422. 

Curtis, B. C. (2002). Wheat in the world. Food and Agriculture Organization. 
FAO. (2017). Food outlook biannual report on global food markets. Food and Agriculture Organization. 
Gholamian, M. R., & Taghanzadeh, A. H. (2017). Integrated network design of wheat supply chain: A real case of Iran. 

Computers and Electronics in Agriculture, 140, 139–147. 
Hajikhani, A., Khalilzadeh, M., & Sadjadi, S. J. (2018). A fuzzy multi-objective multi-product supplier selection and order 

allocation problem in supply chain under coverage and price considerations: An urban agricultural case study. Scientia 
Iranica, 25(1), 431–449. 

Handayati, Y., Simatupang, T. M., & Perdana, T. (2015). Agri-food supply chain coordination: The state-of-the-art and 
recent developments. Logistics Research, 8(1), 5. 

Irtyshcheva, I., Stehnei, M., Popadynets, N., Danylo, S., Rogatina, L., Bogatyrev, K., Boiko, Y., Hryshyna, N., Ishchenko, 
O., & Voit, O. (2020). Business process management in the food industry under the conditions of economic 
transformations. Management Science Letters, 10(14), 3243–3252. 

Jifroudi, S., Teimoury, E., & Barzinpour, F. (2020). Designing and planning a rice supply chain: A case study for Iran 
farmlands. Decision Science Letters, 9(2), 163–180. 

Kusumastuti, R. D., van Donk, D. P., & Teunter, R. (2016). Crop-related harvesting and processing planning: A review. 
International Journal of Production Economics, 174, 76–92. 

Mahmoudinia, M., Soleimani Sedehi, M., & Karimi, B. (2016). Wheat supply chain network design using a hub-location 
approach and considering rail and road transportation modes. Quarterly Journal of Transportation Engineering, 8(1), 
125–140. 

Maiyar, L. M., & Thakkar, J. J. (2018). Modelling and analysis of intermodal food grain transportation under hub disruption 
towards sustainability. International Journal of Production Economics. 

Mogale, D. G., Kumar, M., Kumar, S. K., & Tiwari, M. K. (2018). Grain silo location-allocation problem with dwell time 
for optimization of food grain supply chain network. Transportation Research Part E: Logistics and Transportation 
Review, 111, 40–69. 

Mogale, D. G., Kumar, S. K., Márquez, F. P. G., & Tiwari, M. K. (2017). Bulk wheat transportation and storage problem 
of public distribution system. Computers & Industrial Engineering, 104, 80–97. 

Mohammadi, Z., Barzinpour, F., & Teimoury, E. (2020). Designing sustainable supply chain network by considering direct 
and indirect shipment: Evidence from food industry. Decision Science Letters, 9(3), 323–336. 

Nguyen, T. G., de Kok, J.-L., & Titus, M. J. (2007). A new approach to testing an integrated water systems model using 
qualitative scenarios. Environmental Modelling & Software, 22(11), 1557–1571. 

Nourbakhsh, S. M., Bai, Y., Maia, G. D., Ouyang, Y., & Rodriguez, L. (2016). Grain supply chain network design and 



  546

logistics planning for reducing post-harvest loss. Biosystems Engineering, 151, 105–115. 
O’Donnell, B., Goodchild, A., Cooper, J., & Ozawa, T. (2009). The relative contribution of transportation to supply chain 

greenhouse gas emissions: A case study of American wheat. Transportation Research Part D: Transport and 
Environment, 14(7), 487–492. 

Pishvaee, M. S., Fathi, M., & Jolai, F. (2008). A fuzzy clustering-based method for scenario analysis in strategic planning: 
The case of an Asian pharmaceutical company. South African Journal of Business Management, 39(3), 21–31. 

Schwab, P., Cerutti, F., & von Reibnitz, U. H. (2003). Foresight–using scenarios to shape the future of agricultural research. 
Foresight. 

Sheikhi, A., & Nazeman, H. (2004). Developing a model for scheduling and distribution planning of Iran’s wheat imports. 
Iranian Journal of trade studies (Quarterly), 29(8), 73–102. 

Thakur, M., Wang, L., & Hurburgh, C. R. (2010). A multi-objective optimization approach to balancing cost and traceability 
in bulk grain handling. Journal of Food Engineering, 101(2), 193–200. 

Tsolakis, N. K., Keramydas, C. A., Toka, A. K., Aidonis, D. A., & Iakovou, E. T. (2014). Agrifood supply chain 
management: A comprehensive hierarchical decision-making framework and a critical taxonomy. Biosystems 
Engineering, 120, 47–64. 

 
             

 

 
© 2020 by the authors; licensee Growing Science, Canada. This is an open access article 
distributed under the terms and conditions of the Creative Commons Attribution (CC-BY) 
license (http://creativecommons.org/licenses/by/4.0/). 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


