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A B S T R A C T  

Food supply networks are vital to the global economy, producing and 

consuming products worldwide. Supply chain management (SCM) 

has emerged as a crucial technique to optimize the integrated network 

of suppliers, factories, warehouses, customers, and distribution 

channels. SCM aims to ensure efficient raw material sources, 

transformation, transportation, and timely customer delivery. Edible 

oil, a crucial ingredient for cooking and food preparation, is utilized 

by people from all social classes. Vegetable oils, particularly 

sunflower, soybean, peanut, and others, are the main source of edible 

oils, which have less unsaturated fatty acids compared to animal oils. 

The production and consumption of edible oils have substantial 

environmental impacts, necessitating increased research to address 

these implications. Sunflower, a valuable oilseed crop, is grown 

worldwide due to its short growing season and adaptability to various 

climates and soil types. Sunflower seeds have high oil and protein 

content, making them popular for their health benefits. In this article, 

a linear optimization model is designed for the sunflower oil supply 

chain from the farmer to the end user. The objective is to minimize the 

overall transportation cost subject to capacity, demand fulfillment, and 

waste management.   

 

K e y w o r d s : Sunflower oil production, food supply chain, supply 

chain management, linear programming   

( M S C 2 0 2 0 )  C o d e s :  90C05, 90C08

 

1 | INTRODUCTION 

Food supply networks are a significant component of the global economy. Products are created 

and consumed globally, and processes are concerned with pollution, employment, and the use of natural 

resources. High volume, quickly moving products readily available to consumers are presented 

characteristics. Most of the food often has a short shelf life, and there are strict traceability requirements 

and pricing constraints [1].  
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Edible oil is a crucial dietary ingredient for cooking and food preparation. Despite uneven global 

per capita consumer preferences, the product is utilized by almost all social classes. A plethora of plants 

can synthesize edible oil. One of the major gripes for the oil processing plants is conserving the product’s 

decent quality after processing until it can be utilized by the user. The predominant consumption of 

edible oils worldwide is related to vegetable oils since they include fewer unsaturated fatty acids than 

animal oils. Edible oil is one of the main items in the home food basket. Edible oil is one of the goods 

with the highest environmental impacts throughout all production and consumption stages [2]. To 

discover environmental implications along the entire chain of edible oil production, research activities 

seem to be increased [3]. The world’s second-largest food resource presently, after cereals, is oil crops. 

These compositions exhibit plentiful fatty acid deposits. The synthesis of vegetable oil is now regarded 

as a crucial industry in the preponderance of countries around the globe. Oil seeds notably soybean, 

sunflower, hazelnut, and biodiesel are the major source of vegetable oils [4].Sunflower is placed third 

due to its high-quality oil, behind soybean, and peanut, along with other oil seed crops including 

rapeseed and cotton [5]. Because of the therapeutic benefits of its oil, which incorporates enormous 

amounts of fatty acids called polyunsaturated, these seeds have become exceedingly renowned [6].  

The sunflower crop can be grown twice a year because it only lasts 90 to 120 days [7]. Due to its 

wide range of soil and climatic adaptation, short growing season, and optimal positioning in the 

cultivation system, this plant has a special value and has received significant attention in response to the 

rising need for vegetable oils [8]. The early 1990s saw the emergence of one of the most crucial 

management techniques: supply chain management (SCM): an integrated network of suppliers, 

factories, warehouses, customers, and distribution channels. These entities work together to receive raw 

materials, transform them into finished goods, locate distribution centers choose the best modes of 

transportation, and then distribute goods to the customer hubs in the appropriate amounts, at the 

appropriate times, and at the proper locations. SCM takes into account all of the elements that come 

together to deliver goods or services to clients. At various points in strategic design, operational thinking, 

and production strategy, supply chain managers always look for the optimal choices [9].  

Grabbing a marketing domain for businesses in the global market requires a well-organized and 

rigorous supply chain network. In supply chain management, the contest of network design is addressed 

by determining positions and counting actors, calculating product flow, and reducing transportation 

costs. The value and relevance of the supply chain’s constituents are important to satisfy market demand 

and establish a sustainable link between all the stages from raw material to consumer end. The massive 

and tremendously intricate logistics services involved in local and global supply chain networks 

critically need to minimize transportation costs, which seems to be a challenging task to accomplish [10]. 

A network of facilities and transportation methods that are interconnected and used for the production, 
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distribution, and storage of materials and goods is known as a supply chain [11], [12], [13]. Typical 

supply chain components may include suppliers, manufacturers, distributors, consumers, and retailers 

as shown in Figure 1.  

 

Figure 1. Supply Chain Network 

 
 

The best arrangement and functioning of each of these components should be reflected in a 

supply chain that has been created to the highest degree possible using several measures [14]. 

Optimization supply chain at a larger scale involving various products, distribution networks, and 

customer satisfaction is a difficult task to handle [15]. In addition, several concerns, such as supply 

disruption and fluctuations in the worldwide pricing of basic items, would affect the supply chain. For 

large-scale and complicated supply chains to operate seamlessly under uncertainty, there is significant 

economic potential as well as a practical necessity to design and coordinate the activities of all supply 

chain entities properly. As a result, businesses and academics have shown a lot of interest in optimization 

models and techniques for supply chain design and operations during the past few decades [16], [17], 

[18], [19].  

Food production, preservation, processing, and distribution are among the top industries 

worldwide. Only in Europe it generates a revenue of 1048 billion euros and employs over 4.2 million 

people [20].It is well noted that the processed food sectors do not adhere adequately to the traditional 

supply chain management strategies [21]. Especially in comparison to other supply chains, the 

peculiarities of food supply chains are also very dissimilar. The fundamental contrast is the ongoing 

change in raw material quality, from the producer to the point of treatment at the plants and in final 

product quality. Food supply chains are more complex and harder to manage than other supply chains. 

The shelf-lives of raw, intermediate, and final goods together with the strong uncertainties in the whole 

chain challenge good supply chain management and planning [22], [23].   

Food commodities frequently create significant logistic and transportation challenges due to 

their postharvest losses, limited storage space, and requirements for sanitation and authenticity. The 

average distance that food travels from producers to end consumers has increased significantly over the 

past two decades, and food supply chains around the world have become more complex due to the 

numerous individuals involved. Global food systems are a major source of pollution and a contributing 

factor in climate change due to a high demand for greater food production and an increase in logistics 

and transportation. The reduction of transportation and environmental costs involves cooperation 

amongst supply chain participants, as one supply chain unit working alone may achieve very little [24]. 
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The edible oil supply chain is concerned with the production, distribution, and handling of edible oils 

for human use. There are often multiple steps in the supply chain for edible oil, including farming, 

processing, packaging and storage, transportation, and distribution. 

Optimization is a method used to solve complex problems. It is beneficial to find the solution 

that produces the best outcome, obtains the maximum profit, output, or happiness, or results in the least 

amount of waste, suffering, or cost. Making the best use of resources including cash, time, equipment, 

personnel, inventories, land, and water often involves solving these difficulties [25].  Optimization refers 

to making the greatest use of available resources and technologies. Many difficulties can be optimized 

with better strategy and execution. For better results, use mathematical methods like linear 

programming and quantitative models. Mathematical techniques are now used to handle a variety of 

operational planning issues relating to transportation. For modeling most of these transportation issues, 

linear programming is used [26]. One of the core issues in network flow is the transportation problem, 

which is typically used to reduce transportation costs for industries with many sources and destinations 

while meeting supply and demand constraints. Countless investigations have been conducted in this 

arena.  

Dynamical sub-models have also been used to formulate mathematical programming models for 

integrated supply chains [27]. A model of a simple integrated production-distribution system was 

provided, and its practical aspects were analyzed. A method for discovering near-optimal solutions was 

proposed, focusing on a simple, one-product, three-location network consisting of a single shop, a 

finished goods stockpile, and a single factory with one station. This basic network is designed to 

highlight the key trade-offs of interest.   A distribution/production optimization model was designed, 

encompassing manufacturer headquarters and adjacent warehouses [28]. The suggested model operates 

under limitations on production capacity and inventory equilibrium, aims to reduce wage costs, 

including those related to stock and transportation. 

Conventional optimization techniques become potentially more complicated when flexible 

supply connections are involved. Therefore, a hybrid genetic algorithm is used for the location-allocation 

model, contributing a robust method to address these challenges [29]. The problem of order allocation 

in supply chain management, particularly through the adoption of Mass Customization Logistics 

Services (MCLS), is addressed by incorporating the role of a Logistic Service Integrator (LSI), who 

manages logistics services and outsources specific tasks to Functional Logistics Service Providers 

(FLSPs). The findings help the decision-makers to optimize order allocations, thereby minimizing supply 

chain costs while utilizing MCLS [30].  

Using a systematic literature review, the research identifies four technological groups and their 

applications, objectives, and benefits within the agri-food sector. It also categorizes three types of agri-
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food supply chains, analyzes their configuration and dynamics, and identifies the most suitable 

technologies for each type [31]. Stochastic multi-objective programming models have also been 

developed to improve sustainability in the agricultural food supply chain network, addressing issues 

like greenhouse gas emissions and water consumption due to increased production [32]. To signify the 

ambiguous information structure, a multi-stage stochastic integer programming approach is developed. 

The proposed dynamic programming model is based on scenario trees. The model provides near-optimal 

solutions for large-size instances with the least computational effort [33]. A two-stage stochastic 

programming model was designed to improve the quality of dehydrated apple products by optimizing 

producer selection and cold storage management. The model addresses uncertainties in the conversion 

rate of fresh apples to dehydrated products and the purchase cost of apples, using scenarios generated 

from historical data [34].  

A Sustainable Closed-Loop Supply Chain Network (CLSCN) is a supply chain system 

formulated to incorporate forward logistics (traditional supply chain processes) with reverse logistics 

(processes that return products and materials to the supply chain for reuse, recycling, or safe disposal) 

while considering environmental, economic, and social sustainability factors. This framework address’s 

location, allocation, and inventory decisions with objectives to minimize total cost and CO2 emissions 

and maximize job opportunities. For small instances, the model is solved using the epsilon-constraint 

method, while for large-scale networks, innovative hybrid optimization algorithms are introduced [35]. 

Artificial intelligence is used to upgrade the sustainability of closed-loop supply chain (CLSC) for 

pomegranates, integrating forward and reverse logistics over multiple periods. The logistics network 

incorporates manufacturers, distribution centers, customers, factories, recycling centers, and compost 

markets. Wasted pomegranates are recycled into ethanol and compost. The model aims to minimize 

supply chain costs, reduce risks, and increase profits for gardeners and investors in Iran [36]. AI-based 

technologies' impact on reducing waste and minimizing costs in the agri-food supply chain, ultimately 

increasing organizational profitability. Utilizing dynamic capability view (DCV) and organizational 

information-processing theories, the research also examines how outbound logistics and distribution 

network efficiency (DNE) mediate the relationship between AI and agri-food supply chain efficiency 

(AFSCE) [37]. A coalition reliability index is established to synthesize and optimize an integrated oil 

palm value chain (OPVC) network, aiming to improve economic and environmental performance under 

different supply chain management systems [38].  

Sustainability is a crucial part of any supply chain network. Several optimization models and 

multi-criteria decision-making techniques have been introduced, including the two-stage methodology 

[39]. In Stage 1, sustainability scores for potential suppliers are calculated using the Interval Type 2 

Trapezoidal Best Worst Method, incorporating various qualitative and quantitative criteria. These scores 
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are then used in Stage 2, where a multi-objective optimization model with four objective functions is 

formulated to maximize total profit, job opportunities, and supplier sustainability while minimizing CO2 

emissions. 

Significant research has been conducted to find useful machine learning technologies for 

improving the efficiency of biodiesel supply chain management, given its higher production costs 

compared to traditional fossil fuels. Various machine learning algorithms are evaluated and employed 

to estimate feedstock harvest, predict biodiesel production, and ensure biodiesel quality [40]. To mitigate 

disruption risk and enhance resilience in a multi-product Cooking Oil Supply Chain (COSC) network, 

the Analytical Network Process (ANP) is employed as a decision-making tool [41]. The study estimates 

supplier resilience and identifies strategies to improve network resilience. A stochastic mathematical 

model with three objectives is proposed, considering partial and complete disruptions. The model 

incorporates suppliers' scores and resilience strategies and employs a robust counterpart formulation 

and the Normalized Normal Constraint (NNC) method to generate Pareto optimal solutions. 

Although it hasn’t been addressed in the earlier literature, the processing, remaining 

characteristics, and environmental-related limitations that are inherent to the food supply chain call for 

a special optimization model.  To overcome this difficulty, the study creates an optimization model for 

the logistics and transportation network from farmer to the consumer. It carries out an example of the 

supply chain for edible oil, involving various production stages that are common in many processed 

foods.  

Furthermore, past research has highlighted the necessity for more intricate supply chain 

modeling that considers a variety of product types and transportation options. This proposed linear 

programming model endeavors to simultaneously minimize the total transportation costs while 

addressing these complexities. In addition, the study makes significant developments to the existing 

body of literature. Firstly, it provides a comprehensive model for understanding the edible oil supply 

chain, precisely focusing on the transportation links and product flows between various stakeholders 

such as suppliers, silos, extraction plants, refineries, filling points, branded oil stores, and consumers. 

This detailed approach allows for a complete view of the complete supply chain, identifying potential 

inefficiencies. Secondly, the study presents a mathematical model that, while designed for the edible oil 

supply chain, is flexible enough to be applied to other food supply chains. This adaptability ensures that 

the model can be a valuable tool for optimizing various types of supply chains, enhancing its utility and 

relevance across different industries. Thirdly, the mathematical model rigorously ensures the 

minimization of transportation costs by incorporating constraints related to capacity, demand 

fulfillment, and waste management. By doing so, it not only reduces costs but also promotes sustainable 

practices within the supply chain. The model’s ability to handle multiple stages of production and 
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distribution, along with its focus on cost efficiency, makes it a robust framework for decision-making in 

supply chain management. Overall, this research bridges gaps in current supply chain models by 

providing a detailed, adaptable, and cost-efficient solution, thereby contributing valuable insights and 

tools for both academic research and practical applications in the area of supply chain optimization. 

2 | PRELIAMINARIES 

The nine important participants in the supply chain for edible oil are the supplier, sunflower 

seed silo, seed extraction plant, oil refinery plant, edible oil refinery plant, filling point, branded oil store, 

consumer, and waste center. Suppliers supply sunflower seeds to sunflower seed silos. Sunflower seed 

silo supplies sunflower seeds to seed extraction plants, where the sunflower seeds are processed and 

extracted seeds are obtained. The extracted seeds are sent from the seed extraction plant to the oil refinery 

plant, where the extracted seeds are processed and refined oil is obtained. The refined oil is sent from 

the oil refinery plant to the edible oil refinery plant, where the refined oil is processed, and edible oil is 

obtained. The edible oil is sent from the edible oil refinery plant to the filling point, where the edible oil 

is filled in tin cans and pet bottles and edible oil in packing form is obtained. Then the edible oil in 

packing form is sent from the filling point to the branded oil store (see Figure 2). The consumer has a 

specific demand for edible oil which is met from branded oil stores. 
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Figure 2. Sunflower Oil Supply Chain Network 

 

Utilizing diverse forms of shipment (e.g., road, maritime, and air) is necessary for the 

transportation of various types of goods.  Additionally, demand for different products varies greatly 

amongst actors and across the network. Processing different product types leads to certain wastage after 

processing. For example, processing sunflower seeds at seed extraction plants, processing extracted 

seeds at oil refinery plants, and processing refined oil at edible oil refinery plants ensure that wastage is 

also obtained from each of the processing activities. 

The study work is innovative and addresses the network of edible oil supply chains using a 

mathematical formulation. The mathematical models’ primary goal is to assist decision-makers involved 

in the food supply chain in reducing the transportation cost.  The models also consider a variety of real-

world constraints relating to product supply, customer demand, and transportation capacity, as well as 

fluctuating storage capacity and stakeholder needs. Additionally, the proposed mathematical models 

aid in addressing the variability in the cost elements related to transportation. 

3 | MATHEMATICAL MODEL 

To present the mathematical model following indices, parameters, and decision variables are 

used: 

Indices and sets 

𝑠 = Supplier 

𝑖 = Sunflower seeds silo 

𝑗 = Seed extraction plant 

𝑘 = Oil refinery plant 
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𝑙 = Edible oil refinery plant 

𝑏 = Branded oil store 

𝑐 = Consumer 

𝑢 = Tin filling point 

𝑣 = Pet bottle filling point  

𝑝 = A set of tin package size  

𝑞 = A set of pet bottle size  

𝛼𝑝= Size of tin package 𝑝  

𝛽𝑞= Size of pet package 𝑞 

Ṽ= Capacity of vehicle 

 

Parameters 

𝐶̃𝑠 : Capacity of sunflower seed supplier 𝑠   

𝐶̃𝑖 : Capacity of sunflower seeds silo 𝑖 

𝐶̃𝑗 : Capacity of seed extraction plant 𝑗 

𝐶̃𝑘 : Capacity of oil refinery plant 𝑘 

𝐶̃𝑙 : Capacity of edible oil refinery plant 𝑙 

𝐶̃𝑢 : Capacity of filling line 𝑢 (for filling tin cans) 

𝐶̃𝑣 : Capacity of filling point 𝑣 (for filling pet bottles) 

𝐶̃𝑏 : Capacity of branded oil store 𝑏 

𝑇𝐶𝑠𝑖 : Cost of transportation per unit of sunflower seeds from sunflower seed supplier 𝑠 to 

sunflower seed silo 𝑖 

𝑇𝐶𝑖𝑗 : Cost of transportation per unit sunflower seeds from sunflower seed silo 𝑖 to seed 

extraction plant 𝑗 

𝑇𝐶𝑗𝑘 : Cost of transportation per unit extracted seeds from seed extraction plant 𝑗 to oil 

refinery 𝑘 

𝑇𝐶𝑘𝑙 : Cost of transportation per unit refined oil from oil refinery plant 𝑘 to edible oil refinery 

plant 𝑙 

𝑇𝐶𝑙𝑢 : Cost of transportation per unit edible oil from edible oil refinery plant 𝑙 to filing line 𝑢 

𝑇𝐶𝑙𝑣 : Cost of transportation per unit edible oil from edible oil refinery plant 𝑙 to filing line 𝑣 

𝑇𝐶𝑢𝑏 : Cost of transportation per unit of tin cans from filling line 𝑢 to oil store 𝑏 

𝑇𝐶𝑣𝑏 : Cost of transportation per unit of pet bottles from filling line 𝑣 to oil store 𝑏 

𝑇𝐶𝑏𝑐 : Cost of transportation per unit tin cans/bottles from branded oil store 𝑏 to consumer 𝑐 

𝑇𝐶𝑗𝑤 : Cost of transportation of wastage amount from seed extraction plant 𝑗 to waste center 

𝑤 
𝑇𝐶𝑘𝑤 : Cost of transportation of wastage amount from oil refinery plant 𝑘 to waste center 𝑤 

𝑇𝐶𝑙𝑤 : Cost of transportation of wastage amount from edible oil refinery plant 𝑙 to waste 

center 𝑤 

𝑊𝑗 : Waste produced at seed extraction plant 𝑗 

𝑊𝑘 : Waste produced at oil refinery plant 𝑘 

𝑊𝑙 : Waste produced at edible oil refinery plant 𝑙 

 

Decision Variables 

𝑋̈𝑠𝑖
𝑆𝑆  : Quantity of sunflower seeds transported from the supplier 𝑠  to sunflower seeds silos 𝑖 
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𝑋̈𝑖𝑗
𝑊𝑆  : Quantity of sunflower seeds transported from sunflower seeds silo 𝑖 to extraction plant 𝑗 

𝑋̈𝑗𝑘
𝐸𝑆  : Quantity of extracted seeds transported from extraction plant 𝑗 to oil refinery plant 𝑘 

𝑋̈𝑘𝑙
𝑅𝑂  : Quantity of refined oil transported from oil refinery plant  𝑘  to edible oil refinery 𝑙 

𝑋̈𝑙𝑢
𝐸𝑂  : Quantity of edible oil transported from edible oil refinery plant  𝑙 to filling line 𝑢 (in cans) 

𝑋̈𝑙𝑣
𝐸𝑂  : Quantity of edible oil transported from edible oil refinery plant  𝑙 to filling line 𝑣 (in 

bottles) 

𝑋̈𝑢𝑏
𝑇𝐼𝑁  : Quantity of transported edible oil in tin cans from filling line 𝑢 to branded oil store 𝑏 

𝑋̈𝑣𝑏
𝐵𝑇𝐿  : Quantity of transported edible oil in pet bottles from filling line 𝑣 to branded oil store 𝑏 

𝑋̈𝑏𝑐
𝐵𝑂𝐶  : Quantity of branded oil in tin cans transported from branded oil store 𝑏 to consumer 𝑐 

𝑋̈𝑏𝑐
𝐵𝑂𝐵  : Quantity of branded oil in pet bottles transported from branded oil store 𝑏 to consumer 

𝑐 

𝑊𝑗𝑤
𝑊𝑆

 : Quantity of waste transported from seed extraction plant 𝑗 to waste center 𝑤 

𝑊𝑘𝑤
𝐸𝑆

 : Quantity of waste transported from oil refinery plant 𝑘 to waste center 𝑤 

𝑊𝑙𝑤
𝑅𝑂

 : Quantity of waste transported from edible oil refinery plant 𝑙 to waste center 𝑤 

  

3.1 | O b j e c t i v e  F u n c t i o n  

The objective function seeks to minimize the total transportation cost across the entire supply 

chain of sunflower seeds and edible oil. This cost involves the shipment of sunflower seeds from 

suppliers to silos, from silos to seed extraction plants, from seed extraction plants to oil refinery plants, 

and from oil refinery plants to edible oil refinery plants. It also contains the costs associated with 

transporting the refined oil from edible oil refinery plants to various filling lines, and subsequently, from 

these filling lines to branded oil stores. Moreover, the transportation costs for delivering the final edible 

oil products to consumers are accounted for, as well as the costs for transporting waste products to waste 

centers from different stages of the supply chain. The comprehensive approach ensures the minimization 

of total transportation costs, thereby enhancing the overall efficiency and cost-effectiveness of the edible 

oil supply chain. 

3 . 2  |  C o n s t r a i n t s  

The objective function is subjected to the following set of constraints. 

1. Supply constraints 

∑ 𝑋̈𝑠𝑖
𝑆𝑆

𝐼

𝑖=1

≤ 𝐶̃𝑠   for all 𝑠 

∑ 𝑋̈𝑖𝑗
𝑊𝑆

𝐽

𝑗=1

≤ 𝐶̃𝑖  for all 𝑖 

∑ 𝑋̈𝑗𝑘
𝐸𝑆

𝐾

𝑘=1

≤ 𝐶̃𝑗  for all 𝑗 

∑ 𝑋̈𝑘𝑙
𝑅𝑂

𝐿

𝑙=1

≤ 𝐶̃𝑘   for all 𝑘 
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∑ 𝑋̈𝑙𝑢
𝐸𝑂

𝑈

𝑢=1

+ ∑ 𝑋̈𝑙𝑣
𝐸𝑂

𝑉

𝑣=1

≤ 𝐶̃𝑙   for all 𝑙 

∑ 𝑋̈𝑢𝑏
𝑇𝐼𝑁

𝐵

𝑏=1

≤ 𝐶̃𝑢  for all 𝑢 

∑ 𝑋̈𝑣𝑏
𝐵𝑇𝐿

𝐵

𝑏=1

≤ 𝐶̃𝑣  for all 𝑣 

∑ 𝑋̈𝑏𝑐
𝐵𝑂𝐶

𝐶

𝑐=1

+ ∑ 𝑋̈𝑏𝑐
𝐵𝑂𝐵

𝐶

𝑐=1

≤ 𝐶̃𝑏  for all 𝑏 

 

2. Demand Constraints 

∑ 𝑋̈𝑏𝑐
𝐵𝑂𝐶

𝐵

𝑏=1

+ ∑ 𝑋̈𝑏𝑐
𝐵𝑂𝐵

𝐵

𝑏=1

≥  𝐷𝑐  for all 𝑐 

 

3. Balance Constraints 

 

∑ 𝑋̈𝑠𝑖
𝑆𝑆

𝐼

𝑖=1

= ∑ 𝑋̈𝑖𝑗
𝑊𝑆

𝐽

𝑗=1

𝐶̃𝑖  for all 𝑖 

∑ 𝑋̈𝑖𝑗
𝑊𝑆

𝐽

𝑗=1

= ∑ 𝑋̈𝑗𝑘
𝐸𝑆

𝐾

𝑘=1

 for all 𝑗 

∑ 𝑋̈𝑗𝑘
𝐸𝑆

𝐾

𝑘=1

= ∑ 𝑋̈𝑘𝑙
𝑅𝑂

𝐿

𝑙=1

  for all 𝑘 

∑ 𝑋̈𝑘𝑙
𝑅𝑂

𝐿

𝑙=1

= ∑ 𝑋̈𝑙𝑢
𝐸𝑂

𝑈

𝑢=1

+ ∑ 𝑋̈𝑙𝑣
𝐸𝑂

𝑉

𝑣=1

  for all 𝑙 

∑ 𝑋̈𝑙𝑢
𝐸𝑂

𝑈

𝑢=1

+ ∑ 𝑋̈𝑙𝑣
𝐸𝑂

𝑉

𝑣=1

= ∑ 𝑋̈𝑢𝑏
𝑇𝐼𝑁

𝐵

𝑏=1

+ ∑ 𝑋̈𝑣𝑏
𝐵𝑇𝐿

𝐵

𝑏=1

  for all 𝑢, 𝑣 

∑ 𝑋̈𝑢𝑏
𝑇𝐼𝑁

𝐵

𝑏=1

+ ∑ 𝑋̈𝑣𝑏
𝐵𝑇𝐿

𝐵

𝑏=1

= ∑ 𝑋̈𝑏𝑐
𝐵𝑂𝐶

𝐵

𝑏=1

+ ∑ 𝑋̈𝑏𝑐
𝐵𝑂𝐵

𝐵

𝑏=1

  for all 𝑏 

4. Waste Constraints 

∑ 𝑊𝑗𝑤
𝑊𝑆

𝑊

𝑤=1

≤  𝑊𝑗   for all 𝑗 

∑ 𝑊𝑘𝑤
𝐸𝑆

𝑊

𝑤=1

≤  𝑊𝑘   for all 𝑘 

∑ 𝑊𝑙𝑤
𝑅𝑂

𝑊

𝑤=1

≤  𝑊𝑙  for all 𝑙 
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4 | CASE STUDY 

A sunflower oil-producing company has three suppliers, four sunflower seeds silos, five seed 

extraction plants, three oil refinery plants, two edible oil refinery plants, three tin filling points, two pet 

bottle filling points, four branded oil stores, two waste centers, and six customers. Their capacities and 

demands are given in Table 1. 

 

 Table 1: Capacities and demand 

 

Transportation cost for the shipment of per unit sunflower seeds from sunflower seed supplier 𝑠 to 

sunflower seed silo 𝑖 is given in Table 2. 

 

Table 2. Transportation cost 𝑇𝐶𝑠𝑖  

Supplier 
Sunflower seed silo 

1 2 3 4 

1 0.8500 5.2702 8.1283 7.1265 

2 9.2236 1.1885 2.4410 3.7815 

3 0.5360 3.8014 8.8442 2.4892 

 

Transportation cost for the shipment of per unit sunflower seeds from the sunflower seed silo 𝑖 to 

the seed extraction plant 𝑗 is given in Table 3. 

 

Table 3. Transportation cost 𝑇𝐶𝑖𝑗  

Sunflower 

seed silo 

Seed extraction plant 

1 2 3 4 5 

1 2.5285 6.2028 2.6021 0.9096 3.5503 

2 7.6724 7.4668 8.7747 5.6427 3.1478 

3 0.4986 9.7726 8.0610 1.8738 7.2674 

4 6.8529 3.8391 4.6112 5.3169 5.1577 

 

Transportation cost for the shipment of per unit extracted seeds from seed extraction plant 𝑗 to oil 

refinery 𝑘 is given in Table 4. 

 

Capacity (in tons) 𝐷𝑐   (in 

tons) 𝐶̃𝑠 𝐶̃𝑖 𝐶̃𝑗 𝐶̃𝑘 𝐶̃𝑙 𝐶̃𝑢 𝐶̃𝑣 𝐶̃𝑏 

150 
100 120 

130 
140 

150 
140 

120 100 

130 160 140 90 

250 110 
140 

160 160 130 
110 

150 

130 150 

120 

180 120 170 150 170 150 
130 

140 
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Table 4. Transportation cost 𝑇𝐶𝑗𝑘  

Seed extraction plant 
Oil refinery 

1 2 3 

1 7.9064 6.7857 6.1490 

2 2.0449 9.4601 3.1607 

3 6.7811 0.9156 0.7749 

4 0.5249 9.0844 8.5061 

5 8.0117 5.0995 1.4453 

 

Transportation cost for the shipment of per unit refined oil from the oil refinery plant 𝑘 to the edible 

oil refinery plant 𝑙 is given in Table 5. 

Table 5. Transportation cost 𝑇𝐶𝑘𝑙 

 

 

 

 

Transportation cost for the shipment of per unit edible oil from the edible oil refinery plant 𝑙 to tin 

filing line 𝑢 is given in Table 6. 

Table 6. Transportation cost 𝑇𝐶𝑙𝑢 

Edible oil refinery 

plant 

Tin filling line 

1 2 3 

1 3.9801 0.6464 4.2040 

2 6.9657 7.4766 8.1132 

 

The cost of transportation per unit of edible oil from the edible oil refinery plant 𝑙 to filing line 𝑣 is 

given in Table 7. 

Table 7. Transportation cost 𝑇𝐶𝑙𝑣 

Edible oil refinery plant Pet bottle filling line 

1 2 

1 3.7961 9.8605 

2 3.1907 7.1818 

 

The cost of transportation per unit of tin cans from the filling line 𝑢 to the branded oil store 𝑏 is given 

in Table 8. 

 

 

Table 8. Transportation cost 𝑇𝐶𝑢𝑏 

Tin filling line 
Branded oil store 

1 2 3 4 

1 4.1318 6.3731 9.8160 0.5383 

Oil refinery 
Edible oil refinery plant 

1 2 

1 3.7049 5.1734 

2 6.2239 9.9051 

3 9.9755 2.2653 



 14 

 

2 0.9863 0.7384 4.9680 1.4087 

3 7.3456 1.2051 0.2241 8.9347 

The cost of transportation per unit of pet bottles from the filling line 𝑣 to the branded oil store 𝑏 is 

given in Table 9. 

Table 9. Transportation cost 𝑇𝐶𝑣𝑏 

Pet bottle filling 

line 

Branded oil store 

1 2 3 4 

1 4.6582 4.9446 8.9765 2.6905 

2 5.6086 0.6779 2.8857 5.9419 

 

Transportation cost for the shipment of tin cans/bottles from branded oil store 𝑏 to consumer 𝑐 is 

given in Table 10. 

 

         Table 10. Transportation cost 𝑇𝐶𝑏𝑐 

Branded oil store 
Customer 

1 2 3 4 5 6 

1 4.7588 6.2043 0.2725 5.1992 5.4801 0.7823 

2 3.6831 2.8284 8.7618 0.5382 5.6686 4.5635 

3 6.5561 2.0518 6.1009 8.6219 6.8039 0.4784 

4 9.3820 4.3913 2.0359 4.4293 3.7138 7.3826 

 

Transportation cost for the transportation of waste material from seed extraction plant 𝑗 to waste 

center 𝑤 is given in Table 11. 

 

     Table 11. Transportation cost 𝑇𝐶𝑗𝑤 

Seed extraction plant 
Waste center 

1 2 

1 7.8310 2.4877 

2 6.8569 3.1930 

3 4.6622 9.1080 

4 2.6032 8.8522 

5 5.6927 7.9459 

 

Transportation cost for the transportation of waste material from the oil refinery plant 𝑘 to the waste 

center 𝑤 is given in Table 12. 

Table 12. Transportation cost 𝑇𝐶𝑘𝑤 

Oil refinery plant Waste center 

1 2 

1 9.2581 6.2701 

2 1.7884 9.1318 

3 5.1754 6.6397 
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The transportation cost for the transportation of waste material edible oil refinery plant 𝑙 to waste 

center 𝑤 is given in Table 13. 

Table 13. Transportation cost 𝑇𝐶𝑙𝑤 

Edible oil refinery plant Waste center 

1 2 

1 3.8919 8.1763 

2 7.4001 6.0034 

 

The amount of waste material produced (in tons) at different plants is given in Table 14. 

 

Table 14. Waste material produced 

𝑊𝑗 𝑊𝑘 𝑊𝑙 

10 
12 

14 20 

15 
22 

25 
16 

18 18 

 

5 | RESULTS AND DISCUSSION 

The optimization model is solved on MATLAB2018a for the above data the minimized 

transportation cost is 7.0656545583e+03 (in Dollars). The values of the decision variable are given in Table 

15-. 

 

Table 15. Quantity of sunflower seeds transported from the supplier 𝑠  to sunflower seeds silos 𝑖  

Supplier Sunflower seed silo 

1 2 3 4 

1 0.1004 0.1094 0.1026 0.1036 

2 0.1095 0.4743 249.1129 179.6854 

3 149.6807 0.3102 0.1099 0.1011 

 

Table 16. Quantity of sunflower seeds transported from sunflower seeds silo 𝑖 to extraction plant 𝑗 

Sunflower seed 

silo 

Seed extraction plant 

1 2 3 4 5 

1 0.1060 0.1009 0.1045 0.1040 248.9152 

2 0.1043 0.1045 0.1065 0.1088 0.1029 

3 0.2708 0.1064 0.1083 329.0445 0.1028 

4 0.1026 0.1013 0.1031 0.1024 0.1001 
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Table 17. Quantity of extracted seeds transported from extraction plant 𝑗 to oil refinery plant 𝑘 

Seed extraction plant Oil refinery 

1 2 3 

1 0.1037 0.1094 0.1049 

2 0.2144 0.1086 0.2082 

3 0.1030 0.3657 329.1416 

4 249.0172 0.1048 0.1018 

5 0.1024 0.1056 0.1086 

 

Table 18. Quantity of refined oil transported from oil refinery plant  𝑘  to edible oil refinery 𝑙 

Oil refinery Edible oil refinery plant 

1 2 

1 578.3734 0.7817 

2 0.1033 0.1017 

3 0.1075 0.5323 

 

Table 19. Quantity of edible oil transported from edible oil refinery plant  𝑙 to filling line 𝑢 (in cans) 

Edible oil refinery plant Tin filling line 

1 2 3 

1 0.1054 577.9437 0.4215 

2 0.1025 0.3680 0.2124 

 

Table 20. Quantity of edible oil transported from edible oil refinery plant  𝑙 to filling line 𝑣 (in bottles) 

Edible oil refinery plant Pet bottle filling line 

1 2 

1 0.3279 0.1006 

2 0.1031 0.3149 

 

Table 21. Quantity of transported edible oil in tin cans from filling line 𝑢 to branded oil store 𝑏 

Tin filling line 
Branded oil store 

1 2 3 4 

1 0.1013 0.1089 0.1029 0.1073 

2 0.1593 0.2101 0.1025 0.1020 

3 0.1040 0.1084 577.8447 0.1022 

 

Table 22. Quantity of transported edible oil in pet bottles from filling line 𝑣 to branded oil store 𝑏 

Pet bottle filling line 
Branded oil store 

1 2 3 4 

1 0.1098 0.1030 0.1090 0.1000 

2 0.1059 0.1097 0.1019 0.1071 
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       Table 23. Quantity of branded oil transported from branded oil store 𝑏 to consumer 𝑐 

Branded oil store 
Customer 

1 2 3 4 5 6 

1 0.1087 0.1060 0.1095 0.1024 0.1080 0.1005 

2 0.1012 0.1052 0.1087 577.8454 0.1080 0.1071 

3 0.1004 0.1001 0.1011 0.1061 0.1078 0.1099 

4 0.1060 0.1069 0.1035 0.1030 0.1035 0.1016 

 

Table 24. Quantity of waste transported from seed extraction plant 𝑗 to waste center 𝑤 

Seed extraction plant 
Waste center 

1 2 

1 0.1011 14.8919 

2 9.8989 24.8995 

3 0.1048 0.1005 

4 19.8952 0.1061 

5 0.1081 17.8939 

 

Table 25. Quantity of waste transported from oil refinery plant 𝑘 to waste center 𝑤 

Oil refinery plant Waste center 

1 2 

1 0.1051 0.1050 

2 11.8949 0.1033 

3 21.8950 17.8967 

 

Table 26. Quantity of waste transported from edible oil refinery plant 𝑙 to waste center 𝑤 

Edible oil refinery plant Waste center 

1 2 

1 13.8942 0.1075 

2 0.1058 15.8925 

 

6 | CONCLUSION 

The optimization model established for the transportation and processing of sunflower seeds 

into edible oil provides an efficient framework to minimize transportation costs while sustaining 

capacity and demand constraints at various stages of the supply chain. By including waste management 

and ensuring the balanced distribution of resources, the model realistically addresses the complexities 

of the supply chain. 

Key outcomes of the model include:  

Cost minimization: the central objective of minimizing transportation costs is achieved by 

optimizing the flow of materials from suppliers to consumers through transitional processing and filling 

points. 



 18 

 

Capacity constraints: the model ensures that all capacity constraints at suppliers, silos, extraction 

plants, refineries, filling points, and branded oil stores are respected, avoiding overloading and make 

sure smooth operations. 

Demand fulfillment: consumer demands are met accurately, with the model distributing the 

appropriate quantities of edible oil to diverse consumers, ensuring customer satisfaction. 

Waste management: the inclusion of waste transportation and processing constraints ensures 

that waste produced at different processing stages is efficiently managed and transported to waste 

centers, adhering to environmental regulations. 

Non-zero decision variables: by incorporating slight variations in the lower bounds of decision 

variables, the model prevents trivial solutions and ensures a more realistic distribution of flow quantities 

across the entire supply chain network. 

In conclusion, the optimization model serves as a robust tool for decision-makers in the 

sunflower seed oil industry, providing significant insights into cost-effective transportation and 

processing strategies. Future work can expand the model to include dynamic demand variations, 

multiple product types, and further integration of sustainability measures to enhance the overall 

efficiency, effectiveness, and environmental friendliness of the supply chain. 

 

Acknowledgment: We are thankful to the editors and anonymous reviewers for their constructive 

suggestions.  

Author Contributions: Conceptualization, S.K.; methodology, S.K., N.K; software, S.K., N.K.; validation, 

S.K., E.O; investigation, S.K., N.K; data curation, S.K., E.O; writing—original draft preparation, S.K., N.K; 

writing—review and editing, S.K. Author has read and agreed to the published version of the 

manuscript. 

Declaration of Conflicting Interest: The author(s) declared no potential conflicts of interest with 

respect to the research, authorship, and/or publication of this article. 

Licenses and Copyright: This is an open-access article, free of all copyright, and fulfills the DOAJ 

definition of open access. This work is licensed under a “Creative Commons Attribution 4.0 

International License”. which permits unrestricted use, distribution, and reproduction in any 

medium, provided the original author and source are credited. 

Funding: The author(s) received no financial support for the research, authorship, and/or 

publication of this article.   

Data Availability Statement: Data that supports the findings of this study are available on request from 

the corresponding author.  

Plagiarism Statement: This article was scanned by the plagiarism program. No plagiarism was detected. 

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/


19   

 

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are 

solely those of the individual author(s) and contributor(s) and not of publisher “AGASR” and/or 

the editor(s). The Publisher AGASR and/or the editor(s) disclaim responsibility for any injury to 

people or property resulting from any ideas, methods, instructions, or products referred to in the 

content. 

 

REFERENCES 

 

[1] A. De, M. Gorton, C. Hubbard, and P. Aditjandra, “Optimization model for sustainable food supply chains: 

An application to Norwegian salmon,” Transp. Res. Part E Logist. Transp. Rev., vol. 161, p. 102723, May 2022, 

doi: 10.1016/j.tre.2022.102723. 

[2] M. V. Chiriacò, N. Galli, M. Santini, and M. C. Rulli, “Deforestation and greenhouse gas emissions could arise 

when replacing palm oil with other vegetable oils,” Sci. Total Environ., vol. 914, p. 169486, Mar. 2024, doi: 

10.1016/j.scitotenv.2023.169486. 

[3] E. Emmanouilidou, A. Lazaridou, S. Mitkidou, and N. C. Kokkinos, “A comparative study on biodiesel 

production from edible and non-edible biomasses,” J. Mol. Struct., vol. 1306, p. 137870, Jun. 2024, doi: 

10.1016/j.molstruc.2024.137870. 

[4] H. Rostami Ahmadvandi and A. Faghihi, “Adapted Oilseed Crops with the Ability to Grow Economically in 

Dryland Conditions in Iran,” Agrotech. Ind. Crops, vol. 1, no. 3, Nov. 2021, doi: 10.22126/atic.2021.6518.1015. 

[5] “Advances in Oilseeds Production Technologies | 6 | Advances in Crop Pr.” Accessed: Sep. 05, 2024. [Online]. 

Available: https://www.taylorfrancis.com/chapters/edit/10.1201/9781003281948-6/advances-oilseeds-

production-technologies-kartikeya-srivastava-ayushi-srivastava-akanksha 

[6] A. R. Abd El-Hameid and M. S. Sadak, “Impact of glutathione on enhancing sunflower growth and 

biochemical aspects and yield to alleviate salinity stress,” Biocatal. Agric. Biotechnol., vol. 29, p. 101744, Oct. 

2020, doi: 10.1016/j.bcab.2020.101744. 

[7] A. A. Memon, I. Rajpar, G. M. Jamro, J. A. Shah, and S. K. Babar, “Physiological and Agronomic Implications 

of Foliar Potassium Application on Sunflower Productivity in Calcareous Soils,” Sarhad J. Agric., vol. 40, no. 

2, 2024, doi: 10.17582/journal.sja/2024/40.2.518.530. 

[8] P. Casadebaig et al., “Optimized cultivar deployment improves the efficiency and stability of sunflower crop 

production at national scale,” Theor. Appl. Genet., vol. 135, no. 11, pp. 4049–4063, Nov. 2022, doi: 

10.1007/s00122-022-04072-5. 

[9] R. G. Richey, A. S. Roath, F. G. Adams, and A. Wieland, “A Responsiveness View of logistics and supply 

chain management,” J. Bus. Logist., vol. 43, no. 1, pp. 62–91, Mar. 2022, doi: 10.1111/jbl.12290. 

[10] I. Gölgeci, D. M. Gligor, E. Bayraktar, and D. Delen, “Reimagining global value chains in the face of extreme 

events and contexts: Recent insights and future research opportunities,” J. Bus. Res., vol. 160, p. 113721, May 

2023, doi: 10.1016/j.jbusres.2023.113721. 

[11] R. Maharjan and H. Kato, “Resilient supply chain network design: a systematic literature review,” Transp. 

Rev., vol. 42, no. 6, pp. 739–761, Nov. 2022, doi: 10.1080/01441647.2022.2080773. 

[12] Department of Industrial Engineering, Islamic Azad University of Najafabad, Isfahan, Iran, S. Kolahi-Randji, 

M. Y. Nejad Attari, Department of Industrial Engineering, Islamic Azad University, Bonab Branch, Bonab, 

Iran, A. Ala, and Department of Industrial Engineering & Management, Shanghai Jiao Tong University, 

Shanghai, China, “Enhancement the Performance of Multi-Level and Multi-Commodity in Supply Chain: A 

Simulation Approach,” J. Soft Comput. Decis. Anal., vol. 1, no. 1, pp. 18–38, Aug. 2023, doi: 

10.31181/jscda1120232. 

[13] H. Jahani, B. Abbasi, J.-B. Sheu, and W. Klibi, “Supply chain network design with financial considerations: A 

comprehensive review,” Eur. J. Oper. Res., vol. 312, no. 3, pp. 799–839, Feb. 2024, doi: 10.1016/j.ejor.2023.02.033. 

[14] A. R. Ravindran, D. P. Warsing Jr, and P. M. Griffin, Supply chain engineering: Models and applications. CRC 

Press, 2023. Accessed: Sep. 05, 2024. [Online]. Available: 

https://books.google.com/books?hl=en&lr=&id=ey7KEAAAQBAJ&oi=fnd&pg=PT21&dq=%5B14%5D%09A.

+R.+Ravindran,+D.+P.+Warsing+Jr,+P.+M.+Griffin,+Supply+Chain+Engineering:+Models+and+Applications.

+CRC+Press,+2023.&ots=1Q2zXF4k9Z&sig=btnQ2SgG1Y9DtOYUayXkCxMoedA 



 20 

 

[15] A. Boskabadi, M. Mirmozaffari, R. Yazdani, and A. Farahani, “Design of a Distribution Network in a Multi-

product, Multi-period Green Supply Chain System Under Demand Uncertainty,” Sustain. Oper. Comput., vol. 

3, pp. 226–237, 2022, doi: 10.1016/j.susoc.2022.01.005. 

[16] G. Mirabelli and V. Solina, “Optimization strategies for the integrated management of perishable supply 

chains: A literature review,” J. Ind. Eng. Manag., vol. 15, no. 1, p. 58, Feb. 2022, doi: 10.3926/jiem.3603. 

[17] K. Katsaliaki, P. Galetsi, and S. Kumar, “Supply chain disruptions and resilience: a major review and future 

research agenda,” Ann. Oper. Res., vol. 319, no. 1, pp. 965–1002, Dec. 2022, doi: 10.1007/s10479-020-03912-1. 

[18] H. Jahani, R. Jain, and D. Ivanov, “Data science and big data analytics: a systematic review of methodologies 

used in the supply chain and logistics research,” Ann. Oper. Res., Jul. 2023, doi: 10.1007/s10479-023-05390-7. 

[19] R. Hasan, M. M. Kamal, A. Daowd, T. Eldabi, I. Koliousis, and T. Papadopoulos, “Critical analysis of the 

impact of big data analytics on supply chain operations,” Prod. Plan. Control, vol. 35, no. 1, pp. 46–70, Jan. 

2024, doi: 10.1080/09537287.2022.2047237. 

[20] P. Amorim, E. Curcio, B. Almada-Lobo, A. P. F. D. Barbosa-Póvoa, and I. E. Grossmann, “Supplier selection 

in the processed food industry under uncertainty,” Eur. J. Oper. Res., vol. 252, no. 3, pp. 801–814, Aug. 2016, 

doi: 10.1016/j.ejor.2016.02.005. 

[21] J. K. M. Kuwornu, J. Khaipetch, E. Gunawan, R. K. Bannor, and T. D. N. Ho, “The adoption of sustainable 

supply chain management practices on performance and quality assurance of food companies,” Sustain. 

Futur., vol. 5, p. 100103, Dec. 2023, doi: 10.1016/j.sftr.2022.100103. 

[22] L. Pan and M. Shan, “Optimization of Sustainable Supply Chain Network for Perishable Products,” 

Sustainability, vol. 16, no. 12, p. 5003, Jun. 2024, doi: 10.3390/su16125003. 

[23] Y. Wang, X. Deng, Q. Lu, C. M. Nicolescu, M. Guan, and A. Kang, “Numerical Analysis and Service Quality 

Evaluation of the Fresh Agricultural Produce Supply Chain Platform,” Appl. Sci., vol. 13, no. 2, p. 713, Jan. 

2023, doi: 10.3390/app13020713. 

[24] C. Paciarotti and F. Torregiani, “The logistics of the short food supply chain: A literature review,” Sustain. 

Prod. Consum., vol. 26, pp. 428–442, Apr. 2021, doi: 10.1016/j.spc.2020.10.002. 

[25] L. Liu and W. Liao, “Optimization and profit distribution in a two-echelon collaborative waste collection 

routing problem from economic and environmental perspective,” Waste Manag., vol. 120, pp. 400–414, Feb. 

2021, doi: 10.1016/j.wasman.2020.09.045. 

[26] C. Archetti, L. Peirano, and M. G. Speranza, “Optimization in multimodal freight transportation problems: A 

Survey,” Eur. J. Oper. Res., vol. 299, no. 1, pp. 1–20, May 2022, doi: 10.1016/j.ejor.2021.07.031. 

[27] D. F. Pyke and M. A. Cohen, “Performance characteristics of stochastic integrated production-distribution 

systems,” Eur. J. Oper. Res., vol. 68, no. 1, pp. 23–48, Jul. 1993, doi: 10.1016/0377-2217(93)90075-X. 

[28] P. Schönsleben, “Logistics, Operations, and Supply Chain Management,” in Handbook Integral Logistics 

Management: Operations and Supply Chain Management Within and Across Companies, P. Schönsleben, Ed., Berlin, 

Heidelberg: Springer, 2023, pp. 7–70. doi: 10.1007/978-3-662-65625-9_1. 

[29] M. Abbasian, Z. Sazvar, and M. Mohammadisiahroudi, “A hybrid optimization method to design a 

sustainable resilient supply chain in a perishable food industry,” Environ. Sci. Pollut. Res., vol. 30, no. 3, pp. 

6080–6103, Jan. 2023, doi: 10.1007/s11356-022-22115-8. 

[30] C. N. Rosyidi, N. S. Sulistiani, and P. W. Laksono, “A Mixed Integer Linear Programming Model of Order 

Allocation Involving Mass Customization Logistic Service (MCLS),” CAUCHY J. Mat. Murni Dan Apl., vol. 7, 

no. 3, pp. 474–482, Oct. 2022, doi: 10.18860/ca.v7i3.15398. 

[31] L. Cricelli, R. Mauriello, and S. Strazzullo, “Technological innovation in agri-food supply chains,” Br. Food J., 

vol. 126, no. 5, pp. 1852–1869, Jan. 2024, doi: 10.1108/BFJ-06-2022-0490. 

[32] F. Gholian-Jouybari, O. Hashemi-Amiri, B. Mosallanezhad, and M. Hajiaghaei-Keshteli, “Metaheuristic 

algorithms for a sustainable agri-food supply chain considering marketing practices under uncertainty,” 

Expert Syst. Appl., vol. 213, p. 118880, Mar. 2023, doi: 10.1016/j.eswa.2022.118880. 

[33] F. Quezada, C. Gicquel, and S. Kedad-Sidhoum, “A stochastic dual dynamic integer programming based 

approach for remanufacturing planning under uncertainty,” Int. J. Prod. Res., vol. 61, no. 17, pp. 5992–6012, 

Sep. 2023, doi: 10.1080/00207543.2022.2120924. 

[34] J. Mateo‐Fornés, W. Soto‐Silva, M. C. González‐Araya, L. M. Plà‐Aragonès, and F. Solsona‐Tehas, “Managing 

quality, supplier selection, and cold‐storage contracts in agrifood supply chain through stochastic 

optimization,” Int. Trans. Oper. Res., vol. 30, no. 4, pp. 1901–1930, Jul. 2023, doi: 10.1111/itor.13069. 

[35] P. Seydanlou, F. Jolai, R. Tavakkoli-Moghaddam, and A. M. Fathollahi-Fard, “A multi-objective optimization 

framework for a sustainable closed-loop supply chain network in the olive industry: Hybrid meta-heuristic 

algorithms,” Expert Syst. Appl., vol. 203, p. 117566, Oct. 2022, doi: 10.1016/j.eswa.2022.117566. 



21   

 

[36] A. Gholipour, A. Sadegheih, A. Mostafaeipour, and M. B. Fakhrzad, “Designing an optimal multi-objective 

model for a sustainable closed-loop supply chain: a case study of pomegranate in Iran,” Environ. Dev. Sustain., 

Jan. 2023, doi: 10.1007/s10668-022-02868-5. 

[37] E. M. El Bhilat, A. El Jaouhari, and L. S. Hamidi, “Assessing the influence of artificial intelligence on agri-food 

supply chain performance: the mediating effect of distribution network efficiency,” Technol. Forecast. Soc. 

Change, vol. 200, p. 123149, Mar. 2024, doi: 10.1016/j.techfore.2023.123149. 

[38] “A systematic approach for synthesis and optimisation of sustainable oil palm value chain (OPVC).” 

Accessed: Sep. 05, 2024. [Online]. Available: https://journals.co.za/doi/epdf/10.1016/j.sajce.2022.05.001 

[39] E. Sharifi, L. Fang, and S. H. Amin, “A novel two-stage multi-objective optimization model for sustainable 

soybean supply chain design under uncertainty,” Sustain. Prod. Consum., vol. 40, pp. 297–317, Sep. 2023, doi: 

10.1016/j.spc.2023.07.006. 

[40] S. Kim, J. Seo, and S. Kim, “Machine Learning Technologies in the Supply Chain Management Research of 

Biodiesel: A Review,” Energies, vol. 17, no. 6, p. 1316, Mar. 2024, doi: 10.3390/en17061316. 

[41] M. Najafi, H. Zolfagharinia, S. Rostami, and M. Rafiee, “Enhancing supply chain resilience facing partial and 

complete disruptions: The application in the cooking oil industry,” Appl. Math. Model., vol. 131, pp. 253–287, 

Jul. 2024, doi: 10.1016/j.apm.2024.04.013. 

 

 

 


