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Abstract  
 

The supply chain modeling approaches used actually, focus on the diverse logistics activities and 

neglect the financial aspects into strategic, tactical, and operational levels of this activities.  

The purpose of this paper is to develop an integrated planning budgeting model to optimize the 

combined effects of physical and informational flows as well as those related to financial aspects in a reel 

supply chain operating in the phosphate field. The specific objective of this model is to determine and to 

define the optimal budget, in the tactical planning level, to transport different products circulation in the 

various entities of the supply chain studied considering various constraints related of the specificities of 

the phosphate field. 
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1. Introduction 
 

In an increasingly competitive environment, companies must satisfy customers demands, maintain and improve 

concurrently their profitability using supply chain management.  

Supply chain management is the active management of supply chain activities to maximize customer value and 

achieve a sustainable competitive advantage. It represents a conscious effort by the supply chain firms to develop 

and run supply chains in the most effective and efficient ways possible. 

Today, understanding supply chains is a key resource that can contribute significantly to solve this delicate 

equation. To achieve this understanding, we must proceed by modeling the supply chain (Olivier, 2013). 

Since its inception in the early 1990s (Ellram, 1993), (Towill, 1992), (Stevens, 1989) the search work on supply 

chain analysis, modeling and optimization has multiplied (Guillen et al., 2007), (Guillen et al., 2006), (Guillen et al., 

2005), (Tsiakis, 2001), (Bok et al., 2000). Then the modeling of supply chains activities considering physical, 

informational and financial flows were treated as separate problems and the modeling approaches developed were 

implemented in independent environments. These models neglect the consequences of financial flows to optimizing 

these activities on the one hand. In the other hand the use of these type of models has been advocated in several 

types of industries: the computer industry (Arntzen et al., 1995), the detergent industry (Ozdamar, 1999), the health 

industry (Jayaraman, 2001), The pharmaceutical industry (Matta, 2004), the paper industry (Rizk, 2008), the 

petroleum refinement industry (Lee, 2002) and the textile industry (Imen et al., 2011). At the end of this review, we 

notice the absence of a reference model that formalizes this type of problems.  

The purpose of this study is to establish an analytical planning model of a company operating in the phosphate 

industry. Specifically, the modelling of logistics flows in a reel supply chain composed on production sites and a 

logistics platform in order to improve the planning and management of daily traffic flows. Also, to minimize the 

transportation cost of goods considering all the constraints (the capacity of stocks, cadence of production, the 

capacity of the transportation equipment and finally the customers demand…). In this study, we consider both 

tactical and operational decision-making levels, since the strategic level concerns decisions that affect the physical 

organization of the logistics chain. 
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The model developed, treat a problem of multi-site, multi-product, multi-depots, multimode transport and multi-

periods, which aims to optimize specifically the cost of transportation and keep products availability, continuity of 

production and loading of vessels and avoid demurrage (late payment). 

This paper is structured as follows. Section 2 presents the basic terminology and a literature review in supply 

chain modelling approaches. Section 3 describes the research method we followed within this paper. Section 4 

expose our case study and the model adopted. Finally, we draw conclusion in the last section. 
 

2. Basic terminology 
 

In order to better understand the context of this study and to prepare the groundwork for the subsequent study, 

key terms are defined. 

 

2.1 Logistic 
 

Logistic is the process of planning, implementing, and controlling the efficient, effective flow and storage of 

goods, services, and related information from point of origin to point of consumption for the purpose of conforming 

to customer requirements. Note that this definition includes inbound, outbound, internal, and external movements, 

and return of materials for environmental purposes (Christopher, 2005), (CLM, 1998). 

 

2.2 Supply chain  
 

Supply chain is referred to as an integrated system which synchronizes a series of inter related business 

processes in order to: acquire raw materials and parts; transform these raw materials and parts into finished products; 

add value to these products; distribute and promote these products to either retailers or customers; facilitate 

information exchange among various business entities (e.g. suppliers, manufacturers, distributors, third-party 

logistics providers, and retailers). Its main objective is to enhance the operational efficiency, profitability and 

competitive position of a firm and its supply chain partners (Min and Zhou, 2002). 

 
Figure 1. The supply chain structure. 

 

We can define the supply chain as a succession of companies, which contribute to providing a product or service 

for a customer. By means of exchanging of material flows, and financial information (Gunasekaran and Kobu, 

2007). 

 

2.3 Logistic platform 
 

Also, we can define the Logistics platforms, conferring to the Council of Logistics Management, as an area 

within which all activities relating to transport, logistics and the distribution of goods, both for national and 

international transit, are carried out by various operators. It is run by a single body, either public or private, and is 

equipped with all the public facilities to carry out the above-mentioned operations (Mocellin, 2006). 
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2.4 Modelling  
 

Modelling is a set of techniques that provides the ability to study and understand the structure and the operating 

principle of a system. The term model in a technical context is a useful presentation of some objects. It is an 

abstraction of a reality expressed in term of some formalism defined by modelling constructs for the purpose of the 

use (Pidd, 1999). 

 

3. Literature review of supply chains Modelling approaches 
 

Considering a broad spectrum of the supply chain concept, there are various classification of modelling 

approaches used to describe and analyze the supply chains. Several reviews of the literature reflect the interest of 

this research area (Benhida et al., 2016), (Labarthe, 2006), (Kleijnen, 2005), (Lauras, 2004) and (Min and Zhou, 

2002). 

A taxonomy is presented by (Min and Zhou, 2002) which has classified the models in four main categories: (1) 

deterministic (non-probabilistic); (2) stochastic (probabilistic); (3) hybrid; (4) IT models. We propose this taxonomy 

in Figure 2. 

 
Figure 2. Taxonomy of supply chain model 

 

 Deterministic models assume that all the model parameters are known and fixed with certainty, whereas 

stochastic models take into account the uncertain and random parameters. Deterministic models are 

dichotomized as single objective and multiple objective models.  

 Stochastic models are sub-classified into optimal control theoretic and dynamic programming models.  

 Hybrid models have elements of both deterministic and stochastic models. These models include inventory-

theoretic and simulation models that are capable of dealing with both certainty and uncertainty involving 

model parameters. 

 IT-driven models aim to integrate and coordinate various phases of supply chain planning on a real-time 

basis using application software so that they can enhance visibility throughout the supply chain. These 

models include WMS, transportation management systems (TMS), integrated transportation tracking, 

collaborative planning and forecasting replenishment (CPFR), material requirement planning (MRP), 

distribution resource planning (DRP), ERP, and geographic information systems (GIS). 

 

4. Research methodology 
 

The purpose of the present study is to develop an integrated model to minimize the transportation cost to route 

products between entities in a reel supply chain operating in the field of phosphate. In order to achieve this 

objective, we followed a structured methodology, based on the work of (Baldwin et al., 2004), (Su and Shih, 2003), 

(Law and McComas, 2001). This methodology can be summarized as followed (See Figure 3):  
 Problem formulating: Define the objectives and the perimeter of the study and clarify the functioning of the 

system. 
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 Data collecting: Specify the parameters of the model and collect the information necessary for the 

functioning of the system. 

 Model developing: propose the main objective function and the various constraint of the model. 

 Checking and validating the model: determine if the model of simulation is a precise representation of the 

studied real system. 

 Executing the models and analyzing performances: analyze, take back the results and evaluate their impacts 

on the performances of the systems. 

As presented in figure 3, these steps can be iterative. This process continues until the model is considered to be 

sufficiently valid. 

 

 
Figure 3. Search methodology 

 

5. Proposing the integrated model for supply chain 
 

According to the methodology announced previously, we prepare to develop the integrated model based on a reel 

case study.  

 

5.1 Problem formulating and data collecting 
 

The system studied is a supply chain composed of logistics platform and a chemical complex (Azougagh et al., 

2016): 

 The logistic platform is designed for exporting finished goods (phosphoric acid and fertilizers) and 

importing raw materials (sulphur) to/and from various world destinations. This platform is implemented at 

a port, 13 km from the chemical complex.  

 The chemical complex is composed of three main production sites, to produce the phosphoric acid, 

fertilizers also transformation of the raw material (sulphur). 

The following Figure (4) present the configuration of the supply chain studied also the physical flows. 
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Figure 4. Supply chain studied 

 

The logistic platform is composed (see Figure 5) of two zones, the first area has the role of the reception, storage 

and unloading the finished products coming from the production sites, while the second area has the role of 

reception, storage and loading raw materials from suppliers. The storage of products and raw materials is made in 

large hangars.  

The production sites (see Figure 5) is composed of tree production sites and of two zones, the first one is for 

loading of finished products and the second for receiving and unloading raw materials coming from the port. 
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The routing of products, in this supply chain, is done normally by rail 24/24 hours. In the case of surpassing the 

limits of the capacity rail transport and the logistics platform capacity to serve customers demand, the routing is 

made by dump trucks. 

 
Figure 5. Configuration of supply chain studied. 

5.2 Model developing 

 
We propose an integrated model, used for making decisions related to cost of transportation of various products in 

the supply chain studied. This model concern a multi-site, multi-product, multi-depots, multimode transport and 

multi-periods problem, the time division in this model corresponding to the planning reference period on which the 

routing of product is established. 

This period corresponds to that allowed to load each ship which determined from the stems confirmed by 

customers. 

The notations, parameters and variables used in this model presented in the following: 

 

5.2.1 Series 

 

TP: Series of the transportation provider tp TP; 

P : Series of transported products, p P; 

T : Number of periods t in the planning horizon t=1, …, T; t T; 

J : Series of the days in the planning period t, j=1, …, J; j J; 

E : Series of entities in the supply chain, e=lp for logistics platform and e=ps for the production site, e E. 

 

5.2.2 Parameters  
 

   : The quantity of the product p stored in warehouse of the entity e during the day j of period t; 

 : The quantity of the product p produced in the entity e in the day j of period t; 

 : The quantity of the product p demanded by customer on the entity e in the day j of period t; 

 : The maximal quantity of the product p required by customer in the entity e for the period t; 

  : The quantities of products p transported during the day j in the period t. 

 

5.2.3 Data 

 

  : The Labor cost to transport products in period t; 

  : The Maintenance cost related to routing of products in period t; 

 : The Hiring cost of equipment used in routing of the product p by the trains during period t; 

 : The Hiring cost of equipment used by transportation provider tp in routing of the product p by truck 

during period t; 

 : The maximal capacity of the product p can be stored in the entity e; 
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 : The safety stock of product p in the entity e; 

 : The initial quantity (j = 0, t = 0) of the product p stored in the entity e; 

 : The maximal capacity of the product p can be produce in the entity e; 

  : The maximal capacity of the product p that can support the equipment (transportation, 

charging…) of the entity e; 

  : The maximal number of daily routes that can make a truck; 

  : The maximum number of daily routes that can make a train; 

 : The maximal quantity of product p that can be transported by truck in each travel;  

 : The maximal quantity of product p that can be transported by trains in each travel; 

M    : A constant with big value M = "+ ∞". 

 

5.2.4 Decision variables 

 

  : The transportation cost of the products p transported in the period t; 

  : The transportation cost of the products p transported during day j in period t; 

  : The unit transportation cost by trains of the product p in the period t; 

: The unit transportation cost by tracks of the product p in the period t using the transport provider tp; 

 : The quantities of products p transported by trains in each travel; 

 : The quantities of product p shipped by trucks in each travel; 

 : Number of travel to be made by the trains during the day j in period t; 

 : Number of travel to be made by trucks during the day j in period t; 

   : Binary variable to start or not the mode of transport by trucks. 

 

5.2.5 Objective Function  

 
The purpose of the developed objective function (see formula 1) is minimizing the transportation cost between 

various entities of supply chain studied in a specified period, in order to maximize and to feed the stocks of every 

entity to satisfy the customers demand. 

 

 

 
 

5.2.6 Constraints 

 

To minimize the transportation costs of products, we must be considering various constraints, its mathematical 

formulations are described as follows: 

 

 The constraints related to costs of transportation 

The constraints (1) and (2) specify the transportation cost of one ton of product p using trains or tracks in period 

planning. This cost is equal to labor cost plus the maintenance cost and the transportation equipment rental cost. 

                        (1) 

                 (2) 

 

 The constraints related to quantities transported 



Proceedings of the International Conference on Industrial Engineering and Operations Management 

Rabat, Morocco, April 11-13, 2017 

2347 
 

When the daily demand of the products in the logistics platform exceeds the capacity of storage and the capacity of 

trains, the routing of products is done simultaneous by trucks and trains. For that reason, we used a binary variable 

 that takes the following values: 

 

Therefore, to start products routing by trucks, we considered the daily stock  at the port as an indicator and 

the safety stock as a sign to start routing. 

So, if the value of the daily stock  is below the safety stock , the binary variable take α=1 

consequently the term of quantities transported by trucks in the objective function is annulled.  

We can formulate these conditions in following constraints (3) and (4). 

       (3) 

       (4) 

The purpose of the following constraint (5) is defining the quantity of products transported in each planning 

period: 

 

   (5) 

 

 The constraints related to storage 

To transport products, it is necessary to ensure that the products quantities requested by customers are available in 

the warehouses of different entities. This condition is presented as following: 

The constraint (6) ensures that the quantities of products are always available in warehouses of the production 

sites. 

          (6) 

In the constraint (7), we ensure that the products quantities are always available in warehouses of the logistics 

platform. 

     (7) 

Constraint (8) specify the daily quantity of products in production sites warehouses. It is equal to the products 

quantity in stock in the day j-1 plus the quantity produced in the day j, less the total quantity transported in the same 

day j. 

     (8) 

Constraint (9) specify the daily quantity of products in the logistics platform warehouse . It is equal to the 

products quantity in the stock in the day j-1 plus the total quantity transported in the day j, less the quantity 

requested by customers in the same day j. 

    (9) 

In the precedent constraints, it is necessary to consider the initial quantity of products in stocks . 

 

 The constraints related to the production 

To transport the requested products, it is necessary to feed stocks with needed quantities and not to exceed 

the maximal quantity of daily production . This condition is described as follows (see the constraint 10). 

     (10) 

 

 The constraints related to customer demands 

The demand  is determined from the "stems" confirmed by customers, this demand is equal to the sum of 

daily requests  in the period t (see the constraint 11). 
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The daily demand  cannot exceed the maximal capacity (daily flow)  that can support the 

products routing equipment (see the constraint 12). 

            (12) 

 

 The constraints related to the transport 

The quantities of products transported by trains in each trip cannot exceed the maximal capacity 

 that can support train (see the constraint 13). 

            (13) 

The number of routes done in day j of the period t, cannot exceed the maximal capacity of daily transportation (see 

the constraint 14). 

   

The same constraints presented above are applied in the case of transport by dump trucks (see the constraints 15 

and 16). 

     

           
 

We can recapitulate the model obtained as follow: 

 

With constraints: 
 

     and     

 

     

       

         

  and       

                           

                 

  and     

 and                

 

 

  and   

 
Starting by this global model, we can establish the specific models for each product in the supply chain studied 

during each planning period. 
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5.3 Checking, validating and executing model 
 

For this part of the search methodology followed, we attempt to resolve this kind of difficult models using the 

appropriate resolving methods (branch and bound…). Actually, we are in the phase of implementing and validating 

of the code in a solver software. The results will be communicated in a future work. 

6. Conclusion 
 

In this study, we defined the supply chain, also we conducted a basic search to develop a planning model, 

specifically an integrated planning budgeting model, in order to optimize the transportation costs of the various 

products routed between entities of a reel supply chain. To do that we directed a review of the literature on the 

modelling supply chain approaches and we based on this study on a case study of a companies operating in 

phosphate field. 

In this paper, we followed a structed methodology and the result is a model that defined the transportation cost of 

various products by different ways between entities in a supply chain. It is a global model, that defined the specific 

models for each product during each planning period. 

This model is a Mixed Integer Programming, it belongs to NP complete problems. To solve this program, we will 

use the exact method "branch and bound" in a solver software. The results will be published in our future papers. 

In our future work, we suggest to develop a global budgeting model for all entities in the supply chain studied. We 

also suggest to couple our model to a simulation models for a better understanding of this type of problems. 
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