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Abstract:  This paper addresses the crude oil procurement planning and suppliers selection problem in distributed multiple supplier/refinery supply chain, and develops under constraints of limited resources an optimal procurement model to minimize the total costs. Subsequently, the non-linear programming model is transformed into a linear programming one, which is further solved by linear programming approach. Finally, numerical computations demonstrate that the approach proposed for crude oil procurement planning is efficient and applicable.
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1   Introduction

In the new global e-business environment, the focus of petrochemical products competition has shifted to good quality with low price, small batch, diversified categories and punctual delivery. The petrochemical enterprises must face diverse and unpredictable crude oil market environment, and they need to shorten product cycle and improve the adaptability to market. The role of procurement is one of the most significant strategic elements in supply chain for many corporations, particularly for those oil refineries, which spend more than 80 percent of the value of products. Moreover, supplier selection decisions are complicated by the fact that various criteria must be considered in the decision making process. Dickson (1966) identified 23 criteria for vendor selection based on a survey of 170 purchasing managers. Weber et al (1991) presented a review of 74 articles of the vendor selection literature since 1966. They found that net price, delivery, quality, and capacity were the criteria that appeared most often in these articles. In the literature several dimensions are mentioned that are important for the multiple objective vendor selection decision. These include net price, quality, delivery, performance history, capacity, communication system, service, geographical location, etc. From the literature, the most common approach is the Rating and linear weighting models, which consists of stipulating a number of criteria and giving them different weights for total score (Gregory, 1986); Another technique is the Analytic Hierarchy Process (AHP) method (Saaty, 1980), in which relative positions of the suppliers with respect to a given criterion are determined by pair-wise comparison; Timmerman (1986) used Total Cost Approaches to quantify all costs related to the selection of a vendor in monetary units; Degraeve et al.(2000) proposed a concept of Total Cost of Ownership (TCO) as a basis for comparing vendor selection models; Weber and Desai (1996) used Data envelopment analysis (DEA) method for evaluation of vendors; Gaballa (1974) is the first author who applied Mathematical Programming to vendor selection in a real case of the Australian Post Office; As about others methods such as Conceptual and empirical methods.

In this paper, our research addresses these corporation which are composed of many distributed oil refineries, formed the united corporation. In the global procurement environment, a corporation will make the final procurement plan solution to purchase and delivery these different kinds of crude oil from different suppliers to meet the production needs of each oil refinery (not for storage). In the situation that distributed multi-suppliers and multi-refineries constitutes a supply chain of petrochemical enterprise and under constraints of limited recourses and forecast demand. The assignment of procurement planning is choice where, how many, and when, so selecting supplier, determining lot size and time is mainly objective to minimized the total costs.

The rest of this paper is organized as follows: Section 2 describes our model with original multiple objective optimizing model, and explains each section of the constraints. The fundamental assumptions are discussed, and a non-linear formulation of the problem is presented. Section 3, a transformation method was offered to transform the non-linear programming problem to linear programming one, and given proofs. In section 4, numerical computational results are presented. Finally, a short conclusion is drawn in section 5.

2   Model 

2.1  Problem Description
Suppose that there are
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oil refineries and
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 suppliers. In the planning period [1,
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 kinds of crude oil are supplied from suppler
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for each refinery. Each refinery should offer the kinds of crude oil, required quantity, quality and delivery time
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, according to their practical situation of production and equipments as well as requirements in the commercial market. Presumed that supplier
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has limited supply capability of
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kinds of crude oil in period [1,
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]；due to each supplier and refinery in different geographical location，it causes the difference transportation time
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. Though the transportation approaches are different，such as shipping transportation, pipe transportation and so on，due to the property of crude oil product，the transportation infrastructure between two location are stable and the transportation approach will be single, so we presumed the transportation fee of each unit is stable.

The purchasing unit cost of crude oil
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 is the sum of the unit crude oil price
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. Due to the relative stability of production capability of suppliers and the levity of market requirements, it can cause the imbalance between suppliers’ supply capabilities and the refineries’ requirements in the plan period [1,
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], and it will cause supply capability shortage or supper. When the supply capability falls short, the popular way is to advance the order or delay the delivery. However, if the order is advanced, a great deal of flow cash will be occupied and storage cost will increase; else the delivery is delay, and the fine needs to be paid and the supply chain’s service level falls, furthermore the supply chain cycle time will be on rise. In the meanwhile, Contemporarily, due to each refinery’s specified equipments can only be suited to refine some given kinds of oil, the crude oil kinds that were chosen were just in limited scope. So it’s production process is different according to oil property. The crude oil quality (such as involved quantity of sulfur and specific gravity), price, production plan and process will directly affect the quantity and quality of the commercial oil, so it plays the vital role to ensure that the company production plan would be implemented smoothly and the management objectives can be achieved. Consequently, when some kinds of crude oil fall short, the procurement plan should consider allocation accordingly to the varieties, quantity and quality of devoid crude oil comprehensively to satisfy enterprises’ production requirements. So the objectives of procurements plan are as follows: in supply chain plan period within the supply capability, the reliable procurement plan should be made according to the requirements of each refinery, in order to optimize the sourcing cost, transportation cost, earliness/tardiness fine and supply chain cycle time. Contemporarily according to each refinery’s needs to crude oil quality and on time delivery, it would choose the suppliers and the optimized configuration solution of resources, which provides reliable mathematic foundation for procurement decisions. 

2.2  Model

Presume that: the transportation time is direct ratio to the transportation distance; the transportation price is also direct ratio to transportation distance. We don’t need to consider procurements volume and discounts, and the differences in transportation time caused from the diversities of crude oil kinds. We also ignore the suppliers’ response time to orders. Decision variables: 
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denotes the volume of  crude oil 
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 which is planned to procure from the supplier [image: image21.wmf]i

 in period 
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; due to the shortage，we adopt the way of advancing procurements. However, to advance procurements does not mean to deliver in advance, but to store in the suppliers place and only to deliver as required for production according to storage capacity. So
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denotes the volume of crude oil 
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 that is planned to deliver from supplier 
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 to refinery 
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 in period 
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. So the objective programming model（PM0）of procurement of crude oil is given as follows:
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In objective function (1), due to the great importance of cost and time in the supply chain, we provide a multiple objective solution targeted at cost and time. The minimize total procuring cost including excess/outstanding penalty fine, purchasing cost and transportation cost. Then, excess penalty fee and shortage penalty fee are the fore two sections, where 
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 is the excess purchasing penalty function of crude oil 
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 per unit;
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b

 is the shortage purchasing penalty function of crude oil 
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 per unit；in general situation，excess/shortage penalty functions is in direct ratio to the product price per unit，and 
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. The third section is purchasing cost. (2) is Constraint of requirements. The kinds and volume of crude oil that suppliers plan to deliver to refineries must satisfy the given time constraint of requirements of each refinery. Where 
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 required by refinery 
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 in period
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. (3) is  restriction of suppliers’ capability. As the supplier’ resources are limited in some period, it determined the volume planned to be procured can’t exceed the given volume, i.e.In this formula，
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. (4) is constraint of quality. Because the quality，such as involved quantity of S , involved quantity of oil and specific gravity ,etc. of  the crude oil，directly affect the volume and quality of process and products，in the formula, 
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 denotes the quality qualified rate of crude oil 
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 that supplier 
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qualified 
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 rate of crude oil 
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 that refinery 
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 can accept. (5) is constraint of on time delivery. As procurements demand, it needs to choose the suppliers that can provide delivery notes and good credit to satisfy the needs of on time delivery.
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denotes on time delivery rate of crude oil 
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 that refinery 
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 can accept. (6), (7) are non-negative quantity constrains.

3   Solution 

Because the objective function of the original model is not continuous, we can hardly adopt the programming methods to solve it. In order to solve it easily，the transformation can be executed as follows. Presume that 
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Then the original model（PM0）is transformed to model（PM）：
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From this transformation result we can see that the original model has already transformed to linear multi-objective programming model, though the variable number has increased. The equivalence proof of the model (PM0) and (PM):

Lemma: In the model（PM）,
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Presume that 
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Theorem：Model（PM）is completely equal to model（PM0）.

Demonstrate from formula （8）, we can know:
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In the same way, we can get the equation:
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From formula (9), we can see: The constraint of model (PM) is completely equal to that of model (PM0). Therefore，the objective function and constraint condition of model (PM) is completely equal to those of model (PM0). The original model has already become linear model after transformation, so we can use general linear programming program to solve it. 

Step1: Adopt  the popular linear programming applications to compute 
[image: image107.wmf])

(

*

t

x

ij

,
[image: image108.wmf])

(

*

t

y

ij

,
[image: image109.wmf])

(

*

t

U

ijl

and the value of objective function;

Step2: Compute the volume and kinds of crude oil that procuring center plans to procure in each period from formula（8）;

Step3: Compute the completing status of plan and the allocation status of each refinery in case that supply capacity falls short. 

4   Computatonal Results
Applied to a great deal of cases, the above algorithm got the satisfying results for all. We can only give a simple case here. Presume the supply chain is composed of 2 crude oil suppliers and 2 refineries. In planning period [1，5], it will provide 2 kinds of crude oil. The relative data of each supplier is given in table 1, and excess/shortage penalty functions 
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. The relative data of each refinery is given in Table 2. We can see from Table 2, because the  requirement period 3 oversteps the supply capability of suppliers in table 1 much more, the shortage of capability appears. Therefore, we can adopt proposed approach for procurements，and on the premise of the capability balance, we can make a optimal procurement solution illustrated in Table 3. By comparison，we can see that the proposed planning approach for procurements can minimize excess cost, procurements cost, total transportation cost with completely satisfying results under the capability balance. The delivery time of each kind of product can meet the time required by each refinery to the greatest extent and can achieve the optimal procurements and maximize the business objective.

5   Conclusion

The procurement planning is very important in the management of supply chain. The model was foemulated in this paper, which based on the theory of optimal procurements. To make it easy to be solved, an approach was provided to transform non-linear problem to linear one. And the general linear programming program was adopted to solve this problem. The numerical computations demonstrates that the approach proposed can not only make effective procurement planning, but also can choose the suppliers reasonably and optimize the configuration of resources. It is an effective approach to solve procurements planning in the distributed supply chain.

Table 1  Supply capability and corresponding data of the suppliers
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Table 2  The corresponding data of oil refineries
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Table 3  The computational results (the value of the objective function is 4884.3$)
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