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SHORT-TERM SCHEDULING OF PIPELESS PLANT 


USING CONTINUOUS TIME REPRESENTAITON
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Department of Chemical Engineering, KAIST


INTRODUCTION


Stricter environmental rules, product specifications, and narrow profit margins are forcing many companies to seek better way to run their operations to remain more competitive. In addition these considerations are applied to new facilities being planned, extensively affect the existing plants to be revamped for operating flexibility with minimizing the environmental harm. This is why the pipeless plants have been focused as a major innovator in chemical engineering industries due to  Niwa (1993, 1994) evaluated the operation of pipeless plant to show the outstanding performance in operation and investment cost, flexible operation, and operation time. Pantelides et al. (1995) provided multi-period mixed integer programming model using systematic and rigorous approach to the optimal detailed short-term scheduling of pipeless plants. Computational complexities were caused by accommodating the flexibility of equipment, especially moving vessel transported by automated guided vehicles (AGV). A number of binary variables describing the discrete motion of moving vessel, therefore, resulted in long computation time. 


The objective of this work is to develop a continuous time mixed integer linear programming (MILP) optimization model for the short-term scheduling of pipeless batch plant. Continuous time model for multiproduct batch processes was already addressed by Pinto (1995). The transferring time of moving vessel is considered and reentrant production flows are assumed to be another production flows. 


Continuous Time Modeling


During a given scheduling horizon, the known multiple products should be produced with minimal earliness or minimal makespan. For a moving vessel completing a production job should be processed in a cleaning station for the other products to be transferred. Demanding products have multipurpose nature, so called the reentrant production flows. 


The followings are the basic ideas in this model:


Continuous time model. The scheduling formulation presented here is based on the short-term scheduling formulation of Pintos (1995). Thus, each product has the deterministic processing stage defined as time intervals for unit allocation with unknown durations and is connected in series, and each processing unit has the corresponding time slot as shown in Figure 1. To avoid overestimating the number of time slots postulated for each unit, a certain number of time slots � EMBED Equation.2  ���should be determined in advance. When stage � EMBED Equation.2  ��� of product � EMBED Equation.2  ���is assigned to slot � EMBED Equation.2  ��� of unit � EMBED Equation.2  ���, a stage block will be matched to a time slot of the unit by enforcing equality of the start and end times of these coordinates. A binary variable, � EMBED Equation.2  ��� representing the matching process is defined. It is used to denote assigning stage � EMBED Equation.2  ��� of product � EMBED Equation.2  ���to slot � EMBED Equation.2  ��� of unit � EMBED Equation.2  ���. Every stage of a product must be assigned to one time slot of a unit, not not vice versa. In this proposed model, the reentrant products are regarded as different products. Suppose three products should be processed through six production stages and 8 units in parallel as shown in Figure 1.  The circled stage, stage5 denotes reentrant process. Thus, for each product, it is supposed to end the processing in the stage just before reentering, namely stage 4, and a new product is defined and processed from the reentering unit. 
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Transferring time of moving vessel. Main reason the previous works on the scheduling of pipeless plants are biased to multiperiod optimization technique is intractable to model the moving vessel. More efficiently describing the flexibility of moving vessel needs so much detailed time discretization, which leads to an enormous number of discrete variables. In this model, the moving time has only to be included in time slot for the fixed plant layout (Equation 3). It is reasonable when the speed of moving vessel between units is kept constant.


Minimize Makespan 


	� EMBED Equation.2  ���� EMBED Equation.2  ��� 	[MILP1]


assignment constraints


� EMBED Equation.2  ���	� EMBED Equation.2  ���	(1)


� EMBED Equation.2  ���	� EMBED Equation.2  ���	(2)


calculation of end times


� EMBED Equation.2  ���� EMBED Equation.2  ���� EMBED Equation.2  ���	(3a)


� EMBED Equation.2  ���� EMBED Equation.2  ���	(3b)


time matching between product-unit 


� EMBED Equation.2  ���	� EMBED Equation.2  ���	(4a)


� EMBED Equation.2  ���	� EMBED Equation.2  ���	(4b)


where � EMBED Equation.2  ���		


sequence of stages and slots


� EMBED Equation.2  ���	� EMBED Equation.2  ���(5a)


� EMBED Equation.2  ���	� EMBED Equation.2  ��� (5b)


due date constraint	


� EMBED Equation.2  ���	� EMBED Equation.2  ���	(6)


assignment of earlier slots


� EMBED Equation.2  ���	� EMBED Equation.2  ��� (7)


pre-ordering between original product and newly defined product


� EMBED Equation.2  ���	� EMBED Equation.2  ���	(8)


constraint on the number of moving vessels


� EMBED Equation.2  ���     � EMBED Equation.2  ��� 	 (9)


assignment of earlier stage


� EMBED Equation.2  ���           (� EMBED Equation.2  ���)� EMBED Equation.2  ���	(10)


consistent operation


� EMBED Equation.2  ���	� EMBED Equation.2  ���	(11a)


� EMBED Equation.2  ���	� EMBED Equation.2  ���	(11b)


      where � EMBED Equation.2  ��� is the cardinality operator.





Equations 1 to 7 are so similar or identical to the  model presented by Pinto (1995) that detailed explanation for those is omitted in this paper.  Equation 3 expresses the relation between the starting time and ending time. The processing time, setup time, and the transferring time are added to the starting time ,� EMBED Equation.2  ��� and � EMBED Equation.2  ��� if stage � EMBED Equation.2  ���of product � EMBED Equation.2  ���is assigned to time slot � EMBED Equation.2  ���of unit � EMBED Equation.2  ��� (� EMBED Equation.2  ���=1) to calculate the ending time, � EMBED Equation.2  ���and � EMBED Equation.2  ���, respectively. Note that while the setup time is only unit dependent, the transferring time is affected by both unit and product. 


Equation 8 describes the relation of the original product and the newly defined one. Since the new product is the same product but latter sequencing one, in fact, the starting time for reentrant process can not precede the ending time of virtual last process. In case the number of moving vessels is restricted to a finite number, the vacancy constraint for moving vessels should be imposed as in Equation 9. Every occupation of moving vessel forbids the remaining products to be processed. Serious situation may take place when the objective function minimizing earliness is used. The sequence of transferring product for each moving vessel may not be consistent. It is resulted from the absence of constraints regarding consistent moving. Equation 10 expresses that if product � EMBED Equation.2  ���precede product � EMBED Equation.2  ���in a processing stage, product � EMBED Equation.2  ���also precede product � EMBED Equation.2  ��� in the latter following stages. The precedence of those products are determined in Equation 11. If the ending time of product � EMBED Equation.2  ��� is later than that of product � EMBED Equation.2  ���in stage � EMBED Equation.2  ���, Constraint (11a) demand� EMBED Equation.2  ��� to be 1 but constraint (11b) is relaxed, and vice versa. 


Example - A Three product plant -minimize makespan


Consider the pipeless plant with 6 stages and 8 unit which have to process three products as early as possible. Every product has the same production path; charge-charge-blend-reaction-blend-discharge-cleaning. Units {1}, {2}, {3,4}, {5,6}, {7}, and {8} belong to stages 1, 2, 3, 4, 5, and 6 respectively. The optimal scheduling is shown in Figure 2.
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Conclusions


The short-term scheduling problem of pipeless plant has been discussed in this paper. While the conventional model used multiperiod optimization with large number of discrete variables, the proposed model reduced them using continuous time domain representation. This MILP model has been applied to four examples classified by the number of products and finite issue of moving vessel show the economic potential and possibility to be adopted in other kinds of large size multipurpose plant such as semiconductor process.
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