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Abstract

Petroleum refineries is always confronted with various risks that affect their normal operations and profitability. Risk factors include volatile crude market, demand changes of petroleum products, and increasingly strict environmental regulations. Especially, the availability of new crude sources will necessitate the evaluation of refinery assets to leverage refinery procurements in order to maximize their profits.  Facing tremendous challenges on multiple fronts, refiners need to examine different aspects of supply chain components and continuingly improve their bottom line. Long-term planning and short-term scheduling constitute two important decision elements for petroleum refineries. Planning is responsible for creating profitable plans exploiting the constantly changing market opportunities, while scheduling is required to execute feasibly and optimally as much as possible according to obtained plans. Unfortunately, due to their different time interests and process constraints considered, discrepancies always exist, which lead to inherent gap between generated plans and schedules. It is estimated that bridging actual scheduled operations closer to the optimal plan while respecting the process constraints for refineries could yield refining companies up to 10 cents per barrel. Therefore, two-way communications between planning and scheduling need to be enhanced in order to validate the generated plans and make any necessary adjustments for the plans to be feasible under real operation settings.
Literature review suggests that limited attention has been devoted to the integration of long-term procurement planning and detailed crude scheduling. Existing publications are either focused on an aggregated planning problem without considering realistic operating practices and connection decisions between units [1], or neglecting the ever-changing crude supplies/product demands, variable shipment sizes and demurrage costs [2]. Most importantly, the aforementioned works disregard the continuous operation of crude distillation units. The reason for these sacrifices lies in the fact that that long planning horizon imposes extreme difficulties on solving a full-space problem with integrated formulation of planning and scheduling. Therefore, decomposition strategies are broadly deployed [3]. In this paper, an iterative framework integrating refineries crude procurement and detailed scheduling under consideration of crude delivery uncertainty is proposed. The long-term planning is decomposed into sub-periods representing different scheduling horizons. Hierarchically, the planning problem serves as a master sub-problem while the detailed scheduling is a salve sub-problem. The crude purchasing and refining plans from master problem are provided as inputs to the slave problem. Under the circumstances that any planned operations are impossible with detailed processing constraints or delivery uncertainty, a feedback will be sent from the slave problem to the master problem in the form of extra constraints. A forward rolling-time horizon framework will be created in such a way that once a portion of the time horizon has been scheduled, no additional modifications are allowed for the given period of time horizon. Thus, the number of iterations required to schedule the entire time horizon will be minimized. Accordingly, the finalized refining profits will be compromised due to consistent refinement from detailed scheduling problem. A case study will be demonstrated to validate the capability of the proposed integration method.
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