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Overview:

Saudi Arabia, the largest crude oil producer and exporter in the world, spends billions of dollars annually to efficiently manage its domestic hydrocarbon system to meet several operational targets including certain production levels for the five crude grades it produces. However, the question remains whether these production levels grant the country a maximum profit given the various oil market constraints and parameters. 

The literature review reveals that none of the available oil market optimization models maximize Saudi Arabia’s economic profit via determining the optimal production levels for the five crude grades the country produces. Also, the literature review reveals that modeling the oil market can be divided into two major streams.  The less popular stream considers the market to be more competitive while the more popular one concludes that Organization of Petroleum Exporting Countries (OPEC) or some OPEC core countries have some market power. In fact, the main contribution of our research is to build a global oil market model that: (1) the Saudi Arabia can use to economically optimize its production levels and evaluate various market scenarios and operational strategies, and (2) can model different oil market structures. 

Method:

In this paper, we build a partial equilibrium model for the global oil market. The model includes twenty-nine regions that supply six different types of crude, process them using four different refining configurations and then consume the produced seven types of refined products. The non-linear programming (NLP) model maximizes Saudi economic profits subject to the oil market constraints which include crude oil market structure, crude and refined products supply and demand balances, production and transportation capacities and costs, and refineries yields and capacities. We write this NLP model in a General Algebraic Modeling System (GAMS) and then solve it using the CONOPT solver. We also use the NLP model to maximize OPEC’s profits as cartel and then modify the formulation to a multi-complementarity problem (MCP) to solve for a more competitive oil market.

Results and conclusion:

For our preliminary results, we run the model for 2004 for three extreme cases: (1) Saudi Arabia maximizing profits, (2) OPEC as maximizing profits and (3) a competitive crude oil market. The most interesting result is that in the first two, both Saudi Arabia and OPEC could have realized higher economic profits than their 2004 actual. In fact, Saudi Arabia does better when coordinating production with OPEC. For producers outside OPEC, their profits would have still been zero as they are assumed to act competitive. Also, in these two cases, crude prices could have been a little higher and crude supplies could have been lower than those of 2004.  As expected in the third case, the competitive market, all producers would have supplied almost at their capacities. Crude prices would have responded by falling but by less than ten percent. In all three cases, the refined product market responds accordingly to the crude supplied quantities and prices. That is in the first two cases, the product demands fell responding to the increase in their prices while in the third case, product demands increased as their prices fell. 

