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Overview

The current oil supply context, characterized by the conventional oil production rate slowing down, explains the increasing development of non conventional oil, which however implies technical, economic and environmental difficulties.

Our concern is the economic analysis of the development of non conventional oil sands in Canada under uncertainty. The oil sands resources have a large development potential in terms of reserves size: according to the AEUB estimates (2003), 1700 billion of bitumen barrels are initially in place in Canada, and about 300 billion of barrels could be ultimately recoverable with anticipated technical evolutions (Gruson and al., 2005). However, due to technological complexity, the exploitation of Canadian oil sands implies higher capital and operating costs compared to conventional crude oil. This characteristic partly explains the fact that uncertainty has an impact on the exploitation of these non conventional resources. According to Pindyck (1978), the introduction of a potential technical improvement, which seems to be particularly adapted to oil sands, modifies the resource price path. Moreover, volatility on the market price may negatively affect oil sands investments (Pindyck, 1980).  

In our study, we aim to determine how oil sands production path is modified under different scenarios. The followed methodology consists in describing detailed oil sands extraction and transformation processes, in an oil supply optimization model. Then, according to various hypotheses on the oil product demand, the crude oil price, the environmental constraints, the model aims to reflect the behaviour of non conventional oil producers. We simulate this behaviour according to several sets of hypotheses (risk neutrality, alternative choices...) in order to assess the investment behaviour and the production pattern. Furthermore, different tax and royalties systems are introduced to test if they modify the risk borne by the producer.

The paper is organised as follows: After the introduction the second section gives a brief overview about the specificities and the factors of uncertainty of oil sands production. The third section explains the construction of the supply model. In section four we describe the tested simulations on oil products demand and tax and royalties system. In the final section the simulation results are presented.
Methods

The first article introducing price volatility in the exhaustible resources theory has been written by Pindyck (1980). Various non conventional oil supply models have also been developed in the literature. In the period following the first oil price shock, Melton (1982) built an optimization model to simulate the non conventional oil shale supply in the North American basin under water consumption and air quality constraints. Recently, Plourde (2009) used a techno-economic model to simulate governmental and producer rents corresponding to specific oil sands production projects, from both mining and in situ costs' estimates, under different scenarios of taxation and royalties regimes. 
Here, we have developed an optimization model representing a non conventional supply model. This submodel is then integrated in a refining model, representing North America (Sanière and al., 2007). Due to geographic proximity, extended pipelines system and adapted refinery structure, bitumen and synthetic crude oil coming from oil sands exploitation are largely dedicated to the US market (PADD II, IV). 

 The oil sands submodel contains two parts, the extraction and the upgrading step, which can be linked or run independently, to simulate both bitumen and integrated producers' strategies. The model includes technical constraints, formalized as a maximum available capacity for each production unit, a crude oil demand constraint, which has to be satisfied and environmental constraints. The model can be solved on five-year periods, representing the sequential investment phases to extend the industrial project until 2030, through dynamic linear programming approach. The simulated non conventional crude oil supply is deduced from the optimization process.

Price volatility appears in the objective function, by introducing the price of conventional crude oil supply, including imports from other countries, which directly concurrences crude production from non conventional oil sands.
The non conventional oil development model runs on four separated zones belonging to the North America area: Canada, US West coast, US East coast and Mexico. It has around 10,000 equations and 40,000 variables, and is handled by Gams using CPlex optimization code. 
Results

Preliminary results point out that non conventional crude oil pattern is driven by the expected oil product demand. According to a world oil demand of 107.3 million barrels per day (Mbbl/d) in 2030, of which 26.5 Mbbl/d in North America, the non conventional Canadian supply could reach about 4.8 Mbbl/d. However, such result is very sensitive to crude oil price variations. We show that the investment behaviour is affected by the crude oil price volatility.

Conclusions

The development of non conventional supply modifies the refining schemes and the crude oil supply in the USA. Moreover, the exploitation of these non conventional crude oil resources maintains the energetic independency of North America, the crude oil supply coming from the North America area still representing around 19% of the worldwide crude oil supply.
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