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Overview

This article aims at proposing new ways in which economic analysis can be applied to important issues related to security of energy supply. More particularly, we show how the real options theory may be a convenient tool to analyze the uncertainties surrounding the development of unconventional gas. We lay emphasis on the main economic features related to investment in this highly sophisticated technology which may contribute to address the needs of a world increasingly hungry for energy.
We organize the study into four sections including the introduction. In the second section, we explain the main context of the shale gas developement. In the third section, we draw attention to the foundations of real options analysis and we present some important directions to be used in our modelling framework. The last section concludes the paper.
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Methods

Real Options Theory, Dynamic Programming
Results

    Our results illustrate that if the environmental costs are uncertain and if the social planner is able to defer the starting time of an investment, then it is optimal to wait until an optimal level of costs related to environmental externalities before investing. The value of new information adds an economic value to the opportunity to delay the developement of the gas reserve to a future date, until the environmental cost associated decreases. Moreover, because the government adds the externality to its objective function, we find that the private optimal level of investment is higher than the socially optimal threshold. Clearly, the resource is worth less to society because the latter incurs the cost of the externality.    
These results outline that the standard prescriptions from real options values hold when the decision variable, i.e. the environmental impact, influences the stochastic process. They also show that the traditional analysis of benefits and costs may demonstrate important gaps when the uncertainty and the irreversibility are simultaneously considered. Hence, it is better to follow a gradual exploration process and to keep the investment options opened, in order to clearly understand the uncertainty and the potential upside. Also, learning the processes can be a key to focus on core areas and reduce unit cost and negative externalities.
Conclusions

    In this paper, we showed how the economic theory can incorporate the uncertainties, the irreversibility and the managing felxibility which may be available in the developement of unconventional gas. Although we didn't aim to provide a complete model of the problem, our intention here was to highlight some potential paths of how the real options theory can be used to evaluate investments in this field. It is easy to understand that the interplay between uncertainties and the financial and environemental irreversibilities has an important role in the political choices that are to be made. Likewise, the policy-makers in the field of unconventional gas must learn to manage these constraints and to adapt to them. For instance, when new information arrive over time, the policy maker has the flexibility to use it and thus to choose the optimal time and amount of development. Therefore, in this paper we questioned about when (if ever) is optimal to invest in the shale gas development which comes with potential environmental consequences, and how much (if any) investment should be used.
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