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Abstract

(1) Overview

Geothermal energy resources have a large and geopolitically widely dispersed potential and are considered as important and relatively clean renewable energy sources of the future. In recent years, utilization of geothermal energy has rapidly increased. Geothermal resources vary widely across locations, depending on depth and temperature of the resource, rock chemistry, and the availability of ground water. The type of resource determines the method of its utilization, and the economic conditions under which it can be exploited.
(2) Methods

In this paper we develop an economic model of geothermal energy production that builds upon Hotelling's rule and explicitly incorporates geological and engineering principles in the resource owner's decision problem. Moreover, we account for the fact that geothermal reservoirs, if overused, are exhaustible and require substantial regeneration times (quasi-finiteness). The owner of a geothermal heat and/or power plant using the resource might therefore decide to disinvest at a certain point of depletion of the reservoir and set up a new operation at a suitable non-exhausted nearby reservoir location until the original reservoir is replenished. Therefore, we develop a model of optimal resource extraction that not only stipulates the rate at which the resource should be utilized given a certain rate of reinjection of fluid, but that also takes into account the cumulative cost of sequential exploration for reducing the uncertainty regarding the size and quality of the resource, and from which borehole location it is best utilized.
(3) Results

Our research shows that a combination of economic and geo-engineering modeling leads to richer model formulations than existing ones. The approach adopted allows us to address both the optimal level and timing of exploration of a geothermal site, and also the optimal exploitation under geo-engineering conditions and constraints and given certain economic conditions.
(4) Conclusions

The model proposed can guide decision-makers on how to optimally explore and exploit a geothermal energy resource. Depending on the site studied, it might be preferable for a resource owner to actually overexploit the resource in an unsustainable manner and then to abandon it in favour of a new site until the currently exploited site is regenerated.
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