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Overview

Consumption of fossil fuels leads to an accumulation of carbon dioxide in the atmosphere which brings about the process of global warming. A rising world temperature would certainly lead to undesired effects in the world, e.g. sea level rise, heat waves, long dry periods or other severe weather events, to mention only a few possibilities. Different proposals are being made at the moment to account for this externality for which todays’ consumers of fossil fuels are not sufficiently held to account for. 

One stream of the literature considers the supply decision of the owners of fossil fuels arguing that the link between extraction and consumption of fossil fuels is inevitable. The questions are: How can we induce resource owners to extract their resources more slowly? And is it possible to find a policy measure such that some of the fossil resources remain in the ground forever?

Threatening the resource owners with a cheaper backstop technology, i.e. subsidising for instance solar or wind energy, delivers the result that it reduces the upper bound for the price of their fossil resource, thus requiring higher extraction volumes and leading to a faster depletion of the resource. This would prove to be counterproductive from the initially described climate change perspective if still all resources were extracted. However, there is also the argument that lowering the price of a backstop technology could mean that some of the resources remain in the ground forever. The idea is based on the observation that nowadays fossil fuels are extracted at very high costs in some regions of the world, e.g. Canadian oil sands or heavy oil in Venezuela’s Orinoco delta. If these regions in fact would represent the marginal costs of extraction, the above argument could be important and a relatively small subsidy of clean energy sources could very soon already reduce the speed of extraction of fossil fuels by making those resources unprofitable. However, those resources do not represent the marginal costs of extraction, and the reason is that the Herfindahl principle does not hold in reality. 

In this paper, however, the main question is not only about the effects of subsidising a clean backstop, but somewhat more fundamental. Recently a number of papers have argued that it is possible that some of the fossil resources remain in the ground forever (see e.g. Van der Ploeg and Withagen (2010), Grafton et al. (2010), Kalkuhl and Edenhofer (2010) and Gerlagh (2010)) as a consequence of governmental policy measures. This papers offers a detailed treatment of this question and ends up with a clear answer. 
Methods

Clearly, the supply of fossil fuels constitutes a dynamic optimisation problem as extraction from a non-renewable stock is a prerequisite. Taking the well-known considerations by Hotelling (1931) as a starting point, we know that resource owners arbitrage between extracting the resource and investing its revenue on the capital market and leaving the resource in-situ while waiting for its value to increase over time due to higher scarcity. The basic result in this paper is derived from a simple dynamic optimization model and complemented by three graphs which add more economic intuition to the analysis. A short section on the costs of extracting crude oil shows that those in fact are only a small fraction of the price of crude oil.

Results

The main result of this paper is that the price of the fossil resource has to equal the costs of extraction if resource owners today would anticipate the emergence of a perfect backstop in the future which would make some of their resources unusable. The conclusion is that the resource owners do not expect that something will happen in the future which will make some of their resources unusable. Neither the possibility of a technological breakthrough nor governments taxing fossil fuels and subsidising other sources of energy, represent actual threats for the resource owners in the Middle East and other parts of the world. This can clearly be shown from the model and strengthened by the graphical analysis.
Conclusions

The conclusion is that the resource owners do not expect that something will happen in the future which will make some of their resources unusable. Neither the possibility of a technological breakthrough nor governments taxing fossil fuels and subsidising other sources of energy, represent actual threats for the resource owners in the Middle East and other parts of the world. Future arguments in the policy debate about subsidising clean energy sources should thus not focus on how much of the fossil fuels will be left in the ground forever. The answer to this was already given in this paper. However, subsidising clean energy sources does effect the speed of extraction and possibly in some way also the order of extraction given that deposits are of different qualities. These are the relevant questions to be addressed by future research.
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