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Overview

We build a model of resource extraction to highlight how CO2 taxation can increase the profits of owners of a carbon-emitting exhaustible resource. This resource competes with a dirtier abundant resource and a clean backstop. CO2 concentration has to be kept under a ceiling. The optimum is decentralized by a carbon tax. As the carbon ceiling is tightened, the exhaustible-resource rent, and thus profits, is partly captured by the tax levier (the “capture effect”), but the dirtier resource is made less competitive (the “competition effect”). The role of resource endowments, pollution contents, extraction costs and demand elasticity is analyzed.
Methods

Following Chakravorty et al. (2006), we construct a Hotelling-like model where the CO2 concentration must be kept under a carbon ceiling. This threshold can be considered as an exogenous constraint, for instance stemming from a Kyoto-like Protocol, or as the first-best carbon policy if damage can be approximated by a binary function with no marginal damage when the CO2 concentration is below the threshold and infinite otherwise. The social planner seeks to maximize the total surplus, i.e. the sum of the consumer and producer surplus, taking account of the scarcity constraint and the carbon-cap constraint. As in van der Ploeg & Withagen (2012), consumer utility comes from three perfect-substitute energy sources: an exhaustible polluting resource, an abundant dirtier resource (the dirty backstop) and an abundant clean resource (the clean backstop). Each resource is distinguished by its carbon content, extraction cost and reserves. Since scarce polluting resources can be more expensive or cheaper to extract than abundant dirtier resources in real life, we explore both cases. As in Chakravorty et al. (2006, 2008) and van der Ploeg & Withagen (2012), fossil-fuel owners are in perfect competition; profits are thus only driven by resource scarcity. To implement optimal policy, the social planner can impose a worldwide carbon tax but cannot prevent the use of a particular resource or set a specific tax on each resource.
Results

The Grey Paradox can be expressed as follows: the profits of owners of not-too- polluting exhaustible resources may rise due to (optimal) carbon taxation. We first show that a unique carbon tax path allows the optimum to be decentralized when the exhaustible resource is exhausted and the dirty backstop is used. This tax must equal the shadow cost of pollution, and marginal profit is equal to the scarcity rent. In the main part of the analysis, we consider how the scarcity rent changes as the carbon ceiling falls, when both polluting resources are extracted and the exhaustible resource is exhausted. The overall effect of a fall in the ceiling on the scarcity rent, and thus on profits, is shown to be ambiguous. On the one hand, there is a positive “competition effect” on the profits of the exhaustible-resource owners: their not-too-polluting exhaustible resource is (or will be) in competition with an even more polluting resource, which will be subject to a higher tax, this tends to increase their profits. On the other hand, there is a negative  “capture effect” on the profits of the exhaustible-resource owners: their resource is subject to an increased carbon tax, decreasing the demand at each date and thus tending to lower their profits. If the exhaustible resource is cheaper to extract than the dirtier resource, tightening carbon regulation increases the profits of exhaustible-resource owners if any of the following hold: (i) its demand elasticity is low enough; (ii) its extraction cost is close enough to that of the dirty backstop; (iii) its pollution content is low enough (compared to that of the dirty backstop); or (iv) its initial stock is small enough. When the exhaustible resource is more expensive to extract than the dirty backstop, tightening carbon regulation increases the profits of exhaustible-resource owners. Introducing a technology that allows for capturing CO2 at constant marginal cost does not change these results.
Conclusions

This paper has cast some light on the distributional effects of carbon taxation, showing that the owners of a carbon-emitting resource may benefit from carbon taxation if a dirtier abundant resource is also used, even if the tax revenues are not redistributed. In particular, when this resource is cheaper to extract than the dirtier resource, tightening carbon regulation increases the profits of the exhaustible-resource owners if any of the following hold (i) its demand elasticity is low enough; (ii) its extraction cost is close enough to that of the dirty backstop; (iii) its pollution content is low enough (compared to that of the dirty backstop); or (iv) its initial stock is small enough. When the exhaustible resource is more expensive to extract than the dirty backstop, tightening carbon regulation increases the profits of its owners. Introducing a carbon capture technology from the stock or the flow of CO2, with constant marginal cost, does not change these results. Our model can easily be amended to take account of the sectoral specialization of resources, increasing extraction costs and the existence of multiple carbon-emitting exhaustible resources. 
Conventional oil is likely to be in competition over time with unconventional oil, which is both abundant (oil shales, oil sands-based synthetic crudes and derivative products, coal-based liquid supplies, biomass-based liquid supplies and liquids arising from the chemical processing of natural gas) and more polluting. In our model, conventional-oil owners may benefit from carbon taxation. The same remark holds for natural-gas producers, since gas is in competition with more polluting resources such as coal. 
Our results lead us to reconsider the debate over compensation for losses in oil-export revenues induced by carbon taxation, as claimed for instance by OPEC countries. Major coal or unconventional-oil exporters are likely to remain insensitive to pro-mitigation arguments as long as their losses are not at least partially compensated. Canada, for instance, withdrew from the Kyoto Protocol in 2011 after the boom in oil sands. Conventional oil and gas exporters, mostly OPEC-Gulf countries, may be more easily convinced of the necessity of carbon regulation if it can be shown that they may directly benefit from carbon taxation. 
Technological progress in green technologies is an ongoing topic in the climate-change mitigation debate. If the clean-backstop cost falls over time, the likelihood of the Grey Paradox would increase. Since a fall in the ceiling brings forward the use of the clean backstop, its starting price would increase as the carbon cap falls, making this resource less competitive (compared to polluting resources).
Resource profits can be used in R&D to reduce extraction costs or to explore the earth's crust to find new deposits. Such activities would clearly exacerbate the impact of a fall of the carbon ceiling on total profits in our model. 
A final remark is that OPEC domestic markets represented 9.8% of world oil consumption and 23.3% of their own production in 2011. They amount to 12.8% of world gas consumption and 69.8% of their own production (BGR 2012). OPEC countries can use strategies, for instance exempting their domestic market from the tax, to increase their profits or reduce their losses. Allowing for such strategies would clearly make the emergence of the Grey Paradox more likely.
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