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Overview

By the end of 2015 the ongoing UN climate negotiations resulted with a treaty in Paris. On the one hand the treaty is exceptional because nearly all countries in the world committed to reduce their GHG emissions. On the other hand, the emission reduction pledges are not legally binding, and there is no sanction mechanism built into the treaty aimed at countries not fulfilling their pledges. Thus, there seems to be a significant level of uncertainty with respect to whether countries will stick to their pledges, and whether pledges will be renewed and further strengthened.

Parties to the Paris treaty further restated their commitment to the 2⁰C target, and agreed to "pursue efforts to limit the temperature increase to 1.5⁰C. In order to keep global warming below the 2⁰C target, a third of oil reserves, a half of gas reserves, and more than 80 percent of coal reserves must stay in the ground (McGlade og Ekins, 2015), while IEA (2011) predicts a 50% growth in total energy demand in the next 25 years. Hence, the production of zero carbon energy must increase dramatically in the coming years, which among others requires the levels of R&D to increase in order to further reduce the costs of these technologies.

In this paper we study investment and R&D in zero carbon technologies with uncertainty about future climate policies. Economists normally do not advocate targeting R&D subsidies tyo specific technologies. However, zero carbon energy technologies differ with respect to their properties. Renewables are typically decreasing returns to scale technologies, for example, locations may differ with respect to average wind and sun conditions. Coal and natural gas power with carbon capture and storage (CCS), on the other hand, are constant returns to scale technologies, and  the full cost of these technologies for moderate climate policies exceeds the full cost of traditional coal and natural gas power. Hence, investors will not choose these technologies as long as climate policy is not significantly tightened.
In the paper we pose the following research questions: I) How do the different properties of renewables and CCS technologies affect the investment and R&D decisions of private firms under uncertainty about future climate policy? and II) Does the market outcome with respect to R&D levels depart from the first best outcome?
Methods

We use economic theory and numerical simulations for illustrative purposes. Our theoretical model has three periods. In the first period a representative power producer decides the level of R&D for the two types of zero carbon technologies. In the second period the power producer invest in power capacity. Knowing the result of their R&D, they choose between the renewable and the CCS technologies, and a third, well established carbon intensive technology. Finally, in the third period, the climate policy is revealed and the electricity market clears.
We analyze two types of uncertainty: Either, there is uncertainty about the marginal damage of green house gas (GHG) emissions, or there is uncertainty about the ability of the politicians to enact a sufficiently stringent climate policy. For the first type, climate policy will be optimal, that is, if the marginal damage of GHG emissions is low, the emission tax will be low, and if the marginal damage of GHG turns out to be high, the emission tax will be high. For the second type, we assume that the marginal damage of GHG emissions is known to be high, but that we cannot know whether the emission tax will be low or high.

In both cases there is uncertainty about the future tax rate, however, investments in the two types of zero carbon technologies may react differently to this kind of uncertainty. Some level of renewable capacity investment is always profitable independent of the future climate policy. For instance, there are geographical sites especially well suited for this type of technology. For the other type of zero carbon technology, we have that no plants with CCS would be profitable if the tax turns out to be low, and that no traditional plants without CCS would be profitable if the tax turns out to be high.

Results

Our first finding is that, when there is uncertainty, ,in addition to the renewable investment,  we could get investments in both kinds of plants, that is, with CCS and without CCS. The plants without CCS would only run when the emission tax turns out to be low, while the CCS plants and the renewables will run by full capacity in both cases. This will most likely happen if the high emission tax is much larger than the low emission tax, and further if the probability of a high tax is smaller than 50%. In the other cases we get either only investments in CCS plants, or only investment in traditional plants without CCS (in addition to the renewable investment).

Our second finding is that private R&D investments are first best if the uncertainty is of the first type, eg. there is uncertainty about the marginal damage of GHG emissions. The representative power producer will always invest in renewable energy R&D, and may or may not invest in CCS R&D depending on whether the power producer will later invest in CCS capacity.

Our third finding is that R&D investments will not be first best if the uncertainty is of the second type, eg. there is uncertainty about the ability of the politicians to enact a sufficiently stringent climate policy. Somewhat, surprisingly, in this case there is too much renewable energy R&D and too little CCS R&D. The reason is that renewable energy does not compete with traditional energy, but with CCS. When the costs of renewable energy are reduced we get less CCS, but more traditional energy, which runs when the tax is low. This is not optimal as the tax is then too low, but the problem is partly remedied if the government can increase CCS R&D and decrease renewable R&D.

Finally, we run numerical simulations to illustrate our findings. For reasonable parameter choices the shortfall in CCS R&D may be significant. 
Conclusions

In its 2013 report on carbon capture and storage (CCS), the IEA predicts that CCS will contribute to one sixth of the required CO2 emissions reductions by 2050 (IEA, 2013). Yet, current CCS projects have been facing severe challenges. The EU launched the Zero Emission Platform in 2007, and aimed to have 12 full scale CCS plants in operation by 2015. Today, it seems like at most one of the projects will be realized. Similarly, the Norwegian government planned to have a full scale CCS operation in place at the gas power plant at Mongstad by 2015, but in 2013 the project was cancelled.
Our research suggest that private R&D effeorts with respect to development of CCS solutions may be insufficient. This needs further study in light of the climate change challenge and the Paris treaty. 
