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(1) Overview

To reach the ambitious CO2 emission targets aimed at by the European Commission, the European Electricity sector has to undergo a drastic restructuring in regard to applied electricity technologies in the first half of the century. The necessary shift towards low carbon technologies will most likely be introduced by two conflicting policy instruments: On the one hand, by the European Emission Trading System (ETS) and, on the other hand, technology specific support systems for renewable energy supply. The major economic advantage of emission trading is linked to its cost effectiveness in achieving reduction when the respective emission allowance allocation is either auctioned or independent from current firm decisions, and in addition, no further market distortions are present. To the contrary, the incentive to apply new technology may be distorted by market power (Kemfert and Traber 2007). In this contribution we address the question whether the European electricity market under imperfect competition and emission trading with endogenous emission allowance prices induces higher or lower diffusion in comparison with the competitive market outcome.

(2) Method

We apply a computable partial equilibrium model, similar to the one used in Traber and Kemfert (2007) which belongs to the EMELIE
-family of models documented in Lise et al. (2006). The drivers of the model are the three first order optimality conditions of the firms with regard to production in existing conventional capacities, production in new built fossil fired units, and production in new built biomass units. Each of these decisions is restricted giving rise to a problem of the Kuhn-Tucker type. Production in existing units is limited by installed power; production in new fossil fuelled capacities is limited by the expansion restriction determined by the depreciation of existing plants; and production in new biomass plants is limited by their resource potentials. In addition, marginal costs and marginal emissions of production depend on the exhaustion of these three restrictions. We consider the case where marginal production is decreasing in output relative to installed capacity, marginal investment productivity of new large scale fossil plants is decreasing in the exhaustion of plant sites, and productivity of five biomass technologies are diminishing in the use of their respective resource potentials. 

The model draws from various plant information, aggregated into data about the current status and data involving estimations about the future: a) existing capacities with their ownership (size, vintage, fuel, plant operator), (b) efficiency of current plant classes, and current input prices for technologies, and (c) cost of future investment and efficiencies together with future fuel prices and resource potentials for biomass. Finally, the simulation of an emission market is based on the permit demand of the non electricity sectors and has been derived from calculations with GTAP-E (Truong 2007). In the strategic version of the model Cournot-Nash behaviour is assumed to govern large firm decisions, while minor competitors act as price takers. By contrast, we calculate the outcome for price taking behaviour of all firms. We consider different scenarios. Firstly, we calculate the equilibria without emission restriction. Secondly, we introduce caps that respectively reach reductions of 20 and 40 percent in the year 2050 compared to the first phase of the ETS. 

3) Results 

The main result of the analysis is the ambiguity of the impact of competition on the diffusion of new technology under the ETS. Clearly, if allowance prices are zero or not too high, market power induces higher electricity prices and, thus, earlier adoption than full competition. However, a more ambitious reduction target of 40 percent with higher induced allowance prices lead to a negative effect of market power on investment in new technology. Moreover, the analysis uses a comparably low natural gas price of 6.5 €/gigajoule for the year 2025, which increases sharply towards 8.45 €/gigajoule by the middle of the century, while the coal price is kept constant at 2.6 €/gigajoule. This setting results, irrespectively of the reduction scenario, in a dominance of investment in combined cycle natural gas plants in the overall investment activity in 2025. In contrast, for the year 2050 investment is dominated by coal plants with and without carbon capture and storage (CCS), independent from the scenario and the induced allowance price. Furthermore, a significant role will be played by biomass, i.e. between 10 and 15 percent of total investment in 2025, and we find that biomass investments increases in all scenarios towards the middle of the century, while their share in total investment decreases.  

(4) Conclusions

Two major conclusions can be drawn. Firstly, we find that fossil fuel prices play a decisive role even under high emission prices: Fuel price assumptions may dominate the impact of the allowance prices on the investment technology. Therefore, we caution against results drawn without a variation of input price assumptions.  Secondly, under the ETS market power on the European electricity market cannot solve the problem of a possibly too low diffusion rate of carbon lean technologies in all reduction scenarios. While diffusion is enhanced by market power under an ETS with no or low emission targets, it is diminished in case of a more ambitious target. Thus, we cannot view high electricity prices induced by strategic firm behaviour as a substitute for policies that reward a premium for potential social learning effects in the application of new low carbon technologies, e.g. the use of biomass energy. The learning effect on the impact of climate policy, however, has not been analyzed and is left for future research.
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