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Overview

The increased wind energy supplied to many electricity markets around the world has to be balanced by reliable back up units or other complementary measures when wind conditions are low. At the same time wind energy impacts both, the utilization of thermal power plants and the market prices. While the market prices tend to decrease, the impact on the utilization of different plant types is at the outset unclear. To analyze the incentives to invest in thermal power plants under increased wind energy supply, we develop a computational model which includes start-up restrictions and costs and apply it to the German case. We find that due to current wind supply the market prices are reduced by more than five percent, and the incentives to invest in natural gas fired units are largely decreased. An increased wind supply erodes their attractiveness further. Consequently, a gap between the need for and the incentive to provide flexibility can be expected.
Methods

We develop a simple model that incorporates start-up costs in a market framework with elastic supply and demand. Abstracting from non convexities and potential differences between start up state and actual dispatch of power plants, we develop the mixed complementary programming (MCP) model ELECTRICITY SUPPLY AND DEMAND MATCH under EMISSION TRADING

and RENEWABLE ENERGY (ESYMMETRY). Similar to many other approaches to investigate electricity markets, e.g. Lise et. al (2006), Bushnell et al. (2008), Traber and Kemfert (2009), the model can assess different market behavior of important electricity suppliers: On the one hand, price taking perfect competitive behavior of all market participants, and, on the other hand, Cournot quantity setting behaviour of large firms under competition of a price taking aggregate of fringe firms. However, here we apply a model with hourly time resolution.

The calibration procedure, aims at reproducing the historic market price profile of the European Energy Exchange (EEX) in Leipzig as close as possible. Therefore, the different behavioural assumptions in regard to suppliers are tested for different demand conditions. More precisely, we compare constant iso elastic demand of elasticities between 0.5 and 1 with elasticities that are depending on the load condition, i.e. inelastic demand at peak load and elastic demand at base load times. 
Results

It turns out that a representation of the large electricity companies as Cournot quantity setters is more appropriate under our cost assumptions, and that hourly elasticities around one yield the closest results compared to the price history at the EEX. 
We find that the current wind supply of 42.5 tera watt hours from Winter 2007 until autumn 2008 reduced the emissions of the sector by 13.6 million tons of CO2. Moreover, the reduction of the spot market price of 0.37 euro cent per kilo watt crowded out about a third of a conventional production unit per unit of wind power. Consequently, the implied marginal abatement costs are more than 66 euro per ton of CO2.

In order to assess the impact of the fluctuating character of the wind supply we additionally calculate a scenario in which the wind energy is assumed to be supplied constantly over time. We find that the real fluctuating wind supply is more effective in terms of emission reduction and less effective with regard to price reduction. Due to reduced crowding out of conventional production, the marginal abatement costs of a constant wind supply would increase to 69 euro per ton of CO2.

In addition, we try to shed some light on the impact of an increased wind supply. We find that the price dampening effect per unit of wind energy supplied is likely to decrease while the emissions will be reduced more effectively. It turns out that the doubling of the wind supply will reduce emissions by more than 17 million tons of CO2 and prices by only one third of a cent. Hence, the marginal abatement costs would decrease to about 60 euro per ton of CO2 at current support tariff. This improvement of the effectiveness of the support policy is caused by a successive displacement of base load coal units with their relatively high carbon intensity. However, given the marginal abatement costs implied by the European emission trading system of currently 25 euro per ton of CO2, the promotion of wind power by the FIT is still an expensive option to reduce emissions in the power sector.

Another central insight is gained in regard to the ability of the market to cope with the increased intermittent supply of wind power. We find that the incentives to invest in flexible power plants, e.g. natural gas fired gas turbines and combined cycle units, which are able to cope with strong fluctuations, seem to be not sufficient. Rather, the attractiveness of these units is greatly reduced by the development of wind supply. In particular, large strategic power supply firms do not have any incentive to invest in natural gas units. 
Conclusions

Our findings call for a more market based approach to wind energy pricing. If wind energy suppliers had to provide reliability as the market demands it, they would have an incentive to back up their units by complementary measures in order to avoid high costs of alternative procurement in weak wind load hours. In addition to own investment in flexible units, these measures could include demand management, interruptible supply contracts, or the acquisition of facilities for power storage. The investigation of the economics of balancing measures is generally expected to gain further importance. Not only fluctuating wind power is contributing to the problem of reliability, but also other fluctuating supplies, e.g. from solar power. In addition, carbon capture and storage (CCS) will probably decrease the flexibility of coal fired units. While in a carbon constraint world RES and CCS have to accompany each other, their combination opens up questions in terms of reliability left for future research. 
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