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Overview
Power companies weighing investement decisions in new capacities face siginifant uncertainties in regards to a broad range of relevant parameters, including fuel and carbon emission prices, load growth, and renewable feed-in. Due to the characteristics of such investments, especially long planning and construction periods, periods of time may occur in which the market is in disequilibrium, i.e. exhibits over- or undercapacities. These disequilibria affect strongly the profitability of existing and new power plants – as seen currently in most continental European power markets. Hence for investment and disinvestment decisions in power plant portfolios as well as for other valuation purposes extending beyond the market horizon, long term planning tools are necessary which account also for these risks. There are two main questions to be asked in this context:

1. Where does risk for power plant profitability stem from?
2. What are the main risk drivers for profitability?

Question one can be shortly answered with electricity spot markets, possibly capacity markets and balancing markets. This study aims to provide an answer to question two by determining the main risk drivers for contribution margins.
Methods
Deterministic power market models obviously are not suited to cope with these questions. But also stochastic system models typically will underestimate these kind of risks – the curse of dimensionality prevents a simultaneous representation of multiple risk factors with multiple levels at multiple stages. Moreover stochastic optimisation represents a normative approach by definition, whereas a descriptive approach is adequate for answering the question posed.
The main risk drivers for profitability might be broadly classified in demand side and supply side risks. On the supply side mainly CO2-prices and fuel prices lead to large shifts in optimal capacity. On the demand side, the main problem comes from (non-anticipated) demand increase or decline because electricity prices do not linearly depend on demand side shifts. In order to investigate the impact of disequilibria on the power plant profitability and the corresponding risk, we develop a simplified merit order model. The German merit order is approximated by piece-wise linear functions for the main technologies used. This includes a representation of cogeneration (CHP) plants with must-run constraints. By intersecting the merit order with historical residual demand, we determine the fundamental power price for each hour, which in turn is used to calculate the contribution margin for potential investments into new capacity and thus the resulting profitability.

In a base scenario, we analyse the contribution margins of several typical technologies. In order to capture uncertainties, we vary fuel and emission prices, and the levels of renewable feed-in and load. Our implementation allows the modification of multiple factors within computational bounds. Based on historical volatilities, the standard deviation for prices and other risk factors over five years is computed under the assumption that the risk factors follow a simple Brownian motion. Power plant capacity is assumed to remain unchanged for this time period, since the lead time for the planning and construction of large-scale power plants is typically at least that long. Since capacities do not react to price changes, this represents a situation where the market is in disequilibrium. The resulting profitability can then be computed. Some of these variations lead to fuel-switching in the merit order, and thus a significantly different dispatch compared to the base scenario.
Results
Our analyses show that the impact of uncertain parameters on plant profitability is highly dependent on the combination of risk factor and power plant considered. It turns out that changes in coal and gas prices have a considerable impact – notably for the plants which are low in the merit-order. By contrast, preliminary results indicate that CO2 price changes have only a minor impact on the profitability of new power plants. In a potentially surprising result, new combined cycle gas turbine plants (CCGT) are positively affected by a gas price increase, because they profit from increased power prices set by gas plants higher up in the merit order.

Almost as important for the profitability are changes in total demand. A change by 5 % (corresponding to an annualized 2 % forecast error extrapolated to 5 years), changes the profitability of all power plants considered by at least 10 %. By contrast a 20 % forecast error in the quantity of RES deployed leads to a lower impact.
Conclusions
[bookmark: _GoBack]In this paper we aim to quantify the impacts of uncertain parameters on investment decisions in power markets. We find that fuel price volatility poses a greater risk to the profitability of new investments than changes in emission costs do. The impact of price fluctuations depends significantly on the technology to be employed, with current generation gas plants profiting from both falling and rising gas prices due to opposite effects. Load forecasting and renewable feed-in errors have a universal impact on all plants, with the former being notably stronger. In order to thoroughly evaluate an investment decision, all these factors need to be taken into consideration. While the results presented here focuses the impact of single risk factors, their combined effect might be even more serious and will be the subject of future work.
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