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Overview
Long-term forecasts for electricity from renewable energy sources (RES-E) for Germany have underestimated the German RES-E deployment in the last decades and RES-E targets have been overfulfilled. For example, the 2010 target of a 12.5% RES-E share of gross electricity demand was already exceeded in 2007 [1]. In energy scenarios accomplished between 1998 and 2000, the amount of RES-E which was actually generated in 2007 (87.6 TWh) was not foreseen to be reached before 2015 or even before 2020 [2,3,4]. In politics, an overfulfillment of targets and forecasts is seldom considered as a problem. In contrast, it is often taken as evidence of the success of the German Feed-in-Tariff-System. These assessments do not consider that uncertainty about the amount and the technological mix of RES-E increases the uncertainty about the level and the volatility of the residual load which has to be satisfied by conventional power plants. Even without consideration of RES-E feed-in, the future demand cannot be precisely forecasted. Adding uncertainty about RES-E deployment increases the uncertainty about the residual demand curve and thus induces additional costs in the electricity system.
In this paper we use a Multi-Stage Stochastic Investment- and Dispatch Model to evaluate the influence of uncertainty about future RES-E quantities on the electricity system for the example of Germany. Since part of the uncertainty about future RES-E feed-in is caused by past political decisions and uncertainty about future ones, we discuss within our conclusions possibilities to limit politically induced uncertainty.
Brief overview of related research

The influence of long-term uncertainty on investment decisions has been treated in various papers which can be distinguished by the analyzed sources of uncertainty (for example demand growth or price developments) and by the applied methodological approaches (for example two- or multi-stage stochastic optimization models or applications of real-options-theory). Investment decisions under uncertain demand growth are modeled for example by Sherali et al. (1984) and Gardner and Rogers (1999) both using a two-stage stochastic model, by Botterud and Korpas (2007) applying a real-options-approach and by Burger and Ferstl (2008) using a multi-stage stochastic game theory model. An overview of investment models including long-term uncertainty on demand or prices is also given in Göbelt (2001). The influence of political risk, especially due to uncertain climate policies, is addressed qualitatively by Helm (2010). IEA (2007) uses real-options-theory to evaluate the investment risk caused by uncertain CO2-policies.

Methods

The modeling approach is conducted in two steps: First, a GAMS model is used to generate a scenario tree for residual load structures based on different RES-E forecasts as well as on demand and RES-E in-feed structures until 2050. For each model year several nodes represent each different RES-E quantities and thus different residual load structures. Within each node the residual load curve is simulated for one typical week of each season. Second, the optimal power plant under uncertain residual load development is simulated with a multi-stage stochastic Investment- and Dispatch- Model for the German competitive power market (also implemented in GAMS). The model minimizes total system costs (investment-, fuel-, CO2- , maintenance- and ramping costs). Investment decisions have to made under uncertainty about future realizations of the residual demand. Thus in each model year, which represents a five-year-period, the investments have to ensure that the uncertain demand in the next model year can be satisfied. Even though after this five-year-period new information is available and adaptations for following periods can be undertaken, for each investment decision the uncertainty over the whole lifetime of the power plant is decisive. Finally, the additional costs caused by uncertainty about future RES-E quantities are determined by comparing the costs of the stochastic solution with the deterministic solutions for each branch of the scenario tree.

Preliminary Results

We find that the optimal power plant mix under uncertainty about the residual load curve differs substantially from the optimal mix in deterministic scenarios. In the deterministic case, a low RES-E expansion path (corresponding to relatively high and nonvolatile residual load curves) induces a larger base load share and a smaller share of peak load plants as well as storage capacities than in the deterministic case of a high RES-E expansion path (low and volatile residual load). Within the stochastic approach in the case of uncertain RES-E deployment, the optimal power plant fleet has to meet demand both in low and high residual load cases and has to be flexible enough in order to ramp-up and down even if demand is very volatile. Under these preconditions the optimal power plant mix comprises base load shares higher than in the deterministic high RES-E and lower than in the deterministic low RES-E scenario and vice versa for peak load plant shares. Consequently, the uncertainty about RES-E quantities induces additional costs in the electricity sector. Still, for the example of Germany we find that the uncertainty about RES-E quantities has little consequences on the power park mix and system costs until 2020/2025. The reason is that there is only little need for new investments in the short term besides those plants which are already under construction.

Conclusions

Uncertainty about the residual load with regard to its level and its structure causes additional costs in the electricity system. This uncertainty is politically induced as far as uncertainty about RES-E targets or about changes of promotion laws, as far as measurements redefining RES-E potentials for example by changes on land development plans, and as far as authorization procedures are concerned. Also, the choice of a price-based RES-E support which often leads to over- or underfulfillements of RES-E targets has been a political choice. On the other hand, political actions can help to ensure target fulfillment for example by granting credits for capital-intensive offshore projects or by implementing complemental quantity-based components within the promotion system. For the case of Germany this uncertainty has little consequences in the near time horizon but turns out to be important in the medium term when new investments are required. The time frame within the next decade should thus be used to thoroughly balance the benefit of political flexibility allowing adaptations of RES-E targets and promotion policies and the costs of political flexibility which arise from imposing uncertainty on the power system.
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