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Overview

The increasing share of electricity from renewable energy sources (RES-E) in Germany has a strong impact on the operation of the entire power system. Since the majority of RES-E is not competitive in the power market, they require a support scheme to become a viable investment. These support costs are paid by the consumers. Conventional generators face increasing challenges due to higher residual demand fluctuations and reduction of the total residual demand that has to be met by the competitive power market. Consequently, the economic situation of conventional generators changes with the higher RES-E share. The grid infrastructure is challenged, since the residual demand fluctuations in different power markets leads to a higher utilization of interconnector capacities.
By now, these effects have primarily been analyzed by dispatch models, which do not take dynamic system adaptations due to the increasing challenges into account and therefore rely on exogenous assumptions on the future infrastructure, i.e. the capacity mix. Dynamic investment and dispatch models are usually required to reduce the complexity in form of a reduced temporal resolution. Either screening curves or typedays are primarily used to model capacity adaptations in the power market. Since RES-E increase the residual demand fluctuations due to wind and solar irradiation fluctuations, these simplifications are questioned for power systems with high shares of fluctuating RES-E.
The research presented in this paper uses a newly developed investment and dispatch model, which models the power system with a temporal resolution of 8760 hours instead of 288 hours as done by usual typeday models. The optimization period is subdivided in 5-year steps and analyzed until 2030. The analysis shows the system adaptation with a high RES-E share and compares the results to various scenarios, which either limit or increase the flexibility of the power system, e.g. through different curtailment policies, RES-E reserve market participation and grid extensions.
Methods

The utilized model is a linear optimization dispatch and investment model with 11 market zones. The dispatch is based on 8760 hours per year and takes start-up costs and part load losses into account. The investment is optimized in 5-year steps until 2030. In order to enable the optimization of this complexity, an algorithm based on ‘Benders Decomposition’ is implemented.

Results

The results show, that the modelling is able to capture also the extreme situations of high load and low RES-E infeed as well as low load and high RES-E infeed. The system reacts to the ambitious German RES-E targets with a strong peak oriented generation capacity mix. As one example result, Figure 1 shows a comparison of the capacity utilization in Germany with an increasing RES-E share and compares it to a scenario result, where the RES-E share is kept constant after 2010.
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Figure 1: Capacity utilization with an increasing RES-E share vs. a constant RES-E share

Source: Author.

The value of the individual RES-E technologies is strongly reduced with increasing RES-E shares, which leads to higher support costs for the consumers. The analysis of the different scenarios shows that in certain regimes, the market is required to invest in substantial amounts of storage technologies to enable market clearance. Also the required amount of curtailment depends strongly on the development of the other system components and in particular on the RES-E support scheme design. The same applies to the occurance of negative prices.
Conclusions

Power systems with high RES-E shares show strong market signals, which lead to subsequent adaptations of that system. The RES-E integration challenges can be partially reduced by different market design changes. Allowing RES-E to participate in the reserve market reduces the integration challenges, so does the increase of interconnector capacities and a market conform RES-E support scheme.
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