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(1) Overview

In the paper technically and economically feasible pathways to reach a more than 90% renewable
power system in Germany and Austria are simulated with the highly resolved power and heat
system model HIREPS. The importance and dynamic interplay of different aspects are analyzed to
derive a robust understanding. E.g: The impact of increased coupling of the power and heating
system and other flexibility measures; Investigating the need for new electricity storage and the
importance of hydropower and pumped storage; The optimal share of solar and wind power, the
role of heat pumps, solar thermal and power to gas. Further the effects of the variable renewable
energies on spot market prices are simulated and an optimal investment analysis is conducted for
the power and heat system.

(2) Methods

The HIREPS model is a hourly resolved optimization model which simulates the optimal
investment decisions and the unit commitment in the heat and power system. In this paper the
HIREPS model of Germany and Austria is used. The model includes a detailed simulation of the
thermal power plants (including startup costs and efficiency reductions at part loaded operation),
very detailed modeling of over 400 hydropower plants, of heat supply technologies, of the variable
renewables solar and wind and of alternative storage and demand flexibility options. A sensitivity
analysis is used to analyze the importance of the different parameters and power system
components.

(3) Results and Conclusions

The simulation results show that a renewable power system in Germany and Austria is possible at
only modest cost increases compared to a fossil dominated reference scenario. The coupling of heat
and power system lowering the overall system costs. In the least cost solution more than 100GW of
photovoltaic power and 200GW of Wind power are utilized. The biggest challenge seems to be the
socially acceptable the buildup of the huge wind capacity. Storage limitations and costs propose
only a limited challenge.
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