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Overview
The ambitious decarbonization goals call for a quick transformation of the energy system. Focusing on the power sector, only rapid and targeted efforts might now be helpful to meet the goals on international and national level. So far, the expansion of renewables like wind and solar energy plays a major role in the german power sector. Despite the commitment to phase out coal, coal and gas in particular continue to contribute significantly to electricity supply. In order to decarbonize this sector as soon as possible and to foster sustainable concepts such as sector coupling, green hydrogen (H2) is seen as an important part in the German power sector transformation. Until now, domestic production as well as imports usually served only specific processes on industrial scale. Due to increasing generation from fluctuating renewables as well as the possibility of converting industrial processes and mobility applications to use green H2 instead of other resources, the integration and scale-up of a hydrogen industry is crucial for energy transition. Several questions arise like to what extent does a power-to-hydrogen industry need to be developed to provide, among other things, sufficient flexibility in the power system. Another important question is the role of hydrogen-fired plants as substitutes for coal-fired and gas-fired plants. Considering this and possible increasing demand from industry and mobility sectors make it necessary to further analyse the role of H2-imports. In this context, we analyse in stylized case studies possible decarbonization paths under several assumptions on H2 with the goal of a complete decarbonization by 2050 at latest.

Methods
We start with a literature review on comparative analysis regarding power sector decarbonisation and the integration of power-to-hydrogen or H2-Imports. From these findings, we create various scenarios which will be applied in an optimization model. This model is a planning tool for the long-term development of the European electricity and heat market and allows in particular the endogeneous determination of the expansion of conventional and renewable plant capacities as well as flexibilities like battery storages and power-to-gas capacities. It is based on minimizing system costs and thus corresponds to the market result under full competition. Existing capacities generate at least their variable costs and fixed operating costs. Endogenously added capacities generate at least their full costs. A particular strength of the model is the stochastic representation of the renewable feed-in by means of recombining trees. Uncertainties regarding different renewable feed-ins are therefore taken into account. To keep the problem solvable in a reasonable amount of time, a ‘typical day’ method is applied. Political interventions can be taken into account with further restrictions. The model calculates, among other things, the optimal power plant portfolio, electricity prices, power plant operations, trade balances and the CO2 price or CO2 emissions. Applications of the model can be found in Swider and Weber (2007), Spiecker et al. (2013), Spiecker and Weber (2014), Bucksteeg et al. (2019) and Blumberg et al. (2022).

Results
Preliminary results will be provided at the conference.

Conclusions
Conclusions will be provided at the conference.
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