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Motivation and Research Question
[bookmark: _GoBack]The expansion of renewable energy sources (RES) is an essential pillar of a sustainable transformation of the electricity sector. Switching from conventional energy sources to RES reduces green house gas (GHG) emissions and primarily pursues the goal of climate protection. However, positive externalities of RES deployment on a global scale go with ambiguous -- negative and positive -- externalities on a local scale. Local or regional externalities of RES may comprise ecological damages or the spoiling of landscapes, as well as the satisfaction of preferences for local green electricity generation. ([1],[2]). This is particularly apparent in the case of wind energy usage which is one of the main contributors to a sustainable power system transition. Therefore, the transformation of the electricity sector raises the problem of regulating multiple externalities that simultaneously originate from RES deployment and take effect at different spatial scales. Given the strategic interaction among regulators within multi-level regulation systems and the constrained toolbox of policy instruments in the regulatory practice, we ask for the optimal regulation design for governing RES expansion. More precisely, how does the restriction to price instruments at the national level and the lack of intergovernmental grants shape the optimal choice between central and federal RES regulation?
Method
A stylized static model of energy and environmental regulation is applied to determine optimal second-best regulation of RES expansion in the case of multiple externalities (most closely to our work is [3]). Considering an exemplary federation composed of two heterogeneous states, the regulatory regimes regarded in this paper vary in two aspects. First, a regime is characterized through the assignment of competences. Either the national government holds all competences (central regulation), or the subnational state governments also have regulatory power (federal regulation). Second, a regime is characterized through the application of policy instruments – RES subsidies and expansion caps – at each level of government. For example, current regimes observed in many European countries (e.g. Austria and Germany) correspond to a federal regulation with the national government setting RES subsidies and state governments limiting regional RES expansion. Energy demand is fixed such that we assume RES plants to substitute conventional power plants. Hence, the nationwide (resp. global) externality is strictly positive (climate protection) while regional externalities in each state differ. A representative energy supplier decides on RES installation in each state, given the subsidy level and levelized cost of electricity. The subsidy level may be uniform or regionally differentiated among states. All governmental regulators are benevolent with respect to their corresponding citizens. Regarding the sequence of events, central leadership is assumed.
Results and Implications
The question of how to allocate competences and policy instruments across levels of government such that efficient coordination among regulators is achieved will be asked again and again. Our results from a stylized model of multi-level regulation of RES expansion point out that there is no clear-cut advantage of a federal over central regulation systems, and neither a definite superiority of regional RES subsidies over regional RES expansion caps at the subnational level. The role of burden sharing of national subsidy costs by the federal states proves to be crucial, since it determines the national regulator's ability to use national subsidies as implicit intergovernmental matching grants. Given that federal states bear equal shares of national subsidy costs, we show that federal regulation is welfare superior to central regulation. If this is not the case, results are ambiguous and analogous to findings on co-regulation of pollution control (see [3]). At the same time, though coordination deficits are constantly attributed to current RES regulation systems, a mixed use of policy instruments across levels of government is not per se inferior to other regulation designs.
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