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Overview

The increased use of renewable energy sources (RES) in Germany has led to highly fluctuating electricity infeed. Installations using RES are not distributed homogeneously throughout the grid, therefore certain regions are susceptible to overload situations due to high local infeed. Of particular importance is the distribution grid, in which – in numerous parts of Germany – the high RES content poses a technical challenge to the system operator. 
To such development grid planners may react with increasing capacities of the corresponding substations and lines.  However, grids would need to be designed for situations of highest infeed, which only occur very seldom. This leads to a small amount of annual full-load hours of the grid facilities and inefficient utilization of resources. Another alternative to face these challenges is implementing local pricing policies, which provide incentives to flexible consumers and RES producers to balance supply and demand locally. Thereby, overload situations are avoided without increasing grid capacities excessively. However, there are various technical, legal and economic constraints, which need to be fulfilled by local pricing policies, and which need to be considered when assessing these policies.
This paper presents an analysis of the contribution of different local pricing policies to the integration of RES and of the resulting benefits for the distribution system operator.
Methods

The first step of the analysis is the systematical distinction of policies. On the one hand, the local pricing policies can be different with regard to the market participants to whom they apply (e.g. RES generators and / or flexible consumers such as heat pumps). On the other hand, such policies depend on the overarching national support schemes such as renewable feed-in tariffs, market premiums and others. 
In a second step, the effect of each local pricing policy is assessed by an agent-based simulation. The latter is performed in a specially-designed simulation tool, which is capable of representing the technical constraints of the grid, RES generators and flexible consumers through individual sub-models. In consequence, a realistic view of the behavior of individual market participants is obtained. In turn, this behavior collectively determines the prices, which are also a model result.

In a third step, the output of these simulations is used as a basis to quantify the system costs for each of the described scenarios. The focus is thereby on cost savings in the local system under study. Thereby the electricity flows entering and leaving the subsystem are valued according to the national policies in place. Where system cost savings through local pricing policies are apparent, the net present values for each market participant are evaluated. For this assessment, allocations of benefits are required. These are done based on a set of constraints including the protection of investment or the economic feasibility of flexibility measures. The latter aspect is crucial as local price mechanisms may not exert the necessary effects if participants have no incentive to invest into appropriate technologies.
Ultimately, the efficiency of different types of local pricing policies under different national support schemes is scrutinized. This includes the contribution of the different local pricing policies to the integration of RES and the benefits for the distribution system operator. 
Results

The system cost savings are assessed for the relevant local pricing policies and national support schemes for the system under study. For each case, the simulation results allow quantifying the benefits for the distribution system operator and the other market participants. Furthermore, the RES production provides the measure for the local pricing policies’ contribution to the integration of RES. In conclusion, respective policy recommendations can be drawn.
Conclusions

It can be concluded that local pricing policies have the potential to facilitate an efficient use of resources. Yet the possible benefits for local distribution systems depend on the given national support schemes. That is, integrating RES in an efficient way is a complex task and implies not only suitable incentives but also an appropriate allocation of gained benefits to the various system participants.
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