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Overview

Since around 2007, the world has seen roughly a doubling of global annual capacity installations of photovoltaic PV systems every two years, while the cost of solar PV has dropped precipitously. Similarly, costs of electricity storage are projected to fall in the future, yielding a potential surge in battery installations. Simultanously, state intervention has increasingly influenced the prices for electricity end-use through surcharges, levies and taxes. In some cases, the distribution network tariffs have been used to cross-finance renewable energy subsidies and other services. In this regulatory design, authorities are progressively concerned about the healthy, long-term transformation of the electricity system to sustainable and smart grids, minimizing uncertainties and providing the right environment for stable investments. The on-going changes in the distribution sector require economically sound cost allocation practices to avoid ignoring sunk costs in network assets potentially valuable to society. It seems prudent to revisit the processes and tools conventionally used to assess the short- and long-term welfare effects of changing the cost-allocation on different categories of grid users. 
The paper is organised as follows: After the introduction the second section gives a brief overview about the rising end-user electricity prices in Europe, including distribution network cost allocation, taxes and levies that incentivise self-consumption of electricity produced locally. The third section defines the mathematical program with equilibrium constraints (MPEC) used to describe adoption of solar-pv and battery systems by end-users, as well as the network operator’s planning challenge with investments and revenue reconciliation from a theoretical point of view. In section four we describe the conducted experiments and the results. In the final section policy implications are derived.
Methods

Complementarity Modeling, Game Theory, MPECs
Results

First, we highlight the advantages of two-level decision making that finds the equilibrium of final customer choice to adopt local generation with storage units and the decision making of distribution network operators’ optimal planning of the power system.
Second, we show the implications of different regulatory settings of the world and their impacts on welfare distribution for different customer groups differentiated by their aptitude to adopt local generation units.
Third, we inform the energy policy debate with an economic quantification of the system impact imposed by a sub-group of customers defecting the grid and thereby avoiding to participate in refinancing network investments.
Conclusions

Existing taxes and levies cross-subsidize different end-user groups such that the on-grid, conventional customers are losing ground compared to the off-grid PV plus storage customers. Tariff design characteristics are only partially to be blamed for off-grid movement and alternatives have their downside.  Nevertheless, policy makers, regulators and decision makers in industry should profit from the contrasting of theory regarding tariff-design and cost allocation in practice through the presented method, to appreciate the economic distortions that are potentially created.
Customers willingness to pay for security of supply is high. The introduction of incentive regulation for natural gas might result in lower quality incentives for gas suppliers. Therefore, incentive regulation has to be accompanied by measures to secure security of supply. These measures should be flexible and take into account differences in the willingness to pay of different customer groups.
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