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Overview

The ongoing installation of capacities for the generation of electricity from renewable energy sources (RES-E) in many countries all over the world challenges the respective operators of power grids. Especially lower voltage grid parts, that used to serve only for distribution of centrally generated electricity, face difficulties when having to cope with a high share of electricity feed-in from decentralized RES-E generators. While trying to make use of as much RES-E as possible they have to deal with congestion situations, deliver a constant voltage level and protect the grid from taking serious harm.

Thorough research is in demand dealing with the future role that those grid operators have to play and assessing the impact of RES-E induced grid congestions. This work introduces a model-based approach to simulate a decentralized grid area with a high penetration of RES-E generators as a regional market. The model includes the detailed representation of a distribution grid (110 kV level) with a high RES-E penetration. It is applied to analyze critical conditions of the grid and coupled with a model representation of the electricity wholesale market in order to evaluate congested renewable energy.
Methods

The focus of this paper are RES-E induced grid congestions on the distribution grid level and the development of algorithms on how to cope with such situations. The authors develop an agent-based simulation model in order to analyze the decision making of various stakeholders (agents) within a distribution grid: RES-E generation (wind, photovoltaics and biomass), conventional generation, electricity demand [2], intermediary of the above and grid operator.
The electro technical representation of the distribution grid is modelled using publicly available open source data (www.openstreetmap.org). Time series of generation and demand of the above mentioned agents are allocated to distinct nodes of the grid. In order to generate RES-E time series of a high spatial and temporal resolution, numerical weather model data is used as input for a detailed model of both photovoltaics and wind power plants developed within this work. Based on an AC load flow algorithm, the impact of changes in supply and demand during congestion is calculated.

The developed model of a decentralized market is coupled to the existing model PowerACE [1] which is a simulation model of a central wholesale power market. It is applied in order to represent interdependencies between a central and regional market, e.g. electricity wholesale prices or the dispatch of conventional generation located in the considered distribution grid.

Results

The developed model of the distribution grid connected to the wholesale electricity market is used in order to evaluate congested RES-E, calculate the impact of different weather situations and the impact of different strategies for congestion management. Their effectiveness with respect to RES-E utilization and cost is compared.

There exists a trade-off between a cost efficient optimal redispatch of the disposable supply and demand units and effective heuristic approaches that are applied by grid operators today. While an optimization algorithm can guarantee grid stability under minimum cost, it is far away from today’s practice which is limited by data availability and the computational intensity of processing large amounts of real-time data.
Conclusions

In order to access further efficiency potential it is necessary for the grid operators to have more detailed real-time information about the operating conditions of their grid. This promises a higher RES-E utilization while reducing the cost of electricity supply.
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