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Motivation and Guiding Question

With its "Clean Energy for all Europeans" package, the European Union has created a legal basis to
enable energy communities (EC) in the individual member states. These create incentives for private
investments into renewable energies, promoting rapid decarbonisation of the entire energy system.
Consumers can reduce their dependence on the electricity market, offer their individual loads as
demand-side-management flexibilities, e.g. heat pumps or electric vehicles, and thus benefit from lower
grid fees, as the required energy is provided by power plants within the EC. Selling energy within the
EC improves the economic efficiency of investments, as the economic difference between self-
consumption and feeding into the grid is significantly reduced by self-consumption within the EC.

This paper analyses the influence of ECs, with different local objective functions on the European
electricity market, as well as the interactions between the electricity market and various EC objectives.

Methodical Procedure

To consider the influence and interactions between the local optima of the ECs and the global goal of
minimising costs and CO2 emissions, two models are linked together in a scenario-dependent manner.
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Figure 1 Dependence of the models on each other

The European market model EDisOn [1] calculates, based on exogenous demand, - and generation profiles
of renewable energies, the optimal power plant dispatch in Europe and, associated with this, the expected
electricity prices for the European electricity market. The FEMTO model [2] optimises consumption as well as
storage usage within a specific energy community, considering the hourly electricity price of the market as an
exogenous time series. Since the global power plant dispatch is influenced by the demand profiles of the ECs,
and these in turn by the electricity prices on the spot market, there is a dependency between the two models
(see Figure 1).
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To analyse the influence of ECs on the electricity market in terms of costs of electricity generation and CO2
emissions, and to consider possible counteracting of local and global targets, different objective functions are
considered:

From the energy communities' point of view: (iterative optimisation with a termination criterion)

- Cost minimisation of the energy communities
Implies a solution with very high self-consumption due to grid costs
- Minimisation of energy trading with the electricity market (procurement and feed-in)
Dual problem of maximising self-consumption within the EC
- Peak-shaving
Reduction of maximal power procurement/feed-in from the electricity market to reduce the need
for transmission line expansions

From the market perspective: (single run optimisation of the market model)
- Maximising social welfare (Cost minimisation of the European electricity market)
For this purpose, energy storages, available within the ECs are optimised from the perspective
of the market and can also be used for the potential procurement of balancing energy.
Therefore, the influence of ECs on the balancing energy market is analysed.

Results and Conclusions

The development of the models has not yet been completed, so there are no results available at the
moment. However, depending on the scenario, significant differences are expected with regard to costs
and emissions from the perspective of the overall system. Local cost minimisation within the ECs is
almost independent of the spot market price due to the high grid fees. Therefore, they do not promote
the maximisation of the social welfare of the overall system, since energy is not primarily used at those
times when it would be available at low costs on the market. On the other hand, optimization from the
market perspective, which optimizes ECs as flexibilities, will shift the load so that favourable electricity
prices are exploited as effectively as possible. Therefore, reducing the curtailment of renewables and
load peaks, to avoid start-up thermal power plants with higher marginal costs will be the main benefits.
However, this can have a negative impact on self-consumption within the ECs and thus leads to locally
higher costs for demand coverage.
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