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Summary:

This master’s thesis contributes to the development of relevant models for the simulation
of the European power system and its short-term prospects. The study focuses on the
simulation of high renewable energy shares along with various flexibility options by us-
ing the open-source model Dispa-SET. The goal of this thesis is to integrate flexibility
constraints into a system dynamics model (MEDEAS) by creating a surrogate model that
approximates the results of the Dispa-SET power system model.

A multi-dimensional inputs space is created by varying some key system characteristics
such as flexible capacity, storage, grid infrastructure and renewable penetration. A Latin
Hypercube sampling technique is defined to run the Dispa-SET model over this inputs
space. For the surrogate model development, simulations are carried out at the selected
sample points and the responses are recorded. The generated data is used to create the
surrogate model that will approximate the behaviour of the complex simulations.

For the surrogate model construction, machine learning methods based on Artificial Neu-
ral Networks (ANN) are developed to predict the key system performance indicators,
Curtailment and Energy not served (ENS), as a function of the system features. The Ten-
sorFlow library is used to build the neural network as well as its high-level API Keras.
Results indicate that ANN can predict the main power system flexibility constrains and
outcomes with good accuracy.

The surrogate model is a more detailed model that addresses the limitations of the cur-
rent system dynamics model for curtailment and unserved energy. By integrating it into
MEDEAS, the representation of power system performance and constraints is improved.
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Fig. 1. Curtailment plot as a function of two system features. The lack of linearity in the results
justifies the choice of neural networks for regression.

Fig. 2. Multi layer peceptron (MLP) ANN structure. The optimal ANN architecture is selected
using the hyperparameter optimization method.
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