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The transformation of the energy sector towards sustainable and low-carbon energy sources 

represents a major challenge for the stable and efficient operation of electricity systems. The 

increasing share of variable renewable energy sources raises the requirements for system flexibility 

and complicates the short-term balancing of electricity supply and demand. In this context, 

digitalisation technologies and advanced data-analytical tools are becoming increasingly 

important, as they enable more efficient processing of large volumes of data and support more 

accurate decision-making in energy system management. The aim of this paper is to quantify the 

contribution of digitalisation and advanced data-analytical tools in managing the short-term 

balance of the electricity system in Slovakia in the context of the ongoing transition towards 

sustainable energy sources. The research is based on the analysis of electricity market and power 

system operation data. The methodological approach includes the construction of analytical 

indicators, the application of predictive models, and the evaluation of their performance using 

statistical accuracy measures. The study also considers economic aspects derived from the results 

of the selected machine learning model and risk indicators such as Value at Risk (VaR), with a 

particular focus on their impact on imbalance costs and the functioning of balancing mechanisms. 

The results indicate that imbalance costs increase non-linearly with the market price level, with a 

fixed imbalance of 100 MWh generating costs ranging from approximately €7,500 under stable 

conditions to €50,000–€60,000 during stressed market periods. A stochastic analysis based on 

Monte Carlo simulation reveals an expected imbalance cost of approximately €19,000, while risk 

indicators confirm significant exposure to extreme price events. The research results in the 

proposal of a methodological framework that systematically links the statistical accuracy of the 

LightGBM model with its economic consequences in short-term electricity market environments, 

providing a basis for improved decision-making under conditions of increasing volatility and 

renewable energy penetration. 
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