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Abstract 

The European Green Deal mandates the transition to a climate-neutral European Union by 

2050, placing large-scale industrial electrification at the core of the decarbonization 

strategy. In Belgium, industrial electricity consumption is expected to rise sharply by 2030 

as electrification, carbon capture and storage (CCS), hydrogen production, and electrolysis 

become mainstream. This accelerated growth will impose unprecedented stress on both 

the national transmission grid and internal industrial power systems. Illustratively, 

industrial facilities that previously expanded their electrical demand gradually over several 

decades must now integrate comparable additional capacity within only a few years. 

Similar transitions across the national industrial landscape highlight the urgent need to 

identify and mitigate technical constraints that may slow down or obstruct electrification.  

To meet climate targets, industrial actors are implementing a wide portfolio of measures 

including large-scale procurement of renewable electricity, electrification of steam and 

heat production, deployment of CCS, and development of new low-carbon processes. 

These shifts will significantly increase the deployment of high-power electrical drives and 

power-electronic converter systems. While these technologies are vital for 

decarbonization, they are also known sources of harmonic distortion, e.g., voltage and 

current components at multiples of the 50 Hz fundamental frequency. Increasing harmonic 

distortion can lead to reduced power quality, accelerated equipment degradation, elevated 

fire risk, and lower system reliability, ultimately affecting industrial productivity and 

competitiveness. As the number of converters grows, the risk of system-wide harmonic 

amplification becomes more pronounced, especially in grids undergoing structural 

changes such as increased underground cabling. 
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Ensuring the secure operation of the future transmission system will therefore require 

determining its harmonic hosting capacity, which is the maximum level of converter-driven 

harmonic pollution that can be safely accommodated. Addressing this challenge involves 

closing several research gaps: developing detailed harmonic models of power-electronic 

converters that capture nonlinear behavior and frequency coupling; accurately 

characterizing uncertainty in cable and component parameters; and adopting systemwide 

modeling approaches that surpass the limitations of local or guideline-based methods. 

This tutorial offers a structured overview of these challenges and the methodologies 

required to tackle them. It presents state-of-the-art modeling techniques, uncertainty 

quantification strategies, and stochastic assessment tools essential for understanding the 

harmonic behavior of power-electronic-dominated systems. All presented models and 

methods have been developed within the HARMONIC project, funded by the Belgian 

Energy Transition Funds, which aims to advance system-wide harmonic analysis and 

support the reliable integration of large-scale electrification technologies into industrial 

and transmission networks. 

The tutorial is organized into three focused presentations: (1) Uncertainty quantification of 

harmonic power cable impedances, examining how parameter variability affects harmonic 

behavior; (2) Probability modelling of harmonic injections from power-electronic 

converters, analyzing how topology parameters and control structures shape stochastic 

harmonic distribution; and (3) Optimisation-based stochastic harmonic hosting capacity 

determination, providing a system-level framework to evaluate how much harmonic 

pollution the grid can reliably accommodate under uncertainty. Together, these 

presentations guide participants from component-level uncertainty to system-wide hosting 

capacity assessment, equipping them with the analytical tools needed to model various 

aspects of harmonics in the power system. 

 

 


