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Project description

In modern grids, Transmission System Operators (TSOs) face growing challenges due to harmonic distor-
tions caused by converter-based generation and nonlinear loads. Hence, effectively monitoring and identi-
fying harmonic sources is essential to safeguard Power Quality (PQ) and ensure reliable system operation.

At Swissgrid as well, Power Quality is a topic that has become central. Indeed, Swissgrid, must comply with
the Total Harmonic Distortion (THD) levels indicated by the Swiss Transmission Code. More importantly, the
renewable share in the Swiss production is forecast to increase significantly. This indicates that the problem
is likely to worsen in the short-term.

As a consequence, the first natural step is providing Swissgrid awareness of the harmonic penetration in its
network, which translates into the implementation of a Harmonic State Estimation (HSE). As this application
is theoretically challenging, the idea has arisen to collaborate with the Distributed Electrical Systems Labor-
atory (DESL) at Ecole Polytechnique Fédérale de Lausanne (EPFL) to develop the tool.

Harmonic state estimation (HSE) is a process aimed to infer the harmonic state of a power system -
namely, the nodal voltages at all buses of the grid, at each harmonic order -, allowing the identification

and quantification of harmonic sources and their propagation through the grid. State estimation techniques,
traditionally used for monitoring voltage and current conditions in power networks, are being extended to
the harmonic domain to address the specific challenges posed by harmonic distortions [1].

At Swissgrid SAS Engineering team, a first Master Thesis was conducted from August 2024 to February
2025. The goal of this first work was to assess what can be achieved with the knowledge, equipment and
measurements available at Swissgrid. The study validated the computational feasibility of the method and
its effectiveness under simplifying assumptions (single-phase balanced power systems).

The second Master Thesis addressed the problem of HSE in unbalanced three-phase transmission net-
works, with a particular focus on advanced line modelling and electromagnetic couplings, applied to a more
complex case study, including transmission lines organized in cascaded sections, with subsections shared
between circuits (allowing to consider the coupling phenomena). A tensor-based formalism was developed
to generalize the measurement model and to integrate both harmonic interactions and multi-conductor ef-
fects. The methodology was validated through a systematic set of test cases, each designed to assess the
estimator under different measurement configurations and initialization strategies.
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Tasks of the student
Several future tasks have been identified by the responsibles of the project, for a third Master Thesis to refine
and improve further the power network model.

> Integration of transformers in the model. The goal of this step is to complete the network model and
to expand the case study to a bigger and more complex subset of the Swiss high-voltage power grid,
by introducing accurate modelling of power transformers. This would allow investigations on the
harmonic coupling that can be caused by overloading of the transformers.

» Up-to-speed automated estimation. In a future perspective of an integration of the estimator in
Swissgrid’s SCADA system, it is important to optimize the code to make it run in a quasi real time
fashion. A first step to achieve this is applying parallel computing tools [2]. It is recommended to
convert the code from Matlab to Python.

» Virtual slack node method implementation. Given the NTP-based communication implemented in
Swissgrid substations, and the limited availability in the market of measurement devices providing
harmonic measurements based on PTP time synchronization, the measurements of the voltage
phase angles are not always reliable. The goal of this step is to apply a methodology published by
Ali Abur in 2022 [3] and 2024 [4] to ‘get rid of the need for angle measurements.

> Observability Analysis. We suggest formulating an optimization problem to find the optimal place-
ment of the sensors [5] that we would install in a pre-defined subset of Swissgrid's power system
used as a case study for a pilot project.

Required knowledge and skills

Power systems modelling and analysis in steady state.

Power transformers modelling.

Power systems state estimation and bad data processing/assessment.
Harmonic phenomena: injections and propagation.

Accurate formulation of optimization problems.

Proficiency in programming languages: MATLAB, Python.

Proficiency in power systems simulation and analysis tools: EMTP-RV is a plus.
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Location and time frame
The master thesis will be carried out at the Swissgrid headquarters in Aarau. It shall begin starting from
March or April 2026, and last 6 months.
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