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Motivation

The increasing penetration of renewable converter-interfaced generators (CIGs) in today’s energy
systems is reducing the share of conventional synchronous generators, thereby changing not only the
dynamic but also the steady-state behavior of the system. For maintaining steady voltages, traditionally
the reactive power supply of synchronous generators and additional devices for reactive power
compensation is used [1]. Studies on energy system design predominantly neglect reactive power [2]
and can thus potentially require a large amount of compensation devices to realize a feasible system
operation. However, state of the art capacity expansion planning approaches do not consider the
corresponding costs [3][4]. Accordingly, we analyze the question if modeling reactive power and
considering the ability of renewable CIGs to supply reactive power can lead to more suitable energy
system designs.

Methodology

We formulate a generation expansion problem which incorporates reactive power and voltage
magnitudes. Both are included via a linearization of the AC-OPF problem [5]. We validate this
linearization separately using test networks from a benchmark library [6], for which the results are
compared to those of a solution of the full AC-OPF formulation by the PowerModels framework [7].
Furthermore, we compare our approach with the conventional capacity expansion approach, which
ignores reactive power and voltage magnitudes. Both approaches are evaluated with respect to the
number of snapshots which are AC-feasible. Moreover, the model results are compared regarding the
costs of necessary reactive power compensation devices.

Results

We apply our method to a case study, where expansion of two types of CIGs is examined. We focus on
different types of wind energy converters, of which the more expensive type has greater capabilities to
supply reactive power. As we assume perfect knowledge of the potentials for renewable generation, the
model is deterministic. For the numerical experiment we use a 20-bus network representing the German
power grid, which is based on a spatial reduction of PyPSA-Eur [8]. As a first result, we observe that our
approach leads to a larger number of feasible operational states of the planned system. Moreover, a
smaller amount of reactive power compensation devices is needed.
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