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Research context and motivation

The increasing amount of penetration of Renewable Energy Sources is leading to new
challenges in managing and operating electricity transmission systems, particularly in the
area of system stability. Specifically, IBPS (Inverter Based Power Sources), including so-
lar and wind, have an impact on the inertia of the power system.

Inertia is a key property in the evolution of frequency
transients, as it affects both the rapidity and the ampli-
tude of oscillations, since when inertia decreases s
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. RoCoF (Rate of Change of Frequency) increases = -

l. The nadir of the frequency transient becomes
deeper Y e

e o Moreover, inertia, in an electrical system with a strong amount

' of IBPS, is considerably variable even in short-term period,
due to market mechanism: only dispatched inertia is available,
that is the sum of the inertial contributions of the generators op-
erating in the network.
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o Traditionally, frequency is considered to be a global property, as its oscillations propa-

e For large systems, such as Continental Europe, the way in which inertia is distributed

e These analyses, therefore, must be performed in a new kind of model that takes into ac-

Adopted methodologies

A complete model of the Italian power transmission network is under construction,
starting from the TYNDP 2018 data on the network structure expected in 2030, to be

used with DigSilent PowerFactory to run dynamic Fchweiz] ¥
simulations with various contingencies (e.g. fault

on a line, loss of a relevant power plant).
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Static model has been completed, with:

* 575 sites

* 1940 substations

% 990 lines

* 11095 transformers

% 3069 synchronous generators
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not publicly available: for this reason, in addition to the main DigSilent model, a meth-
odology to automatically build realistic synthetic topological representations of por-
tions of the transmission networks starting from public maps has been developed.

Adopted procedure is based on OpenStreetMap and is composed by a series of Python
scripts that automatically retrieve, filter and process geodata to reconstruct the real topol-
ogy of electrical power stations and high voltage lines, to link them correspondingly and
T to estimate line parameters.

e The proposed methodology was tested to recon-
struct the power transmission grid of Sicily, Italy:
all the 31 nodes (23 with max voltage of 220 kV, 8
with max voltage of 380 kV) and 46 lines have
been correctly identified.
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Novel contributions

gate very rapidly to the whole synchronous zone; for this reason, studies concerning in-
ertia have so far been based on single-bus equivalents, in which the power grid was not
modeled.

can have an impact on the dynamic response of the electrical system, being able to lead
{o interarea oscillation.
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Image from ENTSO-E “Analysis
of CE inter-area oscillations of
1st December 2016
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count topology of the network and parameters of the lines.

o To complete the DigSilent model of the Italian network, dynamic behavior of the loads
and of the equivalent of the European countries will be modelled, with an approach
based on layers of nodes gradually less dense as we move away from the Italian border.

o To study the interaction between synthetic and physical inertia, it's planned to perform

a Real Time Power Hardware In The Loop simulation, in which a Marelli synchronous
generator and an inverter driven with a control capable of generating synthetic inertia will
be connected to a simplified model of a portion of the network.
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