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1. Introduction

The 55th International Universities Power Engineering Conference (UPEC 2020) has
been held on 1–4 September 2020 in the Virtual Conference mode because of the limitations
due to the pandemics, hosted by Politecnico di Torino, Torino, Italy. UPEC 2020 has con-
tinued the long tradition of the UPEC conferences, particularly aimed at hosting scientific
contributions presented by young researchers and PhD students who discuss their research
lines among them and with experienced researchers.

The conference UPEC 2020 had the motto “Verifying the Targets” and dealt with
research topics concerning the role of electricity for a sustainable energy transition. The
contents of the articles presented during the Conference were referring to keywords such
as power systems, distribution systems, power electronics, electrical machines, electric
vehicles, e-mobility, e-transition, renewable energy, energy efficiency, and storage.

This Special Issue includes 27 articles, prepared as extended versions of selected
contributions presented during the Conference. All articles have been fully reviewed by an
independent pool of reviewers not selected by the UPEC 2020 organizers.

The next section provides a categorisation of the contributions according with their
main topics and summarises the specific focus of each contribution.

2. Overview of the Contributions

The various topics addressed by the articles included in this Special Issue reflect some
of the current trends in place in the power engineering field. For the sake of clarity, the
contributions have been partitioned into five more general categories. For each category, the
next subsections indicate the role of each article in advancing the state of the art concerning
the corresponding topic.

2.1. Electrical Machines and Power Converters

The electrical power conversion from renewable energy sources plays a crucial role in
the development of a sustainable society. Electrical machines and magnetic components,
high-voltage voltage power converters, and battery storage systems are some basic bricks
to build an effective and efficient energy conversion environment. Both applied academic
and industrial research are involved in the continuous improvement of these topics for
the renewable energy resource integration. Considering the power converter topology, the
development of multilevel circuital structures with dedicated control techniques are some
of the main research objectives. A modular multilevel converters (MMC) approach is a key
research aim.

In electrical distribution network, when the distance between generation plants and
large consumers is significant, the best technical and economical solution is the use of
high-voltage direct current transmission (HVDC) for a multiterminal DC network. In this
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applications area Damian et al. [1] make a noticeable contribution exploring the MMC-
HVDC system. The MMC topology consists of several submodules (SMs), connected in
series. The basic SMs topology analysis, the control techniques investigation, and the fault
handling evaluation have been aimed at a correct design method for multiterminal HVDC
network applications.

In AC energy sources such as the renewable wind power applications, also considering
the offshore wind energy conversion systems (WECS), are featured by a wide growth. The
state-of-the-art of energy conversion system in wind power applications is composed of a
low voltage permanent magnet synchronous generator (PMSG) with a power converter
followed by a step-up industrial transformer to reach the requested medium grid voltage.
Steffen et al. [2] investigate a modular approach taking into account the interconnection of
the wind generator and the power converter to avoid the industrial transformer.

The solid-state device technology development and the progress in magnetic materials
leading nowadays to a replacement of the bulk industrial electrical transformers with an
arrangement of power converters with smaller high-frequency transformers. The system
arrangement is called a solid-state transformer (SST). Currently, this is a topic trend in
energy conversion for renewable integrated systems interfaced with the grid network.

The accurate modelling of magnetic components such as high-frequency inductors
or transformers is effective in designing the power converter A critical point in the DC-
DC converter’s operation is the suitable use of quasi-saturation in the magnetic core, it
allows a reduction of the size of the inductors. For a compact power converter need, the
passive components dimension reduction is a great demand design target. The modelling
of the core saturation is remarkable in the estimation of the inductor current in the DC-DC
converter design, taking into account the effect on the power losses obtained (as described
by Musumeci et al. [3]).

Furthermore, the electrical machine (EM) modelling methodology may be used for
an extensive analysis of the static and dynamic operation in some fields of integrated
renewable energy source applications such as hydroelectric power plants. Moreover, the
modelling analysis can be carried out to investigate the thermal and ventilation conditions.
The evaluation of stator’s copper and iron temperatures allows the estimation and moni-
toring of the actual EM thermal characteristics considering several operative conditions in
hydro generator (HG) as demonstrated by Radulescu [4] in her contribution.

Energy storage systems such as batteries play a decisive role in integrated systems of
renewable energy sources as well as in the field of sustainable mobility. Considering the
battery applications’ rate of growth, the requirement for more detailed models to accurately
represent the behaviour regarding voltage, current, degradation, state of health (SOH),
and state of charge (SOC) is highly wanted. Moreover, SOC prediction is one of the most
widespread applications of battery models.

The battery management systems (BMS) need an accurate battery model to explore
different load operative conditions with variable charges and discharges for simulating
actual storage applications. In this way, a flexible electric circuit model (ECM) for battery
storage system (BSS) achieves an effective analysis and design system (Fenner et al. [5]).

Finally, the fil rouge of every contribution in this section is oriented to investigate the
power converters, electrical machines, magnetic components, and battery storage systems
in actual energy conversion applications for renewable energy sources integration by a
modelling approach. This proven engineering methodology to design management leads
to an effective and flexible integrated planning system aimed at the continuous growth of
this applied technology field fundamental for sustainable human development.

2.2. Grid Components and Applications

Issues such as the analysis of power system components, protection and monitor-
ing, power quality, and optimization applied to distribution systems are continuously
under consideration by researchers to keep them updated with the latest technological
developments and new challenges faced by power systems.
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Underground cables, widely used in distribution systems, can benefit from a “dynamic
rating”, in particular, for the lines that are subject to an increase of demand and carry
current from intermittent renewable generation. Enescu et al. [6] provide an overview of
the concepts and the methods related to the dynamic cable rating, with a focus on models,
solution methods, reliability and monitoring issues and the impact on distribution systems
operation with different time horizons.

The monitoring of equipment installed in power systems allows to know the condition
of components and, in particular, of the insulation materials. An adequate monitoring
action is necessary to set up the countermeasures for the improvement of the reliability of
the supply system.

Monitoring the degradation of the cable insulation deployed in low voltage distribu-
tion networks with non-expensive sensors is a challenging task and a correct detection of
degradation at early stage will improve the reliability levels. Nowadays, the availability
of large datasets from smart meters, along with the use of sophisticated machine learning
techniques, make it possible to monitor cable insulations without installing distributed
sensors but only relying on the relationships between the operating conditions of network,
the node voltages, and the thickness variation of cable insulation (Codjo et al. [7]).

Monitoring the equipment in power systems can also be based on partial discharge
measurements that provide the state of the insulation. To interpret the measurement results
of the partial discharge monitoring and identify the causes, the physical phenomena have
to be accurately modelled and the measurement data and model-based results have to be
correctly related (Friebe et al. [8]).

The criteria and the technologies used for the protection of power systems need
a continuous updating. The setting and the correct operation of distance protections
(based on the deployment of distance or impedance relays) are influenced, among other
factors, by the effect of the mutual coupling of parallel overhead lines when the proximity
between circuits cannot be ignored. Indeed, a mutual compensation factor helps in the
correct setting of the relays. However, earth faults can lead to an incorrect calculation of
the fault impedance and, as a consequence, to a mis-operation of the protection system.
In O’Donovan et al. [9], some configurations of parallel lines are modelled including the
mutual coupling and simulated to verify the efficacy of the distance protection in case
of faults.

Power quality issues have to be considered and contextualized in the recent framework
of power systems. The problem of the waveform distortion, widely addressed in the
technical literature and in international standards, is considered by Plamanescu et al. [10]
with the aim of providing a non-intrusive time-frequency analysis of distorted waveforms
at the point of common coupling of a prosumer to improve the flexibility. In particular,
time-varying, nonstationary, non-linear distorted waveforms are considered, and a hybrid
method based on Fast Fourier Transform, improved empirical mode decomposition with
masking signals, and Hilbert Transform is proposed.

Voltage sags, widely recognized as one of the most impacting power quality distur-
bances, need extensive and long measurements to obtain statistically significant surveys
and the development of efficient algorithms able to forecast the frequency of voltage sags in
a node of a power system is of utmost importance. The variable number of sags, expressed
on an annual basis, is usually taken to represent the statistical characteristics of the voltage
sags; De Santis et al. [11] propose to consider the “time to next event” as the random
variable to characterize the statistics of the voltage sags in order to use a large data set,
obtained from a few years of measurements.

The low-voltage three-phase distribution grids are increasingly considered and, in
particular, optimal power flow (OPF) based problems are faced to correctly schedule the
resources such as the energy storage systems. When dealing with three-phase distribution
grids, unbalances cannot be ignored and, as a consequence, the existing algorithms to solve
OPF problems have to be modified to include the models of three-phase four-wire low
voltage lines and to determine the voltage unbalances (Held et al. [12]).
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2.3. Electric Vehicles and E-Mobility

The targets set for energy and environmental sustainability involve the decarbonisation
of the whole energy system. New technologies and approaches are therefore required in the
different sectors, currently mainly dominated by fossil fuels. Among the energy intensive
sectors which need to be decarbonized, the transportation sector plays a key role. In this
sector, the implementation of Battery Electric Vehicles (BEVs) may provide two benefits:
the reduction of local and global emissions and support to the operation of the electric grid
in case of large share of non-dispatchable renewable energy sources, through the provision
of ancillary services. It is worth to highlight that the European Parliament has voted to
set a 2035 deadline for zero-emissions cars and vans. In this framework, researchers are
studying the different components, control systems and operational strategies, related to
BEVs and charging stations.

From the point of view of the BEV, one key element is the electric energy storage
system installed on-board the vehicle. Electric vehicle batteries require high power inputs
for fast charge, should have a high energy capacity, should be low-weight and should
require minimum installation space. The reliable operation of batteries for EV requires
an efficient battery management system (BMS), that impacts the expected battery life,
which is affected mainly by operating temperature, charge and discharge rates. Lithium
batteries are the most used at the moment, due to their light weight and energy density.
Together with the BMS, another key element to guarantee a proper battery life is the cooling
system. In this framework, experimental tests on different battery technologies, BMS and
cooling systems are extremely important to extend the battery life and BEV performance
(Sehil et al. [13]).

From the point of view of the fixed installations, a key role is played instead by
the charging infrastructure, which has to be deployed in such a way to fulfil two main
requirements: (i) providing the required energy to BEVs when and where it is required, and
(ii) being able to be controlled in such a way not to stress too much the existing electricity
network, not to require too expensive investments for the electricity network enhancement,
and if possible, to provide ancillary services such as voltage and frequency control.

One possibility to provide fast charging services, decoupling the power flow between
the charging station and the BEV and between the charging station and the grid, enabling
charging powers above the grid capacity, is to use a charging station consisting of a
stationary battery energy storage system (BESS) with reconfigurable cell topology, which
also allows to avoid a DC/DC converter (Engelhardt et al. [14]). Avoiding the DC/DC
converter is important for two reasons: (i) to reduce the charging station cost, and (ii) to
improve the overall efficiency of the charging process.

In ultra-fast charging stations, the connection to the electric vehicle is in DC and the
converter is located in the charging station. These devices simultaneously require high
efficiency, high power density and the grid-side filter, which ensures sinusoidal current
absorption with low harmonic distortion, can be a key element in the overall converter size
and losses. Optimal design of the filters and their testing is therefore an essential part of
the overall converter design (Cittanti et al. [15]).

As previously mentioned, besides the hardware components, also their control strategy
is extremely important for a proper operation of both BEVs and electric grid. The key
objectives of the charging strategy are: (i) providing the BEV user the required final state
of charge (SOC) when he/she needs to use the vehicle; (ii) minimizing the charging cost;
and (iii) minimizing the network overload or even maximizing the provision of ancillary
services. In this framework, Oliveira Farias et al. [16] proposed a combined framework for
day-ahead scheduling and real time rule-based operation.

2.4. Simulation of Power Systems and Markets

The power system represents one of the largest existing infrastructures. In presence of
traditional generation, the system planning was based on the passive load increase, and the
generation units were installed where, according to the resource availability (mainly water,
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either as primary source or for cooling purposes), they could guarantee the proper system
operation (both in terms of energy and reserves). Today, the increase in the number of grid
interconnection assumes an important role, because of the necessity to share as much as pos-
sible the generation resources and improving the system operation (e.g., in terms of losses
reduction). The grid investments must be evaluated by considering more criteria, opening
the possibility to introduce multi-criteria methods for ranking the potential investments (as
in Dicorato et al. [17], where a number of different candidate projects have been ranked
with the use of Analytic Hierarchy Process). However, the increasing share of Variable
Renewable Energy Sources (VRES), often installed at distribution system level, introduced
the necessity to enlarge the system planning including both transmission and distribution
systems, in particular when investments that are alternative to the network expansion are
considered. In this sense, the H2020 project FlexPlan aimed to establish new planning
methodologies, which include flexibility resources in both transmission and distribution
system. Migliavacca et al. [18] provide the description of the modelling characteristics of
the planning tool and present the results with reference to a small-scale scenario.

Even though the VRES are expected to largely increase, traditional carbon-free sources,
such as hydro, will play an important role in the future energy system. The coordination
among hydro power plants and their interaction with VRES and load results then funda-
mental to keep the (steady-state) balance of generation and load within the same market
area. In Kouveliotis-Lysikatos et al. [19] this problem is faced by considering most of the
hydro power plants of Sweden and Norway, by using an open-source model based on
openly available data. The case study considers the market area unbalance minimisation
and include the penalisation of the water spilled as well: this is an important aspect to take
into account, to efficiently use the available water source.

With reference to the market areas, their definition may result challenging. In fact,
the market areas can be identified with different criteria, even though in the past they
were basically built considering network topology and contingency conditions on the
line. An efficient market design requires new approaches for market zone identification.
In Colella et al. [20], the identification of the market zones is based on the Locational
Marginal Prices (LMP) and the Power Transfer Distribution Factors (PTDF), by including
topological constraints as well. The methodology allows analysing multiple scenarios
based on normal and planned maintenance operation conditions. The calculation of the
LMP and PTDF, however, must be carried out by running OPF on real grid portion, by
including all the grid constraints. In Bovo et al. [21], the authors suggested a novel OPF
formulation including explicitly N-1 security criteria. All contingency-related constraints
were introduced in a compact form, so that the application to large-scale test results
suitable. The optimisation problem considers the actual model and the operating conditions
suggested by the Italian System operator, providing an added value to the results obtained.

2.5. Demand Side Aspects and Local Energy Systems

The demand side is more and more central in the evolution of the energy systems.
The demand of electricity is primarily involved in the energy transition towards higher
electrification of the end uses. Many changes have occurred in recent periods in the
way electricity is used, including unexpected events such as the pandemics, which have
modified the evolution in time of the demand in different sectors. Due to these changes,
many aspects have to be considered in the analysis of the electrical demand.

First of all, considering electrical demand forecasting, the pandemics has changed all
the recent baselines, causing an inhomogeneity in the time series to be used as references
for short-term load forecasting (STLF). The effects of pandemics have been addressed
in Tudose et al. [22] in the formulation of the STLF problem. New contents referring
to the pandemics are used together with the conventional exogenous factors such as
weather, season, day of the week, and others, solving the problem with a convolutional
neural network.
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A further aspect based on the users’ participation for adjusting the energy demand is
demand response, applied by offering incentives or price changes to the users to modify
their consumption in a given time slot. The demand curve has to be changed due to
the action of multiple users of different types, i.e., residential, industrial and from other
sectors. Among them, the residential sector has multiple appliances, whose period of
usage can be deferred and adapted to the needs of the demand response programme. Peak-
shaving demand response programmes are among the most diffused ones, to obtain a direct
demand reduction effect in the relevant time period. Chatzigeorgiou et al. [23] address
the determination of an appropriate set of alerts to be sent to the users for modifying the
demand curve in a peak-shaving demand response programme. Past-usage measurements
gathered on many deferrable appliances are used to define priorities to the households
based on the probabilities of appliance usage in time.

Energy efficiency, with the definition of strategies to reduce the energy consumption of
a system to provide a given service, is a classical objective, which has to be studied case by
case depending on the specific energy system. For example, energy efficiency is addressed
in Zheng et al. [24] for a mechanized coal mining.

Local energy systems are emerging as specific entities connected to the grid. Energy
management in local energy systems is a challenging task, as it reproduces the needs of
ensuring reliable, stable, safe and cost-effective operation of the assets included in the local
energy system, mainly based on local resources to supply the local load, with interactions
with the external grid to ensure appropriate operation in any condition. Some local energy
systems are also evolving to become energy communities, in which the physical connection
within the same local system is not necessarily required. In this case, there is the possibility
of satisfying the local users’ needs through energy provided even in external locations by
entities that belong to the community. In local energy systems, local flexibility markets are
used to deploy distributed energy resources to avoid congestion. Flexibility is determined
by considering an operational baseline, which could include the operational setup of
storage systems. If storage is not used for flexibility purposes, the deployment of the
flexible resources is decided without changing the state of charge of the storage systems in
the operational baseline. The use of flexibility for storage would modify the state of charge
during time, requiring some compensation at later times to re-obtain the initial flexibility
characteristics (Schmitt et al. [25]).

The local energy production in local energy systems is provided in many cases by
micro-generation supplied from renewable energy sources. The diffusion of the micro-
generation systems practically depends on the deliberations of the regulatory authorities.
The regulatory options have to be introduced in the formulation of cost-benefit analyses,
to check whether the solutions are acceptable in terms of economic indicators such as the
payback time. Doyle de Doile et al. [26] address the effects of changes in the Brazilian
regulation on the diffusion of micro-generation.

In addition to the use of renewable energy that provides electricity to the grid, the
local generation based on multi-energy systems opens interesting possibilities of energy
shifting between different energy sources to provide the same service. In addition to the
non-dispatchable variable renewable energy sources, the use of dispatchable co-generation
such as from biogas plants (Zepter et al. [27], with application to an island) provides useful
contributions to balancing the grid with scheduled resources, also interacting with the
thermal energy side.

3. Conclusions

The collection of articles in this Special Issue provides indications on some directions of
development of the current research in the power engineering field. In the wide context of
the energy transition currently under way, the contributions sent to this Special Issue have
addressed timely issues on topics concerning electrical machines and power converters,
grid components and applications, electric vehicles and e-mobility, simulation of power
systems and markets, up to demand side aspects and local energy systems. The results
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indicated in this collection of articles are useful to the scientific community to continue the
progress towards future development of the power and energy systems.
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