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Power electronic (PE) technology became considered a mature technology over the last
century. Widespread silicon-based components and the emergence of modern modelling
and control techniques have been the basis of the latest technological era.

Nevertheless, today we are living through a PE revolution, essentially motivated
by three components: the arrival and application of wide-bandgap semiconductor tech-
nologies such as silicon-carbide, gallium-nitride and others in advanced power converter
configurations; the appearance of improved modelling and control techniques such as
non-integer philosophy to design fractional controllers; and the entrance of advanced
ferromagnetic materials such as amorphous materials, nanocrystalline, powder cores,
and Fe-Si alloys, to design magnetic components. The addition and combination of those
three basic factors is predicted to be a feasible proposal to solve challenges related to cost,
power consumption, power density and efficiency towards the development of small size
and weight PE applications.

Accordingly, this Special Issue summaries nine research papers and one review on a
wide range of power electronics technologies for sustainable energy conversion. Half of
the manuscripts of this Special Issue [1–5] report applications of wide-bandgap and novel
power electronic converters. Four of the papers [6–9] describe topics related to the mod-
elling and control techniques of PE, and the remaining paper covers various aspects related
to ferromagnetic materials.

In particular, Ma et al. [1] propose a distributed low voltage ride-through compensator
(LVRTC) to be used in every wind turbine generator (WTG) for wind-farm applications.
A step-by-step procedure to model and design the proposed controller using a dq-axis
current decoupling algorithm and quantitative design of the three-phase inverter controller
is given. Numerical results and hardware tests using a 2 kVA, six Silicon-Carbide switching
device and a digital signal processor (DSP) as control core are reported. It is stated that
the application of distributed LVRTCs increases reliability and flexibility, but decreases the
required capacity and total price.

Following the same trend, the performance of an active neutral-point-clamped (ANPC)
inverter operating with silicon (Si) and gallium trioxide (Ga2O3) devices is evaluated [2].
In this proposal, both devices are switched at different rates. The Si is operated at low
frequency and the Ga2O3 is operated at high frequency. This switching configuration
results in a homogeneously distributed power loss. Another interesting characteristic
of the proposed arrangement is that the common mode current stress on the switches is
reduced, a low common-mode voltage on the output is achieved and the fault current in
the switching devices is mitigated. It is necessary to mention that the hybridization of
ultra-wide bandgap (UWBG) semiconductor devices is still in development and its early
stages. However, these promising results open the door to soon-achievable advances in
this research direction.
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On the other hand, a novel three-phase six-level multilevel inverter (MLI) controlled
by a nearest-vector modulation strategy is reported in [3]. Numerical and practical results
on a low-power test bed were reported. Advantages of the proposed MLI include a reduced
number of devices, low total harmonic distortion (THD), and high efficiency (near 98%).
The addition of the previous characteristic makes it suitable for high-voltage operations,
utilization as an interconnected device in grid systems, and to be applied as a current
and voltage compensation system, i.e., shunt active power filter (SAPF), dynamic voltage
restorer (DVR) and unified power quality conditioner (UPQC).

Another interesting converter proposal was reported in [4]. In this manuscript,
Loera-Palomo et al. proposed a novel non-cascade quadratic structure based on the in-
terconnection of basic step-up and step-down configurations. The proposed converter
has a noninverting output voltage and a minimum number of devices, and its quadratic
property is valid only in continuous inductor conduction mode. A steady state (voltage
and current source) boundary between continuous and discontinuous conduction mode,
semiconductor stress analysis, dynamic model, numerical and experimental results are
reported. In addition, a perturb and observe (P&O) maximum power point tracking was
used to interconnect the reported system to a PV module. It is important to remark that the
converter allows for a wide input voltage variation with a fixed output voltage, which is
translated into a high-voltage conversion ratio property. This is a desirable characteristic in
renewable energy applications where the energy source is variable.

Following this trend, in [5] a different converter with a quadratic voltage gain, common
ground, and non-series power transfer is proposed. It consists of two traditional boost
converters with a capacitor between both, which allows for parallel energy transmission
between converters and output. The operation characteristics considering volt-second
steady-state analysis, continuous conduction mode, ideal components, and pre-defined
switching commutation, are reported. Additionally, a qualitative and practical quantitative
comparison with other quadratic converters is also given, and bilinear and linear models
of the proposed converter are also developed. The main advantage of this converter is
that it increases the converter’s power efficiency due to the non-series power transfer,
which was verified by a 500 W laboratory prototype. It is worth noting that the quadratic
gain and practical high efficiency reported, above 95%, make this converter suitable for
energy-harvesting systems.

Alternatively, a new resistive-inductance (RL) model for a proton-exchange membrane
fuel cell (PEMFC) is reported in [6], which is compared with three well-known counterparts,
i.e., nonlinear state-space, generic MATLAB™, and a resistive capacitance (RC). A step-by-
step example to determine the proposed RL model’s parameters is also given. The four
models were compared with static and dynamic responses of a practical 1.2 kW fuel-cell
module; current–voltage graph, and time/voltage, respectively. Root-mean-square error
(RMSE) was selected as the criterion during the static performance. On the contrary, for the
dynamic performance, a load change of almost three times was applied and the different
models’ performances were recorded. It was noticed that the non-linear model achieves the
best functioning compared with the practical results, but it has the highest computational
effort. Indeed, the proposed RL model achieves the second-best performance in both tests,
but it is simple and accurate, which makes it a good candidate for real-time applications.

Following this scope, an all-inclusive conduction-mode independent (CMI) modelling
for a boost converter is reported in [7]. This model is valid for the following cases: switched
constant power (CPL), non-switched CPL, switched resistive load, and unswitched resistive
load. A nonlinear controller, stability analysis based on Lyapunov, and numerical and
experimental validation are also described for the CMI model with CPL. It is important to
remark that, in contrast to traditional alternatives, the proposed controller does not rest on
frequency control, and it is able to stabilize the boost converter with a CPL regardless of
the operating conduction mode.

Another interesting manuscript is presented in [8]. Three pulse-width modulation
methods derived from the traditional Space Vector PWM (SVPWM) technique were re-
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ported and applied to the transformerless photovoltaic DCM-232. This consists of a six-
switch three-phase inverter plus four switches and two diodes that decouple photovoltaic
supplies to generate two independent DC sources. The main aim of the proposed modula-
tion methods was to control the decoupling switches to keep the common mode voltage
constant, thereby achieving a leakage ground-current reduction. Numerical and practical
results and a comparative efficiency analysis between the proposed PWM techniques and
selected alternatives available in the literature were performed. It was concluded that all
proposed modulation techniques were able to reduce the common mode current. As a
result, the power inverter was able to fulfill international connection standards.

An advanced non-integer control strategy for a buck/boost converter was reported
in [9]. To develop such kind of controller, the following steps were followed: an approxima-
tion, synthesis, and an implementation pathway. Here, the proposed non-linear synthesis
is achieved through a biquadratic module that exhibits a flat phase response. Numerical
and experimental results are provided to validate the usefulness of this approach. It is
important to mention that implementation was carried by using analog operational ampli-
fiers, which helped to achieve a fast practical response. However, the proposed non-integer
approximated controller can also be extended to a digital version. To this end, traditional
direct or indirect digital approximation can be used by using any sampled transformation.

Finally, a review of representative ferromagnetic core loss models is given in [10].
It includes amorphous, nanocrystalline powder cores and Fe-Si alloys. Characteristics,
advantages, limitations, and applications of the more popular developed models reported in
the literature are given. It is concluded that due to the non-linear features of ferromagnetic
materials, the complexity of developing a unique power core loss model, which includes
different ferromagnetic materials, and its respective validation, it is still incipient. Therefore,
magnetic, and thermal loss calculus, modelling and ferromagnetic validation are still open
research areas. The development of new ferromagnetic materials with specific features
(core material, waveform, density flux, application, frequency range, among others) is still
in the research and validation stages.
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