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Guest Editorial:
High Sustainable Electric Drives for Transportation
Electrification

I. INTRODUCTION

IVEN that nearly 23% of global CO2 emissions is

blamed on the transport sector, its electrification be-
comes crucial for reaching the 2050 Net Zero Emissions
scenario. The key enabler to this purpose is a sustainable
design and development of electric powertrain systems, aiming
at cutting the overall greenhouse gases emissions during each
of the different life-cycle stages of the design, including
procurement, manufacturing, use, and recycle or reuse.

This introduces new challenges in the design of batteries,
power converters, and electric motors, which must now prior-
itize environmental sustainability without compromising key
performance metrics such as power density, efficiency, cost,
and reliability.

II. AIM OF THIS SPECIAL ISSUE

To improve the sustainability of electric mobility, it is es-
sential to evaluate the entire life cycle of batteries and electric
drive components, while exploring alternative solutions aimed
at reducing the number of components and the utilization of
materials with high environmental load.

These solutions may include replacing copper with alu-
minum in the motor windings [1], [2], eliminating rare-earth
magnets in favor of ferrite [3], [4] or wound-field topologies
[5], [6], and reduction of hardware electronic components
in the drive [7]. Consequently, focus is placed on selecting
alternative, sustainable materials and understanding their im-
pact on drive performance [8], [9]. Attention is also directed
toward the adoption of innovative topologies for both electric
machines and power electronics, along with the development
of efficient end-of-life management solutions to support a
closed-loop circular economy [10].

This special section aims to explore these solutions and
provide a comprehensive contribution to the latest research
advancements in the field of sustainable electric drives for
transportation electrification.

Specifically, this special issue addresses topics such as
alternative materials and design solutions for machine and
power electronics components, along with implications of
circular economy practices.

ITI. OVERVIEW OF ARTICLES

Following an extensive peer-review process conducted with
the support of renowned international specialists in power
electronics and machine design, the editorial team has chosen
six exceptional articles for inclusion in this Special Issue
of the IEEE JOURNAL OF EMERGING AND SELECTED

TOPICS IN INDUSTRIAL ELECTRONICS. The wide scope
of challenges covered in this issue falls into three main
categories: 1) sustainable winding materials and strategies for
reducing rare-earth magnets in sustainable electric machines,
2) reduction of power electronics components in sustainable
electric drive systems, and 3) sustainable circular economy
in electric mobility. The following sections provide brief
summaries of each article’s content and contributions to help
guide readers through this Special Issue.

A. Sustainable Winding Materials and Strategies for Reducing
Rare-Earth Magnets in Sustainable Electric Machines

In [A1], the authors explore the adoption of aluminum
to replace copper in the hairpin windings of an automotive
traction interior permanent magnet (IPM) machine, as despite
the higher resistivity, aluminum is to be preferred in terms of
environmental impact. The study provides a full experimental
comparison of copper vs aluminum hairpin for the whole
efficiency map, conducting the experiments on two identical
prototypes, but with different conductor material. Based on
the difference losses map and the corresponding difference
efficiency map, it was observed that the increase in DC losses
caused by aluminum’s higher resistivity has a negligible effect
on the overall efficiency of the WLTP driving cycle. This
is because in most of the points of the driving cycle, the
iron losses represent the largest share of total losses. In this
context, the winding material choice is less influential. The
study confirms that aluminum windings represent a viable
substitute for copper in utility vehicle applications.

In [A2], a novel asymmetrical IPM machine design is
introduced for reducing the magnets utilisation while in-
creasing the torque density. This is achieved through a flux
barrier which moves the magnetic and reluctance axes from
their conventional positions, thus aligning the reluctance peak
torque and the magnet peak torque at the same angle. In this
way, the aimed electromagnetic torque is achieved with 30%
less magnet volume. This makes the studied topology suitable
for transportation applications with compact size.

In [A3], the authors present a wound-field flux-switching
machine which aims at high efficiency in low torque — high
speed conditions, while eliminating the rare earth magnets or
brushes and slip rings from the rotor design, as all excitations’
sources are located on the stator. The study compared different
winding configurations and stator-rotor pole combinations
through a multi-segment magnetic flux path analysis. The
outcome demonstrates that adopting through a circumferential
field and armature winding configuration avoids longer mag-
netic paths. This results in a 57% volumetric torque density
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increase with respect to configurations with longer magnetic
flux paths. The increase of torque density and efficiency at
highway driving conditions makes this solution attractive for
traction in automotive application.

In [A4], a Pulse and Glide (PnG) control strategy is im-
plemented to enhance the sustainability of a drive system that
utilizes a wound field machine. Pulse and Glide (PnG) is a dis-
continuous torque control in which, during cruising conditions,
the vehicle alternates between periods of acceleration at peak
efficiency operating points and coasting phases. This approach
delivers the required average torque while improving overall
system efficiency. Driver comfort is maintained by limiting
speed variations through jerk control, whose implementation
is based on a vehicle model that estimates the forces acting
on the vehicle. This approach enabled an energy consumption
reduction by slightly decreasing losses in both the motor and
the wound-field power converter, thus laying the foundation
for more sustainable drives. A further sustainability footprint is
given by the replacement of the rare-earth permanent magnets
(PM) with a wound field rotor topology. This also allows for
rotor de-excitation under zero-torque conditions, eliminating
core losses. Furthermore, in field-weakening (FW) conditions,
rotor de-excitation prevents uncontrolled braking.

B. Reduction of Power Electronics Components in Sustainable
Electric Drive Systems

In [AS5], the authors propose a software based low-cost
hardware solution for resolvers used in PMSM, as alterna-
tive to the integrated circuit (IC) based resolver to digital
conversion (RDC) systems. The proposed RDC method aims
at lowering cost of the system while improving its dynamic
tracking and error suppression capabilities. Specifically, the
angle accuracy from RDC is improved by adopting an adaptive
filter for removing the DC offset errors, and through a double
second order generalized integrator frequency-locked loop
(DSOGI-FLL), which solves imbalance amplitude errors while
achieving good frequency tracking. Finally, the angle signals
are reconstructed by a third-order rational fraction polynomial
approximation (TRFPA). Replacing the integrated circuit (IC)
with a software-based, low-cost hardware solution for the
RDC achieves a 70% cost reduction, establishing it as a more
convenient and therefore more sustainable alternative.

Multiphase drives are increasingly used due to their in-
creased power density and reliability, which make these so-
lutions preferable from a sustainable point of view. In this
regard, the authors in [A6] present a three-phase, five-level
stacked dual output (FLSDO) converter, intended for supplying
a single six phase or two three-phase loads, independently and
simultaneously. The proposed typology can produce all output
states attainable by conventional MLIs, while aiming at higher
reliability, reduced size and fewer switches. Specifically, the
topology involves hybrid multilevel converter with dual flying
capacitors (FCs) stacked with selector switches, thus extending
the operating boundary region compared to the previously pro-
posed dual-output converters. This study provides a convenient
solution for sustainable electric vehicles utilizing multiple
three-phase motor drives or multiphase machines.

C. Sustainable Circular Economy in Electric Mobility

In [A7], tha authors address the need of closing the loop
on the circular economy of the electric drives and batteries
within the transportation electrification sector, thus aiming
at a more sustainable mobility. The study comprehensively
reviews state-of-the-art and future technologies for managing
the components end-of-life, such as multi-purpose use, reuse,
and recycle strategies. For extending the life of electric ve-
hicle batteries, multipurpose and reuse strategies emerge as
the most promising approaches, while the use of advanced
disassembly and sorting techniques for printed circuit boards
is preferable for an efficient recycling and reutilisation of
power electronics components. For electric machines, the
paper highlights the importance of environmentally conscious
design, which involves eliminating rare earth materials, using
soft magnetic composites, segmented structures, and more
sustainable options like aluminum windings instead of copper.

IV. SUMMARY AND CONCLUSION

Different facets of sustainable electric mobility have been
explored in this special issue. While significant progress has
been made, many challenges remain in advancing the sustain-
able electric drives design to support the net zero emissions
scenario. Although this special issue covers only a fraction
of the ongoing research in this field, the editorial team hopes
this guest editorial provides several perspectives for inspiring
further advancements in the field of sustainable electric drives
design. Finally, the editorial team extends its best wishes for an
engaging and informative experience with the articles featured
in this Special Issue.
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