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Advanced insulating materials contributing to “carbon
neutrality”: Opportunities, issues and challenges

The vision of 2050 worldwide carbon‐neutral ignites a revo-
lution in all industries. Enormous innovations in both electrical
power equipment and electrified transportation assets are
shaping our future energy structure. Insulating materials, as the
core element of energy infrastructure, are facing unprece-
dented challenges that stand in the pathways to global carbon
neutrality. However, researchers from both academic in-
stitutions and industrial sections are working to turn the
challenges into opportunities.

This special issue is put forward to envision the challenges
of future electrical equipment and transportation electrification
in the context of policies towards carbon neutrality goals. It
also brings the focus on future research directions and op-
portunities of novel insulating materials that play a key role in
realising the carbon‐neutral vision.

Four articles comprise this special issue, including two re-
view papers and two technical papers. A brief introduction of
each paper is presented as follows:

1 | INSULATING MATERIALS FOR
REALISING CARBON NEUTRALITY:
OPPORTUNITIES, REMAINING ISSUES
AND CHALLENGES

This feature article presents the joint work of 28 experts with
23 affiliations from six countries. In this article, the goal of
carbon neutrality and the urgent need for innovation in electric
power equipment and electrification assets are discussed. The
engineering challenges constrained by the insulation system in
future electric power equipment/devices and electrified trans-
portation assets are also investigated. Insulating materials,
including intelligent insulating material, high thermal conduc-
tivity insulating material, high‐energy storage density insulating
material, extreme environment resistant insulating material,
and environmental‐friendly insulating material, are categorised
with their scientific characteristics, opportunities and chal-
lenges. In‐depth discussion of how these insulation materials
contribute to our carbon neutral goal is presented.

2 | HIGH VOLTAGE DIRECT
CURRENT TRANSMISSION CABLES
TO HELP DECARBONISATION IN
EUROPE: RECENT ACHIEVEMENTS
AND ISSUES

Written by Professor Giovanni Mazzanti, IEEE Fellow, at
University of Bologna, this paper tackles the problem the
High voltage direct current (HVDC) cable faces to decar-
bonisation. With particular reference to the situation in
Europe, the author presents a few simple calculations
showing, in general terms, the quantitative contribution
provided by HVDC cable systems to decarbonisation. The
major issues towards long‐lasting and reliable HVDC cable
systems are summarised briefly, in the way of brevity on the
influence of the main HVDC cable technologies, of cable‐
laying environment, and of duty service. Some hints are
also provided at the opportunities given by multiterminal
HVDC systems.

3 | DESIGNING HVDC GIS/GIL
SPACER TO SUPPRESS CHARGE
ACCUMULATION

This is a technical paper contributed by Professor Jinliang
He, IEEE Fellow, and his team at Tsinghua University. In
this paper, a design method of the DC spacer is proposed,
and a spacer prototype is prepared and evaluated both by
simulation and type test. The DC withstand voltage test and
polarity reversal test are performed using the new DC
spacer compared with a commercialised 220 kV alternating
current (AC) spacer. The simulation results indicate that the
surface electric field and surface charge of the DC spacer
are lower than those of the AC spacer under DC voltage.
The test results verify that the surface flashover voltage of
this DC spacer is higher than that of the AC spacer. The
potential applications of the spacer design for HVDC are
discussed.
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4 | AGEING EVALUATION OF CABLE
INSULATIONS SUBJECTED TO
RADIATION AGEING: APPLICATION
OF PRINCIPAL COMPONENT
ANALYSES TO FTIR AND
DIELECTRIC SPECTROSCOPY

This is a technical paper presenting the joint work led by Dr.
Simone Vincenzo Suraci at the University of Bologna and
Professor Nathalie Dupuy at Aix‐Marseille Université. The
evolution of properties of XLPE‐based insulating materials
under radio‐chemical ageing conditions is presented and dis-
cussed. The results show that phenol‐based antioxidants are
found to be the most efficient in terms of protection against
oxidation. On the contrary, flame retardants are concluded not
to have any impact on the material ageing. The results confirm
the relevance of this analysis to understanding the impact of
irradiation on the chemical and functional properties of the
polymer materials studied.

It has to be admitted that the scope of this special issue is
of course far from exhaustive. Due to space limitations and the
limited ability of the editor team, there are still many important
studies that are not included. Nevertheless, we do hope that
the information conveyed in this special issue can provide
reference for researchers in the field of electric equipment and
insulating materials, especially in selecting research topics and
breakthrough points so as to contribute to the shared goal of
carbon neutrality in the near future.
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