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Abstract

The improved performance and practicality of electric vehicles
(EVs) have merited them a permanent foothold in the overall
automotive market. When combined with geo-political and
environmental initiatives, it is clear that the demand for EVs will
continue to increase long into the future.
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THE FUTURE OF ELECTRIC VEHICLES \

The improved performance and practicality
of electric vehicles (EVs) have merited them a
permanent foothold in the overall automotive
market. When combined with geo-political
and environmental initiatives, it is clear that
the demand for EVs will continue to increase
long into the future. For example, in the United
Kingdom, there are new plans that ban sales
of all petrol and diesel-powered passenger
cars by the year 2030. In parallel, all of the
major automotive manufacturers are rushing
to electrify their line-ups. Volkswagen, for
example, recently released the new all-electric
ID.3 (replacing the e-Golf). While this growth
and rapid pace of innovation is exciting, it
has created a myriad of yet to be solved
challenges.

The driving range of EVs, the time required
to recharge them, and the charging station
infrastructure are three of the biggest
problems standing in the way of universal
adoption. Driving range is improving
continuously as the technology evolves for
Lithium-Ion (Li-ion) batteries — the dominant
mode of EV energy storage.

For example, Tesla announced in October
2020 the development of a new “tab-less”
battery cell design. This design improves
heat transfer performance and yields higher
energy density and lower overall cost. Even
though these batteries are closing the fossil
fuel gap on range, they still suffer from limited
temperature tolerance, long charging times,
and charging cycle wear out. When combined
with the relative immaturity of charging
infrastructure, the resulting “range anxiety”
is a very real barrier to consumers switching
to EVs.
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One alternative to the chemical battery for
storing electrical energy is the supercapacitor.
These devices are composed of electrodes,
an electrolyte, and an ion-permeable
separator. Energy is stored using an esoteric
phenomenon known as the electrical double
layer, demonstrated by Hermann von
Helmholtz in 1853. Though the energy density
of supercapacitors is 10 to 50 times lower
than Li-Ion batteries, they offer several unique
characteristics that make them attractive in EV
applications.

First and foremost, supercapacitors exhibit
fast charge and discharge times and have
an effectively unlimited cycle life. This makes
them ideal candidates for regenerative
braking systems and during periods of rapid
acceleration. By reducing the load on the main
EV battery, its lifetime can be extended while
simultaneously providing improved driving
performance.
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Outside of the vehicle itself, there exists a
clear need to improve the charging network
infrastructure and use a smart charging
principle to help manage energy demand.
A hybrid application of supercapacitors and
batteries could be particularly beneficial
in solar and wind farm applications where
the available energy is unpredictable. The
supercapacitors allow for a faster, more
efficient means for the system to collect
energy and helps to reduce stress on the
batteries, improving overall lifetime and
reducing cost.

Commercially available supercapacitors
already span a wide range of performance
metrics for automotive applications. KYOCERA
AVX — a leading worldwide manufacturer and
supplier of a broad line of active and passive
electronic components and interconnects
offers several reliable supercapacitor options
for EVs. KYOCERA AVX's supercapacitor lineup
is shown in Figure 1 and includes numerous
form-factors, capacitance ranges, from 330mF
to 3000F, wide temperature ranges, and low
ESR.

Figure 1 - KYOCERA AVX's SCC, SCM, and SCP Series Supercapacitors

SCC SERIES

Cylindrical SuperCaps

Acetonitrile (ACN) based electrolyte .

technology

» Provide extended back-up time, longer
battery life, and provide instantaneous
power pulses as needed

» Capacitance Range: 1F to 3000F

* 2.7V and 3.0V rated parts

» Operating Temp Range: -40°C to +85°C

+ Can offer bent leads on radial leaded .
offerings per customer request

* SCC LE Series that offer special low

ESR products

Qualifying automotive grade series

and low leakage current

wind, grid, etc.

Figure 2 - A comparison of KYOCERA AVX supercapacitor offerings

SCM SERIES

Series-Connected Modules
Feature very high capacitance, low ESR, .

Capacitance Range: 0.33F to 500F .
Voltage Range: 5.0V to 48V+

Operating Temp Range: -40°C to +85°C
Offer High Reliability SCM Series parts
featuring moisture ingress resistance for
longer lifetime performance

Large & custom module design capability for
markets such as large industrial, automotive,

PRIZMACAP™

SCP Series

Propylene carbonate (PC) based

electrolyte technology

Capacitance Range: 3.5F to 15F

(and more to come)

Operating Temp Range: -55°C to +90°C
Rated Voltage: 2.1V up to +65°C, derating to
1.1V for temp extension up to +90°C operation
ESR as low as 30mQ at 1 kHz, 55mQ at DC
Leakage current ratings ~50pA

Low profile starting from 0.8mm and ultra-
lightweight from <2 grams

Customizable form factor

Utilize KYOCERA AVX Interconnect Single 2
Piece Contacts: BTB, 70-9159 Series
connectors instead of hand soldering
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Lastly, it's worth noting that supercapacitors
contain no hazardous materials, require
no maintenance, and are comparatively
lightweight. These characteristics make
them well suited to automotive applications,
especially with the current focus on
environmental impact.

By judiciously applying supercapacitors
to both the vehicle side and the charging
network side of the equation, the goal of
completely switching to EVs becomes a more
realistic scenario.

ADVANCES IN SUPERCAPACITOR TECHNOLOGY § |

On average, supercapacitors have energy
densities of around 8-10 Wh/kg. The energy
density is far below the 200 Wh/kg of a typical
Li-ion battery. Closing the gap between the
energy densities of supercapacitors and
batteries has been the basis of a large body
of research worldwide, much of which focuses
on advanced materials and construction.

Studies at Penn State University, in
collaboration with two universities in
China, have shown that by combining
Manganese Oxide with Cobalt Manganese
Oxide as a positive electrode and a form of
graphene oxide for a negative electrode,
high power densities and cycling stabilities
can be achieved. Polyaniline is also being
investigated for wuse in supercapacitor
electrodes.

It is redox-active and can be fabricated to be
highly porous, making it an excellent choice
for supercapacitors.

Graphene is another highly researched
material for supercapacitors. It is a thin layer
of pure carbon tightly packed and bonded
together in a hexagonal honeycomb Iattice.
It is widely regarded as a “wonder material”
because it is endowed with an abundance of
astonishing traits, including high conductivity
and high mechanical strength. It is often
suggested as a replacement for activated
carbon in supercapacitors due to its high
relative surface area.

Predicting where the future in EVs and
charging networks is going to end up
is unclear, but the march towards fully
electric transportation will only intensify as
government targets approach and more
people adopt the technology. There will
inevitably be advances in current technology
that will help improve the ability for electric
vehicles to go further, last longer, charge
faster, become lighter, and cost less than they
currently do.

Promising material breakthroughs will help
the adoption of supercapacitors in automotive
applications, and of these, the use of
graphene appears to be the most advanced.
The potential to make supercapacitors with
higher power densities that are maintenance-
free and reliable is promising.
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This material could also result in thinner
supercapacitors integrated into body panels,
roof paneling, floors, and even doors. In
theory, this could provide the vehicle with all
the energy it needs and make it considerably
lighter than battery-powered electric vehicles.
Over the coming years, these technological
advancements could impact the widespread
adoption of electric vehicles and our ability
to reach the goal of becoming fully electric
in the future.

KYOCERA AVX's background in researching,
designing,and manufacturingsupercapacitors
has led to the correct preparation, handling,
and pre-treatment of materials to provide
optimal manufacturing environments
that produce repeatable components with
exceptional quality. To learn more about
KYOCERA AVX's supercapacitor offerings,
visit WWW.KYOCERA-AVX.COM.



http://WWW.KYOCERA-AVX.COM

% KYOCERA
TAV/XS

NORTH AMERICA ASIA
Tel: +1 864-967-2150 Tel: +65 6286-7555
CENTRAL AMERICA EUROPE JAPAN

Tel: +55 11-46881960 Tel: +44 1276-697000 Tel: +81 740-321250

NOTICE: Specifications are subject to change without notice. Contact your nearest KYOCERA AVX Sales Office for the latest
specifications. All statements, information and data given herein are believed to be accurate and reliable, but are presented
without guarantee, warranty, or responsibility of any kind, expressed or implied. Statements or suggestions concerning
possible use of our products are made without representation or warranty that any such use is free of patent infringement
and are not recommendations to infringe any patent. The user should not assume that all safety measures are indicated or WWW.KYOCERA-AVX.COM
that other measures may not be required. Specifications are typical and may not apply to all applications.

in f yoo



