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Foreword

Welcome to the latest edition of our Industry Focus eBook,
where we explore the cutting-edge landscape of Electric Vehicle
Battery Technology. As electric vehicles reshape transportation,
battery innovation, and infrastructure breakthroughs drive

this shift toward a cleaner, more sustainable future.

One critical roadblock to wider EV adoption
is infrastructure. Challenges of Electric
Vehicle Charging Stations highlight the

key barriers, from limited coverage to grid
strain, slowing progress. However, innovation
offers hope. The Future of UltraFast EV
Charging: Inside the LMFCC Breakthrough
reveals a promising new technology that
could dramatically shorten charging times,
enhancing convenience and accelerating
market growth.

Battery performance remains a central
focus of research. POSTECH-Led
Collaboration Achieves Breakthrough

in EV Battery Performance showcases
arecentadvancement in energy density
and cycle life, while Zinc-Based Batteries:
Recent Advances, Challenges, and Future
Directions explores alternative chemistries
that may deliver safer, more sustainable
storage solutions.

Sustainability doesn't stop with production.
What happens at the end of a battery’s life
is equally important. Green and Efficient

Strategy for Recycling Lithium-lon Batteries
takes a closer look at circular economy
strategies that reclaim valuable materials
while reducing environmental impact.

As researchers investigate what's

next, Will Supercapacitors Replace
Batteries? examines whether high-capacity,
fastcharging supercapacitors could

be the energy storage solution of the future.
Meanwhile, The Future of Graphene Batteries
in Electric Vehicles explores the potential

of this remarkable material to transform
battery efficiency, charge times,

and overall performance.

These articles offer a comprehensive
view of the evolving EV battery landscape.
We hope you find inspiration and insight
in the stories ahead as we collectively
drive toward a greener tomorrow.



AZO

Article CLEANTECH

Challenges of Electric Vehicle Charging
Stations

By Reginald Davey Mar 10 2025
‘ Reviewed by Laura Thomson

As more electric vehicles (EVs) hit the roads globally, their growing presence and the shift
toward sustainable transportation have become major talking points. A robust charging
infrastructure is crucial to supporting the growing demand for EVs as the transportation
sector moves toward decarbonization. However, several challenges in EV infrastructure
affect the expansion of renewable energy and electric vehicles. This article will examine the

key obstacles faced by EV charging stations.

Image Credit: 4045/Shutterstock.com

Technical Challenges of Electric Vehicle Charging Stations

Some primary challenges with electric vehicle charging stations center around technical
issues whilst charging and charging station technology.

Firstly, there are issues with charger compatibility and a lack of standardization. Drivers need
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to know reliably whether the correct charger is available at an EV charging station for their
vehicle. This is not a problem with ICE vehicles as gas and diesel pumps are standard designs
worldwide."?

Fast charging is a key consumer demand, presenting a bottleneck for EV adoption and electric
vehicle charging stations. Despite the rapid evolution in charging station technology, many
electric vehicle charging stations do not meet this demand: over half of all charger typesin the
UK, for instance, are slow charger types. These have a power rating of under 8KwH.3

These technical issues can slow consumers' adoption of electric vehicles. Range anxiety is a
top concern for many consumers, particularly in rural areas without proper charging
infrastructure. If chargers are slow and incompatible, consumers may be less likely to replace
polluting ICE vehicles.

Furthermore, battery limitations can present further technical challenges for the sustainable
transportation sector. These can affect charging efficiency and longevity, hindering fast
charging capabilities and potentially leading to increased costs and maintenance needs.

Infrastructure and Accessibility

Accessibility and infrastructure are also key challenges with electric vehicle charging stations.
Whilst urban areas such as London in the UK have an impressive charging network, with
London alone having a charging density of 221 chargers per 100,000 residents, this is not the
case inrural areas. Expanded infrastructure is urgently needed to meet current and future
demand.’

At-home charging points have done a lot of work in reducing the lack of EV charging
infrastructure, but on-road solutions are distinctly lacking. Companies like Shell Recharge,
which has installed nearly 9,000 public charging stations in the UK, are helping to overcome
this bottleneck. Tesla's Supercharger network is also a noteworthy electric vehicle charging
network.

Another accessibility issue and technical challenge is the non-standardization of apps. This
aspect of charging station technology is another key bottleneck with electric vehicle charging
stations. Multiple companies offer on-road EV charging, each with its own app that allows
drivers to access charging and pay for its use.

Aside from the relative lack of charging infrastructure, there are concerns about adding so
much capacity to energy grids. Grids must be able to cope with the current and future spike in
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demand for EV charging to avoid potential power cuts. By 2024, there were 1.1 million full EVs
on the UK's roads alone, a remarkable 13% increase from 2023, leading to a marked increase in
demand and capacity.

Electric vehicle charging station accessibility can also be an issue for disabled drivers. Parking
spaces may be too small for adapted vehicles, charging points may not be visible, and payment
systems can be too high for wheelchair users. Furthermore, the height of the curbs may make
access difficult, and even heavy cables may be difficult for disabled drivers to use without
help.

Environmental and Societal Impact of Sustainable Transport

While renewable energy and EVs are a significant element of the green energy transition, the
rise of sustainable transportation does not come without some environmental cost.

The manufacturing cycle and end-of-life disposal of charging station technology such as
batteries can present environmental and pollution issues and have potential societal impacts
on local communities, for example, in developing nations. These issues must be addressed for
charging station technology to be classed as truly sustainable.”

While renewable energy and EVs reduce greenhouse gas emissions overall, non-renewables in
the energy grid mix may be used to power electric vehicle charging stations. However, this
problem should be reduced over the coming years as the global renewables mix increases.

Navigating the/Lhallenges
g g y A g

Key Issues &> Solutions
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Economic and Regulatory Hurdles of EV Charging

Aside from technical, infrastructure, and environmental issues around electric vehicle
charging stations and sustainable transportation, there are also economic and regulatory
hurdles proving challenging for the sector.

EV charging infrastructure is expensive to install and maintain. Batteries need to be replaced
over time, and initial capital costs may be high. Charging infrastructure and technologies must
be constantly updated, presenting additional lifecycle costs for operators. Costs could be
passed onto consumers, but those same consumers may be reluctant to pay higher charging
costs on top of the expense of new EVs.

Requlatory hurdles such as land use requlations, utility approvals, and permits can also be hard
and costly to navigate. These regulatory frameworks are essential in shaping the development
of electric vehicle charging stations and differ in each nation. The need for standardized
policies across regions and nations is crucial.®

What is the Future of Electric Vehicle Charging?

The remarkable rise of sustainable transportation, renewable energy, and EVs has led to a
growing recognition of the technical, infrastructural, accessibility, environmental, economic,
and reqgulatory challenges faced by electric vehicle charging stations. Overcoming these
challenges will require continued innovation and collaboration across private and public
sectors.

While persistent EV infrastructure challenges present complex bottlenecks, some solutions
will aid the uptake of sustainable transportation in the coming years. Improving rural charging
stations, installing faster charge capability, standardizing chargers and apps, and streamlining
regulatory processes are examples of how these critical issues could be addressed in the
future.

References and Further Reading

1. Gilipin, L(2014) The challenges of EV charging: 10 things to know [online] TechRepublic.
Available at: https://www.techrepublic.com/article/the-challenges-of-ev-charging-10-

things-to-know/
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2. Codibly (2024) The main challenges that EV charging networks face today[online]
Available at: https://codibly.com/evse/the-main-challenges-that-ev-charging-

networks-face-today/
3. Hargreaves, L (2024) EV Charging Trends 2024: Rapid Growth and New Challenges[online]
EV Magazine. Available at: https://evmagazine.com/articles/global-ev-outlook-2024-

trends-in-ev-charging
4, Abdullah (2024) The Environmental Impact of Widespread EV Charging Infrastructure

[online] EV Mechanica. Available at: https://www.evmechanica.com/the-

environmental-impact-of-widespread-ev-charging-infrastructure/

5. Zamanov, N(2024) The Challenges of Developing EV Charging Infrastructure in Urban
Areas[online] Cyberswitching. Available at: https://cyberswitching.com/challenges-

developing-ev-charging-infrastructure-urban-areas/

Disclaimer: The views expressed here are those of the author expressed in their private
capacity and do not necessarily represent the views of AZoM.com Limited T/A AZoNetwork
the owner and operator of this website. This disclaimer forms part of the Terms and
conditions of use of this website.

Written by

Reginald Davey

Reg Davey is a freelance copywriter and editor based in Nottingham in the United Kingdom. Writing
for AZoNetwork represents the coming together of various interests and fields he has been
interested and involved in over the years, including Microbiology, Biomedical Sciences, and

Environmental Science.
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The Future of Ultra-Fast EV Charging: Inside
the LMFCC Breakthrough

By Muhammad Osama Mar 212025
r Reviewed by Laura Thomson

A recent article published in the journal Engineering introduced an innovative liquid metal
flexible charging connector (LMFCC) for high-power direct current fast charging (DC-HPC)

in electric vehicles (EVs). This approach aims to enhance cooling efficiency and high-
current transmission, addressing key challenges in EV technology.

f
-
| 2.

Image Credit: Mariana Serdynska/Shutterstock.com

Advancements in EV Charging Technology

Reducing carbon emissions has become a key priority as global energy structures evolve,
particularly transportation.

According to the International Energy Agency, the number of EVs worldwide is expected to
increase approximately 10 times by 2030. However, challenges like range anxiety and
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prolonged charging hinder large-scale adoption compared to conventional fuel vehicles.

HPC technology has emerged as a solution, significantly reducing charging times to levels
comparable to traditional refueling.

Recent advancements have increased the peak charging power of DC-HPC systems from 43.5
kW to 450 kW, with new standards aiming for up to TMW.

Despite these developments, ultrahigh-current charging exceeding 3000 A remains a
significant challenge. The heat generated during high-current charging can lead to equipment
failures and safety risks, such as overheating and fire hazards.

Traditional cooling methods, which separate current conduction from heat dissipation, are
inadequate for managing the extreme thermal loads of ultrahigh-current applications. This
highlights the urgent need for new solutions that enhance thermal management while
maintaining charging efficiency and safety.

About this Research: Introducing Gallium-Based LMFCC

Researchers developed a gallium-based LMFCC charging and cooling strategy to address
ultrahigh charging currents in DC-HPC systems. They examined its transmission stability

under extreme deformation compared to conventional solid metal connectors.

The study employed a compact induction electromagnet-driven system optimized for active
cooling to enhance liquid metal flow rates and cooling efficiency. A three-dimensional (3D)
multi-physics numerical model was constructed to evaluate the LMFCC's performance across
various geometric and hydrodynamic parameters. The experimental setup included a
synergetic cooling LMFCC, a direct current (DC) high-power supply, and multi-sensing signal
collection systems to monitor temperature, pressure, and flow rate.

The LMFCC system comprises induction electromagnet-driven units, liquid metal flexible
cables (LMFCs), liquid metal-enhanced heat dissipation components, and transition
connection units. The LMFCs, made of highly elastic silicone tubes filled with liquid metal,
enable independent coolant-circulating loops for improved heat dissipation.

The electromagnet-driven unit generated an Ampeére force to pump liquid metal through the
loops, enhancing cooling performance. Then, a magnetohydrodynamics (MHD)-based
numerical model was used to optimize pumping capability and thermal management. The
researchers validated the LMFCC's adaptability to superhigh charging currents through
experiments, providing insights into its operational reliability and cooling efficiency.

Key Findings of Using New Gallium-based LMFCC
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The outcomes indicated that the LMFCC exhibited exceptional cooling efficiency and
flexibility, effectively dissipating heat while transmitting high currents. It achieved sudden low
temperatures (<16 °C at 1000 A), significantly outperforming traditional cooling methods that
struggle to maintain safe levels under similar conditions. Its remarkable bending radius of just
2 cm enhanced adaptability for various applications.

The induction electromagnet-driven system improved liquid metal flow, boosting active
cooling capacity and mitigating thermal shocks, extending the charging system lifespan.

Experimental results closely matched the numerical simulations, validating the LMFCC model's
accuracy. For example, at a flow rate of 0.2 L-min™, the experimental pressure head was 47.8
kPa, while the simulation results yielded 44.9 kPa, showing a deviation of 6.5%.

The study highlighted liquid metal's dual role as a coolant and current-carrying conductor,
improving reliability while reducing fire hazards associated with copper conductors.

The 3D multi-physics model effectively analyzed MHD generation, optimizing pumping
capability and thermal transfer. The results showed that increasing the LMFC's diameter
enhanced heat dissipation, ensuring cooling even at high charging currents.

The authors also demonstrated the benefits of integrating an active-rotating magnetic system
into the Permanent Magnet Electromagnetic Pump (PM-EMP), which enhances pumping
reliability and eliminates common issues like coolant leakage.

Comparative analysis revealed that the LMFCC provides a lightweight, flexible, and highly
efficient alternative to conventional copper cables. This makes it a strong candidate for liquid-
cooled power lines in electric trucks, aircraft, and ships requiring ultrahigh-current charging.

Potential Applications in the EV Industry

This research has significant implications across multiple industries. In the EV sector, the
LMFCC could revolutionize charging infrastructure by enabling rapid recharging and improving
the efficiency of the HPC system. Its flexible design allows seamless integration into diverse
charging environments, from urban hubs to remote locations.

Beyond EVs, the LMFCC's synergetic cooling strategy could be helpful in renewable energy
systems, industrial processes, and thermal management in aerospace and marine
transportation.

Its ability to manage heat while transmitting high currents makes it a valuable solution for
next-generation power and cooling systems. As demand for high-capacity charging grows,
adopting LMFCC technology could enhance the reliability and scalability of future energy
infrastructures.
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Conclusion and Future Directions

The LMFCC represents a significant advancement in EV charging technology, addressing the
challenges of ultrahigh charging with an efficient thermal management solution. It can
significantly enhance the performance, safety, and scalability of charging systems,
accelerating the adoption of high-power EV infrastructure.

Future work should optimize its design, reduce costs, and integrate it into existing
infrastructure. The synergetic cooling and charging strategy marks a breakthrough in thermal
management, positioning the LMFCC's potential in high-power applications.

Disclaimer: The views expressed here are those of the author expressed in their private
capacity and do not necessarily represent the views of AZoM.com Limited T/A AZoNetwork
the owner and operator of this website. This disclaimer forms part of the Terms and
conditions of use of this website.

Source:

Liu, C., & et al. Liquid Metal-Enabled Synergetic Cooling and Charging of Superhigh Current.
Engineering, 2025. DOI: 10.1016/j.eng.2024.11.035,
https://www.sciencedirect.com/science/article/pii/S2095809924007446

Written by

Muhammad Osama

Muhammad Osama is a full-time data analytics consultant and freelance technical writer based in
Delhi, India. He specializes in transforming complex technical concepts into accessible content. He
has a Bachelor of Technology in Mechanical Engineering with specialization in Al & Robotics from
Galgotias University, India, and he has extensive experience in technical content writing, data science
and analytics, and artificial intelligence.
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POSTECH-Led Collaboration Achieves
Breakthrough in EV Battery Performance

Reviewed by Laura Thomson Mar 14 2025

Professor Kyu-Young Park of the Institute of Ferrous & Eco Materials Technology,
Department of Materials Science & Engineering, POSTECH led a research team that
collaborated with Samsung SDI, Northwestern University, and Chung-Ang University to
develop technology that will significantly increase the lifespan and energy density of
electric vehicle (EV) batteries. The study was recently published in ACS Nano.
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A battery used in electric vehicles must continue functioning even after being charged and
drained numerous times. However, the existing technology has a significant problem: the
battery’s positive active elements constantly expand and contract during the charging and
discharging process, leading to small cracks inside the battery.

The battery’s performance significantly declines with time. Researchers are trying to stop this

by strengthening the cathode active materials or adding reinforcing dopants, but these
methods are not yet viable.
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The key to this discovery is the ‘nano-spring coating’ technique, which can create elastic
structures. The researchers applied a multi-walled carbon nanotube (MWCNT) on the surface
of battery electrode materials.

This absorbed strain energy is created during the charging and discharging processes,
preventing cracks and limiting electrode thickness variations, hence improving stability. The
team successfully and effectively controlled cracks within the battery, extending its lifespan
and enhancing performance.

This approach reduces resistance caused by volume variations in the material using only a
small amount (0.5wt %, weight percentage) of conductive material. It can achieve a high
energy density of 570 Wh/kg or higher. It also has a high longevity, with 78 % of the initial
battery capacity remaining after 1,000 charge and discharge cycles or more.

This technique, in particular, may be easily integrated into existing battery manufacturing
processes, allowing for rapid scale production and commercialization. This advancement is
likely to surpass current restrictions in battery technology, paving the way for more efficient
and long-lasting EV batteries, which can help design superior electric vehicles.

11 With a different approach from existing ones, this research effectively
controlled changes that could occur to a battery during the charging and
discharging process. This technology can be widely used not only in the
secondary battery industry but also in various industries where material
durability is important.

Kyu-Young Park, Professor, Pohang University of Science and Technology

This research was funded by Samsung SDI, the Ministry of Trade, Industry, and Energy, and the
Ministry of Science and Information Technology's basic research fund.

Journal Reference:

Lim, J.-H. et. al. (2025) Enhancing Mechanical Resilience in Li-lon Battery Cathodes with
Nanoscale Elastic Framework Coatings. ACS Nano. doi.org/10.1021/acsnano.4c14980

Source:

Pohang University of Science and Technology
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Zinc-Based Batteries: Recent Advances,
Challenges, and Future Directions

By Taha Khan May 29 2024
Reviewed by Lexie Corner

The world is transitioning towards renewable energy sources. While technologies like wind
turbines and solar cells are crucial for utilizing renewable energy, storing this energy is
equally important. Energy storage devices, particularly batteries, are thus essential for

integrating renewable energy.

Image Credit: IM Imagery/Shutterstock.com

Lithium-ion batteries have long been the standard for energy storage. However, zinc-based
batteries are emerging as a more sustainable, cost-effective, and high-performance
alternative."? This article explores recent advances, challenges, and future directions for zinc-
based batteries.

Understanding Zinc-Based Batteries

Zinc-based batteries are rechargeable, using zinc as the anode material. During discharge,
zinc atoms oxidize, releasing zinc ions that travel through the electrolyte to the cathode,
where they are reduced and incorporated into the cathode structure. Electrons released
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during oxidation generate electricity by flowing through an external circuit. The reverse
process occurs during charging."3

There are several types of zinc-based batteries, differentiated by their cathode material and
operating mechanisms. Common components include a separator (a porous membrane
preventing electrical contact while allowing ionic flow) and an electrolyte, which acts as a
medium for ionic transport between anode and cathode. 3“

Zinc-ion batteries typically use safer, more environmentally friendly aqueous electrolytes than
lithium-ion batteries, which use flammable organic electrolytes.

Recent Advances in Zinc-Based Battery Technology

Significant progress has been made in enhancing the energy density, efficiency, and overall
performance of zinc-based batteries. Innovations have focused on optimizing electrode
materials, electrolyte compositions, and battery architectures.

In arecent study, researchers developed a novel 3D nanoporous Zn-Cu alloy electrode to
enhance the performance of zinc-based batteries. This 3D NP Zn-Cu alloy anode, created
using an electrochemical-assisted annealing method, addresses issues like shape change,
dendrite growth, and passivation that traditionally limit zinc anodes' rechargeability.®

This advanced architecture promotes efficient electron and ion transport, leading to uniform
Zn deposition/stripping and improved charge storage. The new anode shows exceptional
cycling stability and high areal capacity, comparable to commercial lithium-ion batteries,

offering significant potential for next-generation rechargeable aqueous zinc-ion batteries.®

Current Challenges Facing Zinc-Based Batteries

Zinc-based batteries face several challenges, including limited cycle life, rate capability, and
scalability.

For instance, aqueous electrolytes can cause dendrite formation—needle-like zinc structures
that accumulate on the anode during cycling—damaging the battery and reducing its rate
capability and lifespan. These issues impact the commercial viability and scalability of zinc-

based batteries.?”

Researchers are addressing these challenges through innovative methods. For instance, a
recent study introduced a grid zinc anode (GZn) using a stress-pressing method with a copper
mesh framework.

This framework enhances electrode conductivity and reduces hydrogen evolution, while the in
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situ-formed Cu-Zn nano-alloy stabilizes the Zn deposition interface.’ The GZn anode
demonstrates lower overpotential and superior cycling stability than traditional Zn anodes,

showing potential for use in Zn-ion capacitors and batteries.”

Potential Applications and Market Impact

Zinc-based batteries have diverse applications across industrial sectors. In the automotive
sector, they offer a cost-effective alternative to lithium-ion batteries, with comparable energy
densities, faster charging capabilities, and enhanced safety features. They are also valuable in
grid-scale energy storage, where their low cost and high energy efficiency help stabilize

renewable energy sources and alleviate grid congestion."*8

Zinc-based batteries, particularly zinc-hybrid flow batteries, are gaining traction for energy
storage in the renewable energy sector. For instance, zinc-bromine batteries have been
extensively used for power quality control, renewable energy coupling, and electric vehicles.
These batteries have been scaled up from kilowatt to megawatt capacities.

Early grid-scale applications began in Japan with a 1MW system by Kyushu Electric Power
Company, with companies like Exxon, Johnson Control, and ZBB Technologies advancing zinc-
bromine battery development. Other zinc-based batteries, such as zinc-nickel, zinc-cerium,
and zinc-iron, are also being developed for energy storage and renewable integration on
smaller scales.®

Future Directions and Research Needs

To fully realize the potential of zinc-based batteries as a cost-effective alternative to lithium-
ion batteries, ongoing research and development are essential. Researchers should focus on
developing novel cathode materials with high capacities, stable cycling performance, and fast
kinetics, as well as electrolytes that are more stable against zinc metal for longer battery life.

Beyond conventional cell designs, innovative architectures like hybrid batteries and redox flow
batteries utilizing zinc chemistry should be explored. Advanced computational tools can
optimize battery design, contributing to the development of high-performance zinc-based
batteries.

References and Further Reading
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Green and Efficient Strategy for Recycling
Lithium-lon Batteries

Reviewed by Lexie Corner Mar 12 2025

In arecent study published in Angewandte Chemie, researchers developed a novel approach
to extract lithium and other valuable metals from neutral solutions. The method uses the
hydrometallurgical process, which is low-cost, highly effective, and environmentally
friendly. The addition of the amino acid glycine and a solid-solid reduction mechanism,
called the battery effect, both increase the leaching efficiency.

Recycling of spent LIBs

Neutral solution leaching

pH=7.3

Gly-coordination

-

. FeC,0, SNCM
———————— Primary battery effect-----

Image Credit: Angewandte Chemie

Lithium-ion batteries are essential for powering smartphones, tablets, and electric cars, and
are increasingly critical for storing erratic renewable energy. As their use grows, so does the
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number of spent batteries.

Recycling these batteries offers the potential to recover raw materials like lithium, cobalt,
nickel, and manganese for the production of new rechargeable batteries. It also has the
potential to reduce environmental impact.

Currently, hydrometallurgical reprocessing techniques for spent lithium-ion batteries rely on
acid orammonia-leaching processes. However, excessive and repeated use of acids and bases
raises environmental concerns and safety risks. A pH-neutral procedure would be a safer,

more environmentally friendly alternative.

The aggressive reagents required for traditional leaching methods are difficult to replace. To
address this, the team led by Lei Ming and Xing Ou at Central South University, Zhen Yao at
Guizhou Normal University, and Jiexi Wong at the National Engineering Research Center of
Advanced Energy Storage Materials had to explore alternative solutions.

The first step in the process was the creation of "micro batteries" on the spot. These micro
batteries assist in breaking down the lithium-coated nickel cobalt manganese oxide (NCM)
cathode material from the spent batteries. The NCM particles are combined with sodium
oxalate, aniron(ll) salt, and the amino acid glycine in a neutral liquid.

This results in a thin, solid layer of iron(ll) oxalate being deposited on the particles. The NCM

|II

cores act as the cathode, while the iron(ll) oxalate “shell” serves as the anode (battery effect),

allowing for easy electron transfer through direct contact.

Moreover, this coating prevents unwanted byproducts from adhering to the particles. An
electrochemical reaction, fueled by the battery effect, reduces oxygenions from the NCM
particles to OH- ions with water, while iron (Il) ions are oxidized to iron(lll)ions.

As aresult, the NCM layers break down, releasing the ions of manganese, nickel, cobalt, and
lithium into the solution.

The second step involves the glycine "trapping” these ions in complexes. Glycine also helps to
buffer the pH of the solution, maintaining it within a neutral range. After 15 minutes, 99.99 % of
the lithium, 96.8 % of the nickel, 92.35 % of the cobalt, and 90.59 % of the manganese can be
leached out of the spent cathodes.
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This efficient, neutral solution-based leaching process could enable large-scale,
environmentally friendly recycling of spent batteries. The glycine effluent can be used as
fertilizer, and minimal toxic gases are produced. Compared to traditional methods, this
process is cheaper and consumes significantly less energy.

Journal Reference:

Xu, Z., et al.(2025) A Green and Efficient Recycling Strategy for Spent Lithium-lon Batteries in
Neutral Solution Environment. Angewandte Chemie International Edition.
doi.org/10.1002/anie.202414899.

Source:
Wiley
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Will Supercapacitors Replace Batteries?

By Atif Suhail Mar 13 2025

Reviewed by Lexie Corner

For decades, batteries have been the primary energy storage solution, powering everything
from consumer electronics to electric vehicles. They store energy through chemical
reactions, providing a steady power supply over long durations.

Image Credit: YouraPechkin/Shutterstock.com

However, long charging times, limited cycle life, and safety concerns have led researchers to
explore alternatives. Supercapacitors offer rapid charging, longer lifespans, and high-power
output by storing energy electrostatically rather than chemically.!

The key question remains: can supercapacitors replace batteries entirely, or will they serve as
complementary storage devices?

How Supercapacitors Work
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Unlike batteries, which store and release energy through chemical reactions, supercapacitors
store energy electrostatically. This allows them to charge and discharge much faster.

A supercapacitor consists of two electrodes, typically made of activated carbon, separated by
an electrolyte and a thin ion-permeable membrane known as a separator. When a voltage is
applied, ionsin the electrolyte move toward the oppositely charged electrodes, forming an
electrical double layer at the interface. This charge separation creates an electric field,
enabling the storage and release of energy.?

Supercapacitors store energy through two primary mechanisms.

o Electrical double-layer capacitance (EDLC) occurs when charges accumulate at the
electrode-electrolyte interface without chemical reactions.

e Pseudocapacitance involves rapid, reversible redox reactions on the electrode surface,
increasing energy storage capacity.

These properties allow supercapacitors to deliver high power output while maintaining long
cycle life and efficiency.’

How They Compare to Batteries

Energy Storage

Batteries store large amounts of energy, making them suitable for applications that require
sustained power over long periods. Supercapacitors, in contrast, have much lower energy
density, meaning they store less energy overall.

However, ongoing research into materials such as graphene and conductive polymers is
improving their energy storage capacity.

Graphene-based supercapacitors, for instance, have demonstrated energy density increases
of two to three times compared to conventional designs. This suggests they could eventually
compete with batteries in certain applications, such as electric vehicles.”

Power Output

Supercapacitors deliver higher power output than batteries, making them ideal for
applications that require rapid energy bursts.

Unlike batteries, which rely on slow diffusion-controlled redox reactions, supercapacitors can
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charge and discharge almost instantly. This makes them useful in regenerative braking
systems, hybrid vehicles, and energy harvesting technologies.®

Lifespan

Supercapacitors last significantly longer than batteries. They can endure hundreds of
thousands of charge-discharge cycles with minimal degradation, while batteries degrade over
time due to chemical wear. This durability makes them cost-effective for applications
requiring frequent cycling, such as elevators, wireless sensors, and hybrid energy storage

systems.8

Charging Speed

One of the most notable advantages of supercapacitors is their ability to charge quickly. They
can be fully recharged in seconds or minutes, unlike batteries, which often take hours.

This rapid charging is particularly useful in applications where energy needs to be replenished
quickly, such as hybrid vehicles or emergency backup systems. However, their fast discharge
rate remains a challenge for devices like smartphones, which require sustained power
delivery.* 8

Can Supercapacitors Replace Batteries?

Batteries remain the preferred choice for most applications due to their high energy density.
They can store energy for extended periods and provide a stable power supply, making them
essential for consumer electronics, electric vehicles, and grid energy storage.

Supercapacitors, in contrast, excel in delivering short bursts of energy but lack the capacity
for long-term energy storage. While research is ongoing to improve their energy density,
current supercapacitors cannot yet match lithium-ion batteries in this regard.?

Despite these limitations, supercapacitors are proving valuable in hybrid energy storage
systems. They are already used alongside batteries in electric vehicles, regenerative braking,
and renewable energy storage.

In electric vehicles, for example, supercapacitors provide quick energy bursts for acceleration
while batteries handle long-term energy supply. They also help stabilize power fluctuations in

wind and solar energy systems, improving overall efficiency and system longevity.’

Research is now focused on materials that combine the energy density of batteries with the
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rapid charging and long cycle life of supercapacitors. Pseudocapacitive materials, such as
RuO, and MnQ,, offer promising results by enabling redox reactions on electrode surfaces,
increasing energy storage without sacrificing power density.

However, achieving battery-level energy density in supercapacitors remains a challenge, and
the distinction between these two technologies must be maintained to avoid misleading

comparisons.’

Conclusion

Supercapacitors are unlikely to replace batteries in most applications due to their lower
energy density. However, they play an important role in energy storage by providing quick
bursts of energy and enhancing system performance in hybrid configurations. The future of
energy storage will likely involve a combination of both technologies, with supercapacitors
improving the efficiency and lifespan of batteries rather than replacing them entirely.

Continued research into new materials and hybrid storage systems will determine how these
technologies evolve in the years ahead.
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For further insights into emerging energy storage
technologies, explore the following articles:

e The Role of Al in Estimating State of Health (SOH) for Energy Storage Systems

Read this article online 25



https://www.azonetwork.com/go/?ruid=bf62174818a1401fa5694257dd638c1f
https://www.azonetwork.com/go/?ruid=acc73fb590d249189c94f984c3003fc9
https://www.azonetwork.com/go/?ruid=9d9a2a3f31a64cd791ae6b14e52a9c56

Article

e The Role of 3D Printed Graphene in Energy Storage

e Barrier Solutions for Clean and Efficient EV Battery Production

o Nanomaterials in Energy Storage: The Practical Considerations
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The Future of Graphene Batteries in Electric
Vehicles

By Ankit Singh Mar 312025

Reviewed by Laura Thomson

The rapid growth of electric vehicles (EVs) is pushing the demand for more efficient,
durable, and sustainable battery technologies. While lithium-ion (Li-ion) batteries have
dominated the EV landscape, they have several limitations, including long charging times,
degradation over multiple cycles, and safety concerns.

Graphene, a groundbreaking material known for its exceptional electrical and thermal
properties, is emerging as a game-changer in battery technology. By integrating graphene
into energy storage solutions, researchers and companies aim to significantly improve
battery performance. This article examines graphene batteries' advantages, research

progress, commercialization challenges, and impact on EVs.

Image Credit: Aliaksei Kaponia/Shutterstock.com

What is Graphene?
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Graphene is a single layer of carbon atoms arranged in a hexagonal lattice, making it the
thinnest yet one of the strongest materials known to science. Its remarkable properties
include exceptional electrical conductivity, superior mechanical strength, and high thermal
conductivity.

Graphene is 200 times stronger than steel while being incredibly lightweight, enabling

innovative applications in various industries, from electronics to aerospace.’

Due to its high electron mobility, graphene enables faster charge and discharge rates in
batteries, enhancing efficiency and performance beyond traditional Li-ion technology.

Since its discovery, extensive research has focused on unlocking its potential for improving
energy storage—especially in EV batteries, where it could enhance range, charging speed, and
lifespan.’

Advantages of Graphene Batteries Over Li-lon Batteries

Graphene-based batteries offer several advantages over conventional Li-ion batteries, making
them highly promising for the EV industry.

o Faster Charging: Graphene enables rapid electron movement, significantly reducing
charging times. While Li-ion batteries take 30-60 minutes for a full charge, graphene
batteries could potentially charge within a few minutes."?

o Higher Energy Density: Li-ion batteries have a limited energy storage capacity. With
their high surface area and superior conductivity, graphene batteries can store more
energy in the same volume, extending the EV range."?

o Longer Lifespan: Traditional batteries degrade with repeated charge cycles. Graphene
batteries exhibit less wear and tear, resulting in a longer operational life and reducing the
need for frequent replacements.!?

» Improved Efficiency: Graphene enhances ion transport, reducing energy losses during
charging and discharging. This leads to better overall battery performance and improved
vehicle efficiency."?

¢ Enhanced Safety: Overheating and thermal runaway are common issues with Li-ion
batteries. Graphene's superior thermal conductivity dissipates heat efficiently,

minimizing the risk of fires and explosions."?
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Video Credit: Enkoretech/YouTube.com

Current Research and Development of Graphene Batteries

Several companies are actively developing graphene-based battery technology to bring it to
commercial viability. For example, Nanotech Energy is working on commercializing graphene
batteries with high energy density.

Samsung Advanced Institute of Technology (SAIT)is enhancing Li-ion batteries with graphene
for faster charging, while Huawei focuses on graphene for improved heat management,
boosting battery efficiency and longevity in EVs.'

Similarly, research institutions and universities are also leading efforts in optimizing graphene
battery applications for EVs.

A recent study published in Applied Surface Science investigated copper-doped graphene as a
high-performance anode material for Li-ion batteries using first-principles computational
methods.

Copper doping enhanced active sites, significantly increasing theoretical capacities to 1651.8
mAh/g for Li-ion. This material also exhibited low diffusion barriers, minimal lattice changes
(<1%), and excellent conductivity, making it a promising anode material for next-generation
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energy storage solutions.?

Another notable study published in the Journal of Power Sources introduced a high-energy-
density graphene-based anode using a polyethersulfone (PES) sheet and laser-induced
graphene (LIG) techniques for Li-ion batteries.

The hexagonal porous structure enhanced lithiation, improving battery lifespan. This binder-
free, non-hazardous anode retained 80.7% capacity from 710 mAh/g at 0.1C and achieved 99%
coulombic efficiency over 200 cycles, offering a scalable solution for next-generation Li-ion
batteries in portable devices and EVs.*

The Benefits of Graphene Batteries

Graphene batteries have the potential to significantly enhance EV performance across several
key aspects.

Vehicle performance

In the near future, the higher energy density of graphene batteries is expected to enable EVs
to achieve significantly longer driving ranges on a single charge, making them more viable for
extended journeys. As graphene technology advances, improved power output will likely
enhance acceleration and overall efficiency, pushing EVs closer to the capabilities of high-

performance sports cars.'®

Furthermore, graphene’s superior conductivity is anticipated to ensure consistent energy
delivery, reduce performance fluctuations, and optimize power management for a smoother

and more reliable driving experience.

Charging times

The ultra-fast charging capability of graphene batteries is one of their most significant
advantages. With the ability to charge in minutes rather than hours, EV owners could
experience a level of convenience comparable to refueling a traditional gasoline vehicle. This
rapid charging would also reduce demand on charging infrastructure, improving accessibility
and efficiency in EV networks."®

Sustainability

Graphene-based batteries could contribute to a more sustainable EV ecosystem. Their longer
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lifespan reduces battery waste, and they contain fewer environmentally harmful materials than
Li-ion batteries. Graphene can also be derived from abundant carbon sources, potentially
reducing reliance on rare earth metals and minimizing the environmental impact of battery

production.’®

Challenges and Limitations of Graphene Batteries

Despite its potential, several challenges hinder the widespread adoption of graphene batteries
inEVs.

« Manufacturing Costs: Producing high-quality graphene remains costly, making large-scale
manufacturing a significant challenge.

- Scalability Issues: Scaling up graphene battery production to meet the demands of the EV
industry requires major improvements in fabrication techniques.’

- Integration into Existing Systems: Most current EVs are built around lithium-ion batteries.
Shifting to graphene-based systems would require battery management systems and charging
infrastructure updates.'

« Supply Chain Constraints: Graphene production relies on specialized materials and
processes. A sudden spike in demand could strain the supply chain.!

- Commercialization Timeline: Although research is advancing, it may still take several years
before graphene batteries are ready for mass-market adoption, primarily due to the need for
further testing and cost reduction.’

The Future Outlook of Graphene for Battery Production

The path to commercializing graphene batteries in EVs centers on overcoming technical and
economic hurdles. Analysts suggest that over the next decade, graphene-enhanced batteries
may begin to appear in high-end EV models, with wider adoption expected as production
becomes more cost-effective.!

Looking further ahead, graphene technology could play a key role in accelerating EV adoption
by addressing key concerns such as range anxiety and charging limitations. As manufacturing
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processes mature, graphene-based batteries may also support sustainability efforts by
reducing dependence on rare earth materials and extending battery life—helping to lower the
overall environmental footprint.!

Conclusion

Graphene batteries offer strong potential to reshape the EV landscape with faster charging,
better performance, and greater durability. While there are still hurdles to clear, ongoing
research and investment point to a promising trajectory. As technological progress reduces
costs, graphene-based batteries could become a crucial driver of more efficient and
sustainable electric mobility.
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