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ABSTRACT: When charging and discharging a lithium-ion battery, the lithium ions move from the cathode to the
anode and back again. The cathode and anode of a battery are made of different materials. A wide variety of lithium
compounds (e.g. LCO, NMC, NCA or LFP) are used in the cathode. Graphite or lithium titanate form an essential
component of the anode. On has developed special processes for lithium compounds as well as the rounding of
graphite.

Recycling
Production scrap can be recycled directly during battery production.

Anode Material

Graphite is the most important material in the anode of a lithium-ion battery and must be used as efficiently as possible.
Cathode Material

Lithium is the most important active material in the cathode and determines the performance of your batteries.

e  Complete solutions for advanced battery manufacturing
e Technologies for advanced battery materials (cathode and anode)
e Contamination-free grinding with classifier mills and/or fluidised bed opposed jet mills
e  Spheroidization of natural graphite and synthetic graphite
e  Mixing, drying and coating of battery material[1,2,3]
L. INTRODUCTION

A lithium-ion battery is a type of rechargeable battery that uses lithium ions as the primary component of its electrolyte.
During the discharge cycle, lithium atoms in the anode are ionized and separated from their electrons. The lithium ions
move from the anode and pass through the electrolyte until they reach the cathode, where they recombine with their
electrons and electrically neutralize.
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Structure of Li-ion battery
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Li-ion Cell Structure

While the structure of a Li-ion battery depends on the design and make of the individual product, the basic structure of
a lithium-ion battery typically consists of the following components:

e Anode: The anode is the negative electrode of the battery and is usually made of carbon. During charging,
lithium ions move from the cathode to the anode, where they are stored in the form of lithium intercalation
compounds.

e Cathode: The cathode is the positive electrode of the battery and is usually made of metal oxides such as
lithium cobalt oxide, lithium manganese oxide, or lithium iron phosphate. During discharging, lithium ions
move from the anode to the cathode, producing an electrical current.

e  Separator: The separator is a thin membrane that separates the anode and the cathode, preventing them from
coming into direct contact with each other while allowing the flow of lithium ions.

o  Electrolyte: The electrolyte is a solution that allows the flow of lithium ions between the anode and cathode. It
is typically a lithium salt dissolved in an organic solvent.[4,5,6]

e  Current Collectors: These are conductive materials, typically made of copper or aluminum, that collect the
electrical current produced by the battery and conduct it to the external circuit.
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The anode, cathode, and separator are all rolled up into a cylinder or stacked in a pouch, and then immersed in the
electrolyte solution. The current collectors are attached to the ends of the rolled or stacked components, providing the
means to connect the battery to external devices or circuits.

Lithium-ion Cell
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Working of Li-Ion Battery

A lithium-ion battery works by the movement of lithium ions between the anode and cathode through the electrolyte.
During charging, a voltage is applied to the battery, causing a flow of electrons from the power source to the battery.
This causes the lithium ions in the electrolyte to move toward the anode, where they are stored in the form of lithium
intercalation compounds. At the same time, lithium ions are released from the cathode and travel through the electrolyte
toward the anode, creating an electrical current that can be used to power external devices or vehicles. During
discharging, the stored lithium ions in the anode move back to the cathode through the electrolyte, producing an
electrical current that can be used to power devices or vehicles. This cycle of charging and discharging continues until
the capacity of the battery is depleted, at which point the battery must be recharged.
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Applications of Li-Ion Battery

Lithium-ion batteries have a wide range of applications which keeps increasing by the day, due to their high energy
density, low self-discharge rate, and long cycle life. Some of the common applications of lithium-ion batteries are:

e Portable Electronics: Lithium-ion batteries are widely used in portable electronic devices such as smartphones,
laptops, tablets, and digital cameras due to their lightweight and long-lasting power.

e Electric Vehicles: Lithium-ion batteries are commonly used in electric vehicles due to their high energy
density and ability to provide a lot of power quickly. They are also more environmentally friendly than
traditional gasoline-powered vehicles.

e Energy Storage: Lithium-ion batteries are used in energy storage systems for homes, businesses, and power
grids. These systems help to store renewable energy from sources such as solar and wind power, making it
available when needed and facilitating the synchronization of different power generation methods.

e  Medical Devices: Lithium-ion batteries are used in medical devices such as pacemakers, defibrillators, and
hearing aids due to their long life and reliable performance.

e Aecrospace: Lithium-ion batteries are used in spacecraft and satellites due to their lightweight, high power
density, and ability to function in the extreme conditions of space.

e Power Tools: Lithium-ion batteries are used in cordless power tools such as drills, saws, and sanders because
they are lightweight and provide long-lasting power.

e Emergency Backup Power: Lithium-ion batteries can be used as a backup power source during power outages
or emergencies, providing a reliable source of power for critical devices such as medical equipment,
communications, and lighting.

e Military: Lithium-ion batteries are used in military applications such as unmanned aerial vehicles (UAVs) and
communication equipment due to their lightweight, [10,11,12]long-lasting power, and ability to function in
extreme environments.

e  Wearables: Lithium-ion batteries are used in wearable technology such as smartwatches and fitness trackers
because they are small, lightweight, and provide long battery life.

II1. DISCUSSION
In recent years, lithium-ion batteries have revolutionized the way we store and utilize energy, powering everything

from smartphones and laptops to electric vehicles and renewable energy storage systems. As the demand for efficient
and sustainable energy solutions continues to rise, so too does the need for advancements in lithium-ion battery
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technology. This article delves into the latest advancements in lithium-ion battery technology, while also addressing the
challenges that accompany its growth and widespread adoption.

Advancements in Lithium-ion Battery Technology
Energy Density Improvements

One of the most significant advancements in lithium-ion battery technology is the continuous improvement in energy
density. Energy density refers to the amount of energy stored per unit volume or weight of the battery. Over the years,
researchers and engineers have made significant strides in increasing the energy density of lithium-ion batteries,
allowing for longer-lasting battery life and extended driving ranges in electric vehicles. Innovations in electrode
materials, electrolytes, and battery cell design have contributed to these improvements, paving the way for more
efficient energy storage solutions.

Cost Reduction Efforts

Another area of focus in lithium-ion battery technology is reducing production costs to make electric vehicles and
renewable energy storage systems more affordable and accessible to consumers. Advances in manufacturing processes,
economies of scale, and material sourcing have helped drive down the cost of lithium-ion batteries in recent years.
Additionally, research into alternative materials and recycling initiatives aim to further lower production costs and
reduce reliance on scarce resources.

Safety Enhancements

Ensuring the safety of lithium-ion batteries is paramount, particularly as their applications expand into critical sectors
such as electric vehicles and grid storage. Advances in battery management systems, thermal management techniques,
and cell design have led to significant improvements in battery safety. These enhancements help prevent issues such as
thermal runaway and cell degradation, reducing the risk of battery fires and malfunctions[13,14,15].

Challenges in Lithium-ion Battery Technology
Scaling Up Production

One of the primary challenges in lithium-ion battery technology is scaling up production to meet the growing demand
for electric vehicles and renewable energy storage systems. Establishing large-scale manufacturing facilities requires
substantial investment in infrastructure and equipment, as well as skilled labor and supply chain management.
Moreover, ramping up production while maintaining quality control and efficiency poses logistical challenges for
battery manufacturers.

Resource Availability

Lithium-ion batteries rely on scarce and finite resources such as lithium, cobalt, and nickel, which raises concerns about
long-term availability and geopolitical risks. As demand for these materials continues to soar, securing a stable supply
chain becomes increasingly challenging. Moreover, ethical and environmental considerations surrounding the
extraction and mining of these resources highlight the need for sustainable sourcing practices and alternative materials
research.

Environmental Concerns

While lithium-ion batteries offer significant environmental benefits compared to fossil fuel-based technologies, they are
not without their environmental challenges. The extraction, processing, and disposal of battery materials can have
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adverse environmental impacts, including habitat destruction, water pollution, and carbon emissions. Developing
environmentally sustainable practices for battery manufacturing, recycling, and disposal is essential to mitigate these
concerns and minimize the environmental footprint of lithium-ion batteries.

The advancements in lithium-ion battery technology have transformed the landscape of energy storage, offering
efficient and sustainable solutions for a wide range of applications. From improving energy density and reducing costs
to enhancing safety and reliability, lithium-ion batteries continue to push the boundaries of innovation.

However, addressing the challenges associated with scaling up production, ensuring resource availability, and
mitigating environmental impacts is crucial to realizing the full potential of lithium-ion battery technology. By
investing in research and development, fostering collaboration across industries, and implementing sustainable
practices, we can overcome these challenges and usher in a future powered by clean and reliable energy storage
solutions.

IV. RESULTS

The global market for Li-ion battery cells alone is forecast to reach US$380 billion by 2034, driven primarily by
demand for battery electric cars and vehicles. Improvements to battery performance and cost are required to ensure
widespread deployment of electric vehicles and to enable longer runtime and functionality of electronic devices and
tools, leading to strong competition [16,17]in the development of next-generation Li-ion technologies. This report
provides in-depth analysis, trends and developments in advanced and next-generation Li-ion cell materials and designs,
including silicon anodes, Li-metal anodes, cathode material and synthesis developments, an introduction to solid-state
batteries, amongst other areas of development. Details of the key players and start-ups in each technology space are
outlined and addressable markets and forecasts are provided for silicon, Li-metal, and cathode material shares.

Historically driven by demand for consumer electronic devices, the EV and stationary storage markets have become
increasingly important. While numerous battery and energy storage options are becoming available for the stationary
energy storage market, the high energy density requirements of electronic and portable devices, and electric cars and
vehicles, ensures that Li-ion batteries will remain the dominant battery chemistry. However, improvements are still
sought after. For consumer and portable devices, longer run-times and faster charging capabilities are needed to keep
up with increasing computing power and offer greater functionality. For the potentially lucrative EV market, longer
range, short charging times, and of course lower costs and prices are still key to widespread adoption. The battery
electric car market is of course a key target for many battery technology developments, offering the opportunity to
supply a market where battery demand is forecast to grow beyond 2700 GWh by 2030. Certainly, the development of
advanced and next-generation Li-ion technologies will be critical to various sectors, as well as for battery companies
aiming to succeed or maintain their place in the market.

Anodes

New anode materials offer the chance of significantly improved battery performance, particularly energy density and
fast charge capability. Two of the most exciting material developments to Li-ion are the development and adoption of
silicon anodes and Li-metal anodes, the latter often but not always in conjunction with solid-electrolytes. The
excitement stems primarily from the possibility of these anode materials significantly improving energy density, where
improvements of 30-40% over current state-of-the-art Li-ion cells are feasible. Enhancements to rate capability, safety,
environmental profile, and even cost, are also being highlighted by developers. However, shifting from the use of
silicon oxides as an additive to higher weight percentages, and the use of lithium-metal anodes have posed serious
problems to battery cycle life and longevity, which has delayed and limited commercial adoption so far. This report
covers and analyzes the solutions being developed and provides coverage of the various companies aiming to
commercialize their high energy anode materials and designs. The report also provides coverage of high-rate anode
materials based on metal oxides such as LTO and niobium anodes.

Cathodes

While new cathode materials are expected to provide improvements over incumbents and direct competitors, they are
likely to be relatively small, and unlikely to push the performance envelope of Li-ion batteries significantly. Instead,
cathode development can help to optimize and minimize the trade-off inherent in deploying one chemistry over
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another. Material costs and supply chain concerns also play a critical role in the development of next-generation
cathodes materials. For example, companies continue to push nickel content in NMC cathodes to maximize
performance and reduce cobalt reliance, LMFP cathodes offer a higher energy density than LFP whilst maintaining a
similar cost profile, while Li-Mn-rich cathodes can provide similar energy densities to NMC materials whilst reducing
cobalt and nickel content. IDTechEx's report provides an appraisal of the various next-generation Li-ion cathode
materials, highlighting their respective strengths and weaknesses and the value proposition they offer, or could offer, to
specific applications and markets.

Cell and battery design

Developments to cell and battery pack design can play a similarly important role in ongoing performance gains. At the
cell level, electrode structure, current collector design, electrolyte additives and formulations, and the use of additives
such as carbon nanotubes will continue to play a role in maximizing Li-ion performance across various applications. At
the pack level, cell-to-pack designs are becoming increasingly popular for electric cars as a means to optimize energy
density and are being developed by players such as BYD, CATL, and Tesla, amongst others. More innovative battery
management systems and analytics also represents a key route to battery improvement, offering one of only a few ways
to improve performance characteristics including energy density, rate capability, lifetime, and safety simultaneously - a
feat that is notoriously difficult to achieve.

Commercialization[18,19]

Current Li-ion materials processing and cell manufacturing is dominated by Asia and China. While the US and Europe
in particular are now looking to develop and nurture their own battery supply chains, one route to capturing and
domesticating value could be to lead the way in innovation and next-generation technology development. Here, the US
and Europe fare slightly better. Looking at start-up companies by geography, as a proxy for innovation, and the US
comes out as a leader in next generation technology with the inflation reduction act providing further impetus with the
DOE also providing funding via the Bipartisan Infrastructure Law to companies and start-ups such as Sila Nano and
Group14 Technologies. Europe is also home to a growing battery industry and start-up landscape, though it needs to be
noted that development in Asia is likely under-represented given the stronger presence of major battery manufacturers
and materials companies. Timelines and production plans from various players across different technology platforms
are presented in the report alongside analysis of the cost impact of using new Li-ion materials. The report is
complemented with a large number of company profiles covering company involvement in a particular technology.

V. CONCLUSION

IDTechEx's report provides an appraisal of the various next-generation Li-ion technologies being developed and
commercialized. This report covers and analyzes many of the key technological advancements in advanced and next-
generation Li-ion batteries, including silicon and lithium-metal anodes, manganese-rich cathodes, ultra-high nickel
NMC, LMFP, as well as optimized cell and battery designs. Details on the key players and start-ups in each technology
are outlined and addressable markets and forecasts are provided for next-generation anode and cathode materials.

Key aspects

This report provides the following information:

Introduction to Li-ion battery technologies.

Analysis of and appraisal advanced Li-ion technologies including: silicon anodes, lithium metal anodes, lithium
titanate and niobates, high-manganese cathodes, ultra-high nickel NMC, LMFP.

Player coverage across anodes, cathodes and other cell developments (e.g. carbon nanotubes, electrolytes, electrode
and cell structure, BMS).

Analysis of funding, activity, and commercialization into next-generation Li-ion technology development.

Discussion of markets and applications, battery demand forecasts, forecasts of anode and cathode splits.
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Report Details
Metrics

2020 - 2023

- Demand for Li-ion batteries, by GWh, is forecast to grow at a CAGR of 15.5% from 2024-2034.

2024 - 2034

USS$, GWh, kt

Worldwide

|
Silicon anodes, Li-metal anodes, solid electrolytes, high manganese cathodes, high nickel cathodes,

lithium manganese iron phosphate cathodes, CAM synthesis.[20]
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