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Overview

Could aluminum-ion batteries be the future of energy storage?

In this context, researchers have made a significant breakthrough with the
development of a cost-effective, safe, and environmentally-friendly aluminum-
ion (Al-ion) battery. This new design could play a crucial role in addressing the
pressing need for reliable, long-term energy storage. 

What is an ultrastable solid-state aluminum battery (SAB)?

Herein, an ultrastable solid-state aluminum battery (SAB) based on a cross-
linked polymer solid-state electrolyte (PSE) and a PSE-encapsulated graphite
(PG) cathode is constructed via an in situ polymerization strategy, which
maintains battery safety and realizes a synergy of interface compatibility
between PSE/PG and PSE/Al interfaces. 

Are aluminum ion batteries suitable for post lithium batteries?

Aluminum-ion batteries have been considered as promising candidate for
post–lithium battery. In Al-ion battery, multivalent ions transfer of Al3+ results
to a high theoretical capacity, once it is coupled to a suitable cathode
material. 

How long does a lithium ion battery last?

The energy density of the battery (40 watt-hours per kilogram) is comparable
to lead-acid and NiMH batteries. But it has a much more impressive cycle life
than competing technologies; it lasted for up to 7,500 charge cycles without
any loss in capacity. Typical lithium-ion batteries last for only about 1,000
cycles. 

Are aluminum-ion batteries safe?

One promising candidate is the aluminum-ion (Al-ion) battery, which is not
only abundant and inexpensive but also non-flammable, addressing one of the
primary safety concerns of lithium-ion batteries. However, while Al-ion
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batteries hold great potential, they have not been widely adopted due to
significant limitations in their performance. 

Can aluminum batteries be used as rechargeable energy storage?

Secondly, the potential of aluminum (Al) batteries as rechargeable energy
storage is underscored by their notable volumetric capacity attributed to its
high density (2.7 g cm −3 at 25 °C) and its capacity to exchange three
electrons, surpasses that of Li, Na, K, Mg, Ca, and Zn.
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Development of Aluminum-ion
Batteries

Aug 3, 2016 · Conclusion Lithium-ion
batteries are omnipresent in modern
consumer electronics due to their high
energy density and voltage compared ...

  

Battery technologies for grid-scale
energy storage 

Jun 20, 2025 · Energy-storage
technologies are needed to support
electrical grids as the penetration of
renewables increases. This Review
discusses the application and
development ...

  

New Aluminum Battery Promises
More ...

Jul 7, 2023 · Aluminum ore and ingot.
Aluminum is the third most abundant
element, making aluminum-ion batteries
potentially a sustainable and low-cost ...
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Lead batteries for utility energy
storage: A review

Jul 13, 2017 · A selection of larger lead
battery energy storage installations are
analysed and lessons learned identied.
Lead is the most efcientlyrecycled
commodity fi fi metal and lead ...

  

Lead batteries for utility energy
storage: A review

Feb 1, 2018 · A selection of larger lead
battery energy storage installations are
analysed and lessons learned identified.
Lead is the most efficiently recycled
commodity metal and lead ...

  

Lifecycle battery carbon footprint
analysis for battery ...

Oct 1, 2024 · Primary battery use and
reuse stage are highly dependent on
integrated power sources, energy
conversion, management, and storage
efficiency [10]. However, due to the ...

  

Life Cycle Assessment of Emerging
Battery Systems

Feb 6, 2024 · The large-scale
deployment of battery energy storage
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systems is critical for enabling the
electrification of transport and the
integration of renewable energy
resources into ...

  

Advanced aqueous electrolytes for
aluminum-ion batteries: ...

May 1, 2025 · Aqueous rechargeable
batteries with multivalent cations have
attracted attention as candidates for grid-
scale energy storage because of their
high energy densities enabled by ...

  

Technology Strategy Assessment 

Jul 19, 2023 · Technology Strategy
Assessment Findings from Storage
Innovations 2030 Lithium-ion Batteries
July 2023 About Storage Innovations
2030 This report on accelerating the
future ...

  

Safe and Sustainable Aluminum-Ion
Battery for ...

Jan 27, 2025 · Researchers have
developed an innovative aluminum-ion
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battery with a solid-state electrolyte,
offering enhanced safety, stability and ...

  

Life-Cycle Assessment
Considerations for ...

Jul 14, 2021 · Rechargeable batteries are
necessary for the decarbonization of the
energy systems, but life-cycle
environmental impact assessments have
...

  

Long-Lasting Solid-State Aluminum
Battery with ...

Mar 9, 2025 · Herein, an ultrastable solid-
state aluminum battery (SAB) based on a
cross-linked polymer solid-state
electrolyte (PSE) and a PSE-encapsulated
...

  

Aluminum Ion Batteries: Electrolyte
and Anode

May 1, 2025 · We believe that AAIBs hold
a more promising future through
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comparing the advantages and
disadvantages of the two battery types.
We focus on reviewing hydrated ...

  

Past, present, and future of leadâ
acid batteries

Aug 1, 2021 · Vojislav R. Stamenkovic W
hen Gaston Planté invented the lead-acid
battery more than 160 years ago, he
could not have fore-seen it spurring a
multibillion-dol-lar industry. ...

  

Practical assessment of the
performance of aluminium battery  

Dec 14, 2020 · Performance
breakthroughs in rechargeable batteries
are regularly reported in academic
publications. Here the authors closely
examine literature data on aluminium ...

  

The Aluminium-Ion Battery
Breakthrough That ...

Mar 28, 2025 · The Energy Storage
Revolution We've Been Waiting For 2024
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has become the watershed year for
aluminium-ion battery technology, with
three ...

  

New Ultrafast, Long-Lasting
Aluminum Battery

Apr 7, 2015 · A new kind of flexible
aluminum-ion battery holds as much
energy as lead-acid and nickel metal
hydride batteries but recharges in a
minute. The ...

  

A Pinch of Salt Boosts Aluminum
Batteries 

Feb 5, 2025 · Aluminum-based batteries
could offer a more stable alternative to
lithium-ion in the shift to green energy.
Past aluminum battery attempts used ...

  

The Future of Aluminum in Battery
Technology: ...

Oct 26, 2024 · Recent strides in
materials science have unveiled
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aluminum's untapped potential within
the realm of battery technology.
Aluminum's inherent ...

  

Electrolyte design for rechargeable
aluminum-ion batteries: ...

Nov 1, 2023 · Aluminum-ion batteries
(AIBs) are a promising candidate for
large-scale energy storage due to the
merits of high specific capacity, low cost,
light weight, good safety, and ...

  

Aluminium-ion Batteries 

May 8, 2023 · Currently, lithium-ion
batteries (LIB) are one of the best energy
storage system due to high energy
density and long cycle life. However, ...

  

Solid-State Aluminum-Ion Battery
Demonstrates ...

Jan 26, 2025 · As researchers continue to
improve and refine aluminum-ion battery
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technology, it could become a
cornerstone of the sustainable energy ...

  

Aluminium-ion Batteries 

May 8, 2023 · Energy-storage technology
is rapidly growing due to increasing
demand from portable electronic devices
and electrical vehicles. Currently, ...

  

Aluminum: The future of Battery
Technology 

1. Abstract Due to the world turning
away from fossil fuels and towards
renewable energy, electrical energy is
becoming increasingly important.
Aluminum-ion batteries (AIBs) are ...

  

Scientists Develop Aluminum-Ion
Batteries With ...

Aug 17, 2023 · Credit: Birgit Esser /
University of Freiburg "The study of
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aluminum batteries is an exciting field of
research with great potential for future
energy ...

  

A Long-Life Aqueous Rechargeable
Aluminum-Ammonium Hybrid
Battery  

Dec 15, 2024 · An aqueous aluminum-
ammonium hybrid battery featuring a
Prussian blue analogue cathode delivers
a voltage of 1.15 V, an energy density of
89.3 Wh kg-1, and boasts ...

  

Frontiers , Cleaner Energy Storage:
Cradle-to ...

Jun 24, 2021 · In this article, a cradle-to-
gate life cycle assessment of aqueous
electrolyte aluminum-ion (Al-ion)
batteries has been performed. Due to
their ...

  

Aluminum Electrodes for Next-Gen
Batteries: ...

Dec 10, 2024 · Discover how aluminum
electrodes are revolutionizing next-
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generation batteries by enhancing
energy density and cycle life. Explore
real ...

  

1 Battery Storage Systems 

Feb 2, 2018 · 41 efficiency of
charging/discharging (89-92%) and long
cycle life. The main drawbacks of the
NaS battery are the operating
temperatures of 300oC to 350oC and the
...

  

New aluminum-ion battery with
unprecedented ...

Jan 29, 2025 · Researchers in China have
reported a breakthrough in the
development of aluminum-ion batteries.
They have created a solid-state ...

  

Aqueous aluminum ion system: A
future of sustainable energy
storage  

Apr 1, 2024 · Aqueous aluminum-based
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energy storage system is regarded as
one of the most attractive post-lithium
battery technologies due to the
possibility of achieving high energy ...

  

A comparative life cycle assessment
of lithium-ion and lead-acid  

Jul 15, 2022 · This research contributes
to evaluating a comparative cradle-to-
grave life cycle assessment of lithium-
ion batteries (LIB) and lead-acid battery
systems for grid energy storage ...

  

Frontiers , Cleaner Energy Storage:
Cradle-to ...

Jun 24, 2021 · In the context of growing
demand on energy storage, exploring
the holistic sustainability of technologies
is key to future-proofing our ...

  

Aluminum batteries: Unique
potentials and addressing key ...

Jun 15, 2024 · Rechargeable lithium-ion
(Li-ion) batteries, surpassing lead-acid
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batteries in numerous aspects including
energy density, cycle lifespan, and
maintenance requirements, ...

  

Solid-State Aluminum-Ion Battery
Demonstrates ...

Jan 26, 2025 · To overcome these issues,
researchers led by Wei Wang and
Shuqiang Jiao, have designed a new solid-
state Al-ion battery that eliminates ...

  

The role of aluminium in energy
storage systems

Feb 3, 2025 · The new-age research and
development initiatives will be a
stepping stone in aluminium's journey as
an efficient and effective energy storage
option. From adding a fresh ...
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