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What is the energy density of a lithium ion battery?

What is a solid state battery?

A solid-state battery is an electrical battery that uses a solid electrolyte for ionic conductions between the
electrodes, instead of the liquid or gel polymer electrolytes found in conventional batteries. [ 1] Solid-state
batteries theoretically offer much higher energy density than the typical lithium-ion or lithium polymer
batteries. [ 2]

What type of battery has the highest energy density?

Li-iondesigns provide the highest density of up to 250-270 Wh/kg for commercially available batteries. As a
comparison,consider that lead-acid batteries offer less than 100 Wh/kg and nickel metal hydride batteries
reach barely over 100 Wh/kg. In addition to energy density,power density is also an important consideration.
Are solid-state batteries the future of energy storage?

Solid-state batteries are widely regarded as one of the next promising energy storage technologies.
Here,Wolfgang Zeier and Juergen Janek review recent research directions and advances in the development
of solid-state batteries and discuss ways to tackle the remaining challenges for commercialization.

How does a solid state battery work?

Solid-state batteries can use metallic lithium for the anode and oxides or sulfides for the cathode,increasing

energy density. The solid electrolyte acts as an ideal separator that allows only lithium ions to pass through.
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ENERGY DENSITY SOLID STATE SOLAR
BATTERY

The primary goal of this review is to provide a
comprehensive overview of the state-of-the-art in
solid-state batteries (SSBs), with a focus on recent

advancements in solid electrolytes and anodes. The

paper begins with a background on the evolution
from liquid electrolyte lithium-ion batteries to
advanced SSBs, highlighting their enhanced safety
and ??7?

? Safety: Solid state batteries reduce risks of fire
and explosion associated with liquid electrolytes.
Energy Density: Higher energy density leads to
longer-lasting devices and improved range for
electric vehicles. Longevity: Enhanced cycle life
minimizes the need for frequent battery
replacements, providing greater cost-effectiveness.
Understanding these components and ???

Researchers in Europe have developed a
solid-state battery with increased energy density
using a new method. The battery is claimed to be
suitable for modern lithium-ion battery production
lines
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A Solid Future for Battery Development, Janek et.
al. 8 Pioneers of the Medical Device Industry and
Solid-State Lithium Battery: A New Improved
Chemical Power Source for Implantable Cardiac
Pacemakers. Gravimetric Energy Density (Wh/kg)
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A new type of battery that combines a solid-state
electrolyte with an all-silicon anode to deliver
superior energy density has been developed by
researchers from University of California San Diego.
these factors have kept all-silicon anodes out of
commercial lithium ion batteries despite their
tantalising energy density. "With this battery

This can only be solved by larger (heavier) battery
packs and/or batteries with higher energy density.
Volume and weight can be saved by more efficient
engineering of the battery pack, for example,
through so-called cell-to-pack concepts. Higher

energy density at cell level is another way to
increase battery capacity or reduce footprint.
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ENERGY DENSITY SOLID STATE SOLAR
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Solid-state battery research has gained significant
attention due to their inherent safety and high
energy density. Silicon anodes have been promoted
for their advantageous characteristics, including
high volumetric capacity, low lithiation potential, high
theoretical and specific gravimetric capacity, and the
absence of lethal dendritic growth.

The development of rechargeable batteries with
high-energy density is critical for future
decarbonization of transportation. Anode-free Li-ion
batteries, using a bare current collector at the anode
side without any excess of Li, provide the highest
volumetric energy density (>1500 Wh L ???1)
among all possible cell configurations.Furthermore,
elimination of the anode material ???

The development of commercial electric vehicles
requires safer batteries capable of achieving a
specific energy of 235 W h kg ???1 and an energy
density of 500 W h | ???1 at cell level, with a
reduction of pack cost to $125/kWh . Solid-state
batteries using solid electrolytes are a

next-generation system that may meet these
requirements.
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Another next-generation battery approach is aiming
at the so-called "all-solid-state battery" (ASSB),
which utilizes a solid electrolyte (SE) and recently
raised enormous expectations with regard to
operational safety, flexible cell geometry as well as
high energy density [27, 28].

High energy-dense and safe secondary batteries
are required for a wide range of applications from
mobile devices to transportation. 1???4 Solid-state
batteries (SSBs) are a promising option as
next-generation battery technology due to foreseen
energy density and safety advantages. 5?7?78 A
pivotal thrust for SSBs pertains to range anxiety and

CATL has a sodium battery that hit an advertised
energy density of 160 Wh kg ???1 in 2021 at a
reported price of $77 per kilowatt hour; the company
says that will ramp up to 200 Wh kg ???1 in its
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Now, Li and his team have designed a stable,
lithium-metal, solid-state battery that can be
charged and discharged at least 10,000 times ???

Commercial and Industrial ESS

far more cycles than have been previously
demonstrated ??? at a high current ???

It is worth noting that utilizing emerging solid-state
electrolytes (SSEs) can remove the long-standing
issues of OLEs and allow using Li-contained anodes

for enhanced energy density in the battery while
maintaining excellent safety [15], [16]. Given the
demand for advanced LIBs with high energy density
and safety, adopting SSEs appears to be

M racenee E BB Tailan New Energy's vehicle-grade all-solid-state
ENERGY STORAGE SYSTEM . . . . .

| lithium batteries offer energy density twice that of
other cells aka Talent New Energy, is a private

solid-state battery developer founded
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The optimization results show that the curved
interface can achieve a higher energy density than a
flat-interface battery. The stress caused by lithium
deposition during battery charging was also
calculated. Zheng, R., Kim, C. Improving the

energy density of all-solid-state batteries by

e maximizing the contact area between the solid
4 : :
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m ???Significant increase in energy density with
,' I increasing temperature ???350Wh/kg-total cell

H —a achieved at 90?C ???Wide operating temperature
range with ???

Solid state batteries promise greater energy density,
higher electric range, and faster charging that puts
refueling time on-par with a gas-powered vehicle.
Scientists, researchers, and automakers
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To ensure the high energy density of SSBs,
solid-state electrolytes (SSEs) are required to be
thin and light-weight, and simultaneously offer a

wide electrochemical window to pair with
high-voltage cathodes. However, the decrease of
SSE thickness and delicate structure may increase
o mn the cell safety risks, which is detrimental for the

il Tﬁ,ﬁ practical

Technology advances: the energy density of
lithium-ion batteries has increased from 80 Wh/kg to
around 300 Wh/kg since the beginning of the 1990s.
(Courtesy: B Wang) "Our goal is to enhance battery
safety performance through solid-state battery
technology, making high-energy density batteries
more practical.”

Solid-State Batteries; Energy Density: 250-300
Wh/kg: Up to 400 Wh/kg: Cycle Life: 500-1500
cycles: 3000-6000 cycles: Safety: Prone to thermal
runaway: Non-flammable, safer the transition from
lithium-ion to solid-state technology represents a
significant leap forward in battery performance and
safety. While solid-state batteries hold great
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From pv magazine Germany. European researchers
have developed a prototype lithium-metal battery
with a solid electrolyte, offering 20% higher energy
density than current lithium-ion batteries.

The battery uses both a solid state electrolyte and

M Wiry - N - .
e Hl H{J an all-silicon anode, making it a silicon all-solid-state
TR - .
f bt % i TTF;E battery. Silicon anodes are famous for their energy
g} EI‘. density, which is 10 times greater than the graphite
>

anodes most often used in today's commercial
lithium ion batteries. On the other hand, silicon
anodes are infamous for how they

Samsung's oxide solid-state battery technology
boasts an energy density of 500 Wh/kg, nearly
double the 270-Wh/kg density of chemical-filled EV
batteries, which currently allow for more than 300
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All-solid-state processing enables the stacking of

/[\ batteries in a single package using bipolar
o [ electrodes, which decreases the package volume
V and increases the energy density 5. This trend is

The solid-state battery approach, which replaces the
e E_ T liquid electrolyte by a solid-state counterpart, is

F— i considered as a major contender to LIBs as it shows

e — a promising way to satisfy the requirements for
energy storage systems in a safer way. Further
increase of the energy density up to 400 Wh?kg

® | ??7?1 and 900 Wh?L ??7?1 is thus possible
-
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