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Carbon SitS at the Carbon is the core component of the fossil fuels and material feedstocks that

] underpin today's energy and materials systems. When these carbon-based resources
centre Of tOday S are combusted or transformed to produce energy, heat, mobility, and materials, they
energy and release carbon dioxide (CO,). Achieving net zero requires both reducing the carbon

materials systems entering the system and actively managing the residual carbon that remains.
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@ Sodium-ion (Na) batteries

What are sodium-ion batteries? @

Sodium-ion batteries store and release electricity using sodium © ° e @ o

ions, working similarly to lithium-ion but with different chemistry 2 . o 5 ®

and performance. Today they typically provide 3-8 hours of § ® ° g; ® e @ %

stationary storage and enable modest EV ranges (250-500 km)." £ & 2

S = ) <
Discharging Charging
Key takeaways

Sodium-ion batteries can support the Sodium-ion batteries Commercial momentum is
scale-up of clean electricity by providing can lower supply chain building, sodium-ion batteries
battery storage that helps balance wind and risk and costs compared have entered low-volume
solar-based systems, though lower energy to lithium-ion batteries as commercial deployment, with
density compared to lithium-ion limits some they face lower raw production projected to grow
applications, including transport. material constraints. ~15x by 2030.
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A Sodium-ion batteries can support the scale-up of clean electricity
Clean electricity systems built on solar and wind require balancing

Solar and wind's share of global power systems has grown significantly, driven by an 85% fall in solar costs and an
83% fall in wind costs since 2010.2

Solar and wind are inherently weather-dependent, so power systems must balance variable supply with demand
across hours, days and weeks; the optimal balancing mix varies by geography.®

Battery storage is critical for clean power system balancing, with lithium-ion dominant and
sodium-ion emerging

Balancing needs can be met by Ultra-long duration
different technologies (50+ hours)

Can fully meet Can partially meet Inertia, frequency Predictable and Supply and demand Supply and demand
response, voltage unpredictable daily driven variations (e.g. driven variations
control, fault ride variations (e.g. cloudy winter heating peak in (e.g. anticyclonic
through summer days) Europe; wind supply wind drought)

during Indian
monsoon season)

Grid stability Synchronous condensers
technologies Grid-forming inverters
Hydro, nuclear (Other zero carbon)
Dispatchable Fossil (or bioenergy) + CCS
ﬁi generation ) e
Fossil - low/very low utilisation
Power-to-X (i.e. H,)
(Battery storage (Li-ion, Na-ion) )
Energy Pumped hydro
storage
Other technology
(i.e. CAES, liquid air, etc.)
Accessing complementary
weather patterns and time
shifting generation
EV (smart charging, V2G)
Demand side .
flexibility Heating load

Industrial load

Lithium-ion batteries make up >80% of Sodium-ion batteries are emerging as a key battery
all energy storage;® battery pack costs storage technology. They are well-suited for stationary

have fallen 77% since 2015, in part driven storage, offering advantages such as low-temperature
by market scale from EV demand.® tolerance, long cycle life and enhanced safety.

Sodium-ion batteries have more limited uses in transportation

Batteries are also used in transport, especially EVs. Today, sodium-ion batteries have more limited transport use because
their lower energy density requires more space to deliver the same energy. Advances in energy density could expand
future mobility applications.

Sodium-ion has lower energy Current transportation use cases by battery type®
density, meaning !t would require Enables Partially enables Doesn't enable
more space to deliver equal energy
) Increasing range
Energy density’
(unit mass, volume) D D %3
I poood N | £
200Whikg % '@Qﬁ‘ M @ Ve o
500Wh/kg Whil Entry-level Premium Electric Electric Electric
400 Electric Electric buses trucks shipping
600-750Wh/! Vehicle Vehicle and aviation
Na-ion Na-ion
Lithium-ion Sodium-ion — — — — —
batteries batteries Li-ion Li-ion Li-ion Li-ion Li-ion

(LFP chemistry)

Innovations for net-zero energy and materials systems Sodium-ion (Na) batteries | 3



B Sodium-ion batteries use cheaper, more abundant material inputs than
lithium-ion batteries

Sodium-ion batteries can reduce supply Sodium-ion batteries could be cheaper than
chain risk and lower costs lithium-ion in power systems by 2035
ION - Sodium is >1,000 times more abundant in the Levelised cost of storage for fully installed 4-hour
Earth's crust than lithium, and is distributed storage system technologies in China? $/MWh
globally, while the lithium supply is highly D 2024 P 2035-projected
concentrated in Chile, Australia and China.®
CATHODE - Cathode chemistries vary; while typical _34%
material needs for sodium-ion batteries are higher -27%
overall, costs are overall lower (e.g. iron-based) /\
and avoid critical raw materials (e.g., some

134 138

lithium-ion chemistries contain cobalt, nickel).” 08 91
ANODE - Anodes for sodium-ion batteries are 4_L—
typically hard carbon which is cost-competitive

Lithium-ion Sodium-ion

with graphite anodes used for lithium-ion anodes.™

C Sodium-ion batteries are starting to scale - and can play a complementary role
to lithium-ion, making up 20% of the stationary storage market in 2030

Sodium-ion battery manufacturing is moving into commercial Estimated global production capacity
deployment. for stationary storage market™ Gwh
Sodium-ion battery technology has advanced from Technology W 2025 2030-projected
Readiness Level (TRL) 3-4 (lab-scale pilots) in 2020 to TRL 8
(first-of-a-kind commercial systems) in 2024.™ 1.7 550
JIX

Companies are announcing targets to ramp up production, with
scaling concentrated in China.™

BYD began a
30 GWh
sodium-ion EV
battery plant
construction in
Xuzhou, China
(2024)

330
CATL announced Qingna Technology
2026 mass signed an availability 15x 150
market availability for second generation /
for second sodium-ion batteries
generation agreement for a 20 10
sodium-ion GWh plant project in L L
Sodium- -
batteries (2025) Sichuan, China (2025) odium-ion Hithium-ion

Sodium-ion batteries use materials that are 40x cheaper per tonne of raw materials, 1,000x more abundant than lithium,
with comparable life cycles and almost equal tech-maturity. They offer a strong alternative to lithium-ion where density is

less critical.™

Sodium-ion
batteries

Lithium-ion
Batteries
(LFP)®

Most favourable Least favourable
Raw material Resource Lifespan Energy density Technology
price availability (unit mass, volume) readiness level*
500%" >1,000 200Wn/ke
easier, more tlmes more Cycle- In‘e similar
sustainable abundant to lithium-ion 400Wn
mining"” than lithium batteries
20,000%" ~5 0kt Steady 500Wh/kg 9
complex, less Potential global performance in
sustainable supply gap high number of 600-750Wh/I
mining by 203078 cycles

*Technology readiness level (TRL) is a standard scale used to assess the maturity of a technology, from 1 (basic principles observed and documented) to 9
(technology proven in operation and in industrial production)
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Sodium batteries can:

BeR /ﬁx

Support scale-up of wind
and solar-based systems
by providing a viable alternative
to lithium-ion batteries for
balancing

= OO
- Ioon)
e

Reduce supply chain risk and
material costs by relying on
cheaper, more abundant material
inputs compared to lithium-ion
batteries

il

Offer near-term scalability,
having entered low-volume
commercial deployment and
with production expected to
grow ~15x% by 2030.

Key priorities

Innovation to drive
down costs and
optimise
performance

Scale production
and material
supply chains to
lower costs

Drive industry
adoption and
partnerships

Key players

o Battery suppliers
e Governments

 Battery suppliers
e Investors
» Storage developers

 Battery suppliers

 Storage developers

e Renewable
developers

Key actions

Prioritise focus on continued
innovation to lower costs (some
manufacturers expect costs could fall
to ~$40/kWh as production scales)®,
while improving performance around
energy density to enable expansion
into further mobility applications.

Deliver efficient and scalable supply
chains across sodium-ion components
as the technology expands beyond low
volume commercialisation. This
includes effectively scaling the
production of hard carbon anodes
and sodium-based cathodes, which
currently lack the manufacturing
maturity and supplier depth seen in
lithium-ion value chains.

Drive partnerships across the value
chain between battery suppliers and
grid operators, EV manufacturers, and
electronics companies, to unlock early
projects and demonstrate
complementary use cases of
sodium-ion.
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Electrification will drive the global transition to net zero, powering cleaner industries,
homes and transport. But even in a world where electricity dominates, carbon
molecules will play a remaining role in producing essential fuels and materials.

This innovation brief is part of the Carbon in an electrified future series. Each brief
highlights a key technological innovation that can drive electrification, circularity, or
sustainable carbon sourcing across three steps towards net-zero emissions energy
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