
or example, in 2019, The European 

Commission set out its support 

for a Europe-wide electromobility 

initiative, Green eMotion, worth 

€41.8 million, alongside 42 industry partners. 

Most innovative R&D battery programs have 

at their heart, lowering the manufacturing 

cost, sustainable sourcing of the currently 

used materials, exploring the use of promising 

alternative materials, and the relatively new 

consideration of strategic decoupling from 

China's supply chain. 

One key component of the lithium-ion battery, 

which has been the subject of substantial 

research and development, is the negative 

electrode or the anode where the focus is on 

graphite, silicon, and lithium metal.  

Graphite vs silicon vs lithium
Rechargeable lithium-ion cells comprise two 

electrodes separated by a liquid or gel-type 

electrolyte. The cathode (positive electrode) is 

made from a lithium-based compound, where 

Cobalt or Nickel are critical constituents. The anode 

is generally made from carbon, more specifically 

graphite. Battery manufacturers continuously try to 

find a replacement or at least reducing dependence 

for the soon to be scarce cobalt in the cathode and 

the low capacity graphite anode. 

The energy density of Li-ion batteries based 
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on the graphite anode is around 220Wh kg-1, far 

from the 500Wh kg-1 goal of most applications, 

particularly EVs. The poor capacity of graphite 

for holding lithium (370mAh g–1) will never 

allow achieving this target; however, the use 

of graphite brings durability and safety. Lithium 

metal (3860mAh g–1) and silicon (3579mAh g–1), 

at least on paper, could provide several times 

more capacity for holding lithium but at the cost 

of rapid degradation (large capacity brings large 

stress). Nonetheless, research around lithium 

and silicon is speeding up with several success 

stories, including increased cycle life and near-

target energy density values.

The lithium metal anode dream is 
getting closer to reality 
Lithium has the highest theoretical capacity 

(3860mAh g–1) and the lowest electrochemical 

potential, which makes it the ultimate anode 

material. A "lithium-metal" based battery, 

however, has never been able to attract a market. 

Despite the early efforts of Whittingham, the 

1970s Exxon chemist and 2019's Nobel Prize 

winner, and the ongoing investigations of the 

scientific community, the formidable challenges 

of lithium metal batteries, safety and cyclability, 

have remained unsolved. 

Things may not remain like this, though. 

Lithium metal is indispensable for the emerging 

Lithium-Sulfur battery technology, and the 

marked improvements in this promising battery 

chemistry is powering research on Li metal 

anode. This new wave of research may as well 

turn the table for lithium metal. 

In May 2020, Oxis energy, a key player of 

lithium-sulfur battery R&D market announced 

leasing a production facility from Mercedes-Benz 

in Brazil, aiming to pioneer the mass development 

of Li-S batteries. Having clients all around the 

world, the UK-based company has successfully 

tested its lithium-metal based cell prototypes 

delivering an outstanding energy density of 471Wh 

kg-1. Relying on its Advanced Lithium Metal 

Protection technology, Oxis is looking at achieving 

500Wh kg-1 within the next year.

To see a lithium-metal based battery in the 

market will undoubtedly be a dream come 

true for the energy world, which in turn could 

revolutionise Australia's lithium market.

Towards packing in more silicon 
Low voltage profile and high theoretical capacity 

(3579mAh g–1) places silicon on top of the alloy 

anode materials list. When lithium ions combine 

with silicon, Li15Si4 is formed. The 15 to four 

ratio of this alloy compared to the one to six 

ratio of the graphite intercalation compound, 

LiC6, means more lithium can be stored in a 

smaller anode. As opposed to lithium metal, 
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silicon is being used in commercial batteries, only 

minimally, though. In 2015, Elon Musk of Tesla 

announced that partial replacement of graphite 

with silicon in the anode of Model S batteries 

increased the car's driving range by six per cent, 

creating a race among battery manufacturers 

to pack more silicon in. The amount of silicon 

in the commercial electrodes is rumoured to be 

around six per cent, and naturally, any further 

increase in this fraction could enhance the 

energy density for a given weight. However, the 

significant trade-off between the cycle life and 

energy density has placed a big challenge in front 

of the car battery manufacturers who want both 

durability and energy density.

The limiting factor in increasing the fraction 

of silicon in silicon/graphite composite anodes 

is the volume change that accompanies the 

charge-discharge processes. The resulting 

mechanical stress associated with the substantial 

volume changes in forming Li15Si4 could be as 

significant as 300 per cent. For graphite, upon 

lithiation to LiC6, the volume increases by only 

9.4 per cent, ensuring mechanical stability. As 

such, it would be difficult to imagine an all-

silicon anode anytime soon unless breakthrough 

progress happens in accommodating the 

undesirably large stress. Nonetheless, an 

increasing number of companies are working 

towards taking graphite out of the picture–a goal 

that some research groups have already achieved 

to a great extent. However, the sophisticated 

approaches used to produce nanoengineered 

battery-grade silicon makes the claim of a 

cheap replacement for graphite somewhat 

questionable. While industrial-grade silicon costs 

only $1-2/kg, much less than that of the spherical 

graphite used in the anode, the battery-grade 

silicon could cost up to $2000/kg and even 

$20,000/kg if nano-sized.

Sila Technologies, the battery materials 

company that has partnered with BMW and 

Daimler is one of the first companies to 

work out how to mass-produce silicon 

nanoparticles. The American company's 

spongy silicon particles are packed into 

a rigid shell, which accommodates 

the cycling stress and protects the 

particles from parasitic reactions 

with the battery's electrolyte.  

Sila’s approach is similar to that 

of Advano, another American 

company that advantageously 

sources its feedstock from 

silicon wafer scrap. Recovering 

the precious solar-grade silicon 

(99.9999 per cent) from the end-

of-life photovoltaic panels  and 

repurposing it for anode could be a 

promising approach for mass-production 

of price-competitive battery-grade silicon. 

Towards more reliable  
sourcing of graphite
Low capacity but highly stable graphite has 

been historically used in the anodes of most 

lithium-ion battery chemistries, with the grade 

and purity of significant importance. While 

the industry has never stopped pushing for 

even more stability and lower cost, the focus 

of the current R&D programs seems to be the 

strategic decoupling from the politically and 

economically challenged China. 

China dominates the global graphite anode 

manufacturing. 86 per cent of all natural and 

synthetic graphite anodes and 100 per cent 

of all natural graphite anode is made in China. 

For a technology in which the cost of materials 

typically represents more than two-thirds of 

the price of production, reliance on any one 

source increases the risk of supply disruptions.  

Australia, ranking eight for graphite resources 

and a leading miner of natural graphite, is a part 

of the Energy Resource Governance Initiative; a 

group of countries trying to develop battery and 

other high-tech metal production and reduce the 

world's reliance on China for the same. 

Even without the COVID-19 complications 

to China’s supply chain, graphite supply needs 

to increase nearly 500 per cent by 2050 just to 

meet the increasing demand from the energy 

storage segment, mostly for car batteries. So, it 

comes as little surprise that there has been an 

increasing activity amongst Australian miners 

and manufacturers to enter the global supply 

chain of graphite. Significant announcements 

around these activities have been made within 

the past few weeks. In June 2020, Australian 

graphite explorer EcoGraf Ltd claimed they 

would be selling purified spherical graphite 

anode material to Germany’s Thyssenkrupp . 

On May 2020, Magnis Energy Technologies Ltd., 

known for its world-class graphite deposit in 

Tanzania, announced of its major developments 

around low-cost processing of high purity 

graphite. Novonix, the supplier of battery 

testing equipment to big companies, is another 

Australian company rumoured to be a new player 

in the graphite anode market.  

What of the future? We can be sure that 

regardless of the ongoing and evolving 

geopolitical, economic, and environmental 

demands, battery scientists and engineers will 

continue to surprise the energy world. 
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