Cobalt-free batteries don’t link. 
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Cobalt is used in the cathodes of almost all lithium-ion batteries today, stabilizing them and boosting energy density. But this wonder material is scarce, expensive and toxic. It is unsurprising, then, that there is interest in replacing cobalt with other materials. Nickel is considered a promising alternative. A 2020 study found nickel-rich cathodes could be used in lithium-ion batteries, with slightly lower energy density than the typical cobalt battery but otherwise excellent performance – the researchers described it as the first of its kind without major performance drawbacks such as short battery life. Another alternative to cobalt is manganese, which is more affordable and easier to mine than cobalt. Researchers at Argonne National Laboratory are among those working to improve the performance of manganese-rich batteries to help displace cobalt. Iron has been attracting attention as a possible ingredient in cobalt-free batteries. Automotive company Tesla is betting on iron-based batteries, announcing last year that it was shifting to iron-phosphate batteries for standard-range vehicles. Iron phosphate batteries are cheaper and safer than cobalt batteries, but have lower energy density, limiting vehicle range. Interest is also growing in iron-based batteries more broadly. Iron-flow batteries, for instance, are attractive due to their cheapness and suitability for grid storage and recently, a start-up developing iron-air batteries – which it says can store electricity for several days – secured US$450m in investment. Solid-state batteries – which use a solid separator and electrolyte rather than the liquid electrolyte found in lithium-ion batteries – are often described as a ‘holy grail’ technology. In fact, automakers have spent hundreds of millions of dollars in the past decade in pursuit of solid-state batteries. They have many advantages over lithium-ion batteries, including being non-combustible, fast charging and having high-energy density. Solid-state batteries could incorporate relatively accessible materials such as glass, glass ceramic, or graphite. For instance, glass-based solid-state batteries have three times higher energy density than lithium-ion batteries, and have a high tolerance for below-freezing temperatures. Despite their great potential, these batteries are at an early stage of development, and it is not yet clear how they might be mass manufactured. For now, lithium-ion remains top of the rechargeable battery pile, and these alternatives are unlikely to knock it from its place any time soon. However, with electrification at the core of the energy transition, there is intense interest in improving battery technology – and one of these innovations may have a major part to play.
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