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Cobalt Substitution and Future Battery Material Requirements

Large scale utilization of renewable energy sources and electric mobility will rely on the development of
high density and efficient storage solutions. To date, the ubiquitous chemical battery technologies have included
alkaline, lead-acid, nickel based, and various types of lithium ion chemistries. However, in deep cycle applications,
lead-acid batteries quickly experience capacity degradations due to grid corrosion of the positive electrode and
positive plate expansion.” Nickel-cadmium (NiCd) and nickel-metal-hydride (NiMH) drawbacks include high self-
discharge rates and relatively low Coulombic efficiency. Thus, lithium ion chemistries including lithium-cobalt oxide
(LCO), lithium-nickel-cobalt-aluminum oxide (NCA), lithium-nickel-manganese-cobalt oxide (NMC), and lithium-iron
phosphate (LFP) exhibit the characteristics best suited to address the demands of expanding renewable energy

consumption.
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Republic of the Congo./ These practices are antithetical to the ideals surrounding the push for renewable energy
technologies. This, combined with the cobalt price spike from 2017 — 2018 (Figure 1) and various automotive safety
regulations, have led battery manufactures to pursue zero-cobalt cathodes. As a result, there have been rapid
advances in cathode chemistries that may materially alter the future raw material needs of the battery industry.
Furthermore, electrolyte and anode chemistries will likely have to evolve alongside the cathodes. Thus, evolving
battery chemistries must be closely monitored to ensure that the appropriate raw materials are available to enable

the expansion of renewable energy generation and use.

Despite exhibiting a lower massic energy than other lithium ion chemistries, lithium-iron phosphate (LFP)
battery production has surged in China in 2020. Tesla, BYD and VW have all chosen to utilize LFP batteries in some
of their EVs in the Chinese market. In May 2020, China’s Ministry of Industry and Information Technology (MIIT)
approved EV safety regulations which require EVs to inhibit any fire or explosion caused by thermal runaway within

five minutes. Unlike other lithium-ion chemistries, nano-scale phosphate cathodes, the only commercial cathodes
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that are olivine, allow LFP batteries to naturally conform to these standards. NCM and NMC batteries would require
mitigation systems such as fire-proof mica plating to meet these requirements. While there have been significant
advances in LFP technologies, the global EV market is still likely to be dominated by high nickel loading chemistries.
LFP batteries’ comparatively low specific energy (50% - 60% capacity of NMC and NCA technologies) restricts their
application to low range and compact vehicle applications. Furthermore, the consortium managing LFP intellectual
property rights allows license free manufacturing of LFP only in mainland China. Thus, LFP battery deployment in
these applications will be relegated to China’s domestic market at least until these IP protections begin to expire in

2022.

Though NCA, LCO, and NMC batteries will likely dominate the EV market (Figure 2), China’s reversion to LFP
batteries to meet safety standards highlights one of the many ancillary effects of removing cobalt from cathode

materials: as batteries utilize higher percentages of . )
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Despite its beneficial electrochemical properties, battery manufacturers are focusing their efforts on
reducing cobalt loadings due to the previously described supply practices. These efforts have yielded significant
results. NMC chemistries were introduced with 111 ratios, with each number representing the mass of nickel,
manganese and cobalt, respectively, utilized in the cathode. Technological advances progressively led to the
introduction of 532, 622 and 811 chemistries, though, generally, each reduction in relative cobalt loading led to a
concomitant decrease in cycle stability and safety.’ Panasonic has already achieved under 5% cobalt content in the
cathode materials of their NCA batteries, which are utilized by Tesla. Substituting cobalt with other transition metals
such as titanium and manganese has been shown to outperform the cobalt containing equivalent, but only in ratios
that would not be considered commercially viable." Furthermore, while manganese and aluminum may increase
cathode thermal stability and reduce reactivity with the electrolyte compared to cobalt, this comes at the cost of
exhibit reduced specific capacity and premature cell failure, implying that there may be a ceiling to relative nickel

loadings.
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The above observations call into question
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factors such as population density and available EV charging infrastructure (Figure 4).

While tailoring a battery’s chemistry to its end use may seem like an effective way to achieve cost efficiency
gains, myriad factors contribute to the overall cost of the application in practice. Firstly, as with any manufacturing,
unit cost reductions are achieved by increasing plant
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battery chemistry. Last, in the case of EVs, different battery chemistries may be better suited for different types of
motors. For instance, variations in battery costs must be assessed alongside the relative efficiencies of permanent

magnet motors versus induction motors when calculating an EV’s lifecycle cost (Figure 5). Given the above,
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myopically focusing on battery production costs may not be completely effective in reducing battery powered

consumer products, particularly EVs.

The importance of developing efficient battery chemistry extends beyond electric mobility. Large scale
utilization of renewable energy sources will rely on the development of high density and capacity storage solutions.
A study commissioned by California’s largest utilities found that that the effective load carrying capability (ELCC) of
solar generation facilities ranged from 4 — 5.8%.* ELCC conveys the reliability of a resource to provide electricity at a
given time. In this case, assuming a 6% ELCC, a 100MW solar plant would only be expected to provide 6MW during
periods of peak demand. Wind generation was found to have an ELCC of 30%. However, with the addition of a four-
hour battery storage solution, solar and wind ELCCs jump to 99% and 62%, respectively. Furthermore, these storage
solutions can be quickly integrated with existing renewable generation facilities to replace a portion of fossil fuel

powered peaking plants.

Cathode material needs will
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engines, and the introduction of a viable solid electrolyte, such as Aionics’ lithium-boron-sulfur system, will again
significantly impact the raw material needs.” For materials such as nickel, the demand variations due to LFP or other
nickel-free cathode solutions’ market share will impact the magnitude of future deficits, but will likely be unable to
alleviate these market imbalances altogether (Figure 6). In contrast, battery related demand variations of materials
such as cobalt or titanium may be significantly impacted by breakthroughs in cathode technology, consumer
preferences, safety standards or other government regulations. Thus, forecasting future battery material needs must
look beyond solely the battery components and integrate charging infrastructure, grid storage needs, demand by

applications, and myriad other factors to accurately provide a comprehensive picture of future needs.
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