Environmental impacts of batteries for low
carbon technologies compared
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A recent study has assessed some of the environmental impacts of the
production of batteries used with low carbon systems, such as photovoltaic cells
and wind turbines. The results indicate that lithium-based batteries have the most
significant impact, in terms of metal depletion and greenhouse gas (GHG)
emissions, but more complete data are needed on possible toxic impacts to
conduct a full comparison between batteries.
In our efforts to live sustainable lifestyles, we are becoming more reliant on batteries.
Renewable energy production and small-scale micro-generation often use batteries to help
overcome variability in supply and demand of energy. In addition, vehicle manufacturers are
building increasing numbers of hybrid and electric vehicles that use batteries. However,
batteries vary in their level of efficiency, and their use of materials in production can have
high environmental impacts. A better and more quantified understanding of environmental
implications of selecting and using certain batteries may help to avoid or minimise negative
environmental impacts.
The study evaluated the environmental and energy impacts of battery production based on
available data from previous research. The use and disposal stages of a battery’s life cycle
were not considered as part of this study, although life cycle assessment (LCA) methodology
was used to determine production’s impacts. The research focused on five types of battery:
lead-acid, lithium-ion, nickel-cadmium, nickel-metal-hydride and sodium-sulphur, and
considered various environmental impacts including metal depletion, climate change impacts
and energy demand.
Lithium-ion batteries had the largest impact on metal depletion, specifically of lithium which
is used in the battery itself. Although there is no immediate shortage of lithium, its continued
use needs to be monitored, especially as lithium mining’s toxicity and location in places of
natural beauty can cause significant environmental, health and social impacts. However, it is
estimated that per MegaJoule (MJ) of capacity, lithium-ion batteries are about half as toxic to
humans as lead-acid batteries, and less toxic than nickel-cadmium batteries. Nickel-metal
hydride and sodium-sulphur batteries are the least toxic to humans.
The batteries that require the most energy for their production are nickel-metal-hydride, at
90 MegaJoules (MJ) per kilogram (kg) of battery produced and lithium-ion, at 88-90 MJ per
kg. This is reflected in their impact on fossil fuel depletion, with both lithium-ion and nickelmetal-hydride using around 1.6 kg of oil equivalent per kg of battery produced. These two
batteries also perform the worst in terms of GHG emissions, with up to 12.5 kg of CO 2
equivalent emitted for each kg of lithium-ion batteries, and 5.3 kg of CO2 equivalent for each
kg of nickel-metal-hydride batteries. The sodium-sulphur and lead-acid batteries performed
the best in terms of energy requirements and GHG emissions, although some data were not
available for the sodium-sulphur batteries.
The results indicate that the production of lithium-ion and nickel-metal-hydride batteries use
the most energy and produce the most GHG emissions. However, there are limitations to the
data and for a full understanding of life cycle impacts, further aspects of battery use need to
be considered, such as length of usage, performance at different temperatures, and ability to
discharge quickly. The environmental impact of the battery disposal is another important
aspect and there may be health safety issues for those who recycle batteries. Lead-acid and
nickel-cadmium batteries appear to be most concerning in terms of human toxicity and more
data are needed on the toxic impacts of the different batteries at different stages of their life
cycle, both on human health and wildlife.
The study provides an informative database of materials used in battery production
alongside some aspects of environmental impact but more data would be required for a full
comparison.

