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Title: A life cycle assessment of carbon electrode production in sodium ion capacitors

from wastes
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ABSTRACT

Supercapacitors that are popular are currently lithium-based, but they have limitations
and are expensive. Therefore, sodium ion capacitors have been developed as an alternative,
because sodium ore is abundant and cheap. However, graphite, which is the usual material used
for electrodes in supercapacitors, cannot be used as electrodes in sodium capacitors because
sodium ions cannot intercalate in its structure when charging. Instead, hard carbon has properties
that can be used to produce electrodes, and research has been conducted on producing carbon
electrodes from waste materials such as oil palm, sesbania, and filter cake waste. The study aimed
to assess the environmental impacts of manufacturing carbon electrodes in sodium ion capacitors
from waste and to assess the environmental impacts of sodium capacitor fabrication using life
cycle assessment principles. The impacts studied included global warming potential, acidification,
eutrophication and human toxicity. Three methods are used to produce carbon electrodes: a
process for preparing raw materials, a hydrothermal process, and a chemical activation process
that involves using potassium hydroxide. The environmental impact of these methods can be
analyzed using principles of life cycle assessment. using the SimaPro software and CLM 2001
ecological index, a cradle to gate study was conducted to analyze the production of 1 kg of
carbon from waste materials such as oil palm, sesbania, and filter cake and one electrode
containing 16 mg of carbon. Results showed that the environmental impact of acidification was
higher for combustion of these materials due to the production of more carbon dioxide, which is
the main cause of acidosis. The analysis also found that the materials used to assemble the
sodium capacitor resulted in human toxicity for all three raw materials. Ultimately, the filter cake

residue was found to have the least overall impact.



