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Supplementary Figure 1 | Cells, structures, and materials utilized in SIBs and LIBs. a. Shapes of different SIB cell 

configurations. b. The jellyroll and laminated cell structures in SIBs. c. Separator and shell material in SIBs. d-e. 

Examples of cathode, anode, and electrolyte materials in SIBs and LIBs. 
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Supplementary Figure 2 | a. The economic hierarchy of SIBs. b. The economic hierarchy of SIBs materials. 
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Supplementary Figure 3 | Battery production, scrap generation, and recycling spent batteries or scraps. 

Battery manufacturing combines several input materials to form slurries and electrodes to assemble into a cell. 

Some of these materials and intermediate products are wasted during the manufacturing and become battery 

scraps, such as raw materials, slurries, components, and disqualified batteries. Only qualified batteries make it 

to market to become spent batteries after use. The spent batteries and scraps can be directly regenerated or 

crushed into mixed powders for processing by Pyro, Direct, Hydro, and/or Regeneration methods. Alternatively, 

the batteries can be disassembled and recycled as separate material components. 
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Supplementary Figure 4 | Strategies for battery recycling and the materials they provide. All materials could be 

post-treated in principle, but only cathode materials and metals are currently recycled in practice. 
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Supplementary Figure 5 | Radar chart showing the recycling of spent LIBs and SIBs. 
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Supplementary Figure 6 | Prospective SIB recycling technologies and ideal outcome. The ideal outcome is to 

recover and utilize all materials from spent SIBs, except those prone to rapid degradation. Advancements in SIB 

structure and material design guided by the principles of the recycling technology revolution would enable the 

effective isolation and recycling of individual materials from spent SIBs. 
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Supplementary Table 1 | Materials, prices, and percentage in LIBs and SIBs. The pricing information is acquired 

from ref. 1, 2, and 3. The value of recycled materials is assumed to be the same as the price after regeneration. 
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Supplementary Table 2 | Practical price and revenue of recycled materials in LIBs and SIBs. 
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