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



All-material utilization }

Individual materials
< T -
' ------ sidpies
y Conductive agents.
Cathode
mateig Shell and tap Niokals sy y
remanufacture Ve
--------- >
Anode £ - d dhy
ma':en'als Electrolyte solvents/solutes -~~~ Non-key materials ~ ~ ij Pl
§ easy repurposing ) '
‘*’{ﬁ: Separator ) ' ]
P o Binders “°""‘°Vd “:"u"“ s?‘)
metal easy degradation i

Battery design Technology revolution Material post-treatment

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.



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.

10



Assneq 3
0 0 £0°0 0 0 €70 600 0 0 €70 190 S sjuswsfe
Aq anuanay

Adeneq 3y g

0 0 L0°0 0 0 €10 600 0 0 €T°0 v6'1l uoljesauasal
Aq anuanay
. . . . . . . . . . . %I
TO'ET 18°C EEY 94’0 9.0 89'8 6€°0C vt 9.0 89'8 TL'8E age1uan194
-
0 0 PST 0 0 P91 9’0 0 0 PST 00's $ sletiaeul
pajaAdal
Jo anjep
U uls|oA|o Aoje JB|] UOGJE: 10. uogJea pJe 2B|q UOCJE: 10. ‘0¥l s
u1%34eN 1§8|0Aj0d e v 3dANd 32e|q uogJe) 1194 v qJed pieH 1dAd >2e|q uogJe) 1194 v WEa4E/ToeN a1S
. . . . i 1-Asneq
0 0 900 0 0 9T'T 80°0 0 0 [AN0] 8TTT 3 § anuanay
86'ET rar4 16°€ 890 89°0 7¥7'ST 8¢'81 LTT 890 8L 06'vE %6
a8e1uadiad
-3
0 0 PST 0 0 ST'8 9’0 0 0 PST Te'Cce $ sletiaeul
pajaAdal
Jo anjep
B ula|oA|o Aoje JB|] UOGJE: 10} NN anydeu 2B|q UOCJE: 10. ‘ot s
e 1§8|oAjod e v HES/JND 32e|q ucq.ey |16} my Hydein 4dAd >2e|q ucq.ey 119} v UNEFONET NI a0
uase J10129)|02 euajew uasde J10129||02 [eli=pew
a1Aj04093 Jojesedas 112ys Japuig v b3l [eLy Japulg } b3l anlpe
aAIPnpuo) ua4In) aADe apouy anIpPNpuo) uain)

apoyie)

11



References
1. http://www.icbattery.com/

2. Q. Dai, L. Gaines, J. Spangenberger, J.C. Kelly, S. Ahmed, M Wang, Everbatt: A closed-loop battery

recycling cost and environmental impacts model (2019) www.Anl.Gov/egs/everbatt.

3. http://www.iccsino.com/news/list-htm-catid-927.html

12


http://www.icbattery.com/
http://www.anl.gov/egs/everbatt
http://www.iccsino.com/news/list-htm-catid-927.html

