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Supplementary Table 1: Gravimetric densities of various SSEs and cell component materials 

The following materials parameters were used for SSE cathode volume calculations and 

energy density calculations: 

Material 
ρ (g cm-

3)a 

Refs 

Lithium 0.53 - 

LPSC 1.64 MP 

LGPS 2.04 MP 

Li7P3S11 1.87 MP 

Li3PS4 1.83 MP 

LLZO 5.1 MP 

LLTO 5 
1 

LATP 2.92 
2 

LIC 2.59 MP 

LYB 3.54 MP 

LiBH4 0.7 MP 

Carbon 1.9 - 

Sulfur 2.07 - 

Copper 8.9 - 

Aluminum 2.7 - 

aSSE densities were taken from Materials Project (MP) unless noted otherwise. 

 

 

Supplementary Table 2: Ionic conductivities of various SSEs 

Material σ (mS cm-1) Refs 

LPSC 1 – 5 3 

LPSC1.5 3 – 9 4 

LGPS 1 – 12 5 

Li7P3S11 1 – 17 6 

Li3PS4 0.1 – 0.5 7 

LLZO 0.1 – 1 8 

LLTO 0.1 – 1 9 

LATP 0.3 – 1 10 

LIC 1 – 2 11 

LYB 1 – 4 12 

LiBH4 1e-5 – 1e-4 13 

  



Supplementary Methods: 

SSE volume fraction analysis 

To calculate the volume fraction of SSE in a 30 : 50 : 20 mass ratio cathode, the following 

equation was used: 

𝑉𝑐𝑎𝑡ℎ𝑜𝑑𝑒 =
𝑚𝑠𝑢𝑙𝑓𝑢𝑟

𝜌𝑠𝑢𝑙𝑓𝑢𝑟
+

𝑚𝑐𝑎𝑟𝑏𝑜𝑛

𝜌𝑐𝑎𝑟𝑏𝑜𝑛
+

𝑚𝑆𝑆𝐸

𝜌𝑆𝑆𝐸
 

A total cathode mass of 1 g was assumed for simplicity.  The same equation was used to 

calculate the mass fraction of SSE needed to obtain a cathode with 50 volume % of SSE, with the 

assumption that the S / C ratio remained 3 / 2. To calculate the cathode gravimetric energy density, 

the following equation was used: 

𝐶𝑎𝑡ℎ𝑜𝑑𝑒 𝐺𝑟𝑎𝑣𝑖𝑚𝑒𝑡𝑟𝑖𝑐 𝐸𝑛𝑒𝑟𝑔𝑦 𝐷𝑒𝑛𝑠𝑖𝑡𝑦 =  
𝑚𝑠𝑢𝑙𝑓𝑢𝑟 × 1,672 𝑚𝐴 ℎ 𝑔−1 × 0.85 × 1.85 𝑉

𝑚𝑠𝑢𝑙𝑓𝑢𝑟 + 𝑚𝑐𝑎𝑟𝑏𝑜𝑛 + 𝑚𝑆𝑆𝐸
 

A total cathode mass of 1 g was assumed for simplicity. A sulfur utilization of 85% and an 

average discharge voltage of 1.85 V are assumed. 

Cell-level gravimetric energy density 

To calculate the cell-level gravimetric energy densities, all the capacity was assumed to 

come from sulfur at 85% sulfur utilization at an average discharge voltage of 1.85 V. For cells 

with an InLi0.5 anode, the average discharge potential was reduced to 1.23 V because InLi0.5 

operates at 0.62 V vs. Li/Li+. No capacity was assumed to come from SSE redox. The cell area 

was assumed to me 1 cm-2 for simplicity. An N/P ratio of 2 was used for Li-metal, while a mass 

of 300 mg was assumed for InLi0.5 anodes (N/P ≈ 10 for a 2 mg sulfur cathode). A separator mass 

of 120 mg was assumed for thick separators and 6 – 10 mg for 30 µm – 50 µm separators. The 

30 % sulfur content cathode was assumed to follow a 30 : 50 : 20 mass ratio, while the 50 % sulfur 

content cathode was assume to follow a 50 : 35 : 15 mass ratio for sulfur : SSE : carbon. Copper 

and aluminum current collectors were assumed to be 10 µm thick on either side of the cell stack. 

The following equation was used: 

𝐺𝑟𝑎𝑣𝑖𝑚𝑒𝑡𝑟𝑖𝑐 𝐸𝑛𝑒𝑟𝑔𝑦 𝐷𝑒𝑛𝑠𝑖𝑡𝑦 =
𝑚𝑠𝑢𝑙𝑓𝑢𝑟 × 1,672 𝑚𝐴 ℎ 𝑔−1 × 0.85 × 1.85 𝑉

𝑚𝑐𝑎𝑡ℎ𝑜𝑑𝑒 + 𝑚𝑆𝑆𝐸𝑠𝑒𝑝𝑎𝑟𝑎𝑡𝑜𝑟
+ 𝑚𝑎𝑛𝑜𝑑𝑒 + 𝑚𝑐𝑢𝑟𝑟𝑒𝑛𝑡_𝑐𝑜𝑙𝑙𝑒𝑐𝑡𝑜𝑟𝑠

 

The mass of Li metal was calculated with the following equation: 

𝑚𝐿𝑖−𝑚𝑒𝑡𝑎𝑙 = 𝑚𝑠𝑢𝑙𝑓𝑢𝑟 ×
𝑁

𝑃
𝑟𝑎𝑡𝑖𝑜 ×

1,672 𝑚𝐴 ℎ 𝑔−1

3,860 𝑚𝐴 ℎ 𝑔−1
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