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• III-V photovoltaic technology offers the highest efficiencies among solar
cell technologies but faces high production costs

• Current costs for space arrays exceeds $100/WDC

• The space PV industry currently produces only 1 MWp/year, in contrast
to 500 GWp/year produced by the terrestrial PV industry

• Potential to reduce costs to <$1/W if production scales up to 50
MW/year

• Vehicle-integrated photovoltaics (VIPV) represents a significant multi-
GW market opportunity for III-V PV technology

Figure 1. Number of projects for different vehicle types and their stage of development

Figure 2. % of Ga consumed for manufacturing across industries Figure 3. Supply of Ga vs. est. installed capacity for two scenarios
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between US Geological 
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Figure 4. Ga extraction comparison between different sources
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Figure 5. % of In consumed for manufacturing across industries Figure 6. Supply of In vs. est. installed capacity for two scenarios
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Conclusion

• Material availability is not a limiting factor for III-V PV technology expansion to 
multi-GW manufacturing

• Current extraction efficiencies are low, but significant improvement potential 
exists

• Future work: Detailed supply chain analysis and recovery process optimization

• Passenger cars have the smallest PV surface area (2.9 m²)

• Passenger cars dominate in PV integration due to high market volume

• Projected cumulative PV capacity for vehicles is anticipated to reach 50 
GW by  2030 and expand further to 0.4 TW by 2040

• The market prioritizes convenience benefits over cost savings

• Primarily a byproduct of host metal extraction, with around 90% 
sourced from the aluminum industry

• Global production doubled in 2 years: from 327 tons in 2020 to 610 
tons in 2022 (US Geological Survey)

• Current extraction processes recover only 10% of the Ga in bauxite

• Due to material losses during production, only 39% is incorporated into 
final products, with the PV industry using just 2% of this amount

• Current space industry demand is ~0.012 tons/year for high-efficiency 
solar cells, which is just 0.002% of the global annual supply

• Manufacturing capacity potential: 43.5 GW annually, with current 
recovery rates of 10% and 20% of the global supply allocated for PV

• Scalable to 348 GW annually with 80% extraction efficiency and 20% of 
the global material supply allocated for PV

• Primarily obtained as a byproduct of refining Zn, Pb, Cu, and Ag ores, with 
recovery rates of up to 20%

• Total supply increased from 1,380 tons in 2013 to 2,100 tons in 2019 

• PV applications account for 8% of the total supply

• Current space industry demand is ~0.023 tons/year, representing just 
0.0011% of the global annual supply

• Manufacturing capacity potential: 69 GW annually, with current recovery 
rates of 20% and 20% of the global supply allocated for PV

• Scalable to 214 GW annually with 80% extraction efficiency and 20% of 
the global material supply allocated for PV

• Currently only 0.1% As used in GaAs production

• Potential scaling to 50 GW with 1% As available for GaAs cells

• Resource availability not a limiting factor
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• Goes beyond simple supply estimates by balancing supply-demand 
through cost feedback

• Captures time-dependent interactions between recycling, technology 
advancement and market growth
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