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Pledges for Net Zero Emissions 



One pathway to achieving net zero emissions 
globally by 2050 requires a combination of 
photovoltaic solar + wind turbines produce

about 90% of energy consumption. 



Current solar about 1,000 square miles; about the size of Rhode Island.
Current number of wind turbines = 89,000 ; wind turbines do not reduce land use area.

Wind and Solar now



Wind and Solar needed by 2050



Wind and Solar needed by 2050

Net zero requires 3 TW capacity solar + 3 TW capacity wind

30 million acres of land for solar 

1 million 3 MW wind turbines



16 million EVs annually in the U.S.
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16 million EVs annually in the U.S.

This will not happen. 







Lithium 25 pounds
Copper 200 pounds
Nickel 60 pounds
Manganese 44 pounds
Cobalt 31 pounds
Rare Earth Metals 5-11 pounds

A typical battery electric vehicle contains





250 copper mines in 40 countries



U.S. needs about 1.5 million 
tonnes NEW tonnes of 

copper each year.
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There is a deficit of at least 
10 million tonnes of copper 

per year by 2030.



Carbon neutrality requires 
new mining. Lots. 





This mine produces 
~150,000 tonnes of 
copper per year.  



65 mines this size need to be 
discovered, permitted, and fully 
operational by 2030 to achieve 
net zero by photovoltaic solar 

+ wind turbines.



This is not possible. 



Global copper ore deposit discoveries
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 Years from Discovery to 
Production





Proposed annual 
metal production

99 million pounds copper

31 million pounds nickel

1.6 million pounds cobalt



Proposed annual 
metal production

320 million pounds copper
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Achieving net zero with a 
combination of photovoltaic 

solar and wind turbines 
is not possible.



Achieving net zero with a 
combination of photovoltaic 

solar and wind turbines 
is not possible.

Other solutions must be explored. 



Impact of recycling on primary mine demand
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