How “clean” is an electric car?
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Electrified Transportation

Cumulative Daily Emissions from EV Mileage
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Where is the electricity coming from? A high-carbon grid? A low-carbon grid?

Even an all-electric vehicle can still be responsible for carbon emissions
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Renewable Solar and Wind Energy

Wind Turbine

Battery Bank
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Power Grid

Energy is generated sporadically and intermittently
Batteries help to level the load and shave off peaks in energy demand
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Is the Battery “Clean”?

« How much carbon does it take to manufacture a battery?
 Battery manufacturing is energy intensive
* Electricity for manufacturing is main contributor

* Where do the materials come from?
* Domestic materials security
e Child labor 3
* Sociopolitical consideration —
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Solutions to Making Batteries “Cleanetr”

 Power battery manufacturing with renewable energy
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Solutions to Making Batteries “Cleanetr”

Power battery manufacturing with renewable energy
Recycling and repurposing
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Solutions to Making Batteries “Cleanetr”

Power battery manufacturing with renewable energy
Recycling and repurposing

Low-cobalt or no-cobalt chemistries

Metal-free chemistries

Negative Electrode
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Solutions to Making Batteries “Cleanetr”

 Power battery manufacturing with renewable energy
* Recycling and repurposing

* Low-cobalt or no-cobalt chemistries = —
« Metal-free chemistries A Ay
é | !
* Aqueous electrolytes B
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“Water-in-Salt”
Electrolyte Jodie Lutkenhaus
Suo et al. Science 2015, 350, 938-943 (3.0 \"J Window) TEXAS A&M UNIVERSITY
https://www.greencarcongress.com/2015/11/umdusarl-team-develops-water-in- En gi neerin g

salt-electrolyte-enabling-high-voltage-aqueous-li-ion-chemistries.html



Solutions to Making Batteries “Cleanetr”

 Power battery manufacturing with renewable energy
* Recycling and repurposing

* Low-cobalt or no-cobalt chemistries

 Metal-free chemistries

 Aqueous electrolytes

“Decarbonization of energy necessitates that we take a hard look at
the carbon footprint of battery manufacturing and battery charging”
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