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Steadily Rising  
Until…
• Homemaker Electrification

• Air Conditioning/Heat

• Technology Revolution

• Improved Building Materials

• HVACs and LED Bulbs



Traditional 
Power Grid

• Limited players

• One way flow of power

• Monthly meter reading

• Simply flow of dollars



DER Grid

• Many players

• Multiple flows of power

• Real-time meter reading

• Complex flow of dollars



Self-Supply

• Solar

• Storage

• Backup Grid Power



Solar & Storage

• Rooftop

• Ground Mounted/Tracking

• 5-7 acres per MW (650 homes)

• Storage Safety (NFPA 855)

• Grid Backup
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Another Way to Look at SDGs

United Nations DPI 10
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Trends



Transportation is going electric

tesla.com ford.comchevrolet.com

nissanusa.com
audiusa.com

bmwgroup.com



Transportation is going electric

cruiser.bird.co
www.bostonglobe.com

electrek.coelectrek.co

daimler.com



Transportation is going electric



More and more EVs on UAH campus

Transportation is going electric



Solar electricity generation will increase significantly

US EIA Annual Energy Outlook 2019

www.eia.gov/aeo



Solar electricity generation will increase significantly



Solar PV’s over generation risk – the “Duck Curve”

www.caiso.com/Documents/FlexibleResourcesHelpRenewables_FastFacts.pdf



Battery energy storage can be used to mitigate the “Duck Curve”

fluenceenergy.com

cleantechnica.com

electrek.com



Opportunities



afdc.energy.gov

Room to grow for infrastructure, e.g. fast charging stations
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Mitigate solar over generation risk with workplace EV charging

www.caiso.com/Documents/FlexibleResourcesHelpRenewables_FastFacts.pdf

9 am – 6 pm



Reuse of EV batteries for energy storage

15 used Nissan Leaf batteries store solar energy at the UC Davis Robert Mondavi Institute

https://www.tdworld.com/electrification/power-reusing-electric-vehicle-batteries



Challenges



Planning and development of EV charging infrastructure

evgo.com

DC fast charging up to 350 kW

electrifyamerica.com



Challenges in batteries: Safety



Challenges in batteries: Life

Wang, Zhang, Ge, Xu, Ji, Yang, Leng. Nature, 2016 Cavalheiro, Iriyama, Nelson, Huang, Zhang. ASME JEECS, 2019



Challenges in batteries: Materials

Goodenough and Park, J. Am. Chem. Soc., 135, 1167−1176, 2013.

Batteries are complex 

collections of materials.

We want:

• Performance (Fast 

Charge)

• Reliability (Long Life)

• Cost ($125/kWh or less)

Choices made at atomic 

scales impact supply 

chains and lives.

We need:

• Humane

• Equitable

• Sustainable

Rajendra, Nelson et al., ACS Applied Materials & Interfaces, 2019.

Nelson et al., J. Electrochem. Soc., 2017.

A cobalt (Co) mine in DRC

electricbike.com

globalenergymetals.com
https://fortune.com/longform/blood-sweat-and-batteries/



Challenges in batteries: Recycling

https://americanmadechallenges.org/batteryrecycling/
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