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Emergency alert 
sent to 27M 

mobile phones in 
California



Clean Energy is 
growing fast. 

• Wind and solar generated 10% 
of global electricity in 2021.

• Solar & Wind Account for Two 
Thirds of Global Power 
Capacity addition by 2030

• Australia already seeing 
negative demand.

• Denmark sometimes 
generates enough wind power 
to cover the whole country’s 
demand.

• Different countries different 
demand curve.



Solar will create 
excess energy mid 
day. (Negative 
demand)
• Shifting power through 

storage is needed for 
both wind and solar.

• Li Batteries are current 
leaders.

• Flow batteries , pump 
storage and fuels cells 
will play a role also.



Shifting the peak through 
storage.





Clean energy > Need more storage

• The global energy storage market is slated to attract ~$1 trillion 
in new investments over the next decade.

• The US market could attract over $120 billion in investment and 
achieve growth rates of 32% CAGR thru 2030 and 15% CAGR 
thru 2050.

• Lithium-ion will continue to dominate the market, but there’s no 
one-size-fits-all.



Storage options
• Very large battery banks near solar 

farms and Utility sub-stations.

• Home batteries. (ex. Tesla and Nissan)

• Pump stations, where water is pumped 
up and down to store energy.

• Electric car batteries will be part of the 
solution; but there are issues.

• V2G (Vehicle to Grid). Using car 
batteries for storage when the car 
is parked.

• Used Li batteries from cars are 
refitted for power banks.



• Li ion batteries 
are now 
competing with 
peak gas turbines.



Electric Vehicle sales are growing fast due to 
incentives and mandates. By 2035 no petrol cars 
will be sold in California and many European 
countries.



V2G
Vehicle to grid (V2G) storage is going to be multi B$ industry.





G2V and V2G



Estimated 
Capacity by 2030
• Over 1 TWH of 

potential V2G storage
• U.S. uses .45 

TWh/hour on average 
(.45TW)

• World average 2.6 TW



V2G issues 
and 
opportunities

Pilot projects have already shown that vehicle-to-grid 
(V2G) could be a viable distributed energy source in the 
future.

V2G holds promising benefits for utilities, consumers and 
regulators. Regulators need to allow incentives to 
consumers.

A key hurdle to commercialization lies in restrictive 
battery warranties, which stop their use in V2G projects.

Utilities will be working more closely with the 
automakers, EV supply equipment manufacturers, and EV 
operators to help share risk and reduce capital needs.



California 
public Utility 
commission 
approves 
protocol for 
submetering of 
EVs

• Submetering makes EV charging cheaper and 
encourages off peak charging.

• The special rate structures is applicable to EVs for 
less costly power during off-peak times 

• The submetering also should allow EV charging to 
participate in V2G demand response programs by 
decreasing the electric vehicle charging load or 
feeding power back into the grid.

• The decision sets a 1% accuracy requirement for 
the submeters and also specifies the connector and 
communication requirements for the charging 
equipment, which are consistent with recently 
approved California utility EV programs.

• California is considered a leader in EVs with more 
than 1 million units sold in the state, comprising 
nearly half of the nationwide sales.



Summary

Storage is key to expanding wind and solar 
beyond current levels.

Li batteries are the leading but not only 
solution.

Increasing sales for Electric Vehicles will 
allow time of use charging and a source of 
storage.

Estimates are that over 1 Twh of storage 
could come from Electric Vehicle batteries.
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