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Why not "One Size Fits All" 
Batteries?
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● Batteries : 750,000,000 Points
● Upper Operating Voltage (20)
● Lower Operating Voltage (20)
● Mounting Requirements (5)
● Cooling Requirements (3)
● Continuous Charge Current (10)
● Continuous Discharge (10)
● Shock and Vibration (5)
● Physical Size (50)
● Communications Style (5)

Comparing the Hilbert Space of Batteries and Shoes

Shoes : 75,000 Points
● Size (25)
● Style (100)
● Color (30)
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Aging in Energy Content
● Water analogy - the bucket gets smaller
● Results in Shorter Range

Aging in Power Capability
● Water analogy - the pipe to and from the bucket gets smaller
● Results in Lower Peak Power
● More of Operating Range only allows Reduced Power
● Lower Efficiency

Comparing the Hilbert Space of Batteries and Shoes
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NRE per UL Certifiable Use Case - $1,000,000

Internal Reuse Simplest 

● Compatible Systems
● Reliable Sources (New or Return from 

Service among options)
● Enabling Business Activities
● Design for Remanufacturability Returning 

to First Life Market

Have a Specific Second Life Application
5



What are the Upsides 
of Second Life?
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● Reduction of Natural Resource Extraction

● Positive Residual Value (Core Deposit) 

● Local Value Creation

● Concentration of Units Geographically at End of Life

● Economically Viable Recycling

● Grid Support Functions

● Customer Rate Arbitrage and related benefits

● Phosphates - Agricultural Recovery of Phosphate

What does Second Battery Life offer for the OEM?
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● Fixing an Economically Nonviable First Life

● Disposal of Negative Value Assets (Batteries not Suitable for 

Second Life) by Reassignment of Ownership

Dubious Reasons for Second Life



What Can I Do With 
Batteries on the Grid?
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Beyond Arbitrage and Demand Charge Reduction

Total Power Demand CAISO 2021 Batteries on the CAISO 2021

What looks like what?
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What looks like what? Beyond Arbitrage and Demand Charge Reduction
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● Beyond Rate Schedules - 

Fast Regulation Market

● Desertification of the 

Western USA
○ Reduction of Hydropower for 

Fast Regulation Services

● Vehicles and Hub-style 

Batteries perform Fast 

Unipolar Regulation to take 

up the lost Hydro capacity

Why is it important that the Battery and Hydropower Plots Look Alike?
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