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July 5, 2017 

 
MEMORANDUM 
 
TO:  Power Committee 
 
FROM:  Massoud Jourabchi  
 
SUBJECT: Report on Life-cycle of Batteries 
 
 
BACKGROUND: 
 
Presenters: Massoud Jourabchi  
 
Summary: Council staff has been following emerging technologies and mobility 

trends for the past 7 years. Today’s mobile world is energized by more 
and more batteries of various shapes, sizes and chemistries. In this 
presentation we will discuss life-cycle of predominant battery types from 
their inception to manufacturing processes and end-of-life options.  

 
 
Relevance: Impact on load forecast and behind-the-meter storage.  
 
Workplan:  Tracking emerging trends and markets  
 
Background: Today’s global society is hooked on mobility. What could be done 

yesterday only in a fixed location, now can be done while mobile.  Every 
day billions of mobile devices rely on battery technologies to power them. 
For every battery type and chemistry that becomes commercialized, there 
are many batteries that do not go beyond laboratory settings.  What might 
be beyond lithium?  We will discuss; where the raw materials for battery 
components come from, how the batteries are made, what are trends in 
their costs and capabilities, what causes their failure and what are the 
recycling, remanufacturing and repurposing options currently available.   

http://www.nwcouncil.org/
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In this presentation
 Why we are doing this presentation?

 What is a battery and what are types of batteries?

 Dominate battery types

 Life cycle of Lithium-ion class of batteries

 Row material (when and how much)

 Processing

 Market conditions (Supply, demand and prices)

 How battery life is defined (depends on applications)

 End-of-life options

 Next generation of batteries
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Rapid increase in demand for batteries

 Demand for Mobile applications

 Internet of Things

 Electric Vehicles

 RPS and intermediacy of renewables
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What is a battery?

Conventional batteries Three Basic Elements
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Role of Battery Architecture 



Attributes of a battery

Attributes of a good battery

 High specific energy
 High specific power
 Affordable price
 Long life
 High Safety
 Wide operating range
 Low Toxicity
 Fast charging
 Low self-discharge
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Dominate Types of Battery

Flakes of lithium manganese phosphate can 
serve as electrodes for batteries. 
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Photograph by the Pacific Northwest 
National Laboratory

Revenue contributions by different 
battery chemistries
37% Lithium-ion
20% Lead acid, starter battery
15% Alkaline, primary
8% Lead acid, stationary
6% Zinc-carbon, primary
5% Lead acid, deep-cycle
3% Nickel-metal-hydride
3% Lithium, primary
2% Nickel-cadmium
1% Other

Source: Frost & Sullivan (2009)
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Various Types of Lithium-ion Battery

 Lithium cobalt ( LiCoO2)

 Lithium Manganese 
(LiMn2O4) (LMO) used for 
most EVs (leaf, volt)

 Lithium Nickel Manganese 
Cobalt Oxide (LiNiMnCoO2) 
NMC

 Lithium Iron Phosphate 
(LiFePO4)

 Lithium Nickel Cobalt 
Aluminum Oxide 
(LiNiCoAlO2) NCA

 Lithium Titanate (Li4To5O12)
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Life-cycle of Lithium
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Brine Triangle



Demand For Lithium and Cost

Uses Cost of different types of Li
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Chemical composition and architecture of the 

battery defines it’s capability and 

characteristics
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service life of a battery 

 Cell oxidation

 Number of cycles 

 Elevated temperatures
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Cooling system of Tesla Motors 
18650 Cell battery system



Options for end-of life (3Rs)

Remanufacturing, Repurposing, Recycling
for EVs
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Post Lithium and Why we do not 

have better batteries sooner
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Adopted from visualcapitalist.org 



Father of Modern Battery
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There is a wide range of battery 

options for stationary battery 

here is one example
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Summary

 Fast growing demand for batteries of 
various capabilities, will undoubtedly 
increase pressure on supply. 

 Improvements in battery performance will 
be gradual. 

 Most likely batteries used in mobile 
applications will be repurposed for 
stationary backup applications.
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