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Battery Second-life 

Potential benefits of second-life: 

• Mitigate environmental 
impacts of battery 
manufacturing 

• Reduce the costs of EV 
batteries 

• Enable increased use of 

            
         

   

  
  

     

  
renewables 

Martinez-Laserna, Egoitz, et al. "Battery second life: Hype, hope or reality? A critical review 
of the state of the art." Renewable and Sustainable Energy Reviews 93 (2018): 701-718. 



Second-life Market: Supply 

4 https://www.mckinsey.com/industries/automotive-and-assembly/our
insights/second-life-ev-batteries-the-newest-value-pool-in-energy-storage 

-

https://www.mckinsey.com/industries/automotive-and-assembly/our


     
    

Second-life Market: Demand 
The US added 522.7 megawatts/1,113 megawatt-hours 
of energy storage in 2019. 



 
     

      
 

  

    
     
   

EV Battery Lifetime 

• How many times a battery 
can deliver its stored energy 
at a specific rate is a 
function of degradation 

• Current lithium-ion 
batteries used in EVs can 
generally deliver 80% of 
their initial capacity >> 1000 
times in average conditions 



     
   

    

EV Battery Lifetime 
As batteries degrade, stored energy becomes 
inaccessible at higher loads 

Yongjun Leng et al 2017 J. Electrochem. Soc. 164 A1037 



       
  

 

  

      
       

       
      

EV Battery Lifetime 

Three main pathways for degradation in a lithium 
ion battery: 

• temperature, 

• cycles, and 

• time. 

Repeated utilization of the maximum storage 
potential of the battery, rapid charge and discharge 
cycles, and exposure to high temperatures are all 
likely to reduce battery performance. 



     
   

 
 

 

  

  

 

  

   
   

  

    
    

EV Battery Lifetime 
Increasing battery sizes + improved lifetimes = 
more 2nd life potential 
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EV 24kWh: ~25% 
reduction in battery 
capacity by 50k miles1 

EV 75kWh: ~10% reduction 
in battery capacity with 
>150k miles2 

1 3 5 7 9 11 
Vehicle Age 



  

  

     

     
 

Repurposing EV Batteries 

Three main steps: 

1. Testing the battery 

2. Removing the battery from the 
vehicle 

3. Reconfiguring the battery for the 
second-life application 



                   
   

Removing the Battery 

Casals, L. C., García, B. A., & Canal, C. (2019). Second life batteries lifespan: Rest of useful life and environmental 
analysis. Journal of environmental management, 232, 354-363. 11 



  
      

     

          
    

Testing the Battery 
A primary goal of second-life testing is to determine the 
remaining useful life of the battery: 

• The state of health (SOH) is the ratio of maximum 
capacity to the nominal capacity 

https://medium.com/it-paragon/remaining-useful-life-predictive-maintenance-5b78a17f7d10 

https://medium.com/it-paragon/remaining-useful-life-predictive-maintenance-5b78a17f7d10


  

         

  

   

  

 

Testing the Battery 

Key types of standard safety and abuse testing for 
batteries: 

• Mechanical – Drop, penetration, immersion, and 
crushing 

• Electrical – external and internal shorts, 
overcharge/discharge 

• Environmental – Thermal shocks, fire, extreme 
temperatures 

• Chemical – Emissions, flammability 



   

  

   

     

    

     

Refurbishing the Battery 

In addition to testing, repurposing can entail: 

• 
• 

Reconfiguration of packs and modules 

Installation of new battery charge and/or 
thermal management 

Cummins partners with the University 
of California San Diego on second-
life battery development 

Aug 27, 2019 Columbus, IN 

https://www.cummins.com/news/releases/2019/08/27/cummins-
partners-university-california-san-diego-second-life-battery 

https://www.cummins.com/news/releases/2019/08/27/cummins


Second-life Battery Costs

Martinez-Laserna, Egoitz, et al. "Battery second life: Hype, hope or reality? A critical review of the state of the 
art." Renewable and Sustainable Energy Reviews 93 (2018): 701-718.

New Battery 
Price

Second Life 
DoD Vehicle Second Life

Health

Refurbished 
Battery  Market 

Price 
($/kWh)

Used 
Battery 
Salvage 
Value 

($kWh)

Cost to 
Refurbish 
($/kWh)

60% BEV75 0.33 83 51 32

250 $/kWh

50%

PHEV20

BEV75

0.29

0.72

73

180

43

131

30

49

PHEV20 0.65 163 117 46

60% BEV75 0.33 50 24 26

150 $/kWh

50%

PHEV20

BEV75

0.29

0.72

44

108

19

72

25

36

PHEV20 0.65 98 64 34



Second-life Battery Costs
Second-life could help to lower the costs of EVs
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Generated using the NREL Battery Second-Use Repirposing Cost Calculator 
(https://www.nrel.gov/transportation/b2u-calculator.html), assumes 1 GWh/year volume, 60kWh pack.

https://www.nrel.gov/transportation/b2u-calculator.html




Mission:
Reuse Electric Vehicle Batteries 

To Store Solar Energy

Commercial-Scale 
Demonstration

2010
1st Used EV 

Battery Project

2018 2019 2020

X5
Next Project 

In Development



$$$ Peak Prices

Need for “Solar After Sunset”

Representative Economics (IRR):
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Global Battery Demand

1,400

1,200

1,000

800

600

400

200

0
2016 2018 2020 2022 2024 2026 2028 2030

Forecast By                

Stationary 
Batteries

Electric 
Vehicles

Annual GWh

Consumer Electronics



CO2

VaValluuee  PPrrooppoossiittiioonn::
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GHG Benefits of New Batteries
Installed with Solar PV

at Commercial & Industrial Facilities in CA
Mitigated

Emissions
(kg CO2-eq

per kWh 
of capacity) Year

1 2 3 12

5
10

Required for Rebate
Expected under “New” Rates

Production
Emissions

Chemistry Battery Production Emissions

NMC 40-240, average 160

LFP 30-270, average 161

In This Context, Lifecycle GHG Benefits
of New Li-ion Batteries
Are Likely Slim to None



Core Capabilities

Safety

Efficiency

Lifetime: 7+ Years

Rapid Battery Testing

Optimized Reassembly

Proprietary Battery 
Management System

Non-Destructive 
Battery Fire Suppression



Commercial-Scale Demonstration

-40%

Mondavi Institute
Davis, CA



Project in Development 

-$$$

24+ Hours
of Backup

Other Goals
• Measure & Mitigate Battery Degradation Rates
• Demonstrate 30%+ Cost Advantage over New Batteries



To Enable EV Battery Reuse:

1. Ensure Eligibility for Key Incentives (e.g. SGIP)

2. Encourage Solutions with Low Production Emissions

3. Centralize or Increase Oversight of Battery Collection & Disposal

Ryan@RePurpose.Energy



Pilots/Demos

Growing 
number of pilot 
and 
demonstration 
projects create 
opportunities for 
continued 
learning

a number of cell chemistries and types adopted by differ-
ent manufacturers, due to the absence of any cell standard.
Mixing and matching of these chemistries and cell architec-
tures make second-life applications challenging [24]. It can
be safe to assume that standards governing the second-life
battery technology may take quite some time to material-
ize. One standard for battery reuse that is currently being
developed is the SAE J2997, which states battery state-of-
health (SoH), labeling, and transportation as the evaluating
criteria for determining the safety of reuse [40]. The inception
of such standards will of course depend on the market pene-
tration rate of this technology, and it is sure to be governed by
the dominant system in existence. Considering these, Nissan
may play an important role when this standardization phase
begins, as it has already demonstrated significant second-
life battery commitment. Therefore, at this stage, it is only
possible to speculate what kinds of standardsmay arise to reg-
ulate this sector in future. In [22], standardization of vehicle
control system, communication interfaces, and base voltage
for battery units are identified as requirements to prolifer-
ate a battery second-use market. Though these are stated to
be vehicle standards, the batteries conforming to them will

bear their influence during the second use, and thus create
some standards. Currently available standards for automotive
Li-ion batteries, such as ISO 12405-2:2012 [41] and IEC
62660-2 [42], can prove effective to construct the new stan-
dards for second-life batteries. Nonetheless, safety can be
assumed to be a major concern in standards, as it must
be ensured for proper operation of batteries in the second
life.

III. SLBESS MODELING

The primary way of modeling a battery is to create an
equivalent circuit with parameters that represent the internal
voltage, internal and lead resistances, and cell capacitances.
The governing equations of a battery model must reflect its
relations with temperature, state of health (SOH), state of
charge (SOC), and current flow, while replicating the non-
linear behavior of the battery. Relation of a battery to these
factors depends on the cell-chemistry, and thus need to be
determined by experimentation on that cell-type. An aged
battery shows the signs of degradation by gradual loss in
reserve capacity, and increase in internal resistance, which
further reduces the terminal voltage [43]. Modeling of a
second-life battery thus requires determining how the battery
parameters change in value, and which are the factors that
affect these changes.

Hossain, Eklas, et al. "A Comprehensive Review on Second-
Life Batteries: Current State, Manufacturing Considerations, 
Applications, Impacts, Barriers & Potential Solutions, Business 
Strategies, and Policies." IEEE Access 7 (2019): 73215-73252.



Key Issues for 
Battery Reuse

• Data, testing, and 
repurposing costs

• Logistics

• Reliability and 
performance

• Competition

29
Figure 2. Decision making flow diagram for batteries at the end of  its 1st life on EVsCasals, L. C., García, B. A., & Cremades, L. V. (2017). Electric 

vehicle battery reuse: Preparing for a second life. Journal of 
Industrial Engineering and Management, 10(2), 266-285.
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