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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

Second-life lithium-ion battery supply could surpass 200 gigawatt-hours per
year by 2030.
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Electric vehicle.

Only for batteries from passenger cars 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.
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Source: U.S. Energy Information Administration, Annual Electric Generator Report and the Preliminary Monthly Electric
Generator Inventory



EV Battery Lifetime

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

e 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
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EV Battery Lifetime

Three main pathways for degradation in a lithium
ion battery:

* temperature,
e 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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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



Removina the Batterv

Disassembly problems

e Variety of vehicle shapes and sizes
e Different pack configurations and locations
e Different fixings and tooling required

* Bolts and fixings may be rusted

* Heads of fixings may be rounded or sheared
: — e Position of bolt heads not always fixed

¢ \/ehicle bodywork may be distorted

¢ \/ehicle may be crash damaged
* Weight of battery

Pack removal

* Removal of wiring looms tricky

¢ Manipulation of connectors (especially where locking tabs fitted)

* High voltages until wiring loom/module links removed

® Lack of data on module condition in many electric-vehicle batteries
¢ | ack of labelling and identifying marks

¢ Potential fire hazards

¢ Potential offgassing of HF

Recovered components
® Bus bars

® Electronics

¢ Wiring looms

* Modules > Cells

¢ Other components

Recovered components ¢ Sealants may be used in module manufacture (difficult to remove)

e Casings e Cells stuck together in modules with adhesives (difficult to separate)
e Terminals e Components may be soldered together (difficult to separate)
e Cells * Module state of charge may not be known
Module
Recovered materials ¢ Clean separation of anodes and cathode for direct recycling difficult
(depending on cell chemistry  Very finely powdered materials present risks (nanoparticles)
and recycling process) ¢ Potential for HF compounds formed from electrolyte
e Cobalt * Manganese ® Potential for thermal effects if cells shorted during disassembly
o Nickel o AN ® Chemistries not always known or may be proprietary
o Lithium ¢ Plastics ¢ Additional challenges with cylindrical cells (unwinding spiral)
* Graphite Cell

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



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
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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

e 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

* |nstallation 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

Refurbished Used
Batt Batt
New Battery Second Life . Second Life atery arery Cost t.o
Price DoD Vehicle Health Market Salvage Refurbish
Price Value (S/kWh)
($/kwh)  (Skwh)
BEV7 : 1 32
60% 5 0.33 83 5
250 $/kWh PHEV20 0.29 73 43 30
BEV7 72 1 131 49
0% 5 0 80 3
PHEV20 0.65 163 117 46
BEV7 : 24 26
60% 5 0.33 50
, 44 1 2
150 &/kWh PHEV20 0.29 9 5
BEV7/ 72 1 72 36
0% 5 0 08
PHEV20 0.65 98 64 34

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 Battery Costs

Second-life could help to lower the costs of EVs

$200 Battery Costs

O Battery selling price

$/kWh

B Retired battery cost

Repurposing Costs
$100
@ Testing & Assembly

B Transportation

O CapEx

$0 O Other

New Battery Price  Second Life Repurposing Residual Value
(2019) Selling Price Costs

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

&

R

e

:

n
era
y
S
e




Reuse Electric Vehicle Batteries
To Store Solar Energy

2010 2018

1st Used EV
Battery Project

Commercial-Scale
Demonstration

Next Project
In Development



Need for “Solar After Sunset”
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Annual energy storage market size (million $)
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Global Battery Demand
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More Affordable
Energy Storage




GHG Benefits of New Batteries
Installed with Solar PV

at Commercial & Industrial Facilities in CA

Mitigated
Emissions 10  CLECEREE N TLYTERLE S SLRLLLEL : ' ECERREEE — Expected under “New” Rates
(kg CO2-eq 5 ‘ 2 2 & k i I— Required for Rebate
per kWh L
of capacity) maw Year
Production 2 3 12
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

I_;l_ Rapid Battery Testing
ql

Optimized Reassembly

el 8 Proprietary Battery
e P Management System

CG ‘ . Non-Destructive
Battery Fire Suppression



Commercial-Scale Demonstration
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Project in Development
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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

&

RePurpose
Energy

Ryan@RePurpose.Energy




Pilots/Demos

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

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.

Joint Ventures Description Location
Battery storage unit with
Daimler GETEC/ the a total capacity of 13 Luenen
mobility house remondis MWh using degraded EV Germar;
/ EnBW batteries from Daimler Y
EV models
18-month pilot project to
demonstrate EV smart
charging and San
BMW/PG&E optimization grid Francisco,
efficiency with USA

participation of 100
BMW i3 owners

Nissan Sumitoto (4R
Energy)/Green charge
network

System (600 kWh/400
kWh): 16 Nissan Leaf
LIBs regulate energy
from a solar plant

Osaka, Japan

BMW/Vattenfall/Bosch

2,600 battery modules
from 100 electric cars,
and provides 2MW of
output and 2.8 MWh of
capacity

Hamburg,
Germany

Renault/Connected
Energy Ltd

“E-STOR”: on-grid
providing energy storage
that prevents power grid
overload and balances
supply and demand

United
Kingdom,
Europe

Mitsubishi/PSA EDF/
Forsee Power/ MMC

Bi-directional battery
energy consumption
optimization from retired
batteries

Paris, France

General Motors/ ABB

5 Chevrolet Volt LIBs,
74 kW solar array & two
2 kW wind turbines to
power a General Motors
office building site

USA




|- — — — 7|
[ [ 1st use in vehicle ]4—
\ |
\ l
‘ End of 1st Life I

Key Issues for
Battery Reuse

Battery collection

» Data, testing, and
repurposing costs

* Logistics ==

 Reliability and
performance

Direct strategy for
2nd Jife
ﬁ . R

« Competition

Dismantle strategy
for 2nd [ife
S &b W
OMEQ!

Figure 2. Decision making flow diagram for batteries at the end of its 1* life on EVs

Casals, L. C., Garcia, 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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UC Davis LIB-LCA Research Group:
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Meg Slatterly, PhD Student
Jessica Dunn, PhD Student

Peter Benoliel, PhD Candidate G
Tobiah Steckel, MS Student [Concerned Scientists
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