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motivation
• Stationary energy storage systems (ESS) are increasingly deployed to maintain a

robust and resilient grid
• As system size increases, safety becomes a critical concern
• Holistic approach: study of electrochemistry, materials, and whole-cell abuse

will fill knowledge gaps for failure mitigation
• Comprehensive studies comparing appiication specific aging behavior of popular

commercial batteries have been limited
• Safety of aged cells and influence of aging pathway on cell safety is unclear
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Design of experiment approach with two cells at each set of conditions, all within
manufacturer specifications (88 cells total)

Variable ur
Chemistry

Discharge Rate*

State of Charge
Range

Environment
Temperature

LFP

(LiFePO4)

C/2

40-60%

15°C

NCA
(NixCoyAli_x_y02)

1C

20-80%

25°C

N MC
(LiNi08Mn0.15Co0.0502)

2C

0-100%

35°C

*Charge rate always C/2

1.1%.1-‘ N MC

a) capacity decline
b) electrochemical

impedance spectroscopy (EIS)
c) differential capacity analysis (dQ/dV) 0

Upon reaching 80% capacity, cells will be
a)

disassembled and subject to abuse tests to L.
-2

determine how aging has modified their
materials composition and influenced safety.

Commercial cell specifications
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Test Procedure
Electrochemistry of cell aging is monitored
via: Std.. 3 cycles, 0-100% SoC r

C/2 Charge and Discharge I

(Basis for capacity, dQ/dV)

-3

-4

Typical Round of Cycling

125-1000 cycles for aging
(here: C/2 Charge, 3C
Discharge, 40-60% SoC)

Test Time

EIS of fresh
cells at 0%
SOC

Cycle under X
Temp,Y C-rate,
Z SoC range )

Cell Cycling Sequence

Repeat EIS at
intervals of 3%
capacity loss

Halve cycle
count if 5%
capacity loss

4

End at 80% of
initial capacity
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Materials
characterization
and thermal

stability testing

Performance

Electrochemical
and whole-cell
abuse response

analysis
14%. 

Increased
battery reliability

and failure
mitigation

Even within manufacturer specifications, cycling conditions have a profound effect on cell degradation, with each chemistry exhibiting
differing sensitivities to each variable.
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The influence of cell age and aging pathway
on abuse response is poorly understood. Does
aging make cells more safe (via capacity loss),
less safe (via long-term materials degradation),
or only minimally affect abuse response?
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Observations
I) LFP most stable, but still sensitive to cycling

conditions
2) Temperature dependence inverted for LFP

and NMC; limited for NCA
3) NCA and NMC particularly sensitive to full

discharge

Next Step: analysis of variance and multifactor
relationships

(2C, 0-100% SoC) NCA

500 1000

Time (h)

1500 2000

%
 In

it
ia
l 
Ca

pa
ci

ty
 

%
 In

it
ia

l 
Ca
pa
ci
ty
 

100

95

90

85

80

100

95

90

85

15°C -

25°C

35°C

(2C, 0-100% SoC), NMCri„„,,„„,„„,„„„„,,„„„„,
0 200 400 600 800 1000 1200 1400

Time (h)

(25°C, C/2)
80  ,„,,„„i,„,,„„ 

3000 4000 0 1000 2000 3000 4000 5000 6000 7000

40-60%

20-80% -

0-100%

Pair of cells at < 80%
capacity

l cell l cell _

Various cells from the aging study will undergo
abuse testing and component materials
characterization to relate materials changes
to changes in safety.

Disassembly at
50% SoC

XRD,TGA-DSC,
SEM
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Accelerated rate
calorimetry (ARC)

at 50% SoC

Conclusions
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Preliminary thermal ramp shows little change in onset,
proceed with more sensitive ARC approach.

• LFP most stable chemistry, but stability still profoundly influenced by cycling conditions
(especially temperature)

• Application requirements must be considered: different chemistries can
responses to a variable (particularly temperature)

• Influence of aging pathway on cell safety best explored via calorimetry
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