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Metrics ) S,

= More exhaustive set of metrics to include:
= (Crate capacity testing at 0.1C, 0.2C, 1C, 2Cand 4C
= Round trip efficiency
= Power density at 1C, 2C, and 4C

= Set to run metrics at roughly monthly intervals

= Chose a commercial Li-ion cell
= Al123 nano-phosphate cell




Evaluation to Compare Cells ) =,

Battery
Characteristic
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Ci. || Con Cowp | € Degradation
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e
>
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(Reference) (Normalized)

= Correlating degraded values of parameters

= Suggested equation: V= K; (V X Vi)
= V =degraded values
= K, is the acceleration factor for degradation.

= A factor K< 1=degradation under combined waveforms is happening faster
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Metric: Round Trip Efficiency ) =,

Round Trip Efficiency @80% SOC
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Metric: Self Discharge ) i,

= Self Discharge improved
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Metric: Capacity ) .,
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Power Density @1C Power Density @2C Power Density @4C
(normalized) (normalized) (normalized)
1.02 1.02 102
1 -ﬁ\ 1 -N 1 -
< 098 k\ e 0.98 PN —~ 0.98 : \
: N I
&; 0.96 T ~ 0.96 T T . T
E 0.94 \\ 0.94 \ 0.94 \
$ ~N N
1 LL 0.92 +—
0.92 + LL 0.92 LL
09 +- A 09 i 0y | —FR
——CWF = CWF - CWF
0.88 0.88 0.88

Pre Month Month Month Month Month Month Pre  Month Month Month Month Month Month Pre  Month Month Month Month Month Month
Test  #1 #2 #3 #4 #5 #6 Test  #1 #2 #3 #4 #5 #6 Test  #1 #2 #3 #4 #5 #6

Decreases small for LL, and greater for FR and CWF

17




Outline ) e

= Conclusions




Sandia

Correlation of Capacity Degradation ™=

Vewr = Ki (VL X Vi)

Degradation of Discharging Capacity

iy
o
)

B Method#1l

=
o
s

== Estimate matches measurement

o =
[Ye] o
© o

\

CWF Estimated

o o o
(o)
~

o o

o ©

E 0 &
|

|

o
©
w

0.93 0.94 0.95 0.96 0.97 0.98 0.99 1 1.01 1.02
CWF Actual Measurement

19




Sandia

Correlation of Power Degradation @z

Vewr = Ki (VL X Vi)
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Follow-on testing — 1 additional year @
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Incorporating high precision cycling periodically to help elucidate SOH and performance
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Conclusions

DCH Capacity (normalized)
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Suggested equation:

Vewr = Ky (Vi X Vig)

 V =degraded values

« K, is the acceleration factor for
degradation.

» A factor K < 1 = degradation under
combined waveforms is happening
faster

After 6 months of testing K;= 1.02

Indicates that CWF not significant effect on degradation
Cycled another +12 months to reevaluate

K, = 1.06 after 18 month testing; 149,000 FR cycles
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= Correlation between degradation on performance metrics
between waveforms using equation Ve = K; (V| X Vi)

Battery
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1.0 Change or
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Conclusions ) e,

= Correlation between degradation on performance metrics
between waveforms using equation Ve = K; (V| X Vi)

= K,=1.02 after 6 months of testing (~50,000 10% cycles)
= K,=1.06 after 18 months of testing (~150,000 10% cycles)

= Combined waveform shows increased degradation over
singular profiles above the additive losses

= Value of combined uses must be weighted against this
increased degradation
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