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ANALYSIS

CALENDAR
AGEING MODEL

Qloss_cal [%6] = d; - €xp (Bl - T) - d, - eXp (Bz - S0OC) - t0-> (1)

CYCLIC AGEING
MODEL

Qoss, oyc [%0] (10% < DOD < 50%) = (2)
=(vy, DOD? +y,- DOD +vy,;) - k- Ah0:8/

POST-MORTEM |

CONSTANT IMPACT FACTORS PROFILES

DYNAMIC SEQUENCE Qoss, cyc [Y0] (DOD < 10% & DOD > 50%) = .
‘ OF EVENTS = (0, - exp (B, DOD) + a, - exp (B,- DOD)) - k - Ah065 (3)

Qloss - Qloss_cal+ Qloss, cycC

- E. Sarasketa-Zabala, |. Gandiaga, L.M. Rodriguez-Martinez, 1. Villarreal,

J. Power Sources 272 (2014) 45-57
- E. Sarasketa-Zabala, F. Aguesse, I. Villarreal, L.M. Rodriguez-Martinez, C.M. Lopez, P. Kubiak,
J. Phys. Chem. C 119 (2015) 896-906
- E. Sarasketa-Zabala, I. Gandiaga, E. Martinez-Laserna, L. M. Rodriguez-Matrtinez, |. Villarreal,
J. Power Sources 275 (2015) 573-587
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15 OBJECTIVES

Is It possible to predict
battery cell real
operation after

analysing calendar and

cycling ageing effects
separately?

Is the effect of T
and SOC the same
during battery
storage or working
operation?

Is the proposed
approach scalable
to different realistic
complex operation
conditions?

Is cycle and
storage ageing
effects
weighing
method valid?

WALIDATION'

ek
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AGEING MODEL VALIDATION

Novel and systematic validity assessment of Li-ion battery lifetime predictions - E. Sarasketa-Zabala et al. © COPYRIGHT IKERLAN 2016
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Novel and systematic validity assessment of Li-ion battery lifetime predictions - E. Sarasketa-Zabala et al.
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© COPYRIGHT IKERLAN 2016




V)

K@ KERLAN

Research Alliance

18

AGEING MODEL VALIDATION

DESCRIPTION/PURPOSE
OF THE VALIDATION STEP

COMPLETE
AGEING MODEL
VALIDATION

Approaching real
operation

DEFINED TESTS

!

All the stress factor
dynamic
- CS mode
- Symmetric cycling

Realistic
profiles

!

Tests combining different
storage and cycling
periods

Non symmetric cycling

- CS mode

!

'

Highly accelerated
residential elevator
operation
(results in the conference paper)

Complex operation
conditions

Combination of micro and
macro cycles, rest periods
at different SOC,
Incomplete charging and T
change

!

Realistic elevator
accelerated profile

!

PHEV combined with V2G

APPROACH




- —

B S (Ki®IKERLAN

Research Alliance

19 AGEING MODEL VALIDATION

RESULTS 1. COMBINATION OF STORAGE AND CYCLING
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- 1.23% RMSE
- Normal distribution of residuals

- The ageing model follows battery cell capacity loss under operation conditions that
combine different storage and cycling events

Novel and systematic validity assessment of Li-ion battery lifetime predictions - E. Sarasketa-Zabala et al. © COPYRIGHT IKERLAN 2016
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RESULTS 3: COMPLEX OPERATIONCONDITIONS |
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- 1.35% RMSE

- Different bias distribution depending on T. Larger residuals at higher temperature
- The ageing model follows the complex ageing evolution with high accuracy

Novel and systematic validity assessment of Li-ion battery lifetime predictions - E. Sarasketa-Zabala et al. © COPYRIGHT IKERLAN 2016
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RESULTS 3: COMPLEX OPERATIONCONDITIONS I
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* S.B. Peterson et al., J. Power Sources 195(8) (2010) 2385-2392.
Novel and systematic validity assessment of Li-ion battery lifetime predictions - E. Sarasketa-Zabala et al. © COPYRIGHT IKERLAN 2016
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Novel and systematic validity assessment of Li-ion battery lifetime predictions - E. Sarasketa-Zabala et al. © COPYRIGHT IKERLAN 2016
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v Combination of single calendar and cycle ageing impact factors effects for ageing
prediction under complex operation conditions

v SOC and T effects equal during battery storage or cycling

v Validation methodology essential for the model improvement process

v The developed model can predict accurately (1.35% RMSE) the lifetime under different
realistic complex operation conditions

- Simplification of several specific models into a single one

- Single calendar and cycling ageing as well
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v Applying the lifetime prognosis methodology to other battery technologies
- Additional improvements
- Further analysis of the scope and advantages of the presented approach

v Ageing model integration into BMS
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