
The European Commission’s science
and knowledge service

Joint Research Centre



EU-Commission 
JRC Contribution to EVE IWG

M. De Gennaro, E. Paffumi

25th Meeting of the GRPE Informal 
Working Group on Electric Vehicles 

and the Environment (EVE)

January 8th 2018, Geneva (CH)



Presentation Summary (1/2)

Follow-up of the JRC activities for contribution to the EVE IWG 
under the “in-vehicle battery ageing” topic 

Summary after Vienna (Oct. 2017), i.e. what’s old:

• Literature review and ageing models;

• Implementation of the capacity fade models in TEMA;

• Battery durability scenarios presented;
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Presentation Summary (2/2)

Follow-up of the JRC activities for contribution to the EVE IWG 
under the “in-vehicle battery ageing” topic 

Current Status (Jan. 2018), i.e. what’s new:

• Finalisation of the durability scenario analysis;

• In-vehicle cross-validation of the model’s results against 
experimental data from Canada;
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Performance based models (SotA)

Capacity fade Power fade
Calendar Cycle Calendar Cycle

LiFePO4

Sarasketa-Zabala et Al. 
(2013/14);

Wang et Al. (2011);

Sarasketa-Zabala et Al. (2013);

Sarasketa-Zabala et Al.
(2013);

Sarasketa-Zabala et Al.
(2015);

NCM + spinel Mn Wang et Al. (2014); - -

NCM – LMO -
Cordoba-Arenas et Al.
(2014);

-
Cordoba-Arenas et
Al. (2015);

Calendar + Cycle (4 Combinations):

• #1 (LiFePO4): Sarasketa-Zabala et Al. (2013/14) model for calendar plus Wang et Al. (2011) model for cycle;

• #2 (LiFePO4): Sarasketa-Zabala et Al. (2013/14) model for calendar plus Sarasketa-Zabala et Al. (2015) model for cycle;

• #3 (NCM + Spinel Mn): Wang et Al. (2014) for calendar plus Wang et Al. (2014) for cycle;

• #4 (NCM-LMO): Wang et Al. (2014) for calendar plus Cordoba-Arenas et Al. (2015) for cycle;

25th Meeting of the GRPE EVE IWG

January 8th, 2018, Geneva, (CH)



Implementation of the Performance based 
models into TEMA (assumptions, 1/2)

Pre-Processor

Statistical Mobility

G
IS

 &
 E

x
te

rn
al

 S
y
st

em
 

In
te

rf
ac

e

Module 0

Hybrid/Electric Vehicles and

Recharge Behavioral Models

Modal-shift 

analysis

Vehicles usability 

analysis and UF

Vehicles energy 

demand analysis

Driving, Evaporative and 

Cold-Start emissions module

Infrastructure

Design and V2G

Module 1

Module 2

Module 3

Module 4

Module 5

H
yb

ri
d

/C
o
n

v
en

ti
o
n

al
 F

u
el

 

V
eh

ic
le

s 
E

m
is

si
o
n

s

Calendar Ageing

Cycle Ageing

Vehicle Electric Architecture (examples)

TEMA Structure

Vehicle
Type

Battery Size 
[Wh]

Battery Shape
No. of Cells

[#] and Type
Reference 
Voltage [V]

Electric 
Architecture

T-Shaped PHEV 16,000 T-shaped 192 – pouch 365 2P-96S

Parallelepiped BEV 1 24,000 Parallelepiped 192 – pouch 360 48S-2P-2S

Flat-shaped BEV 2 85,000 Flat
6,912 -

cylindrical
345 16S-72P-6S

Usable Energy 
at BoL [Wh]

Usable Energy 
at EoL [Wh]

Reserve [% of 
battery capacity]

Energy consumption 
[Wh/km]

T-shaped (PHEV) 12,000 9,600 25% 205

Parallelepiped (BEV 1) 18,000 14,400 15% 210

Flat-shaped (BEV 2) 63,750 51,000 15% 265

PHEV BEV 1 BEV 2

25th Meeting of the GRPE EVE IWG

January 8th, 2018, Geneva, (CH)



Implementation of the Performance based 
models into TEMA (assumptions, 2/2)

The models have been implemented by adopting the following assumptions:

• the calendar and cycle capacity fades are calculated at cell level (uniform ageing assumption);

• the model assumes average quantities in the reference period per each vehicle for DOD, C-rate, Ah-throughput and

temperature;

• DOD and temperature are assumed equal to the battery values, consistently with the uniform fade assumption, whilst

the C-rate and Ah-throughput are scaled from the battery level down to the cell;

• the battery temperature is regulated by the BMS between 22 °C and 27 °C during the driving and recharging phases

(cycle capacity fade modelling), whilst it assumes the ambient temperature in the parking phase (calendar capacity

fade modelling);

• The model capacity fade is calculated at the net of the capacity fade reserve. i.e.:

Qloss-total = Qloss-calendar + Qloss-cycle - Reserve

• 5 recharge strategies adopted:

Str. 1 = Long Stop Random AC;

Str. 2 = Short-Stop Random DC;

Str. 3 = Night AC - Str. 4 = Smart AC;

Str. 5 = Long-Stop AC 3-phases;
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Results (Durability and EoL – tabulated)

Years of Life Mileage @ EoL
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Summary of the logical passages
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#3

Real-world

Driving data

#2

3 vehicle reference 
architectures

(from cell-to-vehicle)

#1

Performance-based 
models

(validated on exp. at cell-level)

#4

Durability Scenarios

(Yrs and/or km to EoL)



Experimental data from Canada (description)

Source: Presentation from Transport Canada @ EVE-22 (Ann-Arbor, April 2017)
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Experimental data from Canada (Validation)
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In-vehicle validation of the models (assumptions):

- Uniform T, DoD, C-rate and Ah-throughput;

- T, DoD @ battery level;

- C-rate and Ah-throughput @ cell level;

- Qloss-total = Qloss-cal. + Qloss-cycle - Reserve(10%);

- NCM-LMO model (closer to real LEAF chemistry

i.e. LiMn2O4 with LiNiO2)

The results will be described in the scientific paper:

“Capacity fade of Lithium-ion automotive batteries under real-world use conditions”, planned for submiss. in Jan. 2018.
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