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Presentation Summary

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

Capacity fade at 5 and 100,000km and 8 years and 160,000km

In support to the definition of the minimum performance requirements (MPR)
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Summary of the JRC TEMA logical passages

#1 #3 #4
Performance-based ——r—> Real- d T Durability Scenarios
models ?a- wor (Yrs and/or km to EolL)
Driving data
(validated on exp. at cell-level)
#2
Vehicle reference
architectures

(from cell-to-vehicle)
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Performance based models (SotA)
_

Calendar Cycle Calendar

Wang et Al. (2011);
Sarasketa-Zabala et Al. (2013);
Sarasketa-Zabala et Al. Sarasketa-Zabala et Al. (2013);

LiFePO,
2013/14);
( /14) Sarasketa-Zabala et Al. (2015);

Wang et Al. (2014);

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

B -

Calendar + Cycle (4 Combinations):

#1 (LiIFePO4): 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
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Implementation of the performance based
models into JRC TEMA (assumptions 1/2)

Vehicle Electric Architectures (examples)

PHEV 1

PHEV 1

PHEV 2

PHEV 3

BEV 1

BEV 2

BEV 3

BEV 4

PHEV 2

PHEV 3

T i >5 ¥ :.
x '
Vehicle | Battery Size Battery Shape No. of Cells Reference Electric Usable Energy at

Type [Wh] Y P [#] and Type Voltage [V] Architecture BoL [Wh]
365

BEV 1

16,000 T-shaped 192 - pouch 2P-96S 12,000

8,800 Parallelepiped 95-Prismatic 351 95S 6,600

12,000 Parallelepiped 80-Prismatic 300 80S 9,000

24,000 Parallelepiped 192 - pouch 360 48S-2P-2S 18,000

85,000 Flat 6,912 - 345 16S-72P-6S 63,750
cylindrical

75,000 Flat Srhe (o0 345 45-46P-23|255 56,250
cylindrical

95,000 Flat 432 - pouch 396 4P-108S 71,250

Usable

Energy at EoL
Wh

9,600
5,280
7,200

14,400

51,000

45,000

57,000
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Reserve
[% of battery
capacit

25%

25%

25%

15%

15%

15%

15%

Energy
consumption
Wh/km

160
194
210
235
180

262
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Minimum performance requirements (MPR)

JRC TEMA can support the definition of the minimum
performance requirements

Different vehicle segments and technology

Different battery chemistries and architectures

Different km driven per month based on real-world data
Different European geographical areas

Several recharging strategies

38t Meeting of the GRPE EVE IWG
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Recharging strategies and vehicle segments

Recharge strategies adopted Vehicle segments adopted:
(16 available in TEMA)
Str. 1 = Long Stop Random AC; B-segment BEV

3 D-segment premium BEV

Str. 2 = Short-Stop Random DC;
B-D segment PHEVS

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

Additional run explored:
A-segment BEV
Str. 5 = Long-Stop AC 3-phases; D-segment SUV BEV
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Capacity fade at 5 and 8 years and 100,000km and 160,000km

Legend

Capacity fade above and equal 20%
Capacity fade above or equal to 10% and below 20%;
Capacity fade below 10%

Capacity fade n (%]

i \ 0- 500 km/month 500 - 1,000 km/month 1,000-1,500 km/mnth 1,500 - 2,000 km/month 2,000+ km/month
at 5 years and 100,000km
1 ye-ars o 160,000km Syears | 8years 100000 160000 Years to fearsto Yearsto | Syears | 8years 100000 | 160000 Yearsto | Yearsto fearsto Syears | 8years 100000 160000 Yearsto | Yearsto | VYearsto | Syears [ 8years 10000 160000 Years to Yearsto | ears o Syears | 8years 100000 160000 Years o Jearsto | Nersto
Years Dr|V| ng o Set Th reSh0|d % % i? \;ﬂ Fol 10%{:00 160000km| % % I;n ku;n Fol 100,000 km 16(;'[:00 % % \;ﬂ E/m Fol 100,000 km| 160,000 km % % ku;n ku;n Fol 102'[:00 16%[:00 % % I;n Ii/m Fol lUiﬁOO 16%200
Li-lon NCM-LMO (2015) “ S L T L
g PHEV-1 49 260 260 182 225 225 32 125 23 206 142 228
% . BEV-1 102 169 552 260 97 225 225|117 187 276 388 86 128 205|124 195 193 283 82 19 126
2u BEV-2 ModenaPov, | 79 135 400 260 121 225 225 [ 69 127 178 264 127 112 179| 62 118 100 165 136 69 111 {54 108 55 110 147 50 81|46 97 23 70 161 39 63
E E BEV3 80 141 412 260 119 225 225 (82 143 195 287 123 111 178( 82 143 121 193 128 68 109 [ 82 143 80 141 135 49 79|81 142 52 106 144 38 6.l
7 BEV-4 93 157 227 260 102 225 225 (103 170 227 327 97 112 179{108 176 155 234 96 69 111 [112 181 115 185 98 51 82 |116 186 85 149 100 39 63
¢ > BEV-1 107 175 518 260 93 225 225|130 203 276 388 79 117 187|144 21 200 291 71 71 114|154 234 156 236 66 51 81 166 248 123 196 62 37 60
_§ 9 N BEV-2 oenapror. | 00 1414152600 116 225 225 [ 82 144 195 286 114 110 177| 83 145 122 193 113 68 108 | 84 146 80 141 112 48 77|84 146 43 94 112 34 54
: § BEV3 81 143 417 260 115 225 225 (85 147 189 291 113 110 176f 87 149 125 198 111 68 108 [ 88 151 84 146 110 48 77190 153 45 97 109 33 53
g ® BEV-4 94 159 449 260 98 225 225 (106 174 230 331 86 110 177|114 184 157 238 80 68 108 [121 192 116 186 75 48 78 [128 201 78 139 71 34 54
ol PHEV-1 48 421 260 183 225 225 26 92 181 215 123 198 39 302 17 123
1 BEV-1 104 170 509 260 96 225 225|119 189 259 366 85 117 187|125 197 178 264 82 72 115 [127 200 133 207 80 52 84
.g ? BEV-2 ModenaProv. | 75 135 405 260 121 225 225 |69 127 176 263 127 111 177]62 118 97 162 137 68 109 | 54 108 52 106 148 49 79|46 98 25 72 160 40 64
g BEV-3 80 141 417 260 119 225 225 82 143 195 286 123 110 177( 82 143 120 191 128 68 108 [ 82 143 79 139 136 49 78|81 142 48 101 146 37 59
& BEV-4 93 157 448 260 102 225 225 (103 170 226 325 97 111 177(109 177 152 231 96 68 109 (112 181 112 181 98 50 80 |115 185 89 154 99 41 66
0 PHEV-1 66 415 260 163 225 225 83 150 255 133 115 185 90 67 150 141 70 111121 92 19 90 139 49 719 |21 92 52 139 39 62
g o BEV-L 107 175 503 260 93 225 225|129 202 267 376 79 113 180|142 218 192 281 72 69 110 | 152 231 150 228 68 49 79 |162 244 116 187 63 36 58
£ ‘é 2 BEV-2 ModenaProv. (79 140 417 260 1L7 225 225 | 80 141 191 281 116 110 176| 80 140 117 187 116 68 108 [ 79 139 75 134 117 48 77|76 136 32 81 120 33 52
X BEV3 81 142 41 260 116 225 225 84 146 197 289 114 110 176| 86 148 124 197 114 68 108 [ 87 150 83 145 114 48 7788 151 41 92 115 32 5l
BEV-4 94 158 457 60 99 225 »>25 [106 173 229 329 88 110 176[113 183 156 236 83 68 108 [119 190 115 185 79 48 77 ]127 199 73 133 75 33 52
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Capacity

Recharge
Strategy 1

Recharge
Strategy 2

Li-lon NCM-LMO (2015)
Modena province area
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Capacity fade at 8 years and 160,000km - BEV-1

Recharge
Strategy 1

Recharge
Strategy 2

Capacity Fade [%]
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Capacity fade at 5 years and 100,000km - BEV-2
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Capacity fade at 8 years and 160,000km - BEV-2
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Capacity fade different PHEVs — visualisation
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Capacity fade at 5 years and 100,000km — PHEYV -3
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Capacity fade at 8 years and 160,000km — PHEYV -3
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Capacity fade different vehicle types— visualisation
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Minimum performance requirements (PR) — JRC TEMA

Minimum performance requirement according to the analysis of all
possible vehicles, battery architectures, mileage and recharging
strategies as for JRC TEMA analyses:

BEV: > 80% of certified capacity within 5 year or 100,000 km
> 70% of certified capacity within 8 year or 160,000 km

PHEV: > 90% of certified capacity within 5 year or 100,000 km
> 80% of certified capacity within 8 year or 160,000 km

Analysis still pending for driving range MPR
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Minimum performance requirements (PR) — JRC TEMA

Minimum performance requirement according to the analysis of the
advanced vehicles, battery architectures as for JRC TEMA analyses:

BEV: > 90% of certified capacity within 5 year or 100,000 km
> 85% of certified capacity within 8 year or 160,000 km

PHEV: > 95% of certified capacity within 5 year or 100,000 km
> 90% of certified capacity within 8 year or 160,000 km

Analysis still pending for driving range MPR
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Capacity fade different geographic area
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Capacity fade different geographic area — BEV-1
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Capacity fade warm temperature — BEV-1
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Capacity fade V2G
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Capacity fade V2G — BEV-1

Modena Database
EolL @ 80% capacity fade

0 - 500 km/month

500 - 1,000 km/month

1,000 -1,500 km/month

1,500 — 2,000 km/month

2,000+ km/month

October 8-9th, 2020, Webex

i _ Years to Years to Years to Years to Years to Years to Years to Years to
Li-lon NCM-LMO (2015) YezrsLto 100,000 YeaErsLto 100,000 | 160,000 YezrsLto 100,000 YeaErsLto 100,000 | 160,000 YeerLto 100,000 | 160,000
Years Driving to Set Threshold ° km ° km km ° km ° km km ° km km
V2G
o= 9 7 >2 ) 12. >?2 2 7.
2 & v2GPol 0% | nemimo | ° 2 e . D . .
5 ‘é’ I BEV-1 2% (2015) 9.5 =20 8.6 12.8 >20 8.3 7.9
R 20% 9.4 =20 8.6 12.8 > 20 8.2 7.9
& P 0% 9.3 >20 7.9 11.7 18.7 7.1 7.1 6.6 5.1 8.1 6.2 3.7 6.0
£ & ~ V2GPOI NCM-LMO
< *é I+ BEV-1 2% (2015) 9.1 >20 7.7 11.7 18.7 7.0 7.1 6.6 5.1 8.1 6.1 3.7 6.0
g & 20% 8.5 >20 7.3 11.7 18.7 6.8 7.1 6.5 5.1 8.1 6.2 3.7 6.0
Legend
Eol below 5.0 years;
Eol above or equal to 5.0 and below 10.0 years;
Eol above or equal to 10.0 years;
Li-lon NCM-LMO (2015) - Modena province area
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Capacity fade of PHEVs

JRC TEMA assumed as per the utility factors calculation based
on real-world driving that the first part of the trips is covered by
electric driving

Only after the full depleting of the battery the ICE will be
engaged

Percentage of electric and fuel driving Is derived by TEMA
simulation based on real-world data.

38t Meeting of the GRPE EVE IWG
October 8-9th, 2020, Webex




Trips and mileage shares PHEVs — just an example

Trips and mileage shares
Modena province

Str. Long-Stop R-AC  Str. Night- AC Str. Smart AC

Electric fleet 1.97% 3.13% 3.17%
HEV fleet 98.03% 96.87% 96.83% : -
—p Electric Vehicle
Medium Size HP PHEV EH ol Vel
Only electric trips 0.27% 0.91% 0.94% : ; : . H:brid Vehice (Eesic pa)
HEV trips (electric 72.97% 81.52% 82.20% . .
Medium size ps (electric) ° ° ° [ IHybrid Vehicle (ICE part)
vehicle HEV trips (ICE) 26.76% 17.57% 16.86% :
= A A: Fleet Share
Only electric mileage 0.07% 0.24% 0.25% g St ? B: Trips
HEV mileage 49.63% 56.27% 56.92% & & E C: km
(electric) ' 0 ' 0 ' 0 E -
e}
HEV mileage (ICE) 50.30% 43.49% 42.84% ﬂ Sir g é%
o C
b=
Electric fleet 6.47% 13.01% 12.08% E
HEV fleet 93.53% 86.99% 87.92% 8 St 6 ﬁ%
i4 C
Only electric trips 2.46% 7.73% 6.73%
Medium size HEV trips (electric) 81.15% 85.48% 84.38%
vehicle - high HEV trips (ICE) 16.39% 6.79% 8.88%
performance
Only electric mileage 0.90% 3.35% 2.81%
HEV mileage 64.32% 72.55% 68.94%
(electric)
HEV mileage (ICE) 34.78% 24.10% 28.26%

38t Meeting of the GRPE EVE IWG
October 8-9th, 2020, Webex
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Thank you for the attention
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Capacity fade at 5 and 8 years and 100,000km and 160,000km

Capacity fade in [%]
at 5 years and 100,000km
at 8 years and 160,000km
Years Driving to Set Threshold
Li-lon NCM-LMO (2015)

0 - 500 km/month

500 — 1,000 km/month

1,000 -1,500 km/month

1,500 — 2,000 km/month

2,000+ km/month

5 years
%

8 years
%

100,000
km
%

160,000
km
%

Years to
EoL

Years to
100,000
km

Years to
160,000 km

S years
%

8 years
%

100,000
km
%

160,000
km
%

Years to
EoL

Years to
100,000 km|

Years to
160,000
km

5 years
%

8 years
%

100,000
km
%

160,000
km
%

Years to
EoL

Years to
100,000 km|

Years to
160,000 km

S years
%

8 years
%

100,000
km
%

160,000
km
%

Years to
EoL

Years to
100,000
km

Years to
160,000
km

5 years
%

8 years
%

100,000
km
%

160,000
km
%

Years to
EoL

Years to
100,000
km

Years to
160,000
km

Modena Prov. 4.9 =260 =260 182 =225 >25 3.2 125 223 206 142 228
Amsterdam Prov. 35 =260 =260 201 225 >25 2.9 121 218 211 142 227
PHEV-1  |Brussels Prov. 36 =60 =60 19.8 225 =225 26 127 226 214 150 239
Luxembourg Prov. 40 =60 =60 193 =225 =225 2.8 106 199 212 132 211
Paris Prov. 5.6 260 =260 174 =225 >25 4.2 128 227 192 135 216 6.6 >25 8.0 12.7
Modena Prov. 102 169 552 =60 97 >25 225 (117 187 276 388 8.6 128 205 | 124 195 193 283 8.2 7.9 12.6
Amsterdam Prov. 8.6 148 528 =260 111 =225 >25 102 168 269 379 9.7 139 223|111 179 169 253 9.0 7.5 12.0
BEV-1 Brussels Prov. 8.5 147 =60 =260 111 =225 =25 104 171 278 390 9.5 143 228
® Luxembourg Prov. 9.1 155 497 =260 106 =225 >25 106 173 265 373 9.4 132 211 | 114 184 172 257 8.8 7.4 11.9
& Paris Prov. 105 172 487 =60 9.5 >25 >25 | 118 188 280 393 8.6 130 207|126 198 187 275 8.1 7.5 12.0 132 206 143 220 8.1 5.4 8.6
% Modena Prov. 7.5 135 400 =260 121 =225 >25 6.9 127 178 264 127 112 179 | 6.2 11.8 100 165 136 6.9 11.1 5.4 10.8 5.5 11.0 147 5.0 8.1 4.6 9.7 23 70 161 39 6.3
:‘,"‘, Amsterdam Prov. 6.0 115 417 =260 139 =225 =225 6.2 118 173 258 137 116 186 | 6.2 118 104 170 137 7.2 11.5 57 112 62 117 143 52 8.3 48 100 2.6 74 157 40 6.4
g BEV-2 Brussels Prov. 64 121 542 =260 134 225 225 6.4 120 198 289 134 132 212 | 58 113 105 172 141 7.5 12.0
j:‘a Luxembourg Prov. 64 120 403 =260 134 =225 =225 6.4 121 175 261 134 116 185 63 119 104 171 136 7.1 114 58 113 6.0 115 142 51 8.2 54 108 35 84 147 41 6.6
QS Paris Prov. 7.6 136 395 =>60 12.0 =>25 225 7.6 136 189 278 120 112 179 1] 7.5 135 117 188 12.1 7.0 11.3 6.9 12.7 7.1 129 128 5.1 8.1 5.9 11.4 33 8.2 141 3.8 6.1
o« Modena Prov. 8.0 141 412 =260 119 =225 225 8.2 143 195 287 123 111 178 | 8.2 143 121 193 128 6.8 10.9 8.2 143 8.0 141 135 4.9 7.9 8.1 14.2 5.2 106 144 3.8 6.1
Amsterdam Prov. 6.2 119 423 =260 138 =225 225 6.7 124 180 267 135 116 186 | 6.9 127 108 176 134 6.9 111 70 128 71 129 137 50 8.1 70 128 41 93 144 38 6.1
BEV-3 Brussels Prov. 6.6 124 549 =260 133 225 225 7.0 128 204 297 132 129 207 | 71 13.0 119 190 136 7.4 11.8 70 128 76 136 143 53 8.4
Luxembourg Prov. 6.7 124 408 =260 133 =225 225 7.0 128 185 273 132 116 185 7.2 130 112 181 132 7.0 11.2 72 131 73 132 135 50 8.0 73 132 47 100 138 39 6.3
Paris Prov. 79 140 402 =60 119 >25 >25 8.2 143 197 289 118 112 179 | 84 146 124 196 11.8 6.8 10.9 84 146 84 146 121 5.0 8.0 84 145 53 108 128 338 6.1
Modena Prov. 93 157 227 =260 102 >25 >25 (103 17.0 227 327 9.7 112 1795 108 176 155 234 9.6 6.9 111 112 181 115 185 9.8 5.1 82 [ 116 186 85 149 100 3.9 6.3
Amsterdam Prov. 7.4 134 453 =260 117 =225 >25 8.8 150 212 307 103 116 186 | 95 16.0 144 221 9.6 7.2 115 100 166 104 17.1 9.5 5.2 8.3
BEV-4 Brussels Prov. 7.7 137 582 =260 115 =225 225 8.9 153 240 342 103 133 213 | 96 161 153 233 10.0 7.6 121
Luxembourg Prov. 7.9 139 444 260 113 =225 >25 9.1 154 216 312 101 116 185 ] 9.8 163 147 225 9.5 7.2 11.5 103 169 106 173 9.3 5.1 8.2
Paris Prov. 92 156 433 >60 101 >25 >25 | 104 170 228 32.8 9.1 112 179 {110 179 159 240 8.6 7.1 113 115 184 117 187 86 5.1 81 [118 188 86 149 838 39 6.2
Modena Prov. 107 175 518 =60 93 225 225 [ 13.0 1203 276 3838 7.9 11.7 18.7 | 144 221 20.0 29.1 7.1 7.1 11.4 154 234 156 236 6.6 5.1 81 [ 16.6 248 123 196 6.2 3.7 6.0
Amsterdam Prov. 86 148 565 =60 110 =25 =25 [109 176 271 380 9.2 133 213|125 197 184 27.1 8.1 7.4 11.8 137 212 142 219 75 5.2 83 | 147 224 116 187 70 4.0 6.5
BEV-1 Brussels Prov. 86 149 =60 =260 11.0 =>25 >25 (113 182 27.7 388 8.9 132 211|129 202 183 27.1 7.9 7.1 114 137 213 141 217 74 5.1 8.2
Luxembourg Prov. 9.2 156 525 =260 105 =225 >25 115 184 262 369 8.8 122 195 | 13.0 204 18.0 2656 7.8 6.9 11.1 142 219 140 215 7.2 4.9 7.8 | 155 235 106 174 6.6 35 5.6
Paris Prov. 106 174 503 =60 9.3 225 >25 | 12.7 199 277 389 8.0 120 192 [ 141 218 194 284 7.2 7.0 11.2 153 232 150 229 6.7 4.9 79 [164 245 115 186 6.3 36 5.7
Modena Prov. 80 141 415 =60 116 =225 =225 8.2 144 195 286 114 110 177 | 83 145 122 193 113 6.8 10.8 84 146 80 141 112 48 7.7 84 146 43 94 112 34 5.4
> Amsterdam Prov. 6.1 117 454 =260 13.7 =225 225 6.5 122 180 267 132 117 188 | 6.7 125 107 175 13.0 7.0 11.2 6.9 12.7 6.7 125 128 49 7.9 70 1238 34 84 127 35 5.7
> BEV-2 Brussels Prov. 6.6 123 =260 =260 132 225 225 6.9 127 200 292 128 128 204 | 7.0 128 108 176 127 6.9 11.0 6.6 123 6.2 118 131 48 7.7 6.6 123 35 85 132 37 5.9
g Luxembourg Prov. 6.6 123 439 =260 132 =225 >25 6.9 127 184 272 128 116 186 | 7.0 129 110 179 126 7.0 11.2 7.1 129 70 128 126 49 7.9 7.2 13.0 34 8.3 125 34 5.5
g Paris Prov. 7.8 139 417 =260 118 =225 >25 8.1 142 196 288 115 113 18.0| 8.2 144 121 193 114 6.8 10.9 8.3 144 79 140 113 4.8 7.7 8.2 14.3 3.1 78 114 3.0 4.8
g Modena Prov. 8.1 143 417 =260 115 =225 225 8.5 147 199 291 113 110 176 | 87 149 125 198 111 6.8 10.8 8.8 15.1 84 146 110 438 7.7 9.0 153 4.5 9.7 10.9 33 5.3
o0 Amsterdam Prov. 63 119 454 =260 137 =225 225 6.8 125 183 270 131 117 187 | 7.0 129 110 178 128 6.9 111 73 131 71 129 126 49 7.9 7.5 134 37 88 124 35 5.6
.E: BEV-3 Brussels Prov. 6.7 124 =60 =260 131 225 225 7.2 13.0 203 296 126 127 204 ) 73 132 112 181 125 6.9 11.0 70 128 6.6 124 129 48 7.7 70 129 3.9 9.0 13.0 37 5.9
2 Luxembourg Prov. 6.7 124 441 =260 131 225 225 7.1 13.0 187 276 127 116 186 | 74 133 114 183 125 7.0 111 75 134 74 133 124 50 7.9 7.7 136 3.9 89 123 35 5.6
Paris Prov. 80 140 422 =60 117 =225 =225 8.3 145 200 292 114 112 180 | 86 148 125 197 11.2 6.8 10.9 87 149 83 145 111 48 7.7 88 150 33 81 112 3.0 4.7
Modena Prov. 94 159 449 =60 98 >25 225 (106 174 230 33.1 8.6 110 17.7 | 114 184 157 238 8.0 6.8 10.8 121 192 116 186 75 4.8 7.8 | 128 201 78 139 71 34 5.4
Amsterdam Prov. 7.4 133 487 =260 11.7 =225 225 8.8 151 214 310 100 117 188 | 9.7 162 141 2138 9.1 7.0 11.1 104 171 102 16.8 8.5 4.9 7.9 111 18.0 6.9 12.8 7.9 3.5 5.6
BEV-4 Brussels Prov. 7.7 137 =260 =260 114 =225 225 9.1 155 235 336 9.8 128 204 | 100 165 143 220 8.9 6.9 11.0 10.2 168 9.8 163 8.6 4.8 7.7 107 174 70 129 8.2 3.7 5.9
Luxembourg Prov. 79 139 474 =260 112 =225 225 9.2 156 218 315 9.7 116 186 | 100 166 145 223 8.9 7.0 11.2 107 174 105 172 84 4.9 79 (114 183 71 131 78 3.5 5.7
Paris Prov. 92 156 451 >60 9.9 225 >25 105 172 2371 332 8.8 113 18011113 182 157 237 8.1 6.8 10.9 119 189 114 184 76 4.8 7.8 1127 200 67 123 7.1 3.0 4.9
Legend
Capacity fade above and equal 20% 38t Meeting of the GRPE EVE IWG Z
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Capacity fade at 5 and 8 years and 100,000km and 160,000km

Capacity fade in [%]
at 5 years and 100,000km
at 8 years and 160,000km
Years Driving to Set Threshold
Li-lon NCM-LMO (2015)

0 - 500 km/month

500 — 1,000 km/month

1,000 -1,500 km/month

1,500 — 2,000 km/month

2,000+ km/month

5 years
%

8years
%

100,000
km
%

160,000
km
%

Years to
Eol.

Years to
100,000
km

Years to
160,000 km

5 years
%

8years
%

100,000
km
%

160,000
km
%

Years to
Eol.

Years to
100,000 km|

Years to
160,000
km

5 years
%

8years
%

100,000
km
%

160,000
km
%

Years to
Eol.

Years to
100,000 km|

Years to
160,000 km

5 years
%

8years
%

100,000
km
%

160,000
km
%

Years to
Eol.

Years to
100,000
km

Years to
160,000
km

5 years
%

8years
%

100,000
km
%

160,000
km
%

Years to
Eol

Years to
100,000
km

Years to
160,000
km

Modena Prov. 4.8 421 =60 183 =225 =25 2.6 €2 1811 215 123 198 88 30.2 7.7 12.3
Amsterdam Prov. 3.4 =260 =260 202 =225 =25
PHEV-1 Brussels Prov. 38 =60 =60 19.7 =225 225 22 121 218 221 149 239
Luxembourg Prov. 4.2 446 =260 19.1 225 225
Paris Prov. 5.6 457 260 174 =25 > 25 43 13.2 237 19.0 136 218
Modena Prov. 104 170 509 =60 9.6 >25 =25 119 189 259 36.6 8.5 11.7 187 | 125 197 178 26.4 8.2 7.2 11.5 12,7 200 133 20.7 8.0 5.2 8.4
Amsterdam Prov. 8.5 147 536 =260 111 =225 =25 103 169 276 387 9.6 143 229
BEV-1 Brussels Prov. 8.6 148 =60 =260 11.0 =25 =25 103 169 29.0 405 9.6 152 | 244
? Luxembourg Prov. ©).2 15.7 46.7 =260 104 =225 >25 10.7 175 27.4 385 9.3 13.7 219
% Paris Prov. 105 173 480 =60 9.4 225 225 118 189 296 41.2 8.6 139 222
-g Modena Prov. 7.5 135 405 =260 121 =25 >25 6.9 12.7 17.6 26.3 12.7 111 17.7 6.2 11.8 9.7 16.2 13.7 6.8 10.9 5.4 10.8 5.2 106 148 4.9 7.9 4.6 9.8 25 7.2 16.0 4.0 6.4
g Amsterdam Prov. 6.0 115 412 =260 139 =225 >25 6.3 119 17.5 26.0 13.6 11.7  18.7 6.4 120 110 17.8 13.4 7.4 11.8
o BEV-2 Brussels Prov. 6.5 122 401 =260 132 =25 >25 6.7 124 221 31.8 13.0 146 234
_g:‘a Luxembourg Prov. 6.4 121 372 =260 134 =225 225 6.6 12.3 17.7 26.4 13.1 115 184 6.7 124 108 175 13.1 7.1 11.3
° Paris Prov. 7.6 136 381 =>60 12.0 >25 >25 7.8 13.8 19.0 28.0 11.8 11.1 178 7.9 139 128 202 11.7 7.4 11.8 6.7 124 6.8 125 13.0 5.0 8.1
e« Modena Prov. 8.0 141 417 =260 119 =225 >25 8.2 14.3 1893 28.6 123 110 17.7 8.2 143 120 191 12.8 6.8 10.8 8.2 14.3 7.9 13.9 136 4.9 7.8 8.1 14.2 4.8 10.1 146 3.7 5.9
Amsterdam Prov. 6.2 119 418 =260 138 =25 >25 6.7 12.4 18.1 26.8 134 11.7  18.7 6.9 12.7 108 17.6 13.2 6.9 111 7.0 12.9 7.9 139 132 5.4 8.6
BEV-3 Brussels Prov. 6.7 12,5 407 =260 13.1 =225 >25 7.0 129 216 313 12.9 13.8 221 7.1 129 129 203 13.3 8.0 12.8
Luxembourg Prov. 6.7 125 378 =260 13.2 =225 >25 7.0 12.8 18.4 27.2 13.0 115 184 7.2 131 108 175 12.9 6.7 10.7 7.4 13.3 8.1 141 128 5.3 8.5
Paris Prov. 7.9 140 388 =60 119 =>25 225 8.2 144 196 288 117 111 178 | 84 146 125 198 11.5 6.9 11.1 8.4 14.5 84 146 121 5.0 8.0 8.1 14.2 5.5 00 127 4.0 6.4
Modena Prov. ©.3 157 448 =260 102 =225 =25 103 17.0 226 325 9.7 111 177 | 109 17.7 152 231 9.6 6.8 10.9 11.2 181 112 18.1 9.8 5.0 8.0 115 185 8.9 154 9.9 4.1 6.6
Amsterdam Prov. 7.4 134 449 =260 11.7 =225 >25 8.8 150 212 30.7 10.2 11.7 187 GA5 159 147 226 9.5 7.4 11.8
BEV-4 Brussels Prov. 8.0 141 438 =260 111 =225 >25 8.9 15.2 25.8 36.5 10.1 146 234
Luxembourg Prov. 8.0 141 410 =260 111 =25 >25 9.1 15.5 215 2Ll 9.9 115 184 9.8 164 146 224 9.2 7.1 114
Paris Prov. 9.3 157 419 =60 100 =>25 >25 104 17.1 228 32.7 9.0 111 178 | 110 178 16.6 249 8.4 7.4 11.9 111 18.0 115 18.4 8.7 5.1 8.2
Modena Prov. 6.6 415 =260 163 =225 =25 8.3 15.0 25.5 133 115 185 9.0 6.7 15.0 14.1 7.0 111 2.1 9.2 1.9 9.0 13.9 4.9 7.9 2.1 9.2 5.2 13.9 3.9 6.2
Amsterdam Prov. 4.1 563 =260 19.2 =25 >25 6.2 15.0 25.4 15.6 132 211 7.1 5.8 138 15.8 7.4 11.8 7.4 1.9 8.9 15.6 5.5 8.8
PHEV-1 Brussels Prov. 4.2 =260 =260 190 =225 >25 6.5 16.1 26.8 15.1 136 218 7.4 7.1 15.6 15.6 7.9 12.6
Luxembourg Prov. 4.9 443 =260 182 225 >25 6.7 14.0 24.2 14.9 121 194 7.5 6.1 14.2 15.5 7.3 11.7 7.7 0.7 7.4 15.3 4.9 7.8
Paris Prov. 6.6 428 >60 16.3 >25 >25 8.1 15.6 26.2 13.6 120 19.2 8.8 7.4 15.8 14.3 7.3 11.7 2.0 9.1 2.3 9.5 14.1 5.1 8.2
Modena Prov. 10.7 175 503 =260 9.3 >25 225 129 | 202 26.7 376 79 113 18.0 | 142 218 192 281 7.2 6.9 11.0 152 231 150 228 6.8 4.9 7.9 16.2 244 116 187 6.3 3.6 5.8
Amsterdam Prov. 8.6 149 537 =260 110 =225 >25 108 176 263 BysI) 9.2 129 206 | 123 195 178 264 83 7.2 11.6 13.5 209 135 21.0 7.6 5.0 8.0
BEV-1 Brussels Prov. 8.6 148 =60 =60 110 =225 >25 11.2  18.1 27.3 38.3 9.0 13.1 209 | 127 199 186 274 8.0 7.4 11.8
" Luxembourg Prov. 9.2 15,5 524 =60 105 =225 =25 114 183 25.5 36.1 8.8 11.8 19.0 | 127 20.0 180 266 8.0 7.1 11.4 13.7 212 140 215 7.5 5.1 8.1
= Paris Prov. 10.6 174 49.7 =260 9.4 > 25 > 25 126 198 272 38.2 8.1 11.8 188 | 139 215 19.2 28.1 7.4 7.0 11.2 149 227 149 228 6.9 5.0 8.0 158 238 12.0 19.2 6.5 3.9 6.2
§ Modena Prov. 7.9 140 417 =260 11.7 =225 >25 8.0 14.1 19.1 28.1 11.6 11.0 176 8.0 14.0 11.7 187 11.6 6.8 10.8 7.9 13.9 7.5 134 117 4.8 7.7 7.6 13.6 3.2 8.1 12.0 33 5.2
® Amsterdam Prov. 6.1 11.7 438 =260 138 =225 >25 6.4 121 17.8 26.5 134 11.8 188 6.5 122 103 17.0 133 6.9 111 6.5 12.2 6.3 119 133 4.9 7.9 6.4 121 2.9 7.7 134 3.5 5.6
& BEV-2 Brussels Prov. 6.5 122 =260 =60 133 =25 >25 6.8 12.5 19.7 28.8 13.0 12.7 204 6.7 124 106 173 13.1 7.0 111 6.2 11.7 5.8 113 137 4.8 7.8 6.0 116 33 8.2 13.9 3.8 6.1
7y Luxembourg Prov. 6.5 122 447 =260 132 =225 > 25 6.7 12.5 18.1 26.9 13.0 116 186 6.7 125 107 175 13.0 7.0 11.2 6.6 12.4 6.6 123 131 5.0 7.9 6.5 12.2 2.6 7.4 133 3.4 5.4
j:‘i Paris Prov. 7.8 13.8 415 =260 118 =225 >25 7.9 14.0 19.5 28.6 11.7 113  18.0 8.0 140 118 189 11.6 6.8 10.9 7.9 1219 7.5 135 11.7 4.8 7.8 7.6 13.6 3.2 8.0 12.0 3.2 5.2
2 Modena Prov. 8.1 142 421 =60 116 =225 =25 8.4 14.6 187 2 114 11.0 176 8.6 14.8 124 197 11.4 6.8 10.8 8.7 15.0 8.3 145 114 4.8 7.7 8.8 15.1 4.1 ©.2 115 3.2 5.1
= Amsterdam Prov. 6.3 119 442 =260 13.7 =225 >25 6.7 12.5 18.3 27.1 13.2 11.8 188 7.0 12.8 109 17.7 13.0 6.9 11.1 7.2 13.0 7.0 12.8 13.0 4.9 7.8 7.4 13.3 3.6 8.6 12.9 3.5 5.5
BEV-3 Brussels Prov. 6.6 124 =60 =260 13.2 =225 >25 7.1 13.0 203 2L 12.8 12.7 203 7.3 131 11.2 18.1 12.8 6.9 11.1 6.9 12.7 6.6 123 134 4.8 7.7 7.0 12.8 4.0 9.1 13.5 3.7 6.0
Luxembourg Prov. 6.7 124 452 =260 132 =225 =25 7.1 12.9 18.7 27.6 12.8 116 186 7.3 13.2 113 18.2 12.7 7.0 11.1 7.4 12,3 7.3 13.2 127 4.9 7.9 75 183 3.5 8.5 12.8 3.4 5.4
Paris Prov. 7.9 140 420 =60 11.7 =25 225 8.3 14.5 20.0 22E).2) 11.5 11.3 180 8.5 147 124 196 11.4 6.8 10.9 8.6 149 8.2 144 114 4.8 7.7 8.7 15.0 3.8 8.8 116 3.2 5.0
Modena Prov. 9.4 158 452 =260 9.9 =25 =25 106 173 22.9 B2AC) 8.8 110 176 113 183 156 236 8.3 6.8 10.8 119 19.0 115 185 7.9 4.8 7.7 27 198 7.3 13.3 7.5 3.3 5.2
Amsterdam Prov. 7.4 133 473 =260 11.7 =225 225 8.8 15.1 214 310 10.1 11.8 18.8 9.7 16.1 140 216 9.3 6.9 11.1 103 17.0 101 16.7 8.8 4.9 7.9 11.0 179 6.8 12.6 8.3 3.5 5.6
BEV-4 Brussels Prov. 7.6 136 =260 =260 115 =225 =25 9.1 155 234 335 9.9 12.7 203 9.9 16,5 144 221 9.2 7.0 111 101 16.7 9.8 16.3 9.0 4.9 7.8 105 17.2 7.2 13.2 8.7 3.8 6.1
Luxembourg Prov. 7.9 139 483 =260 11.2 =225 >25 9.2 15.5 21.8 315 9.8 116 186 | 100 165 145 222 9.1 7.0 11.2 106 173 104 17.1 8.7 5.0 7.9 113 182 6.6 12.4 8.2 3.4 5.4
Paris Prov. 9.2 156 451 =>60 100 >25 225 104 17.1 221l 2512 8.9 113 180 ] 112 181 156 236 83 6.8 10.9 118 188 114 183 7.9 4.8 7.8 125 19.8 7.2 131 7.5 3.2 5.2
Legend
Capacity fade above and equal 20% 38t Meeting of the GRPE EVE IWG Z
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PHEV Capacity fade at 5 and 8 years and 100,000km and 160,000km

Capacity fade in [%] 0 - 500 kmy/month 500 — 1,000 km/month 1,000 -1,500 km/month 1,500 — 2,000 km/month 2,000+ km/month
at 5 years and 100,000km
at 8 years and 160,000km s 100,000 | 160,000 Years to | Years to 100,000 | 160,000 Years to | Years to 100,000 | 160,000 Yearsto | Yearsto | s 100,000 | 160,000 | |, Years |years to s s 100,000 | 160,000 | . | Years to| Years to
Years Driving to Set Threshold vqe/frs vi/:rs km km Ye:j_m 100,000 |160,000 Sy;ars vi/:rs km km Ye:im 100,000 | 160,000 Syqe/:rs vi/:rs km km Ye:im 100,000 | 160,000 Vf/:rs y;frs km km ez;im 1(;;,0 160,000 Vf/:rs V::rs km km EHELSL © 1 100,000 | 160,000
Li-lon NCM-LMO (2015) * % ko[ % % km [ km % % km km % % oorm| m % % km | km
Modena Prov. 4.9 260 =260 18.2 >25 225 3.2 12.5 223 20.6 142 228
Florence prov. 5.1 260 260 179 =225 =225 3.4 13.2 233 20.2 145 232
vl Amsterdam Prov. 3.5 260 > 60 20.1 225 225 2.9 12.1 21.8 21.1 142 22.7
-~ PHEV-1  lgrussels Prov. 3.6 260 260 198 =225 =225 2.6 427 226 214 150 239
fgn Luxembourg Prov. 4.0 260 =260 193 =225 =225 2.8 106 199 212 132 211
g Paris Prov. 5.6 260 > 60 174 =225 =225 4.2 12.8 22.7 19.2 13.5 216 6.6 26.1 7.966 12.7
3 Modena Prov. 6.2 260 > 60 16.7 225 225 8.5 18.8 30.2 145 13.7 219
% PHEV-2  |Florence prov. 6.3 260 260 16.5 225 225 8.7 225 35.0 14.3 159 255
S Amsterdam Prov. 4.3 > 60 > 60 18.9 225 =225 6.7 19.1 30.7 16.3 15.6 24.9
g:) Modena Prov. 8.0 260 260 14.9 225 =225 4.7 12.5 23.6 36.2 11.6 13.5 216
PHEV-3  |Florence prov. 8.0 260 260 149 =225 =225| 4.7 125 259 392 116 148 237
Amsterdam Prov. 6.0 > 60 > 60 16.9 >25 =>25 3.0 10.3 23.0 35.5 13.1 149 238
Modena Prov. 4.8 260 260 183 =225 =225 2.6 9.2 18.1 215 123 1938 3.9 30.2 7.7 12.3
o Florence prov. 5.1 260 > 60 18.0 225 225 2.7 9.5 18.5 21.4 12.5 199 5.2 29.0 8.1 12.9
:: PHEV-1 |Amsterdam Prov. 3.4 =260 >60 20.2 225 225
X Brussels Prov. 3.8 =260 =260 19.7 =225 =225
® Luxembourg Prov. 4.2 =60 =60 191 =225 =225
& Paris Prov. 5.6 > 60 > 60 174 >25 >25 4.3 13.2 23.2 19.0 136 21.8
o Modena Prov. 6.7 260 260 16.2 225 =225 8.5 19.3 30.9 14.5 140 224
5 PHEV-2  [Florence prov. 6.8 260 260 161 =225 =225 8.7 19.2 30.7 143 138 22.1
S Amsterdam Prov. 4.3 > 60 > 60 189 >25 =>25
&’ Modena Prov. 8.8 260 =260 14.3 225 =225 4.8 12.5 23.6 36.2 11.6 13.5 216
PHEV-3  [Florence prov. 8.8 260 260 143 =225 =225| 4.9 12.7 237 364 114 134 215
Amsterdam Prov. 6.0 > 60 > 60 169 >25 >25
Modena Prov. 4.8 260 260 18.3 225 =225 2.9 10.5 19.7 21.0 13.0 20.8
< Florence prov. 5.1 260 > 60 18.0 225 =225 3.0 10.7 20.1 20.9 13.1 20.9
® pHEV.1 |Amsterdam Prov. 3.5 =60 =60 200 =25 =25
S Brussels Prov. 3.8 260 260 196 =225 =225 2.2 121 218 221 149 239
] Luxembourg Prov. 4.3 =60 260 189 =25 =25
g Paris Prov. 5.9 260 =60 171 >25 =25 4.0 135 236 194 141 226
3 Modena Prov. 6.7 260 260 16.2 225 =225 8.6 18.9 30.4 14.5 13.7 22
20 PHEV-2  |Florence prov. 6.8 260 260 16.1 =225 =225 8.7 19.2 30.7 143 13.8 22.1
8 Amsterdam Prov. 4.1 > 60 > 60 19.2 >25 >25
é Modena Prov. 8.8 260 260 143 =225 =225| 4.8 125 236 363 116 135 216
PHEV-3  |Florence prov. 8.8 260 260 14.3 225 =225 4.9 12.7 238 36.6 11.4 13.5 216
Amsterdam Prov. 5.6 =260 =260 174 =>25 =25
Modena Prov. 6.6 260 260 163 =225 =225 8.3 15.0 255 147 115 185 9.0 6.7 150 14.1 7.0 11.1 2.1 9.2 1.9 9.0 139 49 79 2.1 9.2 52 139 39 6.2
Florence prov. 6.7 > 60 > 60 16.2 =225 =225 8.4 154 26.0 146 11.7 18.7 9.0 7.1 156 14.1 7.1 11.4 2.2 9.3 2.2 ©).3 13.8 5.0 8.0 2.2 9.2 53 139 39 6.2
EX Amsterdam Prov. 4.1 > 60 > 60 19.2 >25 225 6.2 15.0 25.4 16.8 13.2 211 7.1 5.8 13.9 15.8 7.4 11.8 7.4 1.9 8.9 15.6 55 8.8
z PHEV-L  Brussels prov. 42 =60 =60 19.0 225 225 6.5 161 268 164 136 218 74 71 156 156 79 126
2 Luxembourg Prov. 49 >60 =60 182 =225 =25 67 140 242 162 121 194 75 61 142 155 73 117 77 07 74 153 49 7.8
ﬁ Paris Prov. 6.6 > 60 > 60 163 >25 =25 8.1 15.6  26.2 148 120 19.2 8.8 7.4 158 143 7.3 11.7 2.0 9.1 2.3 9.5 141 5.1 8.2
o Modena Prov. 7.7 > 60 > 60 15.2 225 225 3.5 11.0 18.9 30.4 125 119 191 5.0 12.9 10.8 20.1 11.3 7.1 11.4 6.1 14.2 6.4 14.6 10.6 5.1 8.2
H] PHEV-2  |Florence prov. 7.7 260 =260 152 =225 =225| 35 11.0 198 315 125 124 199 5.0 12.8 115 210 114 7.4 11.9 5.9 14.0 5.9 140 10.7 5.0 8.0
S Amsterdam Prov. 4.6 =60 > 60 186 >25 =25 8.3 188 302 147 139 22.2 3.1 104 101 193 130 7.9 12.6
& Modena Prov. 9.7 260 > 60 135 =225 =225 6.4 146 229 354 104 118 188 8.7 175 148 252 9.0 7.0 11.2 | 105 19.8 10.5 19.7 81 50 8.0
PHEV-3  |Florence prov. 9.6 260 =260 13.6 >25 225 6.4 146 236 36.3 10.4 121 194 8.6 17.4 15.5 26.1 9.0 7.3 11.7 | 10.6 19.9 10.4 19.7 80 50 79
Amsterdam Prov. 6.3 =60 =60 16.6 >25 =>25]| 3.9 115 228 352 122 138 22.0 6.5 146 141 243 10.3 7.8 12.4
Legend T 38" Meeting of the GRPE EVE IWG .
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Yeals 1o oL, 10U,000Km and 160,000Km

EoL @ 80% capacity 0 - 500 km/month 500 - 1,000 km/month | 1,000 -1,500 km/month |1,500 — 2,000 km/month| 2,000+ km/month
Li-lon NCM-LMO (2015) Vears to | Yearsto| Yearsto [ . |Yearsto[Yearsto| . IVearstol Yearsto |  |Yearsto|Yearsto| . |VearstofYearsto
Years Driving to Set Threshold Eol 100,000| 160,000 Eol 100,000| 160,000 Eol 100,000| 160,000 to Eol. 100,000 | 160,000 Eol 100,000] 160,000
km km km km km km km km km km
Modena Prov. 9.7 >20 >20 8.6 12.8 >20 8.2 7.9 12.6
IAmsterdam Prov. 11.1 >20 220 9.7 13.9 220 9.0 7.5 12.0
BEV-1 Brussels Prov. 11.1 >20 >20 9.5 143 220
Luxembourg Prov. 10.6 >20 220 9.4 13.2 220 8.8 7.4 11.9
Paris Prov. 9.5 >20 220 8.6 12.9 220 8.1 7.5 12.0 8.1 5.2 8.3
Modena Prov. 12.1 220 220 12.7 11.2 17.9 13.6 6.9 11.0 14.7 5 8.1 16.1 3.9 6.3
g IAmsterdam Prov. 129 > 20 >20 13.7 11.6 18.6 13.7 7.2 11.5 14.3 5.2 8.3 15.7 4.0 6.4
tl>~D BEV-2 Brussels Prov. 13.4 220 220 13.4 13.2 220 14.1 7.5 12.0
g Luxembourg Prov. 13.4 =20 =20 134 116 185 | 136 7.1 11.4 14.2 5.1 8.2 147 41 6.6
g Paris Prov. NCM-LMO 12.0 > 20 >20 12.0 11.2 17.9 12.1 7.0 11.3 12.8 5.1 8.1 14.1 3.8 6.1
3 Modena Prov. (2015) 11.9 220 220 12.3 11.1 17.8 12.8 6.8 10.9 13.5 4.9 7.9 14.4 3.8 6.1
g’ Amsterdam Prov. 13.8 220 220 13.5 11.6 18.6 13.4 6.9 11.1 13.7 5.0 8.1 14.4 3.8 6.1
S BEV-3 Brussels Prov. 13.3 > 20 >20 13.2 12.9 >20 13.6 7.4 11.8 14.3 5.3 8.4
g Luxembourg Prov. 13.3 220 220 13.2 11.6 18.5 13.2 7.0 11.2 13.5 5.0 8.0 13.8 3.9 6.3
Paris Prov. 11.9 220 220 11.8 11.2 17.9 11.8 6.8 10.9 12.1 5.0 8.0 12.8 3.8 6.1
Modena Prov. 102 220 220 97 112 179 | 96 69 111 [ 98 51 82 | 100 39 63 | |lesend
Amsterdam Prov. 11.7 >20 >20 10.3 116 186 | 9.6 7.2 11.5 9.5 5.2 8.3 9.5 4.0 6.4 Eol below 5.0 years;
BEV-4 Brussels Prov. 11.5 220 220 10.3 13.3 220 10.0 7.6 12.1 EoL above or equal to 5.0 and below 10.0 years;
Luxembourg Prov. 11.3 >20 >20 10.1 11.6 18.5 9.5 7.2 11.5 .30 5.1 8.2
Paris Prov. 101 20 20 | 91 112 179 | 86 71 113 |86 51 81 | 88 39 62 Eol above or equal to 10.0 years;
Modena Prov. 9.3 220 220 7.9 11.7 18.7 7.1 7.1 11.4 6.6 5.1 8.1 6.2 3.7 6
IAmsterdam Prov. 11.0 > 20 >20 9.2 1355 >20 8.1 7.4 11.8 7.5 5.2 8.3 7.0 4.0 6.5
BEV-1 Brussels Prov. 11.0 >20 220 8.9 13.2 220 7.9 7.1 11.4 7.4 5.1 8.2
Luxembourg Prov. 10.5 >20 =20 8.8 12.2 195 7.8 6.9 111 7.2 4.9 7.8 6.6 3.5 5.6
Paris Prov. 9.3 > 20 >20 8.0 12.0 19.2 7.2 7.0 11.2 6.7 4.9 7.9 6.3 3.7 5.9
Modena Prov. 11.6 > 20 220 11.4 11 17.7 11.3 6.8 10.8 11.2 4.8 7.7 11.2 3.4 5.4
a‘: IAmsterdam Prov. 13.7 220 220 13.2 11.7 18.8 13.0 7.0 11.2 12.8 4.9 7.9 12.7 3.5 5.7
& BEV-2 Brussels Prov. 13.2 >20 >20 12.8 12.8 >20 12.7 6.9 11.0 13.1 4.8 7.7 13.2 3.7 5.9
g Luxembourg Prov. 13.2 >20 220 12.8 11.7 18.6 12.6 7.0 11.2 12.5 4.9 7.9 12.5 3.4 5.5
g Paris Prov. NCM-LMO 11.8 220 220 115 11.3 18.0 11.4 6.8 10.9 11.3 4.8 7.7 11.4 3.0 4.8
% Modena Prov. (2015) 11.5 > 20 220 11.3 11.0 17.6 11.1 6.8 10.8 11.0 4.8 7.7 10.9 233} 5.3
e IAmsterdam Prov. 13.7 > 20 >20 13.1 11.7 18.7 12.8 6.9 11.1 12.6 4.9 7.9 12.4 3.5 5.6
S BEV-3 Brussels Prov. 13.1 220 >20 12.6 12.7 =220 | 125 6.9 11.0 12.9 4.8 7.7 13.0 3.7 5.9
& Luxembourg Prov. 131 =20 >20 12.7 116 186 | 125 7.0 111 124 5.0 7.9 123 3.5 5.6
Paris Prov. 11.7 220 220 11.4 11.2 18.0 11.2 6.8 10.9 11.1 4.8 7.7 11.2 3.0 4.7
Modena Prov. 9.8 220 220 8.6 11.0 17.7 8.0 6.8 10.8 7.5 4.8 7.8 7.1 3.4 5.4
BEV-4 IAmsterdam Prov. 11.7 > 20 220 10.0 11.7 18.8 9.1 7.0 11.1 8.5 4.9 7.9 7.9 3.5 5.6 o
Brussels Prov. 11.4 220 >20 9.8 12.8 >20 8.9 6.9 11.0 8.6 4.8 7.7 8.2 3.7 5.9 L% Europe‘an.
Luxembourg Prov. 112 220 220 97 116 186 | 89 7.0 112 | 84 @ 49 7.9 78 35 57 Commission
Paris Prov. 9.9 > 20 220 8.8 11.3 18.0 8.1 6.8 10.9 7.6 4.8 7.8 7.1 3.0 4.9




Input/output of in-vehicle battery durability
module of JRC TEMA platform

General parameters

Environmental
parameters

Input to JRC TEMA

Age of the car since manufacture [yrs]

Run-in km

Vehicle technology (BEV, PHEV)

EoL threshold for capacity fade and power fade

Ambient temperature max and min for each
month of the year [°C]

Average number of trips per month

Output from JRC TEMA

« Average driven distance [km] HV .
L A e s 1 battery Capacity fade Power fade
Duty cycle parameters - Average driving speed [km/h] chemistry
- Average energy consumption [Wh/km]
- Average resting time without charging [h] Calendar Cycle Calendar Cycle
- Average parking time [sec]
W t Al. (2011);
« Average recharging time [h] < ceta-zabal S ankg:z - é : t),,AI < ceta-zabal Al
. « Recharaginag power kW : arasketa-Zabala et arasketa-Zabala et Al. arasketa-Zabala et Al.
Charging data ) Chargir?g r?que/lev[el ] HIER, Al. (2013/14); : (202133;| - (2013);
- Average number of recharge per month SElGE e(tg(—)l?s)? CIRlals
« Battery chemistry NCM + Wang et AI' i i
« Battery architecture (no. of modules, no. of Spinel Mn (2014);
cells, cell voltage, cell current, series/parallel NCM - LMO - Cordoba-Arenas et Al. : Cordoba-Arenas
R (2014); et Al. (2015);
connection i.e. 48S-2P-2S etc.) ' 2 '

Battery parameters

Reference battery voltage [V]

Battery capacity [Wh]

Battery reserve [%]

Average weighted battery temperature [°C]
Battery temperature min and max (BMS) [°C]
Average battery SoC min driving [%]

Average battery Delta SoC during charging [%]

- . 5RPE EVE IWG
Average battery SoC parking no charging [% ’
< Y P g U\.al.\}gUC? k[J'gl] , 920, Webex
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