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COMBINED CHARGING SYSTEM AND ISO15118.
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:} ISO15118 is a key enabler for realizing new @ E@ Rolls-Royce
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COMBINED CHARGINGSYSTEM AND ISO15118.
USE CASES.
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COMBINED CHARGING SYSTEM AND ISO15118.

STANDARDS OVERVIEW
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Standardisation Combined Charging System

Combined Charging System isbased on
ISO and IEC Standards, ISO 15118 s part of it




COMBINED CHARGINGSYSTEM AND ISO15118.
CHARGING COMMUNICATIONEVOLUTION.

DIN SPEC 70121 was published in 2012 (updated 2014) and allows simple DC charging.
1SO15118 adds additional features and charging methods

DC | AC | Security | Plugand Smart ereles Revers ACD
Charge Chargm
PowerT PowerT
DIN SPEC70121
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1SO15118-2 Ed1 X X X X X
2014

1SO15118-20 X X X X X X X X

~2020

ISO 15118 serves all use cases to enable
seamless market introduction of EVs

— ? Rolls-Royce
- 4 Motor Cars Limited
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COMBINED CHARGINGSYSTEM AND ISO15118.

1ISO15118 PROTOCOL STACK.
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TLS (IETF RFC 5246 Transport Layer [ UDP (IETF RFC 768 User Datagram
Securityv1.2) Protocol)

TCP (IETF RFC793
Transmission Control Protocol) Y

IPv6 (IETF RFC 2460 Internet Protocol) [ IPv6 SLAAC(RFC4862)

IEEE802.3 MAClayer |IEEE802.3 MACIayer
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|IEEE802.11n
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:} One protocolstack for all charging needs @J
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DC CCS VEHICLES.
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COMBINED CHARGING SYSTEM AND ISO15118. “

GM ChevySpark

2014 - 6 vehicles with DC CCS on the market




COMBINED CHARGINGSYSTEM AND ISO15118
DC CCS CHARGING STATIONS.
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COMBINED CHARGINGSYSTEM AND I1SO15118
DC CCS VEHICLES ON MARKET OR ANNOUNCED.
\ 4

2012 2013 2014 2015 2016 2017 2018 2019 Future

+ E-Busses
Audi R8 e-tron

Honda Clarity

VWe-golf Hyundai loniq FordFocusElectric Electric

GM/Chevy Spark

BMWi3 Opel Ampera-e GM/Chevy Bolt Jaguar i-Pace Renault Zoe

Audi e-tron Porsche MissionE Mini Electric Mercedes EQC Energica Eva Lodon Taxi TxeCity

2019 - more than 21 vehicles withDC CCS
on the market or announced...

= — Rolls-Royce
= - Motor Cars Limited
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COMBINED CHARGINGSYSTEM AND ISO15118
# OF PUBLIC DC CCS CHARGER IN EUROPE.

# of Installed DC CCS
Chargers in Europe
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Rollout of Combined Charging System
DC charger in Europe ongoing

| 1
2018 2019

Source: http://ccs-map.eu/stats/

@ = 5’ Rolls-Royce
- 4 Motor Cars Limited
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http://ccs-map.eu/stats/

COMBINED CHARGING SYSTEM AND ISO15118
# OF PUBLIC DC CCS CHARGER IN USA.
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| Rollout of Combined Charging System
| DC charger in US ongoing

Motor Cars Limited

= ? Rolls-Royce
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COMBINED CHARGINGSYSTEM AND ISO15118

# OF DC CCS CHARGERIN KOREA.,

EV Charging stations in Korea
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| Rollout of Combined Charging System DC charger
| in Europe, USA, Korea and Canada ongoing

@ g@? Rolls-Royce
\ Motor Cars Limited
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COMBINED CHARGING SYSTEMAND ISO15118
PUBLIC DC CCS CHARGER AND EV SALES IN EUROPE PER COUNTRY.

Public DC CCS Charger in Europe EV Sales in Europe

March February January December November October .
SR deas 2017 2017 2017 2016 2016 2016 Top-15 Countires 2016 Vs 2015 Plug(.)I(;.oialeS %
1,58 UK 597 3+ 24 14 14 8+ 0 10 20 i 0 >0 Change
2. Germany 568 | 15+ 144 224 534 74 18 ¢ Norway | | . T +33%
3.3 Norway 338 21 124 81 26+ 15+ 1+ Uk \ [ T +33%
: , France 7 | +27%
413 France 284| 5% 14 24 5+ 124 104 Germany ‘[ : Em +16%
7 5.13 Sweden ! 2237 6 * 3+ 74 74 9+ Netherlands 20 | -47%
6. 2= Austria 11| 24 14 54 24 34 74 Sweden == ‘ +51%
7.%= Denmark 130 1+ 14 14 14 Belgium L 6 | +147%
8. == Netherlands 120 2+ 2+ 2+ 14 44 2+ | | Switzerland I 2015 Sales -5%
9.0 Switzerland 16| 24 5+ 84 8+ 24 34 Austria [EIEN B Growth to 2016 +86%
10. 2= Spain 74 5+ 1¢ 3¢ 4 Spain m ﬂ
italy W Lo‘sses from 2015 +320%
11. 4= Finland 54 1+ 3+ 21+ 1+ Portugal 1 +48%
12. i 1lreland 40 2+ Denmark | EER -70%
13. um Slovenia 31 1+ Finland | +119%
14. 11 Belgium 31| 29 ' 19 1 ae] Iceland I Ev‘f°w"5“"°°“ +110%
55. ke Czech Republic 27 14 2+ 14

Source: http://ccs-map.eu/stats - http://www.ev-volumes.com

-
- Rolls-Royce
Motor Cars Limited
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# of chargers are directly linked to EV sales
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COMBINED CHARGINGSYSTEM AND ISO15118
DEVELOPMENT SUMMARY.
\ 4

2012 2013 2014 2015 2016 2017 2018 2019 Future

CCS StatusSummary DC CCS Charging Stations

° In 201 0 development of CCS WaS Started CCS Charge Map - EUrope 92611 (open2477) 9275 (notopen 2477) @ 2900

* In2011 development of first CCS vehicle
and charger was finished

e In 2013 harmonization with SAE achieved

* Only 9years later there are
- more then 9000DC CCS charger installed

worldwide
- more then 100.000DC CCS vehicles on
the road

llllll

From nothing to a worldwide adopted and used standardin 9 years

@ =@z roisroce
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COMBINED CHARGINGSYSTEMANDISO15118
CCS ROADMAP,

“ Metropolitan / Highway Long distance highway

50 kW 150 kW
min/100 km

350 kW
* with consumption of 12,7 kWh/100 km

CCS next level offers more flexibility in mobility

50kW DC CCS charger in field since 2013 @ @ o
150kW and 350kW DC CCS charger rolled out now W7 e
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COMBINED CHARGINGSYSTEM AND ISO15118.
CONFORMANCEVS. INTEROPERABILITY

Test System DIN SPEC 70121 DIN SPEC 70122
Protokoll- Protokoll
Verifikation Spezifikation Protokoll-Tests |

A Kosten

Konformitat <
P > # Impl. ?

\4
Interoperabilitat <-

[

.\ <:@> Kosten :
EVSE EV
. &B o
i EV: Electric Vehicle
# Ilmpl. EVSE: EV Supply Equipment

Conformance is related to requirementsin
standards and is basis for Interoperability

Implementierung A Implementierung B

Rolls-Royce

Motor Cars Limited
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COMBINED CHARGING SYSTEM AND ISO15118.
15015118 AND CCS TEST SYMPOSIUM

r“ TESTING

SYMPOSIUM

". 10. CCS & ISO 1511

a—— WTesting Symposium, ;|

7.nt.cCs 8150 15118 RONGcmeniVg — R S testing-symposium. net
Testing Symposium, ' , L ——— '

&

1. Int. ISO 15118

: 11/2017, @ CSA T 3 184 cCs 1egy
git\:llzl,(‘:l;gao;:’ GROUP! MiSSiSSﬂUgi In neuer Reglstevkarte offnen 11, 2013 ANNIVERSARYED’/’!TJI g
: \.: (— Ci, Dortmu oontormance Tosting Evene
; p {Uodet S

9.CCS &1SO 15118 6.Int. CCS & ISO 15118

Testing Symposium, T7250t'i|’;g éy\rlnEposium,
09/2018, @ 06 ) DECOM,
4.Int. CCS & ISO 15118 ? : : 0 15118
Versailles
Testing Symposium, NextEnergy, Detroit : - | 0412015,
04/2016, @ CSE,

Rl, Tokyo
San Diego

| Communication
Networks Institute

Organized by: CNI

Supported by: VGflSCQ

CHARIN

:} Intensive Interop Testing for last 5 years done @ @ oo e
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COMBINED CHARGINGSYSTEM AND ISO15118.
SPECIFICATIONS AND TESTCASES.

| specification

Use Cases 1ISO15118-1 -

04/2013
Protocol and Messages 1ISO15118-2 1ISO15118-4

03/2014 04/2018

PLC-HW 1ISO15118-3 1ISO15118-5
05/2015 04/2018

WLAN-HW 1SO15118-8 1SO15118-9
04/2018 Started 2018

For DIN SPEC 70121:2014 Conformance Tests are specified in DIN SPEC 70122:2018

Conformance Test documents published
First Conformance Test systems available




COMBINED CHARGING SYSTEM AND ISO15118.

CHARIN POWER CLASSES OVERVIEW.

Power Voltagerange | Min Current Range Power Range Commum
Class Current* cation

200V o500V 1A @500V =10A@500V =25kW DIN70121
DC10 200V o500V 1A @500V =20A@500V >10kW DIN70121
DC20 200V o500V 1A @500V =40A @500V 220kW DIN70121
FC50 200V 500V 1A @500V =100A @500V =50kW DIN70121
HPC150 200V 920V SA @500V =300A @500V =2150kW DIN70121&
SA @920V 2163A @920V 1SO15118
HPC250 200V 920V SA @500V =500A @500V =>250kW DIN70121&
5A @920V 2271A @920V 1SO15118
HPC350 200V 920V S5A @500V 2500A@500V =350kW DIN70121&
SA@920V  =380A@920V 1S015118
Power Classes help infastructure provider to @ =@ roroc
choose appropriate chargingstations ST Horor Crs Lk
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COMBINED CHARGING SYSTEM AND ISO15118.
CHARIN HPC150 POWER CLASS.
The dashed blue area must be supported by the EVSE to achieve HPC150 class

1000 OP3 Vg =920V | |
BDD 1 ‘ — L] L] A L  Ean _ may  aay ] L ] L] L] -
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800 - o = 500 A Hi
700 \ |
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& |
© 500 | I,,=5A
-
|
400 - ~
Il opa
300
OP1 Vinin = 200V
200 -
OP5
100
0 100 200 300 400 500 600
Current [A]
:} Power Classes assure interoperability for @ =@z rRolsRoe
next generation 800V vehicles Page20



COMBINED CHARGING SYSTEM AND ISO15118.
SUMMARY.

One Inlet for AC and DC charging at the vehicle
One communication (PLC) for AC and DC Charging
Additional features like Plug and Charge and Security (TLS) already specified

Bandwidth of PLC scaleable upto 200Mb/s a usable for future use-cases
e.g. videostreaming

New 350kW HPC charger allow short charging times

CharIN Power Classes and Conformance Tests assure future interoperability

M
6’.‘1« - ,
» = — Rolls-Royce
‘» = - Motor Cars Limited
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COMBINED CHARGING SYSTEM AND ISO15118.
QUESTIONS?




