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EV Fleet Analysis for application of Control Reserve
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Analysis of urban EV fleet

10 Electric Vehicles (EV)
Use in municipal area
Data collection with Mobile Service Platforms (MSP, Smartphone)

@ VORWEG GEHEN  Project Partners % twald Consulting < [t/ “TYE

I Back-End System technische universitat
dortmund
Seangny Az dind) Data collection since 2 years
Fleet Movement <+—— anonymize Fleet Device
Data Movement Data Management and 6.5 mio. movement data
T Notification
Receive Fleet Store Fleet System 3800 tnp S
Movement Data Movement Data
Collected Push Notifications
Data OTA Updates

Mobile Service Platform (MSP)

C. Lewandowski, S. Groning and C. Wietfeld, "metropol-E: A System for Analyzing and Optimizing Urban Electric Vehicle Fleets", Proceedings of
the 1st International Conference on Connected Vehicles and Expo (ICCVE 2012), Beijing, China, Dec 2012, pp. 292-297.
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Communication Architecture for Electric Mobility Services
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Communication Architecture

= e-Service: Provision of Minute Reserve by Electric Vehicles

— r el ae—— T
Transmission System\ MOLS Pool Operator ) e-service EVSE V2G Electric
Operator (TSO) Interface (PO) Interface Interface Vehicle (EV)
mTTTTTT T . < > ' T Acoresator 1 ¢ > 3 < >
I : I ggregator
| Minute Reserve ! \ OCPP- : OCPP 2.0 ISO/IEC 15118 5
Management ' ' EC 61851-1 | 0 o
\_ “------------- . \v-Ceniral System | ) . ) AN Wy,
MOLS: Merit Order List Server EVSE: Electric Vehicle Supply Equipment

= Assumptions:
= High penetration of EVs

= PO has knowledge about grid
topology and can control EVSEs

= Mode 3 charging
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Communication Architecture
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IEC 61851-1 Communication

Low Level Communication Protocol based on Pulse Width Modulation
A(PWM) signal between EV and EVSE

i = (2]
12vE State A £
4 o
oVt + 1vi State B it
-1 Pulsweite - Ladestrom B 1
6Vt - . State C e
T g
0V T
-11.4VT
-12.0VC
-12.6V State A: EV not connected State C:  EV connected, ready, no ventilation required

State B: EV connected, not ready State D:  EV connected, ready, ventilation required
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Control charging process of Smart e.d. using IEC 61851-1
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Rescheduling is possible but no information about EVs charging profile available
ISO/IEC 15118

S. Bocker, C. Lewandowski and C. Wietfeld. "ICT based Performance Evaluation of Control Reserve Provision Using Electric
Vehicles", Proceedings of the 5th Innovative Smart Grid Technologies European Conference (ISGT 2014) , Istanbul, Turkey, Oct 2014.

Christian Lewandowski  Entwurf und Leistungsbewertung einer Kommunikationsarchitektur zur Erbringung von 11
Regelleistung durch Elektrofahrzeuge



technische universitat Communication Networks Institute
dortmund Prof. Dr.-Ing. C. Wietfeld

ISO/IEC 15118 Communication
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C. Lewandowski, S. Bocker and C. Wietfeld. "An ICT Solution for Integration of Electric Vehicles in Grid Balancing Services”,
Proceedings of the 2nd International Conference on Connected Vehicles and Expo (ICCVE 2013), Las Vegas, USA, Dec 2013.
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V2G Communication

HomePlug Green PHY is used for ISO/IEC 15118 communication
Coupling on control pilot of charging cable

IEC 61851-1

Router Control Pilot ISO/IEC 15118
SECC ontrol Fllo

I m = )
PLC Char%;er
i un-q\k
=

Electric Vehicle Supply
Equipment (EVSE) Electric Vehicle (EV)

C. Lewandowski, S. Groning, J. Schmutzler and C. Wietfeld, "Interference Analyses of Electric Vehicle Charging Using PLC on the Control
Pilot"”, Proceedings of the 16th IEEE International Symposium on Power Line Communications and Its Applications (ISPLC), Beijing, China, Mar
2012, pp. 350-355.

Christian Lewandowski  Entwurf und Leistungsbewertung einer Kommunikationsarchitektur zur Erbringung von 13
Regelleistung durch Elektrofahrzeuge



technische universitat

dortmund

HomePlug Green PHY

Communication Networks Institute
Prof. Dr.-Ing. C. Wietfeld

modulation formats

(Adaptive Bitloading)

Parameter HomePlug AV HomePlug Green PHY
Spectrum 2 MHz - 30 MHz 2 MHz - 30 MHz
Modulation OFDM OFDM
# Subcarrier 1155 1155
Subcarrier spacing 24,414 kHz 24,414 kHz
Supported subcarrier BPSK, QPSK, 16 QAM, 64 QAM, 256

QAM, 1024 QAM QPSK only

Data FEC Rate % or Rate 1¢/,, Rate %2 only
Data Rates 200 MBit/s 10 MBit/s
ROBO Trager | Redundanz Bitrate
Mode (Mbps)
Mini 915 5 3,7716
Standard 916 4 4,9226
High Speed 916 2 9,8452
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Interferences of PLC (HomePlug AV) on PWM (1)
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= Sample Rate: 2 MSamples/s
= Signal within boundaries of + 1V
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Interferences of PLC PLC (HomePlug AV) on PWM (2)
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= Approximately 99.95 % of values within the boundaries
= To guarantee reliable charging processes, transmit power should be reduced
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Communication Architecture

Transmission System

Minute Reserve
Management

Operator (TSO)

MOLS
Interface

[

MOLS: Merit Order List Server
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Open Charge Point Protocol
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Protocol Specification by Open
Charge Point Alliance

Based on web service technologies

Supports asset management and
since version 2.0 additionally smart
charging

Integration of ISO/IEC 15118
message sequences
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Round-Trip-Time for OCPP messages

=  Measured in CNI LTE network
= Based on lab implementation of OCPP 2.0
= RESTful Web Service with TLS

Regelleistung durch Elektrofahrzeuge

o |
0 4 Message length- 900
0 ’ - [0)
Q 800 @
- 700 @
o | ]
g S - 600 £
—_ 0 I~ C
0 500 5
- - - 400 &
x QA - 300 &
L N
0 200 &
- 100 =
o
S 4 -0
Boot Heartbeat Transaction Meter Notify EV Set Charging Transaction
Notification Started Values Charging Schedule  Profile Stopped
S. Bocker, C. Lewandowski and C. Wietfeld. "ICT based Performance Evaluation of Control Reserve Provision Using Electric
Vehicles", Proceedings of the 5th Innovative Smart Grid Technologies European Conference (ISGT 2014) , Istanbul, Turkey, Oct 2014.
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MOLS: Merit Order List Server
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Merit Order List Server (MOLS)
X X

Merit-Order-List-Server / Minute Reserve Provider/

TSO PO . . .

| | Communication protocol for minute

- OfferNegofiation( _H vorag control reserve provision

______________________ (d-1) .
T T Based on ENTSO-E Electronic
' — > Data Interchange (EDI) library [1]

2T S

n
- XML data is exchanged over S-FTP
OfferAcknowledgement()
PSRt S servers
T rurta . . . .
L@ Realization in lab with RESTful

e __ ActvationOrder) | Web Service

i H

_|_< !

TenderReduction()

______________________>

T T

| |

) "

Accounting() Folgetag
<< - — ] (d+1)
T T

| |
[1] https://www.entsoe.eu/publications/electronic-data-interchange-edi-library/, last accessed: 11th September 2014.

Christian Lewandowski  Entwurf und Leistungsbewertung einer Kommunikationsarchitektur zur Erbringung von 21
Regelleistung durch Elektrofahrzeuge



technische universitat Communication Networks Institute Nl
dortmund Prof. Dr.-Ing. C. Wietfeld

RTT [ms]
40 50 60 70 80 90

Round-TripTime for MOLS messages

= Measured in CNI LTE network
= Based on lab implementation of MOLS interface
= RESTful Web Service with TLS

4 Message length[- 2500

Activation final Activation Status Offer Offer
Order Order Request Negotiation Acknowledgment

S. Bocker, C. Lewandowski and C. Wietfeld. "ICT based Performance Evaluation of Control Reserve Provision Using Electric
Vehicles", Proceedings of the 5th Innovative Smart Grid Technologies European Conference (ISGT 2014) , Istanbul, Turkey, Oct 2014.
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Scenarios
Scenario 1: Parking Area Network (PAN) Scenario 2: Home Arca Network (HAN)
Charging EV Charging EV 5 - /\ Smart Meter
S —— SMGW ol L.
Administrator \)) Smart Meter || | LMV mlh—y
G atew ay \:IHIJI!I\ 1
I (SMGW)
< ; \ i _ % ‘J Charging EV
$ oslles o W | S, e
Local ((( Pool ¥ })} el
Controller (L.C) Operator (PO) CLS
Scenario 3: \%\}?’7 N
Public EVSE =
Network (PEN) Charging EV
= PLC Simulation ~ + )+ Empirioal LTE measurements AR - Authorived Botommal Betity 1.5 - Gonizollble L oe Sysim.

C. Lewandowski, S. Bocker and C. Wietfeld, "A HomePlug Green PHY Simulation Model for Evaluation of Electric Mobility Services",
Proceedings of the 7th Workshop on Power Line Communications (WSPLC 2014), Bottrop, Germany, Sep 2014.
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ROBO Sub- Redun- | PHY rate
Based on Mode Carrier dancy (Mbps)
OMNeT++ network simulator Mini 915 5 3,7716
GreenPHY Specification 1.00 Standard 916 4 4,9226
Physical Layer High Speed 916 2 9,8452
MAC Layer
SR )
Traffic Traffic
D Gen. Gen.
D arkingfireal0[7] UDP/ UDP/
parkingdre D[l]p ’ D TCP TCP
D patkingfreall[8] ETLS% !TLS' :
perkingfreatils] patkingfreall[3] 1P IP
g At parkingfreall[9] l\il{(f))ifn I\I/I_I(];));il
parkingfreall[2] parkingsreal0[4] HPGP HP-GP ) HPGP
parkingArealllt] -| Channel Channel Channel | «+-
Node Node Node
Screenshot of simulation for MR provision d<=300 m
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Results
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Requirements of MOLS System

) wald N
Transmission System mors |~ Pool Operator | eService EVSE vie | Flectric
Opel'ator (TSO) Interface (PO) Interface Interface Vehicle (EV)
e e | R [ 1 0 .
! Nﬁ;;:;ffze ! . ocep. 1 | ocepo i IsonEC 15118 o
T S | A A 4 Message length 2500
| - 2300 2
o | S
© - 21002
. = <
1 min—-Cg™ - 1900 2
F3- L1700
StatusRex >
g - - 1500 3
) ]
Minute Acknowle o L 13002
N ‘ ‘ ! - 1100
Reserve 3 min - A Activation final Activation Status Offer Offer
________________ Order Order Request Negotiation Acknowledgment
Requirements | -~ pod RTT measurement for MOLS messages in the lab using LTE
SetChargingProfile Req & Res (PO <> EVSE)
ACO-Res (PO > TSO)
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Requirements of MOLS System

Operator (TSO) Interface (PO) Interface Interface | yehicle (EV)

_______________ rel

; | < = |m =TT < :| < >
! . ' ! Aggregator
: Minute Reserve ! ! OCPP- QCPP 2.0 ISO/MEC 15118 ; -
! Management | ! [EC 61851-1
' \_ \ _ Central System B

EVSE: Electric Vehicle Supply Equipment

. s -
Transmission System MOLS Pool Operator )| eservice EVSE V2G Flectric

1 min — Communication Test

StatusRequest (TSO > PO) i' ~42 ms
Minute Acknowledgement (PO - TSO)
Reserve 3 min — Activation Order (ACO):

Requirements | Aco.Req (TSO > PO) ~—,
SetChargingProfile Req & Res (PO <> EVSE)

ACO-Res (PO = TSO)
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Minute Reserve activation

Sequence chart for activation of minute reserve
Parking Area Network and Home Area Network
Requirement: 3 min between ActivationOrder and ActivationResponse

X X X X X

TSO PO LC/SMGW EVSE EV

seq Minute Reserve Offer Request /

! ActivationOrder,ACO() _:_
> SetChargingScheduIeReq&

SetChargingProfileReq()

chargingScheduleUpdate()

SetChargingProfileRes()

SetChargingScheduleRes()

|
] i '
Activation Response, ACR() |[] updateEnergyQuantity() seq Charge Control based on IEC 61851-1 /

DutyCycleAdjustment()

-
|
|
|

(
| T
T a ; -
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Simulation results (1)

Simulation for all 3 scenarios with following constellations
High Speed Robo (HSR), Standard Robo (SR) and Mini Robo (MR) Mode
500, 1000 and 2000 active charging processes

22

= HSR500 = SR500 MR500
2L T I — ~EHYRT0007 F SR1000™"" “ = MR1000 L o -
18 HYR2000 SR2000 MR2000
16
D 14 87,1 % 89.7 %
c 12
ie)
T 10 - |
A 8
6 ] I—
: L
; I=siE" 8 “h==i
0 i =i mE i

Public EVSE Network Parking Area Network Parking Area Network Home Area Network
(no PLC) 10 EVSEs 20 EVSEs
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Conclusion & Outlook
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Conclusion & Outlook

e-Service for provision of minute reserve (MR) by EVs

Communication architecture with standardized protocols

Large scale scenarios within OMNeT++ simulation
Detailed HomePlug Green PHY simulation model
Empirical LTE measurements

Requirements of MOLS system can be fullfiled

Realization of MR by EVs is possible from communication point of view
Integration of ISO/IEC 15118 (background) traffic

Only Charging Status messages are exchanged
For AC charging: message exchange every 5-10 s
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