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Executive Summary

TheStandardization gap analysis for new V2X related Business M&8els provides & overview of
the current communications architecturdsr Electric Vehicle Chargii@ystems as well as identifies
the main contributions that EV4EU can provide towards the existing standards for this domain

The document starts by a description of the main standards related with electric meaiittynainly

the ones enabling V2X. Aftervas, some barriers are identified considering the use cases already
defined in EVAEU and tlwitial development of the V2X management platforiie barriers already
identified will be addressed in the developments of EV4&BU new solutions will be testeish the
demonstrators.

The results of this deliverableill beusedand updated ifmask T10.4 in order to promote the discussion
and the project contributions in the standardization bodies that are responsible for the standard
development
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1 Introduction

1.1 Scope and Objectives

This deliverable aimat the definitionof the main entities and communication mechanisms that are
used for the EV charging infrastructudentifyingthe mainadopted standards from different entities
and organizations within Europ&s a next step it introduces th&X landscapas well as its associated
business modelsand the contributions ofeach standard Then, as a final objective it aimthe
identification ofthe main gaps and limitationsf the standardsowards the V2X directioandprovides
insighton how EV4EU could caifiute to them.

1.2 Structure

The current document is dividedtmsixsections Sectionl introduces and describes thaeliverable
Section2 definesV2X, present its potential benefits for the grid and also provides an overview on the
EV charging infrastructure, considering the relevant actors/stakeholdetstmdardization bodies.
Section3 provides an insight to théEC 61851 standardvhich describes theEV charging modes.
Sectiond introducesOCPPthat is the main protocol used faretwork communication in EV charging
systemsSectiorb complements the previous one by presenting other standardization actiaitiesss
Europe Then, Sectiorb presents existing V2X business modaleng with the activities from
standardization bodies as well as identifies gaps where EVAl#Y cantribute to.Finally Section7
presentsthe mainconclusions and consideratioabout the work presented in tis deliverable.

1.3 Relationship with otherdeliverables

Deliverable D5.8escribes the existingtandardization activities for the EV charging infrastructure and
their ongoing work towards V2X. Moreover jdentifies thegaps and limitations ahese standards

for V2X. These limitations will be used devise a contribution plathat will be included inthe
deliverable D10 6Standardisation activities plamhat is due in month 2 of the project Furthermore

the comparison of existingnd V2X communication mieanisms for the EV chargiimgrastructure will

serve as a base for the design of Bpen V2X Management Platfortmat will be part of deliverable

5 p dHighldevel Design of @2XxPMe due in month 10 of the projecEinally the standardization gaps
andbarriers identified in this deliverable are applicable for the V2X Business Models that are described
Ay  5Businass modelsentredin the V2X value chamdue in month 10 of the project

EV4EY D5.2Standardization gapnalysis for new V2X related Business Models Page9 of 34
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2 Background

2.1 Vehicle to Everything (V2X) introduction

Vehicleto-Everything (V2X) is a term that contains every solution that deploys the electric vehicle
battery storage to power douse, buildings, grids, etéccording to the place where the EVs are
connected and the services that can be providdee Y2Xecosystem includes different usmses
based onthe utilization of thedischargedenergy from EV battégs such as Vehiclo-grid (V2G),
Vehicleto-Home (V2H), Vehicl®-Building (V2Band finally Vehicldéo-Vehicle(V2V) Othersimilar
terms mayappear in the literature, such as Vehittelnfrastructures (V2IV2Ximplies abidirectional
energytransfer from the batteries to the system (discharge) afndm the system to the batteries
(charge).

The increasing electricity demands for power supgfg constantly being augmented by the EV
charging powel1], as it is also described in deliverable DIHence V2G can be used as a power
supply forthe grid duing periods of high deman@], and absorbing excess power during periods of
low demand.Specifically, &2Gsolution can be used aa bufferin the grid reducing the power in
peakperiods and increasing the power in thialleys.This enables EV owners to reduce their energy
bills just by leaving their EVs plugged in when they are not driving tisme. additional reason
justifying the rationale behind V2G is that the intermittent and variable output of the renewable
energy sources(RES)such as windurbines and photovoltaic power stationscan potentially be
balanced[3], [4]. Surpluselectricity produced through RES can be stored inside EV bat{&iies
Furthermore the BY/s that are plugged in and are \(2&pable can also serve as an emergency backup
power supply[6]. The V2&apable EVs can thus serve to provide kmrkrgy storage, frequency
regulation and operating reserves. VEYscan greatly aid in the integration of renewable energy
sourceq7], [8], [9] providing higher levels of flexibility when compared with traditioB& charging
control.

From the momentvhen theEV is connected into the power grid, via V#@ system operatoand

mainly the flexibility operatorsg 2 dz2f R KI @S (GKS oAt AGe (2 O2y (NPt
discharging process. Each respective EV offers a very small amount of energy to the grid through V2G
and, in addition, it is not always plugged into th@gHowever, many EVs added together can deliver

enough reliable capacity for this energy to be bid into energy mafkéis

Totransfer electricity from the E¥ the power grid, the direct current (DC) output from the EV battery

has to be converted to alternatingurrent (AC) power of the correct frequency so as to match the AC
power and frequency that exists in the power grid. This conversion from DC to Afe eahieved

either by means of an inverter built inside the EYtbhe most common caséy means of an inverter

built inside theElectric Vehicle Supply EquipmdRtVSE[10]. However, there are atsa number of
technical and economic challenges that need to be addressed for V2G to be widely adopted. These
include:

1 Battery degradation V2G related determinants such as the total number of charging and
discharging cycles of the EV battery, the Depth of Discharge [2] for each cycle as well as
temperature effects, cancause degradation, which can shorten the life of the battery and
increase costs.

1 Charging infrastructureThe charging infrastructure for EVs needs to be upgraded to support
bidirectional charging, which can be expensive.

9 Standardization There is a need for standardization in communication protocaisl
mechanismsto ensureinteroperability between different EV models and charging stations.

EV4EY D5.2Standardization gapnalysis for new V2X related Business Models PagelOof 34



* *

O V4CU

* X %
* 4 *

The sectionthat follows presents the communicatioflows in the EV chargingrchitecture and
providesan overview othe existingstandardization activitiesn it.

2.2 Current E\Communication architectures

The main entities that are involved in EV communication architectures are: 1) the vehE\(SEnd

3) the Backend or as termed in literatu@harging Station Management Systé@EM¥system. The
CSMS is responsible for the remote contrabnitoring, and maintemnce ofEVSEas well as the
resolution of faults or issues in them. Furthermore, it can also obtain remote diagnostics from the
charging stations regarding their health status, +xale availability,and the audit logs.

The EV charging architectupgoviding the communicationflows and the corresponding standards
between the EV charging entities is illustratad Figure 1. The standardsimpose some control
architectues andcommunication flowdetweenl) EVs and charging stations, 2) CSMS systems and
3) Different EVs in the V2X ecosystem.

N [EC 61851 5} OCPP i)
o | — f i DED

0 O s
Vehicle Charging Station Back End

Figurel - EV charging architecture entities

The architecture presented in thHéigurel is a simple example allowing the identification of the main
standards used for the communication between the EVs andENgEand between theEVSE and the
backend of a cloud system. Howevehis back end can be operated by differstdkeholdersuch as
charging point operators, flexibility operators, energy communities, virtual power plants etc. This
means that this architeture can be much more complex than the one presented infidnere [13].
Nevertheless, these activities involve actors and entities that are not directly linked with the core V2X
usecases as they are reflected in Secttoand hence they were considered beyond the scope of this
deliverable.

As depicted by Figurel each entity invoks adifferent communicationchannelusing standardized
interfaces for data exchang&pecifically, thenain standards that are currently used in EV charging
infrastructures are the IEC 618R1]and OCPR12]. These standards are further described in Sedion
3 and4 respectively.

EV4EY D5.2Standardization gapnalysis for new V2X related Business Models Pagellof 34
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3 |IEC 6185%tandardfor the definition of EV charging modes

The EV supply equipmeisiclassified according t&C 61851 in four charging modeflL1]. EVSEwith
multiple chargingoutlets may support more than onehargingmode. The IEC 61851 describes the
distinctcharging modes anfiinctionalitiesfor the transfer ofenergy to EVs

3.1 EVCharging Mbde 1

Mode 1 is a method for connecting an EV to a standard semkidtt (regulardomesticsocket outlet)

of an AC supplpetwork, by making use o& cable and plug, both of which are not fitted with any
supplementary pilot oauxiliary contactsThe rated valas for current and voltage the case of Mode

1 are the following

T 16 A and 250 V A@r singlephasepowet,
i 16 A and 480 V A@r three-phasepower.

The Mode 1 EVSE only providgsraetective earthingconductor from the standard plug to theshicle
connector. Its current limitations are subject to the standard soclaitlet ratings A schematic
illustration of Mode 1 Charging illustratedin Figure2.

GRID

Figure2 - Charging Mode based onlEC 61851

Mode 1 is thesimplestEV chargingnode. It does notestablishany communicatiotink between the

EV and th&Charging Statiorinstead Mode 1 foreses the delivery gbower from the grid towardshe

on-board charge(OBC pfthe EV.ThOBR LISNI 10S& Ay O2yedzyQilAzy gAlGK (Il
systemwith the aim ta a) convertthe supply voltage t@ttain the necessary voltagequiredfor the

EVbattery, b) to accomplistconstantpower chargingof the EV andc)to stopthe chargingprocessf

any fault conditions areensedn the EVbattery orin the supply equipmentTheOBQnanaged by the

car controlsystem also has the ability tenable ascheduling systerthat letsthe driver to plug in but

deferthe chargingorocesauntil a specific timg¢useful when electricity rates are lower atjewen period

of the day)

It is important to notice that, sually,Mode 1 is prohibited for use in European countries due to the
lack of safety measures as thmotection againstovercurrent and oveitemperature conditions
between the standard plug and the EV

EV4EY D5.2Standardization gapnalysis for new V2X related Business Models Pagel2of 34
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3.2 EVChargingMode 2

Mode 2allows toconnectthe EV to a standard sockeutlet (regular homesocketoutlet) of an AC
supplynetwork. This is achievedy usng an ACEVSHEvith a cable and plugrheAC EVSiacludesa
control pilot function [14], which isa communication line used to signal charging level between the
vehicleand the EVSEhe EVSE's maximum charging curramtl any charging erroysindcanalsobe
used by the vehicle tmitiate chargingSpeciftally,in Mode 2 the system alsecheclsthe continuity

of the protective conductor anderifiesif the EV is properly connected to the EVSE. Moreover, it
energizes and denergizes thepower supplyto the EV andakes care ofnforming the EV ofhe
maximum current that it is &wed to draw. This value might change, without exceeding the maximum
allowed current, in order to adapt to power limitatiores.g.,for load management. Each connector of
an EVSHnust have a control pilot that will provide thebovedescribedfunctions asa mandatory
requirement.

Furthermore, theAC EVSEIso includesa systemdedicated topersonal protection against electric
shock placed between thgtandard plug and the E¥dditionally, aprotective earthingconductoris
usedfrom the standard plug tthe vehicle connectoiChargingMode 2 utilizes a special charging cable
which isequipped with an ircable control and protection device ({@PD]J15]. The IGCPOncludes all
the necessary safety and control functiofi$ie safety functions of Mode 2 charging include detection
and monitoring of the protective earth connecticas well aprotecting againsover-current and over
temperature. Furthermore, the Mode 2 EVSHas the ability toaccomplishfunctional switchingoy
detectingconnection to the EV amahalyzingts charging power demandhe rated values for current
and voltagen the case of Mode are the following

1 32 Aand 250 V AiGr singlephase
1 32 A and 480 V AiGr three-phase

Its current limitations are also subject to the standard sockatlet ratings A schematic illustration
of Mode 2 Chargini illustratedin Figure3.

GRID

Figure3 - Charging Mode& based onEC 61851

EV4EY D5.2Standardization gapnalysis for new V2X related Business Models Pagel3of 34
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3.3 EVChargingMode 3

Mode 3 is a method foconnectingan EV to a\C EVSEvhich is usually available from &VSEThe
EVSHs permanentlyconnectedto an AC supply network, with a control pilot function that extends
from the AC ESRo the EVEV supply equipment intended for Mode 3 chargingvidesa protective
earthingconductor to the EV socketutlet and/or to the vehicle connector

The maximum current that this charging mode can output is 250 A with 250 V for the case of a 1
phase networlor with 480 V for a $hase network.

A schematic illustration of Mod& Chargings illustratedin Figure4.
GRID GRID

N A e A

Figure4 - Charging Mode3 based orlEC 61851

3.4 EVChargingMode 4

Mode 4 is a method foconnectingan EV to an AC or B¥apply network utilizing a DEV,supply
equipment(DC EVSE)ith a control pilot function that extends from the DC-&\plyequipment to
the EV.Mode 4 equipment may be permanently connected ttee supply network.EV supply
equipment intended for Mode 4 charging provige protective eahing system protectinghe system
and theusersas well A schematic illustration of Mode 4 Chargisdllustratedin Figureb.

AC———DC

A Control &
Communication

- 2

Cable connected to charger

Figure5 - Charging Modet based onlEC 61851

Mode 4 charging is the sole charging mode which feature®f&sBoard Charger with a DC output
Meaning that while the first three modes (maosi#-3) deliver AQowerto the EXQ @BCin Mode 4,
the DQpoweris being deliveredirectly to the E\battery. TK S~ ®©BA3 dypassedComparingwith
AC charging modethat are available until 43kWWMode 4 can achieve higher power levélswadays
350kWEVSE are available in the market

b20S GKI i OBdsiissllyde&liSgwith h@ACchargingsituations it will alsotake care of
DC chargingn casevoltage conversion iquired(for instance whercharging an 80¥ EVfrom a 400
V charger).

EV4EY D5.2Standardization gapnalysis for new V2X related Business Models Pagel4 of 34
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4 Open Charge Point Protocol (OCPf#ey the definition of EV
communication mechanisms

OCPRvas intially developedn 2009by the ElaadNL associaticsm research institute id\rnhem(the
Netherlands)Following its constantly growing adoptio®@ CPRvasincluded in 2014 within th®©pen
Charge AlliancéOCA efforts. OCAwvas fundedasa globalconsortium of public and private electric
vehicle infrastructure leaderfocused in the promotion of open standard#hich also included
ElaadNLSince 20140CA took over the leadershipr the roadmapof OCPRnd thedefinition ofthe
communication mechaismsbetween theCSMS and the EES

OCPRP is currently widely adopted it is operstandard whichallows to overcomehe obstacles and
barriers of proprietary protocols.g.,vendor lockin. Specifically,le standarddefines how theEVSE
and CSMS exchange messages and commands between thé&pthesinitialization of the charging
sessions?) the termination of the sessions as well &) diagnosticsas the overall energy consumed
during a charging session or the operational status of the charging stdManeover, t alsoprovides
reporting mechanisms anerror messagesvhile the station is idle or during a chargisgssion

A detailed historical overview of OCHBm its initial developmenttill its latest update in 202@s
presented inFigure6.

Fil:st.\.ro:ars‘.iorj.?f: OCPP OCPP 1.5 DCPP16 r version of OCPP 201 j
‘ 2014 2018
- L .
2009 2015 2020
o.
OCPP 1.2 Open Charge Alliance OCP_P _2-0 _

Figure6 ¢ Historical overview and versionsf the OCPP protocdkource[27])

4.1 OCPP versions

OCPP 1.2The initial version of OCP&efinedbasic EV charging commandscaargingauthorization,
starting andstoppingtransactionsobtaining neter values(voltage, currentactive and reactive powgr
during the charging processharge point configuration and status information The charging
transaction overview is provided Figure?7. Additionally,remote commandsare also defined whilst
not in proximity to the charging statigrsuch as starting andtoppingthe transaction remotely,
unlocking theEV cable remotely an@TAfirmware updates

[f -
! Charging

Chag‘r;];tsh}"mon Z:> Hw-&::::monl A (m'i:gr);'::c'm : Payment Transaction | : Eieaﬂ:‘aplh\‘/:hlcle

|

,Chargling Tramsaction

J

Figure7 - Charging transaction overview
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OCPP 1:50CPP 1.Wwasbased onthe SOAR16], which utilizes XML in order to represent datdis
versionoffers new functions and extension® the existing onesuch as docal authorization list
synchronized with theeVSEand a cate to streamline the response times with the EV us@ise
structure of OCPP 1.5 is described in 25 operations, 10 of which are initiatedBY $f@authorization,
initiation notification, data transfer, diagnosis, firmwastatus, transaction support)he remaining 15
being initiated by the network's central system (reservations, availability check, configuration, remote
transition, connectomlctivation, and firmware update)

OCPP 1.6The currentversion of OCPRBwidely usedin mostcommercial application®©©CPP 1.8 an
extension of the OCPP 1.5 protocol, havingddlitional smart charging suppgoB6mart charging allows
the EVSE® be remotely controlled and will thus protect the grid from overloadin§mart charging
enablesthe control of the rate and/or time at which an EV is charged when the EV is pluggadl it

is a oneway flow of electricity from the charging station to thehicle(uni directionalor V1G). The
charging rate or the charging time can be adjusted accortirije user settings, so as to charge the
EV when the electricity is cheapest, cleanest (flREor in response to electricity market, network
or system signalsMoreover, OCPP 1.6ncludes support apart from SOAPfor also JSONobject
transmissionover WebSockeformats for redudng the data consumption awell asto enable NAT
communication Moreover, JSOMNover-WebSocketssimplifies the communications utilizing OCPP
clientserver architecturg17].

OCPH.6supports a limited set of commands, mainly focused on managing the charging process and
providing status information. Th@ostsignificantamongst them are:

StartTransactionused to initiate a charging session

StopTransactionused to end a charging session

Heartbeat used to check the status of the charging station

MeterValues used to get the current energy consumption of the charging station
Authorize usel to check if a vehicle is authorized to start a charging session
BootNotification used to notify the backend system when the charging station boots up

StatusNotificationused to notify theCSMSystem of the current status of the charging station

= =4 A4 A4 A - A -

FirmwaeStatusNotificationused toobtainthe firmware version of theharging statiorby the
CSMS systeis well as tgperform a remoteupdatein the charging station

OCPP 2.0:1The latest releasedversion of OCPRvith release year2020 OCPP 2.0.tontains
improvements and extra functionalitifer device management, smart charging, V2G suppod
augmentedsecurity measuredn comparison tdOCPP 1.6 which supports only limited authorization
methods, OCPP 2.0.1 establisteesnore advanced set ahethods suchas forinstance remote
transactions, PINCode, ISO 15118 Plug & Charge, Simple start button, Credit/debit card, Server
generated ID, etcMoreover, til OCPP 1.& dedicated Virtual Private Network (VPN) tunnel was
needed betweerEVSENd CSM® ensure securitgpndencrypied communication channeHoweve,

in OCPP 2.0.the data packetsre encrypted at the protocol level and thus a secure connedson
present[17]. To this endsecurity profiles for authentication, security logging, secure firmware updates,
as well as security event log notificationsre added18].

Furthermore, OCPP 2.0.ihtroducedimprovements in Transaction Handlit@reduae the numberof
messages communicated between the EVSE and the @8MBortingtransaction data. This reduces
the amount of data used by unifying the structure and method of reporting transactions.
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Improvements have been broughtso tosmart charging in the formf@xtended functionalities. OCPP
2.0.1 offers the potential for the EV to communicate its requested energy amount in &\W¢hdata
exchange was not possible in OCPP 1.6 and earlier verdieng\could only transmitn SoGnessage
informing about the pecentage of its battery that was charged at any given time. With OCPP 2.0.1
however, management systenase aware ofthe amount of energyig kwh) that an EV needs and
adjust the output of the smart charging appropriately.

In addition to the rest of théunctionalities OCPP 2.0.1 has native integration with ISO 15d #8able
functionalities such as Plug and Chaegel enhanced data security and cryptography betwedbna
EVSENd an EV. The above aids in optimal load balancing and smart chidgjing

4.2 Versioncomparison

An overview of the differences between the OCPP versions is presenkagLire8:

OCPP 1.5 OCPP 1.6 OCPP 2.0
June 2012 October 2015 March 2018
SOAP SOAP & JSON JSON
60 use cases 116 use cases
24x2 messages 28x2 messages 65x2 messages
42 data types 49 data types 129 data types
15 configuration keys 43 configuration keys 85 configuration keys

260 test cases

el SN
\ + Improvements 7 i
\\ + Better documentation //
2>+ More functionalities -~

+ Improvements 4 //;“'
+ Smart Charging A f
\ _+ JSON support /L/

Figure8 - Comparison of OCPP versiofsource[28])

For enabling the transition towards V2G the following OCPP comnaaadzainly applicable:

1. ReserveNowThis command allows an EV to reserve a specific charging point for a specific
period. This is useful in V2G applications where the EV needs to be charged at a specific time
in order to provide grid services.

CancelReservatioifhis command allows an E¥dancel a previously made reservation.

3. GetCompositeSchedul&his command allows the EV to request a schedule of the charging
station's availability for a specifi@riod, including information about its current state, planned
maintenance, and any resemians that have been made.

4. SetChargingProfildhis command allows the EV to set a charging profile for a spemifoc.

This can be useful in V2G applications where the EV needs to charge at a specific rate in order
to provide grid services.

N
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4.3 Existingplatform implementation

A currentCSM3mplementationis availablewithin the scope of the EV4EU projdetsed on OCPP 1.6
andis used to conduct experiments aimitige 1) integration and testing bthe OCPP standard and 2)
research and development of nem@mmands and services to support the OCPP 2.0.1 standard as well
as V2G services.

The platformcan visualize the number afonnected EVSEthe active transactions and sessions
(successfully started usin§tartTransaction Additionally, it provides redime status (through
dedicatedHeartbeatmessagesnd diagnostics of all thEVSEThe platform and its interfaces are
under development to include OCPP 2.0 suppustyeverFigure9 indicates itscurrent state

Number of Number of Number of Number of
Charge Points OCPP Tags Users Active Reservations

4 15 1 0o
Number of Number of Connected Received Heartbeats Connector Status
Active Transactions JSON Charge Points
Today : 1 Available : 5
0 ocrp1.2: 0
Yesterday : O Preparing : 1
ocpp1.5: 0

Earlier : 2
ocpP1.6: 1

Figure9 - CSMS platform implementation

The platform provides support for a wide list BVSEnanufacturersBased on the integration tests
that were performedwe havegathered the main results in thEablel.

Tablel - OCPP integration test results in the platform

OCPP function Acceptance Criteria Result
Boot notification Receive a (not emptyBootNotification | The tested EVSE all
message, containgchargePointModel | generated successfully
and chargePointVendor (required by | boot notification
OCPHR..6), and
chargePointSerialNumber, iccid,
chargePointVendofjrmwareVersion
and chargePointModel
Heartbeat (automatic) Receive OCPP command from CS| The tested EVSE all
heartbeat registered When CS is ng generated successfully
providing heartbeat, send OCH heartbeat
command to see heartbeat Provide
TCPIP default heartbeat at least every
hour fromthe EVSHconfigurable under
Set Configuratin).
Change availability After sending ChangeAvailability wij The implementation of
type Operative, the statumust change connector names 0
to Available. numbers varied in each
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After sending ChangeAuvailability wi
type Inoperative, thestatus must changg
to Unavailable.

The availability must be reflected b
receiving aStatusNotification messag
(per socke). Specifically,it is a (not
empty) StatusNotification messages
received per connector (including
connector 0), containing:

i) If not in error: status with Available
Preparing, Charging, SuspendedE
SuspendedEVSE, FinishinReserved
Unavailable or Faulted

ii) If in error: error details (errorCode)

EVSE manufacturer but
could be configureg
through a dedicated
portal.

Get configuration  [ist
parameters that can b
read)

After sending GetConfiguration th
Charge Station mustespond with a
GetConfiguration message, containi
the total number of items, followed by
message with the complete lisf items.

Stations responded with
15140 configuration
items.

Set configuration

After sending ChangeConfiguration (g
item) a message with parameters th

can be status Accepted must b
NEOSABSR 0l { &LiLy22\
configured) dab20G A YLIX SY

Most of the EVSEhad

Accepted in their
configurations excep
German manufactunes
that do not support
certain configuration
changes remotely, bu
only locally due to

restriction issues.

Start charge transaction
(both localnotification and
remotetrigger)

After sending RemoteStartTransacti
the transaction must start, and a
StartTransaction message (includi
transactionld) must be received
followed by several StatusNoatificatig
messages (according OCPP 1.6)

Local StartTransaction should start w
an Authorize, whiclq if approvedc must
be followed by a StartTransaction a
several StatusNotification message
(according to OCPP 1.6).

If not approved the sequence must stq

All EVSEpassed this tes
as it is mandatory for
starting a  charging
session

Stop charge transaction
(both localnotification and
remotetrigger)

After sending RemoteStopTransacti
(by wusing the transactionld) the
transaction must stop, via
StopTransactiormessage, followed b
several StatusNotification messag
(according to OCPP 1.6)

All EVSHEpassed this tes
as it is mandatory fo
starting a  charging
session
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Local StopTransaction starts wi
receiving a StopTransacti@and severa
StatusNotification messages (accordi
to OCPH..6)
When the charging cable
discomected, a StopTransactio
message must be received
Receive Meter reading Meter values are received at the start | Certain  manufactrers

transaction and stop dfansaction

Meter values areeceived, according t(
meter interval that carbe set by user (a
least 30 seconds interval when chargir
Voltage, current and power reading a
received, according tameter interval
that can be set by user (at least |
secondsnterval)

had the meter values
transmission interval se
to O seconds however
this could still be update(
to 30 seconds througha
ChangeConfiguration
command

ResetEVSE (both hard

and soft reset)

Hard reset (ResetType 0): Charg
Station comes online after reset
(BootNotification message
StatusNotification messagetc.)

Soft reset (ResetType 1): Charg
Station comes online after reset
(BootNotification message
StatusNotification messagetc.)

An adequate number o
EVSEdo not implement
Soft reseonly Hard reset,
which  increases the
downtime of the EVSE
when reset is used t(
resolve issues oih.

EV4EY D5.2Standardization gapnalysis for new V2X related Business Models

Page20of 34



* *

O V4CU

* X %
* 4 *

5 Furtherstandardization activities

Apart from the main standards for thEV charging architecture, there aferther standardization
bodies producing initiativesthat are divided in two categories: 1the initiatives that are
complementary and hencéntegrated with the main standards and 2) the initiativesiethare
standalone,and thdr integrationis in progressThe first categoryncludesISO 1511&ndthe CCS
whereas the second includes thHeC Technical Committee 69 (TC69) initiative named as Joint Working
Group 11 (JWG11yhe latter has definedhe standardIEC63110[20], whichis focusing on the
architecture and management of Electric Vehicles charging and discharging infrastrud@&8110

has initiateddiscussions wittODCPPto establish integration pointshowever noconcreteoutcomes

from this discussion have been reportgdt.

5.1 1SO 15118

ISO 15118efinesthe communication interface between the EV and the B¥6¥2G scenario¥Vhen

compared to IE@®3110 it provides additionabata security using cryptographic mechanissm

Moreover A i Syl of Sa GKS a2 OFftftSR atfdza3 s / KINHS¢ 7Td
to charge just by plugging their EVs into the EVSE, widnopsiuthorizationsuch asnobile app, RFID

card orpayment methodgi.e., credit card. This is feasiblbyidentifying first the VIji.e., MAC address

of the vehiclg and then the initial authorization througlan RFID card or smartphone apphich will

also link to thepayment methodchosenby the userUsing thisnformation, the next time the user

plugsthe EV in the EVSthe charging will start automaticallgnd will also stop by unlocking the EV

and no further action for authorization is requirethea t £ dz3 g / K| NIsSléstrafeday OG A 2 y I
Figurelo.

Vehicle Charge Point Central System
Connector plug-in

Vehicle ID

Authorize req(idTag)
idTag = VID:<Vehicle MAC address>

Authorize.conf(idTaglnfo)
idTagInfo = accepted

StartTransaction.req

StartTransaction.conf

Figurel0-at f dz3 9 / KI NAS¢ Fdzy QaA2yltAGe
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Furthermore, theEV uses théSO 151180 transmit the State of Charge (SoC) to the EVSE and then to
the CSMSThisallows the EV to automatically identify itself to the EVSE and obtain access authorization
for the energy it requires for charging its batteBuch scenario is illustrated fiigurell.

ﬁ 15015118 OCPP 2.0

State of Charge

Figurell ¢ 1SO15118for SoCtransmission

ISO 1511&lsoaids in Smart Charging by allowing the EVSE to get input from tHenENigh its new
version (namely, ISO 151P®), it incorporated a dynamic mode for smart charging and V2G
functionalities, in AC and DC charging. dterallgoal is to foster an earlyonvergence of the various
proof-of-conceptV2Gtests[21].

Finally, a$SO 15118 and IEC 63110 are both standards that cover the communication beteetein
vehicles and the grid, including V2G functionality, they have a set of commands to manage the V2G
process. They have different commands than OCPP, some of them include:

1. PowerDeliveryused to negotiate the power delivery between the EV and the gri
2. ChargeParameterDiscovernysed to discover the charging parameters of the EV
3. PreChargeused to request a precharge before starting the V2G session

4. ChargingProfileused to set the charging profile for the V2G session

5. ServiceDetail discovenysed to disover the available services in the V2G station

5.2 Combined Charging System (CCS)

The CCSstandarddefinesthe interface forAC and DC chargig EVsFor AC charging, isupports
three-phase power supply witthe highest charging power capability of R%/ for home charging and
43 kW for public charging (subject to the car charging power capability and grid availabhigyCCS
comprises the connector and inlet combinatialongwith all the control functionsMoreover, it also
coversthe management of the communications between the EV ancethetricalinfrastructure.

Figure12 illustratesthe various versions of the charging interface of @@8g with the different
connector typesccording tahe Typel andType 2 interfaces that are definddised on thdEC 62196
standard[31].
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1-phase AC charging

with Type 2
3-phase AC charging
with Type 2 CCS with
= IDENTICAL

High power DC charging
via dedicated pins with
Combo 2

safety measures
(PWM)

= IDENTICAL
charging
communication
(PLC)

In

covering ALL charging
1-phase AC charging scenarios worldwide

with Type 1

High power DC charging
via dedicated pins with
Combo 1

Figurel2 ¢ CCXharging Interfacésource:[29])

Based orthis figure the mainCCStandardcharacteristicsare: 1) acombined charging inlet per EV
(depending on the charging situation only the AC or the DC piece can beang@)asingle interface
with same charge control logic for all charging situations

Moreover,Figurel3illustratesthe main standardhat are defined for the CCS interface

1-phase AC charging 3-phase AC charging DC-high charging

= EH = BEH = B
AC Type1 | AC Type 2 - AC Type 2| DC Combo 1| DC Combo 2
IEC 62196-2 IEC 62196-2 IEC 62196-3

ONE communication protocol according to ISO/IEC 15118 and DIN SPEC 70121

Charging Duration

Normal Fast

Figurel3 ¢ CCStandards for AGand DCcharging(source:[30])

¢KS //{ Aada KSYyOS Ity AYyUiSaANIGSR a2t dzOR2W o838 BE
supporiseithera) AC charging with Type 1 (US) or Type 2 (Europe) Connector accordi@gsiilBs
2[14] andb) DC charging with Combo 1 (US) or Combo 2 (Europe) Connector in IEEG 22196

CCS is maintained bye Charging Interface Initiative e.§Charlr) associationpwhosemembers include
crossindustry stakeholdersfor example automakers, charging station manufacturers, component
suppliers, energy providers, grid operators, etc. Charln strives to promote interoperable charging, in
which EVSEVSE and software systems work seamlessly together with the goal to eel@eeliable

and smooth user experieng23].

CharindefinesV2Guse-cases where th®C EVSkgth CCS pluganbe usedwithout the need of an
inverter insidethe EV which means that th®C power from EV battelyecomesAC power for grid
injection. An existing collaboration is preseietween Ecod24] and several chaigg stations
manufacturers on V2G EVSEs for residential usage of rated powekdf ahd 2&W.
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5.3 IEG63110

A standardization initiativded by IEC Technical Committder EV charging architecture éntitled
oManagement of Electric Vehicleharging and discharging infrastructuéesr IEC 6311@singits

unique identifier Similarly to OCPPEC 63110 is one of the protocols which can be used in order to
specify the communication link between the communication controller inside the chargitigrsand

0KS a2F06l NS Y2RdzZ Sa Ay KS itdefihe@thecamminicighRnk & & a G S'Y
for the exchange of information between the charging station and the IT system of the managing CPO.
IEC 63110 was conceived in order to tackle fth/ t t Q& cdmpaiifjility &ith the smart grid
communication protocolsTheobjectivewas to essentiallgreatea standardwhichwould be able to
enablethe inclusion of charging stations managemenbithe smart grid21]. Figurel4below depicts

the general IEC 631@mmunicatiorarchitecure based or{25]. The IE@G3110standardization effort

for definingthe communicationlink betweenthe Charging Stations and the CPOs was introduced
initially in January of 201By utility companiesis EDF ifrance, ENEh Italy andinnogyin Germany.

It consists of thehree main parts: 1)EC 63114, which contains the &sic definitions, use cases and
architectures 2) IEC 631142, focused onéchnical protocol specifications and requiremerasd 3)

IEC 63113 having the equirements for conformance tests

In comparison to OCPREC 63110ntroduces adifferent architecture where the apart from the
centralized CSMS there is also a local C&é8to optimizethe energyin the buildingandinterface

with the CSCThe local CSMS communicates watBustomer Energy Managemef@EM )systemfor

allocating power to the dectric mobility usageHence, it serves as an edge entity whichy receive
information and configuration for the central CSNd8<sibly deplogdas a Cloud service)o this end,

the central CSMS is not@a A pahtofF I Af dzZNB ¢ g KSy | y-atadkd$hdident A 2 y I €
happensand if the communication link between the local and the central CSMS is brokdactie

CSMS can still take decisiamsing all the information it hag.his architecture is uktrated inFigure

14.

4uuml  Other links
dmmb IEC 63110 link
I iec63110interface

Secondary
Actors (SAs)

___________________________________

Figurel4 ¢ General IEC 63110 communication architectujdepicted in[25])

In summary, OCPckleson the management of EV charging process, while IEC 68ti#épened

on V2G functionalities, they include commands to manage the power delivery, charge profile and
service discovery for V2Bowever it remains as a workn-progressand communication mechanisms

are not fully defined yet. Hencés adoption is not wideaswith OCPRind concrete integration tests

are not performed yet.
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6 V2X business models from existing standards and identified gaps

To integrate the VXbusiness models into the market, regulatory barriers need ttiftesl. L y (2 Rl @ Q&
world of grid operatorsenergy suppliers and regulatoisiposea highly regulatednarket[6]. As an

example, mobileenergy storage systems areurrently taxed twice as much as stationaenergy

storage systemsTlhat is, both waen charging and dischargingdditionally,a lack of incentives also

present forpersuading the EV drivers to charge their EVs at tithasare beneficial to the system
Greenhose gaemissiongelatedincentives are also not presefdr the customerat the moment
Appropriatelegislationmoves and changes are necessarghapethe appropriate framework for this

new V2Gflexibility.

It is vital that the costsbenefits, and requirementsrelated to V2X are balancedequally and fairly
amongstthe threemainstakeholdes. MeaningEVowners,EVmanufacturers, and grid operatof7].
EVsshould be able to permitwo-way electricity flows between theEVand the power grid. TheEV
manufacturershould alsaconsiderthe possibility ofV2Xin the warranties provided for the car and
more specifically the batteries.Currently it is notcompletely clear what impact V2Xhas onthe
batterieshealth status. The EVowner has to be sufficiently compensated flatting the power grid
operatorusethe EVto delivergrid services andlsohas tobe reassured that theeVwill be avdlable
for personal use wheneeded Theflexibility operator or aggregatorshould alsdbe able toderive
enough value from the availability ofEVsto compensate for theadded cost of controlling and
monitoring thevariousvehiclegrid interactions, payingVowners, andyenerallymanaginghe whole
system[10].

Another significant barrier that exists and that affects the customesscpption towards V236 the

o GGSNE RSIANI RI (A 2gbattérK This cche@id diihi EVidevers darbbe MitigatedQ
if special agreements are made with car manufacturers, charging station manufacturers, as well as
CPO$32]. Such arrangements can make sure that the car manufacturer would extend the warranty of
the EV batteryor the warranty to additionally include V2iXthere exists a mutual agreement between

the CPCand the charging station manufactureelative to how the EV charging profiles are adjusted.

By focusingpecifically in VZadditional usecases relate to:

a) Bulkenerqy storagewhere the EV batteries will be absorbing the excess electricity when the
generation exceeds demand and will bdidering energy if the generation is lower than the
demand. However, sing V2&apable EVs as bulk energy storage could prove to be
economically challenging. Thishiscausethe EV owner is solely being compensated for the
electricity that the EV delivetts the grid at the market price difference between the periods
of high and low demand. To remediate this, a féedariff would be neededo make V2G bulk
energy storage economically appealing for the EV owrlgris use case will be testéd the
EV4EWortuguese demonstratdB3].

b) Peak shavingManagement of EVs charging or even control¥2(can be used to reduce the
high demand charges for industrial or commercial electricity siSEne demand charges
establishel basedon the highest single perioaf demand for the duration ofdach monthV2X
can yield a reduction dhe peak demand during that singteriod andcould thereforeyield
significantsavings for thendustrial or commerciafacility. A large power cagity V2G EVSE
can leadif allowed by the EV#) high level opeak shavingThis use case will be testedthe
EV4ELSlovenian demonstratdB3].

c) Regqulationservices:V2X-capable EVs can aid in maintaining the balance between power
generation and power demand on the griidanyV2X-capable EVs serve as a regulation service
provider that could inject power into the grid when the demand exceeds generation and
absorb power from the grid when generation exceeds demand. These -gboadds
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dregulationupé 6 L2 6 S NI A Yy 2 Sadlidragalgfiondadvré (péner abSaddtior from

the grid) services can aid in balancing the gaidhost instantaneouslyThe EV owners are
compensated for this service based on the number of EVs needed to provide the service
successfully, the amount of time pday that each EV is connected and actually committed to
provide the necessary grid services, and the power rating (kW) of the EVSEfahd
corresponding power linélhis use case will be testedthe EV4EWanish demonstratof33].

d) Operating Reserved/2X-capable EVs can aid in providing electricity in the case a baseload
generator fails or in the case the electricity generation from variedsiewableenergysources
such as solar and wind is dipping in output dueft@ example clouds passing over the PV
panels. In this way, Waids both in guaranteeing a predictable and steady output from
renewable energy sources, and in providing a rewestieam for the EV driver for delivering
iKS aSNBAOS 6adzoeSOG G2 GKS GAYS GKS 9+ Aa
amount of energy available from the EV to be supplied to the dgrtdk use case will be tested
in the EV4EWani$ demonstratoq33].

e) Behindthe-meter. Intelligent management of electric vehicles charge and discharge
introduces higher levels of flexibility in the managementimstallations such as houses,
buildings, parking lotand energy communities. Normally this is called in the liteea as
behindthe-meter managemen[34]. In that case the use of V2X will be different according to
the strategies adopted by the V2X managers that opetiatebehindthe-meter installations.
Some of the strategies can be minimize the billing costs, maximize thsusiétiency,
maximize the profits, etc. Several use cases will be tested in the different demonstratoes in
EV4EU project as reported in the deliverable 33

f) Grid servicesAnother use cases where the V2X can be important are in the contribution to
mitigate gridissuessuch as voltage and congestion constraiftkese services shallbe
activated by the DSOs and, in collaboration with the flexibility operatans,be provided by
EVs. This use case will be tesitethe Portuguese and Gre&/4EUWlemonstratos[33].

6.1 V2XUse Casem existing standards

OCA has formed dedicatedTechnical Working Group (TWIf8) preparing the VX standards and
associated use cases this group all the questions, comments, remarks and the new developments
for OCPP are discussed. As an integral part of the TWG there is also the V2X Ta$k8Grouthe

V2X Task Group the participants focus on the technical development of V2X functionality for OCPP.
Monthly calls are conductetb aid in the standardization efforts of V2X and its integration into OCPP.

In the V2X Task Group, V2X use casegathereddiscussedand processed during thmeetings in

which EV4EU actively participatd$eV2X Task Grougefines the followindJse Cases

1) Central Setpoint

Thisusecase considexthe situation where the CSMS sends a setpoint to the chargatipst

At that setpoint(value)the EV should either charge or discharge its battirgan also provide
a bandwidth for tle setpoint Figurel5). The centraketpoint will be used in the EV4EU project
in the Gred& and Slovenian demonstrator.
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EV Charging

Station EV Charging

Station

Management
Platform

Figurel5¢ V2GCentral SetpointUse Case

2) External Setpoint
This usecase includes two scenaridsigurel6):

a. The first case here is than EMS provides the setpoirithe CSMS instructs the
charging station to receive a setpoint from the EMBe CSMS has control over the
9a{Qa LINRTFALtSOD

b. The EMS is given complete permission to set a charging préfie EMS is in full
control of the profile.

i}
EV Charging '/ B
Station - o Or
EV Charging
Station
Management
Platform PR '/
Energy = 0

Management
System/
Local
Controller

Figurel6 ¢ V2GExternal SetpoinUse Case

The external setpoint will besed in the EVAEU project in the Portuguese and Danish demonstrator.
In that cases amnergy management systemvill be in placeto manage the EVSE to provide the
required services. Afterwards, some extermatlers (services activation) can be activated hg t
system operators or by the flexibility operators.

3) Frequency Control

Thisuse-case deals with the situation in which the goal is to maintain a stable grid frequency.
The EVs are delivering energy to the grid when the frequency dwelpsy a certain threshold

and they are absorbing theurplusenergy from the grid when the frequency exceeds a certain
threshold (Figure 17). This usecase is relaté to BUC7: Frequency Control Services
Procurement and Activatiomlescribed indeliverable D1.4 [33]. Here there are also two
scenarios:
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a. In the case of Loc&requency Control, the CSMS submits a charging profile with a
power-frequency table(it contains poweifrequency values)The charging station
adjuss its charging/discharging power based thrat powerfrequency tablethat it
received The frequency readigs can take place locally if tHeVSEpossesses a
frequency meter.

b. If the charging station does not possess its own frequeneter, then the CSMS can
provide the frequency related information to the charging station. This is called
Central Frequency Gontrol. The CSMS here changes thewer based on thenet
frequency. The CSMS has to update the charging profile reg(ifelgxisting charging
profile can be modified instead of submitting a new charging profile every time)

[

|/ )

>

EV Charging 0 0
Station

Management
Platform

<—>l/ fg
O O

Figurel7 ¢ V2G Frequency Control Use Case

Frequency regulation services will be tested mainly in the Daméshonstrator of EVAEU
project. However, in that case, the measuring device will be included in the charging station
or more specifically, in the controller of charging station. In Portugal, this service will be also
tested in the case of the company denstration.

4) Local load balancing

Here, the EV is used to limit the amount of power that is drawn from a grid connection. In the
case of local load balancitlge CSMS is asked to set an upper and a lower threshold. Then the
charging station will make suredhthe setpoint isset in such a way so that it compensates
the measured load and stays within the threshol@lse result is &ehaviorthat stays within

the thresholdsMoreover, local load balancing having the thresholds equal to zero can lead to
aV2H scenarigFigureld).

¢KS OKINBAY3a adldAiazy Oly 0SS Q@2awyHSs@atsHndi2 GKS
thus knowwhat the energy consumption of the bding is. Then an upper and lower threshold

can be defined byhe building/house owner. The charging station will make sure that it stays

within these thresholdsL ¥ G KS 0 dzA f RA y 3 RcieasedzhgnSHEIE\DWilNStartzY LIG A 2
discharging so that # net power usage is compensated #nd vice versaThis usecase is

related to theBUC4: DR Services for RES and EV coordinatimh BUCS: Dynamic V2X

Capacity Contracts Procurement and Activatiescribed irdeliverableD1.4[33].
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Figurel8¢ V2H Use Case

5) Local Voltage Control

The charging station measures its local voltage, degending ora voltagevs power-factor
table that the CSMS has provid@d the form of a charging profileit changes the amount of
reactive power This service will be tested in the Portuguese demonstrator of EV4EU project.

6) Priority chargig

Thisuse-caseconcerns the situatiorin which the EV user has allowed its EV to be used for
frequency contrgl but he/she decides to halt the service he/she is providing and leave in a
hurry. This introduces the concept of priority charging. The way this is implemented is that
there exists griority charging profile which will offer to thEV driver the maximum power
allowed.This service will be tested in the Greek demonstrator of EV4EU project.

A preliminary specificatioexistswithin the V2X Taskgroypontairinga description of theuise-cases,
messages, data types, JSON scherAdslitionally, pilot implementationsare alsoon-going with

partners implementing these schemas and sending back feedback. Furthermore, neasaseare
being investigated for injecting reactive power, such adl ¥8d V2BEXxisting ot projectsrelated to

the aboveOCAV2XUse Casesiclude:

1) Dreev: Local frequency control with 150+ V2G DC charging stations utilizing ChaDeMo.
2) BMW/Kostal: Local load balancing (V2H) with central setpoint (intraday trading, pg@akgh

6.2 Currentlimitations gapsin standardization activities

Based on the previous analysise tfollowing limitations and gapsere identified:

1) Security challenges evolve from the amount of data sent and received and the number of
systemdevices. Data integrity assurance in each device (EVSE, CSMS, EV) is crucial and needs
to be addressed. Cybersecurity monitorisganother aspect that should be monitoreall the
IT maintenance costs may sum up to a significant amount. Certain gridesersiich as
spinning reserves can be performed making use ofdost wireless service but adding others
(adding load balancing) can require a more reliable (and significantly more costly) -eaipper
service[2]. All these costs as well as a profit margin should be borne by an entity such as the
flexibility aggregator. Specifically, 40% to 50% of the revenue obtained for the V2G services
might go to the system agggator to compensate for its operating expenses and pfab{.

2) The paticipation on grid services can be limited by the existing elettstallations. In some
cases, the charging station can be connected in points that can introduce some limits in the
power that can be discharges to the grid due to technical limits. The same can happen in the
charging limits imposed in the charging stason
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For some services, the system operators or markets can impose a minimum power to
participate in the services his can limit the participation of slow charging stations in these
services.

Another aspect that can limit the participation of EVs in someises is the need to provide
services during a prdefinedperiod. To guarantee the services, the EVs should have enough
capacity on their batteries. This can limit the participation of small EVs in the mentioned
services.

Qurrently there is nostandardizd Minimum Pluggedn Time for the EVs that aparticipating

in V2Xendeavorslt depends on the contraatith EV driversThis can result ithe EV drivers
participating into contracts which are too binding for them because they require them to have
their EV plugged in for many houfBhis can result in the EV driviereaching the contract,
which in turn leads tainreliable grid services and reduced revenue for the EV driver

Theinverter performing theconversion fronthe DC powepf the EV batteryd the AC power

of the correct frequency for grid injectida not standardized yett can either beplacedinside

the EV or inside the EVSE. Meaning that the cost can either be burdening the EV manufacturer
or the Charging Station Operatdf the cost is on the EV manufactugegide,then eventually

it isburdening the EV driver. If the cost is on the GB®,then itcan possibly not be burdening

the EV driver

There currently is no single standardized communication protocol for thece@@unications
between EVSE and CSMS (OCPP 2.0.1 is on the move to enter the V2G market).

Currently there is nstandardthat dictates that EVs need to be manufactured having W2G
mind. Currently there exista limited number of EVs in the market capabfgerforming V2G
functions This leads to a restriction of choices for the EV users.

Remuneration strategies related to the participation of EVs in services is not defined.
Afterwards, V2X management should have a different remuneration when comparedheit
management of the charging process.
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7 Conclusions

Thisdeliverableprovidesadefinition of thecommunication mechanisms as well as fingnaryentities

which are involved in th€&V charging infrastructurandscape. Moreoverit describesthe basic

standardsfrom different entities (.e., institutiongorganization$ that are currently being followed
within Europefor the EV charging infrastructurBurthermore,jt introducesthe V2Xandscapend its

associated business modeEhen, it provides theontribution of each standard ithe V2Xbusiness
modek. Finally, it discusssthe main gaps and limitations that exist in the curretdndards which

inhibit the V2Xintegration andprovides insighs on how EV4EU could contributowards these

limitations.

In summary, from the analysis performed in the present document, it is possible to conclude that
standards should evolve to include V2X. However, the services and business models of the different
stakeholders should be adapted to include the possibility of V2X. Another important gap that has been
identified is the adequacy of the EVs concerning V2X. In some cases, the EVs impose some limitations
in this process.
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