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SCALE Introduction

SCALE (Smart Charging Alignment for Europe) is aybegdHorizon Europe project that explores and

tests smart charging solutions for electric vehicles. It aims to advance smart charging and-2/ehicle
Grid (V2G) ecosystems to shape a new energy systearewwhthe flexibility of EV batteries' is
harnessed. The project will test and validate a variety of smart charging and V2X solutions and services
in 13 use cases in relifle demonstrations in 7 European contexts: Oslo (NO), Rotterdam/Utrecht (NL),
Eindhaven (NL), Toulouse (FR), Greater Munich Area (GER), Budapest/Debrecen (HU) and Gothenburg
(SE). Going further, project results, best practices, and lessons learned will be shared across EU cities,
regions, and relevant-mobility stakeholders. SCALE aimsiteate a system blueprint for useentric

smart charging and V2X for European cities and regions.

SCALE's consortium comprises 29 cutédge European-enobility actors covering the entire smart
charging and V2X value chain (equipment and chargingufaaturers, flexibility service providers,
research and knowledge partners, public authorities, consumer associations, etc.) It is led by ElaadNL,
one of the world's leading knowledge and innovation centres in smart charging and charging
infrastructure.



List of abbreviations and acronyms

AC Alternating Current

AFID Alternative Fuels Infrastructure Directive
BRP Balance Responsible Party

BSP Balancing Service Provider

CCs Combined Charging System

CEP Clean Energy for all Europeans Package
CPO Charge Point Operator

DC Direct Current

EED Energy Efficiency Directive

eMIP eMobility Interoperation Protocol

EMS Energy Management System

eMSP e-Mobility Service Provider

EPBD Energy Performance of Buildings Directive
ETD Energy Taxation Directive

EV Electric Vehicle

EVSE Electric Vehicle Supply Equipment

FCR Frequency Containment Reserves

FSP Flexibility Service Provider

GDPR General Data Protection Regulation
HEMS Home Energy Management System

ISP Imbalance Settlement Period

MWS Megawatt Charging System

OCHP Open Clearing House Protocol

OCPI Open Charge Point Interface protocol
OCPP Open Charge Point Protocol




OICP Open InterCharge Protocol
OpenADR Open Automated Demand Response
PKI Public Key Infrastructure

PV Photovoltaic

RED Renewable Energy Directive

RTO Research and Technology Organisation
SCALE Smart Charging Alignment for Europe
ToU Time-of-Use

TSO Transmission System Operator

V2B Vehicle-to-Business

V2D Vehicle-to-Depot

V2G Vehicle-to-Grid

V2H Vehicle-to-Home

V2P Vehicle-to-Public

V2X Vehicle-to-Anything




Report executive summary

Electric vehicles, smart charging, VehideAnything, flexibility markets, interoperabilityse caseControl topolay,
System Architecture

SCALE (Smart Charging Alignment for Europe) is aykegeHorizon Europe project that explores and

tests smart charging solutions for electric vehicles. It aims to advance smart charging and-2/ehicle
Grid (V2G) ecosystems to shape a new energy systeareiwhthe flexibility of EV batteries' is
harnessed. The project will test and validate a variety of smart charging and V2X solutions and services
in 13 use cases in relifie demonstrations in 7 European contexts: Oslo (NO), Rotterdam/Utrecht (NL),
Eindhaven (NL), Toulouse (FR), Greater Munich Area (GER), Budapest/Debrecen (HU) and Gothenburg
(SE). Going further, project results, best practices, and lessons learned will be shared across EU cities,
regions, and relevant-mobility stakeholders. SCALE aimsiteate a system blueprint for useentric

smart charging and V2X for European cities and regions.
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Figure Use case locations
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Sustainake Mobility, and describes thesetup of theuse case. The document describes the use case
setup according to the framework set out in tipeeviously released Stakeholder AnalyRisport
(D1.2,2022), and combines parts of the unpublished work done on$neart charging and V2X system
architecture Through this framework key elements of the industry value chains are described such as;
Charging infrastructure, Mobility services, Charging services and Energy services. On system
architecture the different control topologies and central comnication protocols applied in the use
case are explained. Also the overall learnings on the use case setup process are included.

Looking at the various mobility services it is apparent that within the different use cases there is good
representation ofrelevant services such aaresharing; private and company cars and the heavy

duty vehiclesB2B. In SCALE vaém to better understand the impact of these different mobility
services on the smart charging and V2X potential.



On the various charging séces deployed in the use case a distinction is made between AC and DC
charging. These two categoriese further separated between unidirectional and bidirectional
charging, and for DC charging also instant fast charging. There is good variation bdte/services

that are deployedin the use cases, where many use case have mora tme of these services
included.

In SCALE the energy services are grouped into 4 categories;

(1) Local behinghe-meter optimization
(2) Balance responsibility

(3) System balance

(4) Corgestion management

Each of these categories is again subdivided into the specific energy services. In the report an inventory

of the planned energy services is provided for all use casedzAIS O 8S& F NB A YLX SY¢
0SKAYR (KS YS (iBEeddes2thal] hany usé cage? afe planning to implement energy
services in the other 3 categories.

With smart charging or V2X there is one actor in control of the charging session. In SCALE there are
three control topologies that can be distinguishedethar manufacturer (OEM), the Charge Point
Operator (CPO), or the Energy Manager (EM). In the use cases and within the SCALE goals of
implementing open standards and protocols only the CPO and EM control topologies are applied.

SCALE aims to promote open standards and protocols that support smart charging and V2X in an
interoperalde manner. In the system architecture there has been much attention on communication
protocols. In the reportfor each use case it has been mapped which protocol and standards are
planned to be implemented.

Power

-_ Car centric

Charger centric

Site centric
"""" (Other) information/data exchange
OEM  Vehicle manufacturer (OEM)
eMSP E-Mobility Service Provider

Proprietary OCPP

CPO Charge Point Operator
SO 15118-20 EV ] OCPP EMS Energy Management System
[Fus |

............................ SCSP Smart Charging Service Providar
DSO Distribution system operator

rid connection

Figure:Example Usease architecture on communication protocols

In the setup of the use cases, we have seen gtrdependencies between use case leaders and other
consortium partners in terms of incorporating equipment, vehicles and software. In the end all
subsystems that make up the complete system around a use case are needed to showcase the energy
services that ee planned to be implemented. We have seen that developments around standards and
protocols that follow up each other in a rapid pace (e.g. ISO 1301&ing recently released) it takes

time for all the stakeholders involved to implement these new protsdato their products and
software platforms. Product safety and related certifications, which cannot be compromised, are
among the key factors to make this a tirmensuming exercise. We also see that there are regulatory
uncertainties and barriers arourd2X that for certain use cases cause uncertainties on timing. From
the EV OEMs it became apparent that grid code compliance is a key concern, in particular in relation



to AC charging and the upscaling to mass market deployment. These and other reddatiams will
be addressed in more detail in WPS5.

With an innovation project like SCALE, where we push the limits in terms of what is possible, these
minor setbacks are to be expected and provide valuable insights. To continue to make progress, some
of the use cases will start the execution phase with those energy services that can be done based on
the products they can have available now. The more complex services will be added throughout the

project. In many occasions this implies that the bidirectia®avices will be added in a later stage of

the use case e.g. by updating product software.

For specifics and learnings on each use case and for overviews relating to the mobility services,
charging services and energy services, control topology and coroatiam protocols applied in the
use cases we refer to the fullportin which these are provided.
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Purpose of the deliverable

Deliverable 3.hs part ofWork Package & led by FIERBustainable Mobilitand describes thesetup

of the use case For each use cagke implementedcharging conceptand energyservices that will

be tested are described. This documémilds forthon the previously released Stakeholder Analysis
Repor{D1.2, 2022 the work doneon the Smart charging and V2X systemthatecture (not yet
published)and Deliverable 1.5 List of haraind softwarerequirements(D1.5, 2023



1. Introduction

SCALE aims tadvanceEV charging technologgnd facilitate the mass market uptake of smart
charging and ®&hicleto-Everything (¥X technology To do this, 13 use casase executed ove#
innovation clustersVehicleto-Home, Vehicld¢o-Business, Vehicl®-Depot, and Vehiclgo-Public. In
all4innovation clusterssmart charging and V2X technologies will be testbaisUsecasesetupreport
(Deliverable 3.1provides a comprehensive overview of thet-up of the use cases.

Per use case, a detailed description is includethat on use case lal the setup can beseen. In
Chapterl, the important aspects of these case description are introduced and explajrfetlowed
by the individual use case descriptionsGhapter2. Chapter 3 will havéhe conclusion8essons
learned from the setuperiod of the use cases of SCALE.

The use case descriptis in Chapter2 start with the context andgoalsof the use caseas to
understand the motivation behind the use cagifter that, the control topologiesire elaborated
upon, describing how the charging sessions are being steblext, the assets used in the use case
are listedsuch as thenumberof assets, charging powand type of installed vehicles, chargers, and
other relevant assetsThe stakeholdex involved in the particular use case are also mentioneds@h
are SCALE partners as weleaternal organisation€achuse case descriptiomcludesa Gantt chart
displaying the timelin®f the stesto be takenconcludes with a list of the energy seise that will be
executed By providing detailed informatioon these aspectshese individuatescriptiors contribute

to a betterin-depth understanding of the use cases

Method of working in SCALE

In SCALEhe process of setting up the use casefirss of all done by the use case leaders. Of course,
the use case leaders are cooperatinigh the SCALPartners who provideheir expertise services
and equipment This is done in work package 3 in SCALE ded iy FIESustainable MobilityThe
cooperation within SCALE is fairly intensihés is necessarigecausamost use cases are dependent
on many different SCALE partners and on other SCALE work padikagresare monthly meetings,
led by FIER, with alhe use case leaderén these meetings, the progress of a1, encountered
bottlenecks, and other relevant aspects are discus¥édrk packageavide challengesand activities
are addressed bjollow up meetings led by FIEResides that there are martyilateral exchanges
among the use case leaders and other SCALE partnéusgtiier the development of individual use
cases

Method of creating the use case-s@treport

The Use Case Setup Repods preparedy FIERSustainable Mobilitand the use case leaders. The
core information wagrovided by the use cadeaders anadonsolidated b¥IER into this reporbhased
on the input of the use caseBIERhasdrafted up the key learning and conclusions



In this report, the same structure will be used as
the SCALBakeholder analysisthe setup of the
use casess described on thet identified industry ;’;:;gi‘:gmm —
value chains The 4 industry value chains are

Charging infrastrudure, Mobility  services,

Charging services, and Energy servwitgsalised in

Figure 1. A description is includeder industry

value chairfollowed bya descriptionof how this is

includedin the SCALE use casti® problems that
wereencountered on theéopicsand the mitigation

measures that were takerBy using the industry

values chainso describethe use cases that Were  charging
set up a comprehensive picturean be given of  services
them.

Installation

Mobility
TS services

Shared mobility

Unidirectional

Industry
value chains Service

Balance
Bidirectional responsibility

Fast charging

Energy
services

Congestion
management

Figure3: Industry value chains.
Source: SCALE Stakeholder analysis

1.1. Setup process

The SCALE setup processiisilar to mos usual development processeasnderneath the different
steps are elaborated upon.

Specification of technical requirements

In this stage, the technical requirements for thetup are defined, based on the use cazed its
objectives This involves&dentifying the hardware and software needed, as well as the performance
and functional requirementsThis isa task that in some use cases, for instance, in Utrecht (use case
00)and Eindhoven (use cases C2 and C3) had already been specified befomdbtiehmcause there
already was a legacy from previous projetitsthese use cases, only mindrangeshad to be made

to the already existingituation. In other use cases that are set up from scratch, the specification of
technical requirementsook moretime.

Software development

Once the technical requirements have been specified, the software development process begins.
Enervalis is responsible for this stagthe leader of Work Package R¢velopment of Smart Charging

and V2X Technologies and Salug), which involves creating the software needed to runtise case

The neededdevelopmenteffort varies greatly between the use cases.

Delivery of hardware

Delivery of hardware is crucial for setting up the use c&¥gh SCALE aiming high in terms of
deployinghardware product innovationsthis often involves development by individual partners in
the project.With product developmergexecutedin parallel to theuse case setupghis often bings

in uncertainties to the useasessetup planning

Commissioning
This involves installing and configuring the hardware and software to ensuresétfiety can be
guaranteedand thatthe systems arevorking correctly.



Validation

Once the system has been commissioned, the next stage is validation. Thissrteshing the system
to ensure that it meets the technical requirements and thlitcomponentghat make up the system
are properly integrated

Start use case execution
Once the system has been validataddthe system is working properly, the equipment cantéleen
into use, thughe use case execution staganbegin.

1.2. Charging infrastructure

The charging infrastructureindustry value chain is separatddto three phases 1 planning 2
installation, and ultimatel exploitation.As this is the setup report of the SCALE use casestuse
casesare in the planningand/or installation phase rather than thexploitation phaseThelessons
learned report on the SCALE use caghige Septemler 224, will have more insights on the
exploitation phase as well. This being saiel;ause SCALB&Engbuilt up from many already existing
use cases and knowledge, there ase cases that ar@readyin the exploitation phaséAlso, because
the use cases consist of seve@mponents,some parts of a use case can already be in the
exploitation phase whereas other components are still in the planning phase.

The planning of charging infrastructure is a difficult proce¢le uptake of EVsis dependent on
sufficienty dense chargingfrastructurenetwork. Also exploiting profitable charging infrastructure

is dependent on sufficient uptake of EVs. This is the-wadhwn chickerand-egg problem of electro
mobility (SCALE Stakeholder Anay2022 page 19, subsectioR.1.1). The SCALE use cases are,
many occasionduild forth on existing or already plannetiarging infrastructurénitiatives In such
situations SCALE will add an additional layer with software and hardware updates to the existing
situation and therebyimplement the innovative smart charging and/or V2X solutidh#en though
the charging infrastructure itself has already been plagad in someuse cases already operational,
in SCALE these use cases will expand on the exiBhirggimplies that for certain use cadbsre are
dependencieso these existing or planned initiativeBhe planning as provided by each the individual
use caseaims toincorporate all the relevant activities that are important setup all theelements
required for theexecution of the use case

The installatiorphase ofthe charging infrastructureleals with the actual placement of the charging
equipment. Sameas with the planning phase, many of the SCALE use cases are being careed out
existing sitesln these situationsthe installationphasemay refer to thephase where reworks on the
existinghardware or software upgrades on tlpeoduct lever are implementedAside from the fact
that installation work is getting more expensive ameliverytimes for materials are relatively long,
there are nounexpected results during the installation phase.

Naturally, because this &report on the setup of the use casebarging infrastructure is generally
not in the exploitation phase. Although, as mentioned before, some use easedready operating
and, therefore, in the exploitation phase. SCALE will utilize the resultssadhait are being gathered
from thesealready operational use casesdthoughnone of the use casasoperational in thér final
form. Meaning thatall these use cases will undergo modifications in some form or other.



1.3. Mobility services

Mobility can be ffered to end usersn different ways As already writtetin the Sakeholder analysis
of SCALBpége 21, subsection?), the paradigm is shifting from only ownership of vehicles to other
mobility servicesln SCALE there is choge include differentvarieties ofmobility services in the use
cases.The mobility services used in SCALEpaivate cars, shared cafbusinesgo-business and
businesgo-consumer and leasing car¢company cars In SCALE wa&ant to better understand the
impact of differentmobility serviceon the smart charging and V2X potentié.g. the intentions of
the explicit plaementof shared cargh some use caseésthat these aralwaysconnected to a charger
when not in use, they arewned by a central profesionalbrganisationinstead of by many individuals,
and that their usage pattern is known from the reservation systéfte foresee that theséactors
strongly enlarge the potential per car and causestaringsystems to have an important position in
scaing-up of VXoperation of ecars. The same isue, to a lesser degree, for leased cars.

Most of theinnovation in SCALE does not revolve around mobility servibesfocus is on smart
charging and/2X chargingrhat being said, V2X services can only take off, when all stakeholders from
the entire ecosystenare participating. When, for example, lookingtae flexibility that EVs can offer

to the electricity grid it is important that as many vehicles as poss#ie participating. One vehicle
offers onlya smallflexibility potential. For this reason, it is important to understamadl different
potential stakeholders and test smart charging and V2X soluiiomsultiple mobility services.

1.4. Charging services

With the development of smart charging and V2X services within SCALBpte that chargiry of
EVshason the electricity grids drasticalljeduced. Thigs done by implementingenergyservices;
these are described in 81.6Which energy services can lodfered is determined by a number of
factors, one of which is the charging service. As described in the S@GRéliolder analysigpage?23,
subsection &), 3 charging services can be determinetunidirectional charging? bidirectional
charging and3 instant fast charging. Aicharging services are being deployed in8@ALE use cases.

Unidirectional chargingneans that the power is only going from the grid to the vehicle, this is the
most weltknown charging servicéoday. Most of the currently available charging services are
unidirectional.However, within this charging service, there is an important distinction to be made
betweensmart chargingand uncontrolled chargingUncontrolled charging stationsan only deliver

full power, at the request of the ENdnd cannot bananaged With charging stationghat havesmart
charging functionalitiethe power levelcan be controlledThis way, EV charging can become part of
the solution instead of the problent.g.EV charging calpe initiated or maximisedvhenthere is an
abundance of renewable energynd can bestopped orreduced wherthere ishigh energy demand

or there is congestion on the electricity grithis way the charging sessions are contributing to a more
stable electrtity grid.

Within smart charging, there are different levels of contrbhefirst, and often already available
manner of smart charging, is charging stations contrdileithg reduced in power when the maximum
power on the grid connection is reached. Tisia very effective way of smart charging 6 dzii A
take any otheffactorsinto account tlan the measurements at thgrid connection. Within SCALE, the
use cases go further than thiddditional data sources are usemlmanageand optimise thecharge
sessionsMore on this will be describeith the paragraph §1.6 on thenBrgy services.

(s}
O)¢



Bidirectional charging, as the term implies, means that power can go into the car, but also from the
car backo other (non-mobility) related wse.In this situation, the battery of the vehicle is being used

to store energy that can be useda later momentThe energy can flow back to several destinations,

in Vehicleto-Home (V2H), Vehicko-Depot (V2D) Vehicleto-Business (V2B), or VehitteGrid
(V2G)We see that many of the Ener@grvices that are described undgt.6 can be done both uni
andbidirectionally wherethe latter has the potential to create higheddedvalueand minimise the

need fa grid reinforcements

The third and lastcharging service is instant fast charging. The big differesmmpared to
unidirectional charging and bidirectional charging is tWéh instant fast chargindsey priority is to
chargean ashigh as possible amount of energyadsa short as possible timeframbnlike the other
charging services, instant fast chargoan only deliver a satisfactory service when charging at high
power. When someone is charging at bisher destination,it often R 2 S & y" Q (if th¥ VeliidleSsNJ A
fully chargedwo hours before departurer two minutes before departure. This means that there is
room to adjust the charging profilevith instant fast charginghe charging profilean beadjusted to

a lesser extentAlthough there are limitations to themart charging that can be applieditsstant fast
charging therds alsaa lot of potential. The@lannedroll out of a large network oinstant fast charging
locationsalongside the highwgt in9 dzN.2 TEST&work is expected to requiruge investment in
electricity grid. This can beeduced by implementingmart solutionsge.g.in combination with local
energy storaggeto reduce the impact of these charging locations on the guidexanple of this is use
case C2 that aims to find the optimal set up and requirements for alinerpre booking charging
service along the public (future) instant fast charging facilities around the European highway network.
Data of the booking system can beed to plan the charge sessions and make sure that maximum
power is available during the planned charge time, while minimising the impact on the grid.

1.5. Energy services

In the combination ofmobility and charging servicgdifferent energy services can peovided using
the batteries in electric vehiclés a smart wayln SCALEnNergy services are dividedar categories
1 local behindthe-meter optimization,2 balance responsibility3 system balance, andl congestion
managementPer category, different energy services candmntified. In this paragraph, thenergy
servicesare introduced.

Most energy service can make use of unidirectional or bidirectional charging services. The main
differenceis that with energy services viaidiredional chargingthe potential that can be offered to
the grid is larger than with unidirectional chargifr instance, executing the energy servig#imize

PV selconsumptionaims to increase the use of generated power ritoa PV installation. With
unidirectional chargingyou can charg the EMvhen the PV installation jgroducingpower andstop

or reducecharging if there is no PV power generation. In this way, you are executing this energy
service because you aoptimizing the PV consumptiordnfortunately,when the battery is fullyou

can no longer execute the energy servigéhen usingbidirectional chargindor the same energy
service the EV can offer more value. In that situatipou can charge the EV when the PV installation
is generating power provide powerbackto a home or other buildingwhen there is no PYjower
generation (for instance, at night), and charge it again the daxt

Localbehindthe-meter optimization is, as the name suggests, done withpasver going back to the
grid. All the optimization, whether it is unidirectional (smart charging) or bidirectional (1&éking



place kehind the meter at a home, office building, or other locatidine optimisation is typically
controlled by the site owner.

Energy service Description
When a consumer has rooftop solar witlheged-in tariff different from

the supply tarif, value can be created by maximizing the consumg
of locally generated solar

Increase seltonsumption
of ontsite renewable energ

WKSy | O2yadzyYSNJ Aa SELRaSR i:
Reduce demand charges a period), such demand charges dam reduced by applying pe:
shaving

When a consumer is subject to time varying electricity prices ir
form of static ToU, dynamic pricing, critical peak pricitg,, value
can be generated by avoiding exposure to high pricdsebfndthe
meter consumption

Timeof-Use shifting

When a grid outage is detected, the vehicle can provide ‘g

Provide bactup power power to the household

Table 11ocal behind the metaptimization

On the electricity grid the supply and demandeedsto be balanced The same amount of energy
needs to begenerated as energy that is used. The responsibilityfatching supply and demanrigs
with the Balance ResponsibilityaRy (BRP),which is the energy supplieron many occasions
Underneath are the energy services associated with balance responsMility.a single car being
typically too small of an asset to provide these services, aggregation of these assets is needed.

Energy service Description

Capacity can be managed as a subpeithin the BRP's portfolio an

Wholesale market price . . .
gain additional revenues can be charged at low price moments

arbitrage discharged at high price moments (BRP provides market access

for BRP's with a large part of renewable energy irpdagfolio, the
Intraday portfolio flexibility of aggregated capacity within his portfolio of c
optimization connections can be used to compensate for the forecast errors

the imbalances in his portfolio

Table2: Balance responsibility



For a stable electricityrid, thesystem balance is importantoachievesystem balancehe electricity

grid needs to maintain a stable frequency oflttz. A Balance Service Provider (Bff®yides the
service of this balancing the TSOEVscan be an example of assets that are used to provide the
service.With smart charging electric vehicles can only be used dasmand asset, it can only take
power from the grid WithVV2G, the electric vehicles can also bedse suppghgassetsWith a sngle

car being typically too small of an asset to provide these services, aggregation of these assets is
needed.Underneath are the energy services associated with system balance.

Energy service Description

FCR Frequency Containment Reserve (F@gpregated capacity offere
by a BSP can be called upon by the TSO to restore imbalanc:
Local Frequency Control Area

aFRR Automatic Frequency Restoration Reserve (aFRRjgregatec
capacity offered by a BSP can be called upon by the T&3ttre
imbalances in a Local Frequency Control ARsgjuired ativation is
slower than FCR.

MFRR ManualFrequency Restoration ReserveRRR Aggregated capacit
offered by a BSP can be called upon manually by the TSO to r
imbalances in a Localdguency Control Area

Srategic reserve: Aggregated discharging ability could be used as strategic reserve
(adequacy) provide an alternative for thermal power plants or industrial dem:
response capacity to improve the adequacy of the system

Table3: System balance

The last of thed categoriesin which energy services are divided is congestion management. As
described in the SCASEakeholder analysipage28, subsection 2.4.), congestion managemeris
typicallyneeded on occasi@when certainpartsof the distribution systenmiskto get overloaded or
congested Congestion management energy services can be aimed at preventing and resolving
congestim. Belowarethe energy services related to congestion management.

Energy service Description
V1GN2X can provide a nemire alternative and expand the lifetinr

of the existing DSO infrastructure through long term conges
management contracts

Longterm Flexibility
agreement



When congestion in the local grid is expected #l,I¥V1GN2X car
provide congestion management services in short term conge:
management markets through contracted bids

Short term congestion
management (E1)

Operational congestion When congestion is detected in near rémhe, congestior
management (near real management services can be activated frdéihGAM2X through non
time) contracted bids

When the operational limits (voltage, phasehatance,...) of the loc:
electricity grid are reached, rapidly discharging or charging ele
vehicles could help restore the local grid within its normal operz
boundaries

Power Quality control

Table4: Congestion management

1.6. System architecture

SCALES testing several applications of smart charging and V2X charging solutions. The goal of the
different solutions over different mobility services, charging services, and energy sesviceasure
that electric vehicles are not a strain on the grid, but sapport the grid and reduce the need for grid
reinforcement.Touse the charging sessioatelectricvehicleso reduce the grid impact, the electric
vehiclesand chage pointsneed b be able to work together and witimany other systemthat make

up the smart charging and V2X ecosystefiso, these subsystems of the ecosystem need to be
interoperable in order to be ready for upscaling for mass deploymimtre liesa great challengegs
the system architectures of thesscosystems are not ydtlly developedand aligned among the
different stakeholders in the ecosyster®ne well knownexampleis the 1ISO 151120 norm for
communication betweerthargerand EVFor most use cases thétandard isan essentialpart of the
system architecture because mableshigh levekommunication between the vehicle and the charger
that iscrucialin many smart charging functionalities as welb&directional charging-or the complete
overview of theSCALE protocols and standards we refaheoSCALEnalysis of ard- and software
requirementgDeliverable 1.5, 20293

To have the ecosystemully cooperating and communicatinga sound system architecture is
necessary.This consists of all the actors involvalle roles of these actorghe communication
protocolsused,and theenergy serviceprovided There is no onsizefits all system architectures
every situation can have key differences leading to other choices in the system architéttharever,
there are certain important asps that are universal, or at leastcommended. SCALE, task 1.4 and
deliverable 1.4ims toprovide this input on thesystem architectureThe deadline for deliverable 1.4,
Snart charging and V2Xystemarchitecture is May 2024. Because the partners ilwvea recognize
the importance of a uniform understanding of tlsystem architecture, the work on task 1.4 was
already started. This was done to support ®€ALEse cases in setting up their system architecture.
Underneath heretwo essential aspectsf the system architecture are described, ttantrol topology
and thecommunication protocols



The control topology means the way of "\
controlling a charging sessiowhich actor is | . £
doing the actualcontrolling of the chargng
session There are three control topologies
that can be distinguished: the car

manufacturer QEM, the Charge Point Control

Entity

t

Operator (CPO), or the Energy Manager (EM) s/sem
Each of these control topolags has a control
systemwhich controls the assetin Chapter 2 N
it will be indicated per use case which contr ﬁz“‘"'i!ﬂ < Centrollable

. . o 0 assets
topology is used.There is no good or bad —
choice, but the choice for a control topolpg Figure4: Control topologies

does have implications for the rest of the
system architectur@nd data requirementsFor examplethe actors that need to be involved and the
communication protocols that can be used.

In the SCALEnNalysis of hardand software requirement&Chapter 3 4) a very detailed description

of all the necessary hardnd software requirements for the electric vehicle, the charging station, and
the Charge Point Operator (CP®yivenThisisveryrelevant and necessaigput to the works done

on the system architecturelmportant protocolsto be included in the system architectuege Open
Charge Point Protocol (OCPP) and Open Charge Point Interface (OCPI). The Edestto be
released protocol versions of OCPP & OCPI allow for most desired outcomes to be achieved by a V2X
ecosystemWith regards to EMCharging Station communication, the current dominant protocol for
both AC charging is IEC 61851. This protocol is netadened future proof due to several reasons such

as lack of support for bidirectional charging and an inability to exchange information between the EV
and charging statioior smart charging purposesuch as present Statef-Charge (SoC) of tHeV
battery. The bidirectional communication capabilities that ISO 18201 ®ffers in addition to IEC
61851 would close most of the gaps related to the desired system outcomes for the communication
between the EV and the charging station.

Power

— Car centric

Charger centric

Site centric
"""" (Other) information/data exchange
OEM Vehicle manufacturer (OEM)
eMSP E-Mobility Service Provider
CPO  Charge Point Operator

Proprietary OCPP

D ISO 15118-20 EV] FE EMS Energy Management System
N\ D-J]]Im---;,njh_ £V p— SCSP Smart Charging Service Provider.
o) o) %, AC/DC a DSO  Distribution system operator
b:d rid connection

Figure5: Example architecture on commuation protocols

Figure 3showsan example of a representation of the control protocols as part of tlsystem
architecture In the use case description in Chapter 2 these will further be specified. For instance,
which version of OCPP and OCPI are being used, or if ¢haf time recommended mtocols cannot



be used. This can, for example, be the case with ISO 1X1f8 which the implementation in the EV

or chargerproves to bedifficult. This system architdure is merely a representation dfe potential
actors in the system architecturd a use case with recommended communication protocols. Per use
case the system architecture will differ highly. This is not the final system architechisels just a
example



2. Individual use case setup

In this chapter we will provide specific details on the setup of each of the SCALE use cases, grouped
per innovation clusterSCALE has identified four Innovation Clusters (based on sitesifispuser

groups) for which smart charging and V2X is either already playing a significant role or will become a
necessity in the next years. SCALE will test and validate a variety of smart charging and V2X solutions
and services in 13 use cases in4daldemonstrations structured by the four Innovation Clusters (A:
Home, B: Business / office, C: Ligimtd heavy duty, D: Publid)se case 00 (WDS) is placed in a
separate innovation cluster d@soverarcheghe innovation clustersFigure grovides ornoverview of

the different locationsvherethe use case are situated.

Figure 6 Use case locations



2.1. Smart home charging

=\

VENICLE TO HOME

In this innovation cluster,harging of EVs will take place predominantly at
home. Therefore, it offers important potential for smart charging and V2X
functionalities. Utilizing smart charging and V2X can in this Innovation
Cluster increase the uptake o¥/&(through cost benefits anglase of use),
increase the utilization of locally produced renewable energy (through self
consumption of the generated local renewable energy), and lower the dependency on the grid. The

highest focus is reducing costs and create a high usability for tzezasure high participation

throughout society.

Introduction

Use case lead

Sono Motors GmbH

Context of the use
case

The use case is about vehicleto-home in the residential sector for self-
consumption.

The use case was planned to be executed in the greater Munich area in Germany,
with two residential single -family homes that already have pv power installed. The
houses would have been equipped with a home -energy-management system, a
grid-compliant wallbox, and a bidirectional vehicle from Sono Motors.

The use-case is cancelled as Sono Motors is withdrawing from the SCALE project
due to recent development in its business focus. The use case will be replaced by
a similar one in 2023.

Description of the
use case

The user has access to control his local energy system including the vehicle -
charger combination via the Sono app or the vehicle's infotainment system. The
home-energy-management system controls the charging and discharging of the
adoadd  @3w =zflaN wd <tea -1adol 1a<c<
during the time of PV production and discharged during the night/evening hours.

The EMS is designed to avoid feeding back into the public grid from the EV due to
regulato ry and economic reasons.

The goal of the use
case

This use case aims to tackle the challenge of integrating an AC bidirectional
vehicle into residential home energy systems in a cost -efficient and user -friendly
“f'3 B <tAt+4+ <te .otAl3eoet zf<<od |
locally generated pv energy and inc rease the household's self-consumption

Use case setup

Control topology




Entity

Settings

Control
system
Controllable
assets
Visualization system architecture
PV
Inverter /
PV
Power
Other
appliances
End-user
Mobility
: Needs
Battery

Other controllable
appliances (i.e.
heat pump)

/
MV/LY

Facts and figures

AC (bidirectional) - fully compliant to grid codes
. 11 kW
Charge point Sono Motors




EV

Sono Motors
Sion

PVsystem

5-7 kW per home

Local EMS device

Enervalis EMS

Stakeholders
Site owner Private individuals
End-user Private individuals
Local energy | Enervalis
optimization
DSO LEW Verteilnetz GmbH
Timeline
Specification of | 01/06/2023 - 31/01/2024
technical
requirements
Software TBD
development
Delivery of | TBD
hardware
Commissioning TBD
Validation TBD
Start use case | TBD

execution

Energy Management Services

Behind the meter optimization

Increase self-
consumption of on-
site renewable
energy

Yes

Goal of the energy management services




1. Primary objective: Increase self-consumption & reduced fee -back to the
public grid .

2. Secondary objective: Reduce charging cost and thereby TCQ

2.1.2. A2 Extension enablingarticipation in energy market (Munich)

Use case lead

Sono Motors GmbH

Context of the use
case

The use case is about vehicle-to-grid in the residential sector with a focus on the
DSO of beneficiary.

The use case was planned to be executed in the greater Munich area in

Germany, with two residential single -family homes that already have PVpower
installed. The houses would have been equipped with a home -energy-
management system, a grid -compliant wall bo x, a bidirectional vehicle from
Twdw Uw<uwdzet fFINI T AN sawd A<wdzAdl zw @
UwNI 3 o @5

The usecase is cancelled as Sono Motorsis withdrawing from the SCALE project
due to recent development in its business focus. The use case will be replaced by
a similar one in 2023.

Description of the
use case

The increase in distributed energy systems with their volatile production imposes
It f33adlat wd <toa NAL<dAz-<Awd OLdpAntike
Verteilnetz GmbH (LVN) will be installed in the residential home. It measures grid
parameters independently and, if necessary, provides set points to the charger
requesting it to charge or discharge the vehicle to reduce the stress for the grid

The goal of the use
case

Control topology

The overarching goal was to utilise the vehicle battery to actively reduce the
stress for the distribution grid by not only stopping to charge but actively
discharging when needed.

Entity

Control
system

< Controllable
assets




Visualization system architecture

PV

Inverter/

PV
Power
Other
appliances
End-user
Mobility
\ Needs
Battery

Other controllable
appliances (i.e.
heat pump)

Settings

smart Total Power
Meter
(Dis-)Ch /
Flai = is-)Charge /
Module| 5251 [~ Requests -

MV/ILV

E-grid

Facts and figures

Charge point

AC (bidirectional) - fully compliant to grid codes
11 kW
Sono Motors

EV

Sono Motors
Sion

PV system

5-7 kW per home

Local EMS device

Enervalis EMS

Other

Flair Module from Lechwerke Verteilnetze GmbH.The device is capable of:
- Measuring grid parameters
- Recording and processing of measurement data by algorithm
- Sending of setpoints to controllable loads and generators




Stakeholders

Site owner Private individuals
End-user Private individuals
Local energy Enervalis
optimization

DSO LEW Verteilnetz GmbH

Timeline

Specification of

01/06/2023
Delayed because of discontinuation of Sono Motors participation.

technical

requirements

Software tbd
development

Delivery of hardware | thd
Commissioning thd
Validation tbd
Start use case | thd
execution

Energy Management Services

Behind the meter optimization

Increase self-
consumption of on -
site renewable

Yes

energy
Congestion Management
Short term Yes
congestion
management (D-1)
Yes

Power Quality
control

Goal of the energy management services

1.
2.

Primary objective: Stabilisation of the distribution grid
Secondary objective: Local optimisation




2.2. Smart charging at businesses & offices

=

VEHICLE TO BUSINESS

charging time isypicallynot of keyimportance. What is importanis that
there is sufficient range when going hemThis presents potential for
smart charging and V2X services because of the central cohtioérging,

long stationary time, and an already high uptake 9§ Eh company fleets. This potential includes
reducing the costs through setbnsumption and deand charge reduction, this increases the use of

locally generated renewable energy and lowers the peak loads on the grid.

Use case lead

Introduction

Serviced Office Belbuda, DBH Group: Zsolt Puja

Context of
use case

the

The use case takes place in Hungary, in two locations, one in Budapest, one in
Debrecen. Full electric car-sharing service, with a station -based car sharing business
model, which would be unique to the serviced office market. The service is planned
to be provided to tenants as part of the serviced office service package. The project
would enable the roll -out to the Hungarian market, a s a first, a 100% electric, station -
based corporate car sharing service, which would focus on office and industrial park
rental companies. The service will be offered to office rental companies, so that they
will be able to offer to their own tenants an of fice location -based car sharing service,
which they might use for business purposes for their employees there, or offer as
employee benefit, and enhance employee satisfaction.

Description
the use case

of

2 office locations of DBH will be supplied with office -carsharing cars. Upgrading
existing recharging points, the pilot will connect electric vehicles (EVs), car -sharing
model and building energy management to combat climate change in a unique way.

The first objective of the pilot is to determine the optimal business model for the
proposed new commercial office car -sharing service in Europe, including clearly
identify customer segments on the market, and therefore we could adjust the
business model for their needs. The second objective of the study is to identify a
scalable, yet efficient solution, how the GoodMoovs platform can be integrated with
RB- T1 ot | -1 <waodz afdfloesad< L wé<: fdzwo
objective is to set up and experiment with the demand side load management smart
charging feature, covering the integration between the vehicle, the recharging point,
the building energy management system, and the grid operator, and prepare the
blueprints for a suitable technical solution, which enables the use of the new service
in a commercial office building environment and beyond. The fourth objective is that
how the service can be exploited as a white -label, licensable product, and how can it
be rolled out to the European market, considering differing technical (building, DSO)
and business, regulatory environments.

Thisinnovation clusterfocusses around smart charging and V2X in the
context ofbusinessand offices.For employees parked at their office, the



Planned model:

= dbh

w— Serviced
Office

The goal of the
use case

Control topology

The project aims to introduce a fully electric car -sharing service, unique in the
Hungarian market, linked to the office building rental business service, with a
station -based car-sharing business model and a smart charging system, which would
be offered to tenants as part of the serviced office offer. The project would focus
primarily on office -based businesses, with the service being used by customers
mainly for business purposes - protecting the environment and saving significant
costs for the employer. We estimate that for a rental company, compared to
alternative solutions, the solution offered could save up to 40% in costs and 60% in
CO2 emissions, and could ke offered as a benefit in kind to employees, increasing
employee satisfaction.

Thanks to the 'smart charging' system installed as part of the project, electric vehicles
on the charger will consume power when the grid is 'low demand', avoiding
overloading t he grid, including at night or during 'cost  -effective' early morning hours.

The use case aims to set up and experiment with the demand side load management
smart charging feature, covering the integration between the vehicle, the recharging
point, the bui Iding energy management system, and the grid operator, and prepare
the blueprints for a suitable technical solution, which enables the use of the new
service in a commercial office building environment and beyond.




Control
K3 system

Controllable
assets
Visualization system architecture
EMOBILITY
SOLUTIONS
v’ Departure time
&
CPO
: Usage User
L, pattems _data
menervalis |

Driver

= dbh

Car Sharing
Platform

s
®

s S R

SKANSKA 244

i
i
i
]
dSitt: ! GoodMoovs.com
|_Gata -
s o
it (OO0 L
_ data
. 4.

Seessescssessessssimscssessssessessessdusssessnssssensensd OCPP 16

Facts and figures

Charge point
ETREL INCH AC 22 kW wall box




EV

1 # Opel Mokka Elegancessailready purchased

2 # Nissan Leaf or Renault Zoe- planned

Local EMS device

Include:

- Brand

Other SMART CAR SHARING SYSTEM Provided by GoodMoovs
Stakeholders
Site owner Skanska
DP Group
End-user Customers of Serviced Office Belbuda (DBH)

Fleet operator

DBH

CPO Emobility Solutions (EMS)
MSP Emobility Solutions (EMS)
Local energy | SKANSKA

optimization

DSO Eon AG

Timeline

Specification  of
technical
requirements

02/05/2023 - 31/08/2023
if applicable: delayed because of + mitigation measure

(Please adapt to actual situation, if necessary)

Software
development

15/05/2023 ==31/05/2023
if applicable: delayed because of + mitigation measure

(Please adapt to actual situation, if necessary)

Delivery of
hardware

15/05/2023 ==31/05/2023
if applicable: delayed because of + mitigation measure

(Please adapt to actual situation, if ne cessary)

Commissioning

25/05/2023 ==30/06/2023
if applicable: delayed because of + mitigation measure




(Please adapt to actual situation, if necessary)

Validation

25/05/2023 ==01/12/2023
if applicable: delayed because of + mitigation measure

(Please adapt to actual situation, if necessary)

Start use case
execution

01/06/2023 ==01/06/2025
if applicable: delayed because of + mitigation measure

(Please adapt to actual situation, if necessary)

Gantt chart

Energy Management Services

Behind the meter optimization

Reduce demand
charges

Yes

Goal of the energy management services

What is the goal of using these services, reduce cost of charging, increase used RE
influx, increase peak power charging, etc.

1. Primary objective
Optimization of smart charging features in connection with car sharing operation

2. Secondary objective
goNL |l Adl z-A3INAJI ot odal <dAl f3 cGuw adz | f
























































































































































































