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EXECUTIVE SUMMARY

The number of electdc cas, vars, trucks and buses on the world's roads & @pidly incessing, with 2 larger vanety of eleceric vehicle (EV]
madels commerzaally svailable. Naverthetess, typical users still have concems when comparing them o internal combustion engine (#CE
wahides, such as short-ramge adtonomy and higher prices, which are expecied 10 be sclved shortly. The developrnent of a suitable charging
mfrastnciiee answenng the needs of different stakehaldars in the electromobility valee tham and the adeption of effcient charging
processes, espectally smart charging, cwmently regresant the major gap o be covered by rost of the acors mvolved in this complas

BrISyEIem

The EV chargmg prooess reprecents tha tanghle mterface batwean transpart and energy sectors and the oucial element for guarantesing
their successful deweloprment i the future energy systems provding a new flexility resource for systern operators (50| According o
presmousty anabysed charging use-tases, leaving the charging prooess uncontrolled might result in sagneficant challenges for the power system,
such a5 peak power dermnand due to cumulative effects in soedfic perads In cantrast, manadging the chaming process in temes of tme
zrhedmg and power profile {eg with afficant tme-economic incentives! waill not onby limet the potertal chaflenges but also open naw
opporiunties. Thes can be achieved by tme schaduling and oower profile management, ar through market-based macharems (a.g. flexibility
maskets). Seyeral appostunities exist o profitably exploit BV chaiging, each having different aims and beneficiaries, and stacking them is
possihle tn maximize the bensfits. Smart £Y chargnp can support the integration of a larger share of renewable erargy sowce (RES)
genesaticn, by rashaping the power demand curea, supporting gareration fleet adaguacy. and feducing systam cosks ang C0- amissions. in
additice, 505 will enabée improved system managerment, both in termes of ancflary services and gric congestions, using the flesibilicy that the
changing orecess of EVs can provide. EY users will also benefit from lower chargng energy costs, mare reliabde services and by contributing
10 a mare sustairable trarspeet

The ralewant aspacts urdeminning these required actiors prasent a clear regulatory framewoek that supparts a Full deploymant of EY tharging,

mcluding the neceszary reinfomements in netwarks, memmum technical re juirements and standardesation, dynamic prong defintan and a

nowvel market structure and rubes. Additionally, & holstic vies and aschitecture will e resuired to improve 2nd erhance coopeation amang

the many different stakehoiders from traditionally separated sectors: vehicles, battanes, eectronc and autamation industries, infommation

and communacations technology (ICT], data platfarms and mobilioy service providess, transport and whan planning autharitiés, alectricioy

market agpregators and operators, consumers and prosumars, and powsar gid operatoes in thes mudtiple and comiplex systerm mtegration

affort, grid operators, acting in an wnbissed and negn-discriminatory mannar both s operators of the e tive power system's grad, are walled

1o pay & key role In supgortng the oatimal integration between the franspodt and the energy sectors. Despite the current level of techmology

regdiness for EV adopbon, demonstration actrwies and pilot projects will b2 cucial in testing proposed schutions and identifying open

technical and requiatory Esues. At the same time, stadies should be performed o Zssass tha most efficent soluticns and business modets

& strong cooperation among all the actors ireolved shauld also we pursued -0 dafine rew afficent markat feqwe- and procctively myvowe

EW awnera i par.Jdpating i &, @n dhar.ng solukions

To avioic ne dsk of miss.ng the nadtple opconurites icentified and wescried in this paper through e implementation of the fterant

salutans, such as sivart-chamgmg and wehicle-to-grd 2w salutions, ETIP sKET recemmends taking mtn acoount the followiny; ideas

- Promote codrdnated planmng for charging. <l the relesant aotars shoold be incdluded in the planning and development process for the
deployment of EY charging mirastrctire especilly system aperators preparing the neteoses ahead of need

= Enable a new ecas stem focused on consumer reeds oy further anhiancing the participation of all agens and faciltating camgpetition
and masimesing oenefits by, wnlocking the potantial of EY chargng -lso improwing coogeration through the defined rofes and devaloging
of the proger madelling tools

& [faanapge the charging process by pomoting &1 additiona! and valushle flexibility resource necessary far the seoure and efficient grid
operation,facilitating a smart charnging aponach, thus srmocthing peans in the load oamve

= Promate 3 new market structure, nees and regulatory framawork for power grds and for the whiole energy ecosystem to mmplement
qgrid tanffs and power price schemes; [Enching ambitious degloyments for EY changing

=  Deploy electromobility enablars with smart metering, efficent communication capshilities and the adoption of common standards 1
quarantes the interoperability of charging networks and data, as well as effectve data rmanagerrent and the sstting up of a value
proposition for the usars

= The alignment of the chargng proefocals and standancs imglemented for the charging mfrastroctures and the battery management system
st make passible the participation of the different agants in the efectricty marsets Power grids have speofic requsements in terms
af monitoning data exchange and time response, and foo this reason, standard charging processes have still to be correctly Fulfilled

= Promote a holestic view and architecwre for an effective integratson of €. charnging infrastructure nto the power grid, enabiling flesible
aperaban and coomingted planning of charging statons

Today, the slectramebility erdnanment (s extrermely dynamic, and BV diffusan could recelws & sudden boast wia the Goeen Deal and Recovery
Plam, the actions stemming from the key findings of the techmical and urbiased analysis describad m this papar should therafore be pursued
with na delay, transfoming & challengs for the system inte a valuable resource for its opirnal management 1he positive effects will bea
ralevant and shared among different stakeholders. rirst and faremast, all European citizens will benafit from deaner trensport and energy
wystems, who e the final usess of bath energy ard mohiliby services

Throwgh this Pasition papes, ET'F SMET intends to contribue to the debate on tedmical and connecteeity solutions, as well a5 on EY changing
=alutons and requlations 1o b2 adopted through the constructee cooperation babween the power systerm, transport =actor, urban planmmp
wahide mdustry, related stakeholders and decision makers.

The time far action is now, anticipating a massive EY depleyment and aveading the need of the future retrofitting of non-efficient madels.
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BASIC DEFINITIONS AND SHORT GLOSSARY

Balance Service Providers (B5Psk A markst partioipant provickng esther or both balancing energy and balanong capacity to transmission
SYSTEM Operators

Battery Electric Vehicle (BEVL & vehicle gowered salely by an electrs motar and a plug-in battery

Charging Paint Operater (CPO): Infrastiucture operaton who pravides a set of goods ard services, swch as ramote resesvation, provisman
of mfarmation on whather terminals are gooupied, thair location, the type of sodet, parking and, lastly, the recharging service per se

Charging sobution: it consists of & charger device, charger staton (F presenth, ralatad infrastructure, powar coanection and supply scheme,
charnging aperatan and contrel, set of services provided to ehe custormes, business medsl and applied regulation

Distributed Energy Resouree [UER): It refars to small, geographically dispersed generation resources, installed and operated on the
distnbution system at waltage lewvels below the typical bulk power system.

Distribution System Operator (D50 & naoial or lega persan wha = resparstle for cperating, ensunng the mamenance of and if
necessary, developing the distribution systern in a given afea and, whese agplicable; its intercarmenions with other systerns, and for ensuring
the fong-term shility of the system o meet res=onabie demands for the distrioution of electricity

Dynamie charging: £V changing taking place when the EV is maving m contrast to-static chasging, which eccurs when the EV s parkad

Electric Vehicles [EVs): For this paper, road yehedes with &n eleciric englre and battery which nesd to chasge electicity friom 2 power grid
(BEWs &1d PHEWS)

Haavy-duty vehicles (HOW's): Trucks buses, and cosches

Information and Communications Technologles [ICT): Diverse sat of technological tosls and resources usad o rarsmit, store, create,
shara ar emchange mformaton

Internal Combustion Engine [ICE): . n angina that craates (s energy by burming fuel Inside rself
Light Commercial Vehicles (LCVE: Passanges cars and vans
Moillty as a Sarvice (Maask It ntegrates vanoos forms of transport sendces inte 3 sagle maobility sanvice accessibés on damand

Hational Acocess Points (MAPsh & digital interface installed &y & B2 Memfer State to make traffic and mohility data accessible for 3 wide
range of data users

Original Equipment Manutacturer [QEME 4 company whose goods are used a5 components in the products of another company, which
then sells tha finished item to Lsers

Opan Charge Point Protacal (OCPP); Anaper-source commurecation stardard for BV charging stations

Passanger Car (PCl: & cassenger can s & rosd matos vehicle, other than a moped o0 3 motoroycle, mtendad for the carnage of passengers
and designad to seat no mose than nine persois Gincuding the driver

Pluig=in hybrid electric vehiows (PAEV): & valhuce powered by a combination of an electrc motar 2nd a plug-in battery on the ons hand
and an internal combustion enging an the other, sllewing thasa to wark aither together e separately

Rengwable Energy Source (RES): Enengy from sanewsble non-fossd sources, namely wind, solar (solar thermal and selar photopwaltasc) and
geatrermal ensngy, ambient enengy, tde, wawe among other natural saunces

Smart Charging: Any charging whech i not pheg-n-piay, | e supervised by an extarnal cortrol systam.

system Operator: Either & Jsstnbwhon Systam dperatar or a Transmission System Opsrator

Transmission System Operator (TS A natural or legal person whio = mesponsible for cpesating, enswing the maintenance of and, if
necessary, devetopnyg the transmession system in g given area and, where applicable, its intercomnections with athar systems, and for ensuring

the lang-term anility af the system o mest freasonabis demands for the tansmession of S8 Loy

Vehicle to Grid (W2&): Smart charging weth bidkractonak energy fiow capability
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1. SCOPE AND TARGET

The energy and transport sector will face important challenges in the next decads. Decarbonisation and pollution reduction are md lomger
optional, and new technologies and =alutions nead to be deploved to reach the ambitious targaets set by the European Linion (ELIL ERactric
rrability represents a oucial cpoorunity for achieving the envionmental goals with 2 moere sustainable transgort, and optimal changing
management of Evs will genarate relevant benefits for all the actors of tha enengy sectos tao, fundamentally wsars of alectric vehicies.

Comsidenng the European targets on 00 reducticon, and the increasingly renewable erargy source share in the geraratan miy, it s mewitable
that electric wehicles will become the manstrea of the car mdustry, The FitforlZ pat.age’ released by the EU on July JU2. states that
the average emissions of new cars must be reduced by 55% from 2030 and 100% from 2035 comgared w 2021 lewels and tharefare all
new £ars an the European market must be zaro-emisssan vehicles from 2035 “FitforSS® also modsfies the Aenewable Energy Directive AE ..
and introduces renewable hydrogen guotas fior transport by 2030 This s @ pramising scenado but while zern ensssion technologies are
magching mass market n the paesenger cars sactar, a tramsition of heavy-duty wekedes (HDVz], both trecks and buses, to =ero emission is
highly challenging.

Batteries and graen hydrogen ane the bwo mam techralpgies to decarbonize transgort. Battery-powered and fuel-cell vehidies ame both electng,
shiaring the same motars and many othser components, stthowgh From the grid perspective, the Lattar do nat hawe 3 direct imgact on the gred
swice they use gresn hydrogen moleoules From rerewable enengy rescurces. Tens of millions of Evs progressaely deployed will 2bsa wmpact
the anergy sector in termms of demard orofile and grd adeguacy

Electric charging 15 the prysical imterface betwean these two evnlving sectars, emzhasising the dual nature of Evs: a means of transportation

when an the msve bt 2 grd-connected battery whes paked (and plugged) Relatad challenges and opportunities are therefore dosely

intertwined:

= onthe one hand, the proper deployrment of dharging infrastreciunes and the potimal management of e charging processes [ Quaranies
the required range and opomal charging costs.

= onthe other hand, an opgoiunity 1o (ke advantages of the wse e EV charging framewod a5 a flexble rescarca that can provide
added value tognd aperstors and must be mecomosated inte grid managemeant and planning

The possiility 1o optimise the charong process accoading [0 & wider system view, known as "smart charging”, must accompany the
widespread adoption of EVs: rurther benafits can be saized by extending the smart charging concept to Y20 solutions, where tha use of bi-
directional chargers gesmits & deeper degres of ntegration of planning and operation of both trarspert and power systems

‘Worldwide mstitutions and academia are spearheading the uptake of alectric mohility. To mentan just an example, m its “Inovatan autlook
2019° the intemational Rzn_wable Energy Agency (IRc™ &) £.ak7s rat “Smart chargng for elecoms yehicles noids the s, tounlezxh synarges
betesen clean transport and law-caDen elecincity” =2lar messages have come from dedicated resorts for the Clean Snejwy Ministenal
ard fram the slobal Smart Grid Federaton

Future trends in mobility, namely mter-modality, mobility-as-a-service (Maas) and autoromoes dive, although madifying mobilitg pattesns
and the types of EV users, will not sigrificantly change the picture praviowsly desmbed for wehche-gnd mtenaction, which will rely on tha
mgre relevant role of mebility or flest rmanager and not only of that of individeal owrers. Siredlarly, the adeption of othes emenging COZ-fiag
trarspoet technologies whene direct electrification Is not possile swoh as fuel cells, hydrogen propulsion and green Ugud fuels will carmalets
the diecarbonisation of transport. while semudtanecusly presanting diffarent challenges and poportunities ta the power systam

1.1In and out of scope

Elecwrification is increasingly becaming an essential driver in many rianspart areas. This paper addresses the grid imgact that electric vehicies
can hawe in electricity netwarks through thelr changing process and, therefare it is mairly focused on those aspects which are foresasn as
beng mare impactful

Secior Road transport

‘ehiclas: Light Commercial and Heawy-Duty vehicles.
Technology. Battery-propeliad vehicles,

Charging nfrastrcture: Conductive, stationany charging systems

Conseauently, and hoeever been part of the alectrification of transpart, some topics are considared out of scope in this paper for the fallowing
TREEINE

#  Railways: elecinc tracticn is &ready in aparatian = most of Ewropaan lines. and no desruptive sibeations ane expected for grid impact
They do mot use battaries,

«  Micromichility: the energy consumption relabed to these means of transport is limited, as well as ther impact on the poeer system
indeed, their changing can b2 considered pant of resdential load

« Dynamic charging (vehicle on the moeel sl 3t an early stage, weth long term and nicke development. regardiess, the fact that the
wehide (= charged during 1Ts use and mot while parked strongly limits the possbiliny for provideag grid Plexibility sernces.

* hktpa e irena oo publications 20 SiMeyirnovabon-Cutlook-4 - &t Caanging
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Some niches of transport are also aifficult to be Erectly electrified @ the short termn and are aut of scope of this paper as wall

*  pariteme tarspost and aviation the high amount of enesgy sey ired for tractios cow 19 pe profitanly stored on poad only with impaortant
IMpeo . ements in batteny tedh oloyy. Vetaronisation should terefore oocur trowgh other means iydrogen green feels fuel cells) and
in a lang-term s_e.arie

= Tuel _slis and gieess fuels propefied vehices: they do rot pe.fom, electi. chaging so their impa_t on tre enengy System is indirest
thi ceiwn the sector integratio

1 2 Previous ETIP SNET papers

in the prawipush, reieased ETIF SivE 1 Pom ion Paper om Simart secior mbegrabon, oards an EU ystem of avskems: Bulbding bloc s, enablers
aictectures, regulaton bamers, ewonamic assessment™, published in July 2021, was concluded that alectrification af transpart within an
increasingly claan electncity mex 1s the most effective. effioent and sustamable way to decarbonise this sector It reguces its dependance o
fossil fusts imparts from outside Europe and eliminate air pallution. Thes reguires the deplovment of a solid and dense changing infrastructure
far electric vehiclas in a ymaly manner 1o support tha gavelopment of alectromchility. White the number of electric vehicles on Evropean
foads keep iNCreasing, itis necessan o enswe the gffective inegration of electric vehides in the power systém inorder to align the netwark
and ma=tan the required levels of quality and security of supply. Some of these ieas are taken as an input for tha present paper

1.3 Users at the centre

& orstant underlying principle i the compiax and mudtfaceted alectromohiliny emsranment is the EV urar as the key actor and hic neads 35
the centre of all the development: the BV user can be the driver, the cwrer of the fleet manager. tn other words, it s the parsocnibody wha
decides howe, where, and when o charge EY's

EY users hawve speafic needs and expectabans fmm the charging process, regarding the price ard quality of the charging service chargmg
pomnts availabidity, changing powertime, matchng with personal habite, data and mformaton availabilety, intercperabdity and easy
ACCesSPAVTIENT, MEeracton with other elefvical assets ar hormemwork (Figure 1 such custamer behaviour must be analvsad, uiderstood
and satisfied

EN uzars will sat the congdions far hawmg their vehicles charged inew tanff schemes, rewards and penaltes, axtra services k. Their direct
imvolvernant i the basis for ma&mg the chargng omecess @ success. The behaviour of the BV users drives the subsaquent impact on the
electricity grids and thus how SySLEm Goerates must manage hem

User behaviour = User=person/body (driver, owner,
fleet manager) whe decides about charging options

EV users perspective should remain pivotal: proposed

F=F 1 Lt Needs and expectations
= ' I| about price and quality of the
—— charging service are crucial

Provision of new services
for vehicle and driver is

fundamental upside

Conditions for allowing a shared control on battery State-of-
Charge are starting point for designing charging solutions

Figure 1 User, both as EV driver and as electricity consumer, &t the centre.

1.4 Targets of the paper

% bt anwear =ip-3ret BuWo-Io bentivplod dsla0d O3 ETIP-5uET P Sedior-cuudmng-towands-e-EL -5 stomea™Systems _FINAL v Jupdf
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Electromobilizy will represant 3 ouclal bulding biock in the future energy system: Ibmight generate mmportant effeqs as a new koad (addtional
wilumes and specific boad profilel, as an enengy storape system and, consequently, as a new faxitality resgurce for both market actars and
System operators. The capability of Evis to provide valusble system flexibility services, includirg fast frequency contral, rarmging ancillary
sarvipes, balancing seneces, 25 well as in the future flesiility services for T30-050 congestion rmanagement, could directly help wimmoroes
the management of transmissian and dxtribation grics. Considearing the robable acceberation of Y peratration, and the parallel deployment
of charging systerns, ETIF SMET intends 10 contribure te the cebate on echrical and comnectivity solutions, 35 well & on charging processes
and regulations to be adopted. These solutions are mainly m thew early stages; therefore, it is crucial o deploy them at the star of the EVs
adoption to awaid the nead for future retrofitting
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2. E-MOBILITY AND POWER GRIDS: CHALLENGES AND OPPOATUNITIES

2.1 A wide ecosystem, many unrelated decision mzkers

The use of elactrioty n mobility s pardcoudardy selevant for electric wahices and the related vehicle to grd pessibllities Newarthelass,
differences regarding the sccegtaace and deployment of electric mabdity warles acress geagiaphies Thase evalving developments show
qgreat potentizl for future deployments and scaling up

Another ralevant aspect to ba considered is that the EU Strategy for Energy Systermn Integration® proposed by the Ewropean Cormmission
explicitly encowrages dernand side flexbilicy, mentioning espacally electromobility and VEG. Furthermone, development of vehide-to-grid
shouyld be accelerated 10 be able k2 use electnc vehicle storage as & flexibility toal o improve the network operation. Corsderation showld
be given also ta the sacond life of the EV battenes and how w ensure that they are still used for statiorary applcations once they are ng
bonger suited for mobile applications It should &=o be ersured that battesies are designed In 3 mannes that eases thes rapurposing and
ramanufacturing

Many actors. £V's have two main opesating statas: driving and (smart] changing Whila performing any of these, saveral actors are imvalved,
bz mentionad, the first and most relavant is the user, able to depde when and how 1o ubfice the vehicle, Mamufacherers and chargnpoperators
lindiuding ebactroty aggregatoes active in thes field) olay an smportant role too, sroviding the technical capability toaffectively. drive and
change Whife charging, the interaction with the complex erergy system and the related operators bacomes cantral. As players able to stesr
the evoluton of the sactor, decision makers and research bodies have also 1o ba carefully considered

Private usars
Carmpany flests rmabifity managers
Logstic fleets mobility maragers
Taxi fleets
EV usars Snaring fleets companies
Public agrministraton fleats mabiity manager
Local publs transgort managers
Trucks drivars and awners

EV marufacturers
T, Battery ard Dattery management system IBMS) manufaciirers
Chargng stations manufactoress

Chargng Point Dperators ((FOs)

(this sole will be often played by angregatars andior suspdiers,
Charging sperators taking im0 account the existing elecincity regulationh

Efactromability Senvice Providers (EMSPs)

Value-added services providers

Enemgy providers (utilites, tadars)

O&0s
Actors in the energy Ta(s
systom Balance service providers and aggregatars

Enesgy and flexchility mariats pperators

ELl decision makars
Mationalilocal decision makess
Regulatory sutharties

Decision makers :

Standardization bodies

Lsban planning authortes

Trarsport authorities
Research bodies and 5 :
Anheta Universities, institutes, technology assodations,

Different kinds of nteractions. Actors mvolved i electromobiliby are mtermalated in different ways. From a physical perspective, the
glectric coanectizn is the fundarmental ane, linking the wehide m power generation through D52 and TS0s. Proper management of the
changing process recuires seak-time data axchange with T80-D50 for congestion managesvient and ivolving actoes such as energy pravidess,
Chamging Pomnt Oparators and Balance Service Providess, and m tha future, Flexibility Services Provaders (Figura 21, Economic fluxes represent
the third kend of interaction, melated both to enerngy and flexkibdity Trarsactions (Figuere 3 The respective markets are pivotal for thess
exchanges, carried out by snergy traders and market apsratars

¥ hitpasifenergy e Bunopa euyselect-languageidestnation= nod=1
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Carbariar

manufaciures

Figure 2 Tata and energy interactions among wi.ctromoebiity o ystem actors

Whers are the slacticiny systen operamme* In in termss of the wser and the EV. electricity industry actars ane not currently perceived as kay
plavers. In ddition, EV users today mamnly deal wth the D50 (for connecting to the grid) rather than the 750 Howewar, a5 the number of EV's
mncreases, the transmission grid ard power systern as a whole could also be affected The TS0 involvernent in &-mobility 1s required during
long-term grid plannmg phases to properly bost new charging infrastructure, without delay. Both the TS50 and the D50 should enable the
flewbility apportunities proaded by BY smart charging m baiancing services. conpestaon maragement sarvices ar woliage conbol.

sie-s - Enurgy Eransactians
+ri= Flesiinlinty transactions e

Shangaisipabinn hoefies

Figura 5 Economic fra sactions for energy and flaxibility se vices amang electromability scosystem actors

Electrificaticn of transport requeres alectnoity operators to atapt and support the boader miegraton of energy systems, defined as “Cna-
Swstemm of Integrated Systams: System of Systems® and Tooused anirmgrowved cross-sectonal integration. Smart changing and Y26 sciutions
will increaze the liguiddy of new markats and require new ways of modelbng future generation and load profiles. Cocedination babwesan D50s,
T=0s, aggregators, Markel partdpants and Customess must go the bevond pure integration of manets and operations and expand to
proactive glamning. Enhanced UR0-TSE interactions for mnprowed power flows and system saqurity, in addition to suitable markat platforms,
will enabis EV's connected at the distribution laved to participata in the future m enargy and ancillary =ervices markeats for S0s5.
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2.2 European regulatory framework on e-mobility

The EL is strorgly cormmitted to fighting dimate change at the globsl level, throwgh imterventions implemented within its gwn t2rritory and
mtemational cooperation (@g. EU Goeen Deal and FitfoeSs Packagel With regards to ranspart, European rules have baen a man driver of
the imprassive mprovements chtained by wehche manufacturars inthe last 25 years in terms of pollutant emeons. Today, the huge effort
required ta redwce C0; ermissians is an indirect levar to stimuate electromobility. At the sarme time, reguiatony Moentives ane necessary to
ensure that effective charging Infrastructures is imglementad, both for private and public chargang

MAIM REGULATORY FRAMEWORK RELATED TO ELECTROMOZILIT Y

= Directive on Alternative “uels Infrastrocture;
o In force (201484EU) I establishes a set of measures for the creatan of &1 altermative fuel Mi@EsIecTUre, 10 Minese o
dependence and mitigate the envircamental impact of transpart
= Rewislon |t 3irms o increase the build-up of publicly accessibbe dharging Infrastucure, throwgh possibée bindng and
enforcaahle targets among athers; o enable the deployment of smart chargng infrastroctuee and o ensure the full
intergparadility of infrastructure and infrastructure use senaces

= Ll mhm for cars and vans performance standards:

= lin Fanee [requlaton EU 2009631) defines new fuel ecomomy standard for cars and vans for 202 1-2030 and & COz emessions
starutard for heawy-duty vehicles, with spenfic requinaments or bonuses for EVs
Rewislon: To implement the new glan towards 55% CO; emession reduction, the Commiéssion = proposing ©o rewiss the
Requlaticn on D02 stendasds fior cars and vans. & public corsultation was ogen, aimed at receiving inputs on the ambaion lewal
of the targets, the incentive scheme for zerm- and bow-ermeczion vehicles and design elements of the regulatory systerm to
possioly consider the confribigions af renewabbs and bow carbon fuels

[i}

= Trans-European Hetwork for Transport (TEM-T) Regulation review Based on the resulss of tvo - consultations, it will comsider tha new
and far-reaching economic, political, technologcal and sociatal challeniges of the transport sector. addressing 1ssues such as standards and
infrastructure regquerements, implemsantation tools or varows aspects of the comprehensive netwodk, as well as soft measunes

= (Clean Vehicles Directive (EU) 200901161 It dafines “clean vehicles™ and sets national targets for thelr public procuresment IE appliss 1o
cars, wans. trucks and buses with diffarent means of public procwement.

= Sustainable and Smart Mobility Strategy: It was communicated on 9 Decembar 2020 by the EU Commessmon, it ncludes an Actan Flan
of 82 nitiatives for grean and digital trarsport and sats key malestones for 2030, 2035 and 2050

EHERwY REGULATORY FRAMEW DRK IMPACTINu ON ELECTROMOBILITY

= Henewable Energy Directive Il 3018/2001/EW: Amed at promating the contrisutions of the Member States to the achievement of the
EL E030 target of covesapge with rerewabde souwrces & relevant percentage of gross inkand energy comsumpton, includng transport. Theme
I5 3 review in pogress

= Energy efficiency Directive (EU) 2018/2002 it establishes & common framework of measures 10 promate enefgy efficiency, includng
tha trarsport sactar, o ensure the ackisvernent of the ELV's hagdling anargy efficiency targets There i & revaw in progress

= Energy pl-rfnrmr in buildings Directive
o In forog (20188440 EUE It outlines spedfic measuras for the buildng sector, incudng preparatony work and the installation
of chaiging peants inside ressdential and non-resadentizd buildings.
o Revisien: It shoud help to reach the EL's mcreased climate ambition for 2030 a0d 2050 it could molude new nies and more
challenging abjectives for EV charging in buildings.

The European Green Deal sets a roadmap for “makeng the EU's ecomamy sustainzble” by turning dimate and environmental chatlenges
inte modwsinal opportunities and makng the transition just sad inclusive for all. It provides & set of actions o bacst the efficient use of
fesgurces by moving to 2 dean, drculas economy, stoppeng climate change, reverting biodiversity loss and cutting pallution

The 20300 (Oemzta Targat Plan ta reduce the EU's graenhouse gas emissione by at least 5% in 2030 (compared to 19490 levelz)

Regarding the first, and probabdy the most relevant of the above, the rewision of the AF Directive was released on July L4, 2021, &s part of
the package of proposals to make the ELFs chmate. enargy, land use, transpart and taxation pobicies fit for reducing net gre enbousa gas
enissions by 2t least 55% by 2030, comnganad o 1990 levals (Rt for 55) The specific objectives ars

A1 ensuring minimum infrastruciure o support the required uptake of altematwe fuel vehides felectricity s considered alternative
fuelh across &ll transport mpdes and in all Member States to maet the EU's climate ohjectives

(il ensuring the mirastricture’s full ireroperability.

i) ensuring full user information and adequate paymeant aptians
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The targeted infrastaucture incluces alectsicity Installations, as well as Ligeefied Natural Gas {LNG] and hydrogen infrastruciure. The objactie
i= o arhance the connectivity of this infrastructure to faclitate the uptake of elactric vehicles (light- and heawvy-duty) and new models of
masitime and aviaton wansport based on altemative fusls, The emphasis, esceoally For elecicity, s on enhancement of grid connactivioy
rather than grid capacity. Member 31ates ae abliped o fulfi the taaget for refuslling and recharging points oYy deplaying encagh of these
Urfortunataly, no mention is made of supplemanting this with enhancamant of grid capacity despite the impact assassment recogrizing that
*“Distriautasn system operatoss will have to invest into grid stabdity and fexibdity and - whera necessary -indo grid extenskns, inparticularly
i wigw aff HOY recharging nesds”

The dhosen policy aporoach = 10 introduce mandatory fleat-based tangets for electnc sechanging paints for bght duty vehicles (LOWVs) and
distance-based targets for all road vehicles infrastruciure for the TEM-T netwark, indiding for whan nodes for heawy-duty vehicle
infrastrectuma. Mose detailed provisions for parts and airports on the TEN-T neteork wll be davelopad as well as greaker harmonesation on
payyment ogticas, physical and cormmunicaton standards and consumers’ sights while charging. additionally, the Directive wil strengthan
prowisans on price ransparency and other user infommation, moluding physical sagnpostng of recharging and refuelling infrastructore

Some of the mast miportant paints of this propesal are
= Smart redharging points should comprise & setof physicald atiibutes and technical spedfications {hardware and software)

= SMArt rmetering systems as defined in Dwectsds (EL) 2019944 enable near to real-tirme data oo be peoduced, whidh is neaded 1o engune
the stability of the grid and to encourage ratonal wee of rechanging services. The e of smart metenng sysiems M combinatbion with
smam rechasging points can optimise recharging with benefits for the end wser. Smart recharging m particutar can facilicate the
mtegraton of electric vehidles imto the electroty systam further as it enables demand response through aggregation and through prace-
based demand response {eq dynamic andior speofic tariffs], System imtegration can further be facilitated through bi-girectonal
rechargig [vehicle-to-grid).

= The develogment of iInfrastuctuse for electrc vehicles, the interaction of that efrastruciune with the electricity systern, and the rights
and responsihilities assigned 1o the different actars in the electric mobdity market, have 1o be corsistent with the princples establched
urder Directvs (EU) 2019944 In that sense distibuiion systemn operators, as neutral faciliators, should coosesate on 2 mon-
discriminatory basis with any parson establiching or operating publichy aoceszible recharging points. In turn, Member States shauld anzure
that the electricity suppdy For a rechargng poimt can be the subgect of a contract with a supplar cther than the entity supplying electricity
1o the hotseholdd o premises where this rechanging pont is lecated

= The establishment and operation of rechanging paints far electric vehices should be developed &5 a competidive market with apen access
0 all parties interestad in rolling out of coerating rechargng infrastruciunes.

The “Fitforss package™ released by the EU on July 2021 states that the awerage emeszons of new cars most be reduced by S50 from 2030
and 10080 fram 2035 compared to 2021 levels and therefore all new cars on the European market must be 2ers-amission vehicles from
2035 Thes gn amportant step with enoomigus consequences in terms of elactromobdity policies.

2.3 Electric vehicles. State of the Art

diz 3 basic clasefication, electric vehicles can be consderad to be part of ora of the two following groups:

Batiery Electric Vehicles:

More than 20 medels currently proposed by big or ginl equpmant manufacuress, ard a few more in the premium sectorn

Batfery Capacily:

& lo= 50 kWh standard segment

& 50 = L0xh kWh, pramiom sagment
Range

= 100 - 46D km, standad segrment

= 500 — 767 km, premium segment
Puichase price (inckiding taxes)

« 50,000 - 30,000 & standsrd segmant

=  T0,000 = 100 000 € premium segmant

Plug-in Hybril Electric Vehicles
Arpund 50 models proposed Gy big OEM=

* REpEeC eurnfa autiniossAes delaiiTHasmevson_oT_tne_oiecive_oe_depioyment_of _ne_afiemate_Reats_infasbnciuee _,, iih_anres_ Gpdf

b bt eLropa sukDmmisson presscomeridetailiend. (013541
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Batkery capacity
= T-15kwWh

The m_in dif, srence betwezn JWe an (CE vehicle 5 are s .owm in | Igure 4

M siral models of elecirle ars a8 todayy on the markel, mostly produced by car manufacturess with dedicated producthon lines, Tne marker
can be divided Inte twe main segr 05, masie anoording tothekr perca.e e, 8 “medle. . @rget w208 e pada geemium target
L to DLUGUL 3ou mone. The two segments ar€ charactersed by different Jatters cawacity and autoenom, . In addition to dattery Electric
~ehicies (BEVE] Pliug In H, Erid Elactric Vehicles [FHEVS) are quickly emernging on the market, particularly in the premwiem segment,

Aftar the private cas sector, light duty vehicles (LDVs) are expecied 10 represant 8 new market oportenity for vehatke manufacturers. Today,
less than Z. eleciric madess are awvailable, commenby equipped with the same powestrain of same-brand cars. The usage atterns of thesse
wehicles are indesd comatible with the range alkgwead by 40-50kWh batteries, typical of BE ! cars. Heawvy duty wehicles [DVs] are still at the
development itage as thewr energy demand resmaing a chal=nge for present batteries. Intereiting praposals are erpected in the coming years.

mparding butes, & different business madel characterisas their marioet. Llectric buses are typically sald on the request of public authorities
and many manufacturers are active an the markes with small rumbers af vehicles sold, often custormsed. On average, slectric buses used for
wrban local pubfic brandpart sarvices are equipped with 230-350Wh batteries, depending on if they favoured opportunity charging ar charging
at the end of thear assigned route, and cost approximately $00,DO0E.

[FOCUS BOX # 1
'WHAT IS DIFFERENT IN EVs FROM INTERNAL COMBUSTION ENGINE (ICE] VEHICLES?

Tha electric powertrain i intrinsically more performant than an ICE: higher efficiency. higher mackanical reliability [fewer mow
sarts, less ancillary devices, less maintenance, less noise; eto ). in addition to it EY's have the possdility of using the brakes o recower m;ﬂ
Tha BV purchase post, although rapidly decreasing is still hegh. exdlding from the BV market the smallllower medium car sagment costumars |
However, operational costs are considerably bower compared with ICE vehicles. ]
EV do nat burn fuels inside the vehicle, mezning ne direct C0; emissions, lower alr pollutant emissions and a smaller impact along
jtheir life eyele, these ervironmental bensfits are the key rationale for BV déployment, and ase provided that ebactacity is generated COZ-
frea

EY store energy an-board throuch electrachemical batberies. which have less energy density than Lquid fuels, whech means heavier
wehicle and bower endurance rangs for each refuedling stop-over. Howeser, some studies show that the total energy demand for transport is|
dowar when alectric wahicles are used IF the entire value chan = consadenad

Cn-bpard battenas can be charged a1 different power lavels; even the haghest power now tasted (350 W DT allows the wvehicles to bej
charged at least & times slower than ligud fusl refuslling. |

it = important o miroduce the concept of smart changing, tsually refarred ax W16, which relates to tha shility to dmamically modify the
change rate or the dharging time This can help mirimize the cost of tharging a wehicle, especiaily n the case of tme of wse (Tol) and reat-
tme kaniffs. Vahiche-to-grid (V201 refers to the budirectional flow of enargy between the battery of an electric vehicle and tha tharging staticn
Emergy can be tarsferred to buildings 25 well 25 to the electriciey grid in this way, enengy costs can be managed. To gt it sirmale, the
alectncity preduced duning the davtime electrioity demand pesks is stored in wehides and returmed o tha <ystem 0 be used by other
consumers at the same hours. With this method, it is possible for wehicles that are connected 21-22 hours oot of 24 howrs 1o contribute 1o
electricity productian OF course, it 1s imporiant o consider the battery charoging efficiency, which is calculated by dividing the energy added
tn the battary by the energy used in the charging session, The efficiency is less than 100% bacause some energy s wastad in the process
& simple classificatoon can be seen in Table 1

Table 1 Smart Charging Mabrix
Foatures |

ViG

{One way charging o

set time of charge o
o
o

Sat charge rate

Aoces Enengy Markers

Store= Dhscharge Erergy

Cambine Enengy from multpke Evs

Perform Gmd Services and sefl enengy back o god

LI SR S R

Hegarding the different technolagies, 3 classfication tan also e made

Hybrid Electric Vehicle (HEWL

o Small electric motor and batery supplenmant the ICE engine Mo elactric charging
The edectnic motor intervenes when the ICE has poor thermodynamic efficiency, e g start-up phase, repeated siop & Qo).
The IKE works only around optimal penis of oparation. reducing fuel consumpton
Fow km are allowed in pure electric mode
The presence of the elactrical part aflows “ragerarative braking®, which contributes to reducmg overall corsumption
Refuslling i= only for traditionzl fuel jno estemal electric charging) 2s the battery is changed ordy thraugh the 1CE when It is

@ @ & & &
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Plug="n Hybrid Electric Vehicle (PHEV).
= [Dual Fuel & Dual Traction
&  Based on the same principle &= HEY byt battenes are larger and can be charged from the gnd

#  Most PHEY vehicles adopt a “paraflel” confipuration both the intemal combastion and the elactric engne are connacted o the
wheels 50 that both can pravide traction 1o the vehide

The vehicle can travel on pure electnc up o abaut &0 km. swtabée for the daily use on pure electne of many drivers
The venicle reflels both traditonal fuel and electricity wia a chasging plug.

L]

Battery Electric Vehicle {BEWV),

Emuipped exdiusively with an electric engme, powered by big size batteries

Bafteries have to be chasged on & requiar basis through proper changer and geid connection
Driving range Wypically goes from 200 to 700 km

Zero-Laipipe emissions

Zero end-te-end emissions if electricity is generated from RES

@ & & & &

Fuel Cell Electric Vehidle [FCEV)
= ahicle with electric engine. Power is generatad onbeard from hydrogen, Ko alectric chamging
An on-boand fuel cell generates electric power from hydrogen and oaygen, used far traction by an electn engine.

&  Uxygen is taken from amibient air whemgas bydrogen is stocked on board in hegh pressyeme tanks and is refuelled in a shoet tme
through dedicated fllling stators

= ‘Small batteries are nommally present to allow regenarative braseng
Zero tailpipe emission {only H200
Zemm end-to-end emizsions i hydrogen is produced (02 free (grean bydmoganl

Figure & gttempix to schematically represant the pravious dassificabon

Hylerid Elactrr Wakords Phap-in Hybrid Battery [lestric Fuel Coll Ulestric
|HEW Elactrie Vahicls Wahicle (BEW] Wehicls [FCEV)

14

+
-
=
x
T
T

4
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Figure 5 Definitions and differences among electric vehicles (Source: ENTS0-E).

2.4 Charging devices and infrastructures. State of the Art

2.4.1 Charging infrastrectures

Diffarent technofagies are available for BV chargmg 'Wired solutions wemg conducteee mathods e by Far the most diffused as they can
easly guarantee the reguired power fevel safety and mtemparability with most of the vehicles. Hon-wired solstons (exploiting the inductivity
prirciples) are being studied for highway applcations. Battery swap is for special applicatons (car 1aces) where ragidity = paramount, and
condd prove ko ba suitable for fleats, sharing andiar HOW. Altematng Cument JAC) mfrastructures rely an vehicles' an-board chargers and are
Limited in power level dus w0 wehicle limited size and cost Howsever, Direct Current (DC) infrastructures use off-boasd power efectromics,
instaflad at the charging station This allows for langer/bulkier and more expansive companends, meaning a thargng power of up to 350 kW
i today’s best pesfarming devices, Althoiegh in the first vears of electromaobilsty dewvelopment the trend was to improve AC changing powes
dug o 43 kW in same modeds), the present approach is 1 limit AC charging to less than 22 KW (often 7 KW single phase or 11 kW three-
phasel, In fact, Fast chargng will b2 performed by a DC charger, which is becoming standasd eouipmant for 2l EVs For mona infarmation on
the different available charging techrologies, see Figures 6 and 7

in the meantime, new develgpments are alse made through the ecosystem of charging point. suppliers o offer O chargng o home
erwirgrments, in particular in the context of foture V206 deployments. The majonty of EY OEMs cormmittng to W26 is today considenng is
apalicatan oo DC apalications as aiccessfully demonstrated throwgh the CHadeMO standard
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Figure & EV caarging technolegies (Sauree: RSE)

[FOCUS BOX # 2 ' |

WHY IS EV CHARGING DIFFERENT FROM TRADITIOMAL REFUELINGT

}Electna: yehicles can be charged at low power while parked for mediurmylong times (at hame, office, depot, recreational ar duties 5|;n|;1-!

jovers, st for most use-cases chasacterised by Bmited daily. or tip mileage e, exduding long range tips and nassengers-‘gu-nﬂ&}
ansgoftation) EV users can couple parking and charging needs, avoiding the nead w have a widesaread network of fuel stations, as s mEJI
se with corventonal fuels. By doing sa, the £V users woukd refusl not on a meed-basis lgong to the petmol station when the tank = empky

muﬂ & oppoeiunity Basis (charging the EV every time the opportunity accues, reducing the sisk of finding the EY out of charge when
ded

If'ul usess wha generate electricity at home (prasumiers) could charge thelr cars alss canssdedng their production profite and take bettea
fadvantage of self-consumption

!TI:- allow fang-range traval, EVs al=o requere 5 widespread charging infrastructure and fast charging precess to satisfactorily maet
{the users’ nesds,
A significant share of £V users (F0-85%, depending on countey and on whan architeciure acoording to the EAT will count oh private thargers,
{at horee, officel, the others will rely on @ diffused publicly accessible charging infrastructure, either on private areas (malls
Isupeml.arhe:j, sendie compounds, recreational areas, aic | or on public strests.

|Dr1 extra urban highways "hypercharges hubs® are an oplion, with a power capadty of up to tens of MW, thersfore being HV connected|
wspacially when tracks go electrlc, additional stationary storage systems might be reguired 1o limit peak powsar demand, sxcept whan
swpercharger hubs are strategically posstioned (2. in the direct proximity of substatans],
Slaw charging infrastructure makes mass daployed EY wsabile as "batteries on wheels'. where Capex has already been paid by vehicle user,
iand remuneraton is needed only for Opex: battery degradation, smartening of charging device and user's commitment to the service
Figure ¥ Focus Box #2: Main differences between refuelling anJ electric charging (Source: ENTSO-EL

2.4.2 otailed overview of the current state of the art, standards and trends,

Different standoomis an be considered 1o describe the =fate of arc
E 2 paf i o Thie futere will be F'I.ug & Charge (under IEC L5118), In Tis way, the urent siandard (IEC &1831]
will fall imto distea. it will take time because the transition maans =oftware and harcwame changes The man features and differences
between those standards ans:

+ IEC 51851

=  based on cient recogrition by whitelisc-token

o Inkemoperahility =milss to maming of mabile commurescations kased on 228 agreements indudmg interoperabdsty

platformel. These is no real unversal interoperabelity today.

= Radio Frequency |0 cands of mobile platform (wser opens with cand or cormmunicanes rermoiedy with changing paint From

applicaton that starts the seswon]

= Promoted for some tme from Changing Points Operators, utilities and the energy $ectar in general.

« (EC 15118

= Based on digita eschange certifcate

o Autpmatc and tokal interoperability.

o The car inot the userl uses a diptal certificate to communicate with the chargng point. shasng the chargeng characteristics
ard who is going 10 pay for the charge The chargkg point shares in twm its CPO awnership certificate znd available
chamging corditions.

The vefiicle halds the certificate repasitony (the hawe a cerbficate from the ensngy campany linked to the DEM)
This standard = corrently promoted by OEMs. §tis based on total meeroperability, what it is o lime with the current tends

oo
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m Ewm

Mﬂﬂiﬂﬁﬂmﬂﬂuﬂﬂﬂh‘tﬂ The state of the art for Passenger Cas PO and Light Commescial Vehicles (LD = as fallows
Trickie charging The slowest method of charging an EV at home, wsing & standand AC single-phase 2204 plug.
AC changing Hawving a wallbo installed which charges 3-4 times faster using AC single phase 230V and 11kW. AC public charging
= alzo available

= [DC Charging. The fastest way ta change the EV 15 at a gudlic DC fast dharging statan with S0kW 2nd above. With this method, the

battery can top up from 208 to B0 in spproxemately 40 menutes: Thare ane also some ultra-fast charging stations of mone than
15080 For high-end and Heawy-Duty vehicles, higher powers 250 - 400k0W are already avallable

Frgm the point of wiew of the connectors (n Eurcpe).
= Changirg poats owned by the user Typs 2.
= Chasging in an agportunity basks ishoppeng, restawants, etc ) Type 2 and three-phase 22000 AC.
«  [Fastiultra-fast chargng and future V&G applicators. 005 2 and CHAdaMD

Fr nt of
= BEVsegment B, C and SUV B, T 40kWh
#  BEY segments [, E, S [ E: 75KWH or mare (n - the luaary and sport segment. usually sbove 100kWh)
=  [PHEY for all segments: 15 kiwh and zbove

Regarding W25, the cordept s that there & energy it i the battery after the usa of E¥s awrers DEMs in general try 1o promots it based m
ihe asswmpkion that the car can is permanently shanng data: the E-Call or astomatic emesgency call imgaly 3 3G 5 cand (40 3 miore advanced
onal in every car sold in the ELI since March 2018, ancther consideration is the battery warranty because it can create a sionificant barrier
w entry far other operators. inthis sense, and under the: concent of virtual aggregatee, there are JEMs managing millicns of Evs batteres
that could participata o fleability markets

2.4.3 Charging Infrastructure diffision

&= the number of electnc vehicle =ales moreases, 50 do chargmg ponts. §n the last four vears, the nember of pabdic changing poirts maore
than doubled reaching more than 200,000 units (see Figue &) Approximately 90% of these are standard dhargers - 22 kW) and the
ramaining 1% are fast chargers, eqguippad with a charging power of 50 kW or more. The Netherlands, France and Garmany ane the leading
coumkries = Eurape

& way paramater that = frequantty usad is tha ratio between the vahade and public charging ponts. The Altermative Fuals Infrastrnacture
Directive sudgests that the appropriate average nurmber of chasging poins should be equivalant to at beast one charging pont per 10 cais
This allows bath for a good availatsbity of changers and for the nvestment retum Far the CPOs. Howesyer, this number could significantly
change for the different areas (2. densely popuiated oo marall and the charging strategees. & low ratio means that each vehide can stay
connected kanger, providing more room far flexibility servioes,

Vi par rechaging ponis
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Figure 8 European installed charging stations and wehicle,charging points ration in the peried 2008-2020 (Source: EAFD).
244 Charging use cases

EWs are typically charged at diffesent locations and with different power levels. Considering the user's perspactive, the optimal charging
strateqy would take Full advantage of the car parking perods, with & coherent power absorpbion. Frivate passenger cars are parked maore
than 0% of tme, normatly 2t horme ar &t the office, which are also the places where W26 makes the most sense. Slow' chasging at thoss
Lacataans, when feasitle, is inosed a swtabds and valuable salution and 15 cormmanly sufficient to satsfy daily mdsage Far long trips ecceeding
the E¥ range, there is & nepd to change with high (o7 ultra-high) power duning shart: stopoeers 10 yper hubs® or n Fuel station”™hike facilities,
especially alom] highways of rmotoeways. Subseguently, tere is the possbility to slow tharge at “destnation chargess”™ (2.g, hotels, When
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S

users do rat haws the possthility ta charge at the homelaffice, public charging statons ase asked o complately Fulfil thesr changing neads. in
this case, & combnation of siow changing on e swreet ar In pakiide structures @nd fast chargng in wrban hubs could be adopted. Extra
mileage cowld be added by EV charging at sooal focatons and recreational areas whese the typical parking tme axceeds ona howr

For company fleets (cars and duty wehedes) ard buses, the usage pattem is easily predictzble and thens is often 2 possibility wo charge at
the company premises o in & depasit. This makes the chargng peocess less complex to manage. expecially when tha daily mileage iz
compatibde with the BV range Crigcaiities could asise if the rumiber of wahicles is high and the desired parking tirne shart, making i necessary
o mstall many changers with significantly hegh power Thereby, there is no definitive tharging solution for electric bises gand HOWs because
they hawe different energy requirements depending an wuse (uban, sebwerban ), number 2nd length of stops, arograghy driven, and dimate
Other key aspaces are the avadable time per soo0 an roote and the recovery time at end-lne staps, the infrastructure of the powsr orid ard
the elecinc tarniffs. The chargng strategy for vehidtes with fooad routes should tonsider available chargnig time and the ability of the battery
to atcepd fasi-changing The changer technology mainly depends on selected strateqy, the gossbility of place, e requised hardware an-
board and the characteristics of pewer grid (zee Figure 9)

Slaw charging allows for flaxible routing (for example, in the case of road) or changing rowtes due to travellbusiness gemands Howevesr,
changing during the operatizn is not passible, reducing the availabdity tim= of the vehicle and the posshility of long routes. Bigger batteries
can solve this proglem bu adding extra weight w the vehicle and theraby reducing vehide enargy efficiency, its capacity to camy weight, and
Increasing costs,

Wehides usang fastiopportunity charging use sraller batteries that can be charged at higher power than thase wsing slow charging, about 50
o 200 kW For mductive chargmg and up to 500 KW for conductive charging Thesa vehicles have a smaller free range but sharter chargng
times and therefore higher evailability {thay can be chaiged several trmes during operatlon) Smaler batteries allow for lighter vehides and
higherenargy efficiency resultng in higher fraight bot the limited available tme per stop on-routa may mak be encugh o sufficently racharge
the battaries It st be pointed out that fast charging is oaly possible m some battesy technologies, reducing battery servica life iF it is not
applied following tachnical instructiors of battesy manufacturers. Mosesser, fast chargng requénes higher hardware inversion costs and pots
higher stress o the electnc grid thigh power demand in short periods of Bmel

T
Stop-over | | Wery predictable charging
charging i
. Fast charging
Collective COMPAMNY FLEETS PAREK & RIDE FACILITIES
parking &
charging BUS DEPOTS
Individual HOTELS SOCIAL LOCATIONS &
parking &  OFFICES | RECREATIONAL AREAS® = supermarkets, shopping malls,
charging - — - - sporting centers, stadiums,
} {lr'rEMBh"{hHTr'ﬁ. restarans, parks,
M bEaches, eto.
Private Access Public Access

Figure 9 EY charging use cases, structurad according to access, parking characteristics and charging time {Soawrce: ENTS0-E]

2.4.5 Dwerview of communication standards and trends

in additon toothe criteria described sbove, communicabon standards alse presant & vansty of poesibilities
= From the pont of view of the charge staton the cuent state of the art of the dharging devices and infrastraciunes that alkaw
commurecations for the manittonng &nd manapement of the charging is through the Doen Charge Point Protocod {OCFR) for changing
statian. OOPP imglements the following modules,
= CORE {Mandatoryh allows the management and menitoring of the charging infrastuctwe
o Smart Charging: &llows the charging point to work at different currents or poeers, perfarming a smart chanpng
= Other madues that allow ncreasing the functisnalites of the dharngng devices and Infrastruciures.

= Fram the pont of view of e charge poing operatar: the state of the art of the OCFP far a Changing Station Managerment System
o manage &l the charging mfrastnictures and bemng shle o send chasging prafiles For smart chasging based om the operaion's
naags

&  From the point of wiew of the elecine mobility sennce provders. the communicaton protocols designed for exchange information
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between (Plx and slectromohility service prowiders aflow roaming among BV chasging with the shility to support acthoszing
processas, axchange of chargng inforrmation and smart charging. This allows electrormabilty samice prosiders to access fexibilitg

2.5 2030 changing scenario

#crording to the Intematonal Enangy Agency (IEALE, the 2030 global chargng scenarin {see Figures 10 and LL) will ba based on 3 combination
af prvate chargng themeafficel, slow public chargng (£ 22 KW on streets, recreational aress, other) and Fast poblic dharging (150 kW),
Erivate charging will cover the highest percentage of charging needs: oyver Y% in densety populated coumtreas (Ching, Japanh and over B5%
in other regions. Thes rmeans that, on average, approvinately ane private charging station will be avadable for each EV. The rumber of private
changess for ight vehicles and dedicated chargers far buses and trucks will reach atmest 235 million m 2030, following the Stazed Policias
Scenamd [STEPS The curmulative instalted power capacity of those chargers will b2 0ETW globally, The cantribution of bus and trisck chamgers
k= expected 10 be significant. In addition, publicly accessible charging witl be installed o complamsant private chasging n dense wiban ansas,
where multi-unit'apariment complex dwelling = mare prevalent. home chargng access s scarce and workplace chargmg = restrictive The
number of publicly accessible slow and Fast chargers will increase o almast 11 millicn in 2030 (STEPS], with & curndative powsar Capacity
of LEDGW. They will provide almast 7OTAH of energy, ruchly cre-fifth of the electricity consumed by private changess.

Cuimuadative inalalled
Humber of chargens Energy demand pawer capacity

H Truck chaamgers
Afker, chargers
BLLV choegers

e AEE HiMl
STEFE =)

Figurg 10 Private charger diffusion, energy demand and power capacity in 2019 and 2050 by STEPS and Sustainable
Levelopment Scenario (S05) (Source 1EAL

Cumulatien inscalied

Mumber of changers capacity
21 A e R T T R o
= 120 .
ge ~ % 180
% e .f_' 100 E
g i‘ B E’ 135 mFast chargers
511 ‘& % WS chargen
p &0 a0
2 7 =
% ? 40 §
1] (&} [1]
2018 2030 200 mne 204 2030
STEPS S0E STEPS | SD%

Figura 11 Public charger diffusion, energy demand and power capacity in 2009 and 2050 by STEPS and 505 (Source: [EA),

2.6 E-mobility deployment tiirough a holistic approach

#iz mentioned in the previous chapters, a cast effective and secure transitzan to lower carbon electncity system will reguire the development
af nowel anchitectures that can seligoly meet the reeds of the emerging powar systemn, espedially in the uplaks of rew electromobility
presibilities and technologies, (ne of the key tasks associated with the new emenging anchitectures s 1o enfiance the controlbability associated
with future power system ooeraion in order b ephance the infrastructure utilization while cost-effectvely managng securty and resilience.

® bt lewangidata & d arab tesicha exoomulatee-ins.alie - 1 harging pow - apacit -for slesivic-ldocnargers b -scenan a-2020-2030
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The halistic architecture prasentad inthis chaptar usifes tha imtaractions within the actors descrbed through the paper % wide ecosystemn”],
thus creating the possibility to hammonize and facilitating all grocesses which are necessary for 2 reliable, econonic and environmentally
friendly opesation of smart power systems

The massive increase of mling ssrvices and consequently small package senvices dwing the CTLMD-19 crisis significanty  challenges  the
trareport industry: the fleat showdd expand The elactrfication of thosa lange fleets and commaon wehicles, combined with the desired Fast
changing infrastructure, s expected (o pose massive transmission and dstribution grics challenges. The holistic consideration of thess two
parts of the power gid and the oustomers, incuding [vs, 5 essental to ersure & seoure and sustainable power supply. LAWK holestic
architechure™ gasonbed below corsiders the power grd, customars, gnd tha market &5 & whola,

261 LiNK bolisiie sel tian

The architectural paradigm for emiant Snds LINY 15 desived from the signature of their fractal stucture®. LINK Paradigm is fundamensal to
draw the halistic, technical and market related Smart Grid moded with lange DER shases It is used as an nstrument o design the LINK-based
hefiste architecture that facilitates modelling of the entire power system from hagh to low voltage levels, mchsding CPe CINE architeciure
albows for the description of all power systern ogeration processses such as load-geraration balance, voltage assesament, dvnamic sauwrnity,
price and ermergency driven demand response, ebc

For a batter undarstandng of the LN schfion, some of the fundamental concepts and abbrewnations used in this chapter should be explained
beforehand.

2.6.1.1 Fundamental concepts and abbreviations
al  Poguler cantrol SFOTETs i Dowar SYstems

The maost popular control strateges in powar systems are bocal controls in open and closed loops. When tha secandary control loops are sat,
the local controls in closad loops ame usyally called pomary cantrals (P

Local control (LY

It refars o controd actions that are carred oot lacally withous considering the halistic real-time behaviolr of the relevant gnd part. Its action

path rray b= reaksed inopen- ar closed-loop

=  Upen-loop path - The input vanable usually differs from the outpot ona; the sutput wanabdes are nfluenced by the imput vanables bt
do not act on themselves continuously and again via the sams input varisbles. Figume 12 shows the open-loop action path of a
wwitched-capactor bank, where the msput vanable is @ways reactve power b contrast, the input varizole may be voltage, ourrent,
e, and =0 on

Lace

Uit Bt Chimon]. | ik i R""F'ﬂ“"" u.lﬂ'llv:c 0
r. « Control unit o (switched capacitor
Ul bawks)

Local measurement unit [7, 1, ...

Figure 12 Open action path of the Local Control of switched capacitor banks.

= Closed-locp path - In this case, the contralled variable continuously influences itself. The daviation of the actual messured value
from set-point resul1s in 2 signal, which affects the valves or frequency, exciEation current ar reactive power, transfoamear stegs, and so
or in such & way that the desired powsr = delivered or the desired woltage 1s madied Figure §3 shows the dosed-loog action path of
the Local Comtmal of GLTC it keeps the waltage to the L

TETER SNET (2019) ‘White Faper Holstic archibschunes. for fi ture power sysbems. bitos s estip-sneteu'white-naps -hoilsic architsctunes-fulure-prser-sysiema
fresmed 12 Moy 2021

& Wn, 7L Schulis A - olis.ic Sedurinn fur oma T G s 3ased w0 LINE- Ta anig a”, Spridge’ Maturs Swazs lang, 20_2, ¥, 348 758N 9/8- - 030-01529-5

o & 201 Disige o fhe Smart Grd Anchitectee Acoording 0o Fracisl Prndplas 30 the Basics of Correcpording Parket Striture Erergees, 4158

2 ymsned £ [2014) Practica. power system cperakion jobn Wiley o Sorm, Hew ‘Ersey.




.\_) E-maobdity deployment and impact an gnds

'E-'I il ] LU "in' -1 1 VT ; it |7 3
n-r-rv+,-{.m,. et > U T m#![u{t;‘l:‘:?:{l..lml i pean ition] Transh )

Ot

Local measurement unit [, [, ...

Figure 13 Closed action path of the Local Control of switched capacitor banks.

LC automatally adjusts the actwaineactive power contributions, tap and =witch positions, etc, of the morrespanding control device based on
lacal measurements or Hme schedules (Sun et al 2019, Roytelman and Ganesan 1999 Farvas st al 2005) They usually maintain & power
system parametes, which is [ocally measured or calodated based on local measurements, aqual bz tha desired vakee The fixad control settings
are caloulated based on affline system: analysis for typical ocperating conditions. Local contrals ae simple, eliable, and quickly respond to
changing operatig conditions withaut the need for a commmunication infrastructune (Zhow et all 2021; Mowak et al. Z020; Aoyta lman and
Ganesan 20000

Secardary controd (S0)

S in power systems 15 guite popelar in the case of load freguency control (ILFC). LFCs significamt purposes are maintaining the operation
area’s frequency and keeping pawer exchange in the te lines conform w the schedulas. PCs objectve (s 10 malntain a balance between
generation and consumption [demand i within the syrchronous area S0 maintains 3 balance batween generation and consumption (demand}
within each control arsa and the synchronous area’s system frequency. Tertiary cantral & primarily used 1o free up the 3C reserves in 3
balanced system situation by conssderng the economic dispatch (ENTSE-E 20050

[ in - [ulk)
& cantral st is wsed i the LSE-Solution that consists of @ Direct, Primary, and Secondary Cantrol loop, Fagure 14
Prirvary Contod (PO refers w contrak actions done locally s a dosed-loog: the mpet and output varables are e same. The cutput- ar
control-wariable is locally measured znd continuously compared with the reference vanable, i e the setpont caloulated by secondary control
The deviation from the setpomt leads o a signal that influences the valves or frequency, excitabon currant or reactive power, transformer

stegs, e, in & premany-controliad power plant, transfosrmer, et 5o that the desied power {5 delivered or the desired voltage is reached

Direct Contral {0AC1 refers w contred actans performied in an ogen-loop, tking intg account the eal-tme holstc behavioor af the grid part
he belongs Secondany Controd caboulates its contral action

G:m,;nm

serpoie-{acr = O Threchald

-E{;‘flh
W Primary Control

W

Control umit Power plant

-
pr—— T L L Lk

3 L ocal measurement unit

s, Dhrect Control

v, Seuclparino Reactive device Ok
i 0 (switched capacitor banks)
r ‘l-#'. ‘rir
Secondary Control “=~ g
| —1  Secondary contrel Tl b, Bid ik VD e,

Figure 14 Overview of the control set used In LINK-5olution,

secordany Controb (301 refars 1o centrol vanables calouwlased based on a controd Greéa’'s curent state. 1t fulfils & predefines objective function
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by respacting the stabc, ie, elacincal appisances’ comstramis (A diagrams of generatsrs, transfarmar rating, etc ), and dymamic canditions
dictated by meighbourng areas. At the same time, it cabouilates and sends the setpenis ta PCs and the input varables ta OiC acting on its
control area

bl Abbreviotans wsad in the LINK apovoumch descplo

AC  Alzemating Currert LV Low vodtage
EcV Battary of Elactng ¥ehicle L& Low voitage gnid
L Customer Plant LVWR Lime ¥Voiiage Aegulator
CPG Custormer Plant Gria LuSD Loy Voltage Systent Grid-Link Oparator
¥ i Comservaton Yoltage Reduchion Yo" Markat interface
DER Distriouted nengy Resources MC Manual control
Dev Dewce MSR Mechanicslly switchad reactor
DG Distributed Gereration MY Medium Voltage
DEC  Direct Control MWEG Medium Violtage Grid
= Distrioutian Management System MVE0 Mediom voltage System Gnd-Lmk Opaerator
DR Demand Response OLTCOn-Load Tap Changar
D50 Districutian System Dperato P2ChPower-to-Chemicals
BSSEDistribution System State Estmator PR Power-to-X
OTR Distribution Trarsformar PC  Primary Controd
EZ  Energy Cormmunity PV  Phatowaltaic
ElA  Electrical Appliance RES Renewahle Energy Resources
EMS Energy Management Systam RTU Remaote Terminal Unet
EPA Electricity Producer-Link Operatar SC  Secondary control
E%l Energy Systems Intagration SCADA Supervisory Contral and Data Aoquisition
FEWIX Flechle Elactrioty Matwork to infeqrate the expecied SE Stabte Estimator
"enengy evolutian S0 System Operator
GOPR General Data Protechion Regulation S0 Storage-Link Operator
GrichDGrid-Link Operatar STR Supphving trarsformear
MU House Managament Linit =x*  Technical interface
HY  High wvaltage T80 Transmission System Cperator
AVE Hich Voltage Grid UML Linified Modalling Language
HYSO High Voltags Systern Grd-Link Cperatos WWSCVolt | var Secondary Contral
ICT information and Commumication Technolagy Uact Arctual measured voltage
L Local Controd WS Walt Secordary Controd

LFC Load Frequency Contral
LRM Locsl Retail Mareat

£.6.1.2 Holistic medel

Flgure 15 shows the holistic techinical model (the “Energy Supply Chain Net?). It llustiates the ks’ compositions and their relative pasition
in space, both karzontafly and vertically In the horizontal axis, the interconrected High Yoltape Grids (HYGH are amanged They ame owned
and aparated by TS0s Medium (MYG) and Low Yoltage Grids (LVG) and the Custamer Plant Gads (CPGE mcluding the HYG toowhich the kG
= conrected, ane set vertcally, MVGs and LWGS asa owned and operated by the DS0s, while customers wse CPGs. Electricity producess
{hedraelectne power plants, wind and PY plants, etc ) and storage {pumped hydmoglectric power plants, battanes, EY battenes, in the form of
hieating and cooding, ydragen producton, eic | are conrected at 2 levels.

A “Energy Supoly Chaln Met is 2 set of automated powes orids intended for chain links abbseviated as links), which fit into one anothes to
astahlish g flechle and reliable electrical cannection Ezch link or lirk bundle operates autanomously and has contractuzl arrangements with
other relevant boundary linke or fmk bundlex.

Thee hodsts mosal assooated with the enengy markat =5 denved from the holistec technical madel, the “Energy Supply CTham Met,” as shown
in Figiee 150). The whale enargy maket cansists of coupled market areas fbalancing groups) at the horizantal and vertecal axes T30S operate
an the horerantal Fxis of the holdistic market model, while 1150s gperate on the vertical &ased on this medel, T50s and DS0s will communicate
direcily with the whote market (o enswre 2 congestion-fres dstribution grid aparaton and take over the task of load-preduction balance. LINK
zolutsan pastulates the restructuring of the actual markat structre and creaton of the local markat to fadlitate the effectve local tradatt,
The owrer af the distriouted enengy resources as well as the grosumers (producers and cansumers of electricity) may paricipate dirsctly in
the market or may doso via Energy Communities {ECs1

The Baitesy of Electric Vehides may be conrected inth the cwstomer plant of baw waltage leved as shown below BEWS of a district garage

LA M H Bruckeer, M Dlolsgaid, M Adamcova Teploying e-mobdity n the inkamdt ensrgy communiny 10 gromate addiional and walusale Mesiity esoures for
cerure and efTiciant grid operaton”, coepied 1o D8 publshad in DIRED workshop 3-8 aone 2027 PO, Portugal
2 lo & Prata 5, lliceto &, Strbac G {2019 Emb=dding of Energy Communities in the Unified Lt-Based Holistic Architecture CORE D, Madod, 3-6 June,pp 1-5
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may participate mte the Balancing Growp Destribution or Energy Community. The cantnbution of BEVW{s1 of a CP-garage s maalkced through
the stomer

(&l ] icl
Figura 15 Ovarvigw of the holistic madels highlighting e-mobility: (a) Zoom in CF; (b) Technical nodel the “Energy supply
chain net™ e) Mar<et madel

2.6.1.% Holistic architecture

The holstc architecture leval s the core of the LINK-based architecture (Frigure 16} it comonses the Smart Grds and the etactnoty market
The market surrpunds the geraralised architecture and communicatas with it through the market interfaces ™° by emchangng aggregated
meted readings, extemal schedules, atc At this archetectiral eveld the grd boks of customer plants are remaved from the gensralised
presentztion becausa they are oo small tp pastinipate directly n the whole market They may participate in the common market through
ereigy cormmiunities. For the sake of privacy amnd cybersecurity, the market interfaces "M are designed apart froms technica Intarfaces T
This architactural level forms the base for designing and implementing the demand resporsa process, the most comprehensive and compiax
operaton process in amart Grds: All volitage bevels. customers, ard the masket are affected here

Figure 16 Haolistic architactural level of the LINK-based architecture.

The three fundamental componants of the architecture ara the Producer, Storage, and Grid They are an integral part of one of the thres
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gt

constituent alements of the LINK-Paradgre Electrical appliarces The compaonents of the heliste architeciure are Producer-Link. Storape-
Link, and Grid-Link

The thisd and most complex fendamental comporent of the new architecture is the Grid-Link Figure 17a shows an overyies of it while
Floure 1Th illustrates the Link-Grd
Gnd-Link is 3 compasition of a gnd part, called Link-Gnd, with the corresponding Secondary Control 150

f
BLIN
L

Iverface

Secondary conteol

(E1] {Lak]
Figure 17 Owerview of the Grid-Link: (a) General depiction; (b} Link-Grid.

Link-Grid is the grid part ncluded within the Link 1t refers 10 electrical equpment like Binesicablas, ransformens, and reactive powes devices
connected directly toeach other by forming an electrical unity. Link-Gnd size is variatle and i definad from the ases where the Secondary-
Comtrol is sat up

Thus, the Lenk-Grid may include, eg. one subsystem (the supolying transfommer and the feaders supplied from it or a part of the sub-
rarsmissan retwodk, if the 5C 15 setup on the resgective aea A5 3 result, depending on its size, te Link may represent the high-, medium-
. dpw-yoitage and even the customes plant gnd

Figure 18 shows the control sthemas ok on a typecal Link-Grig Figere 183 depicts the HertzWatt secongary contral, while Figure 180 the
Valtwar secondary control Each Lirk-Gard has many Boundary Link Modes (B1iN] through shich i connects with neighbouring Link-Grids. The
neighbouring Link-Grids are represented with the syrbol (91 Producers inject deectly into it via Boundary Produces Mode {BPN); Storages
mject ar corsume power vig (Boundary Storage Model BEM

@@’Eﬂ

H:{ HI"‘\ ELE‘\-

mom @

Figura 18 The control schemes set on a typical Link-Grid: (a) Herz/Watt secondary contral; (b} Valtivar secondary contral,

By definition, the Link-Grd is upgraded with secondany contred for both significant power systems entites pass the frequencylactive pawer
and voltageireactive power based on the Fact that the frequency depends on active pawer whereas woltage mainly on reachive power

its algoethim needs to fulfil technical issues ard caloalate the connected fackties primary contrals’ Sst points by respecting the dyanamic
Consiraints necessary toenable a stale operation. The Link-Grid's facilities, such as transformess and the reactive power dewvices, are almast
upgraded with grimary ar local controd Thus, SC sends set poings 1o its facilbites and all entites conmected &t the boundary nodes.

2.6.1.% Transmission and distribution levels and customaer plants at a glance

Changing stations ane wsually connected o the low veltage grid Excepe for large fleet paneng lots, they are connected o the medum voltage
qrid via a MLV warsformer. Tha shape of koad connected o bow voltage gnd i= usually sploy and descomtinuous depending on the davices in
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operatian. Fast changing stators in parboular can furthar deform the shape of the load The lnad itsalf increases notably thus making the
load shape deformation in subordinated grds more abvicus

Figure 19 shows a schematic presentation of the Grid-Links in the ¥-axis with the cormespanding HaiwsE chain. Since frequency = a global
pararmeter of power systemns, the sub-process oad-freguency controd that hapgens minute-1o-rnute (s attibuted only to HY Grd-Links {5et

up an today's ransmiscon grdsi
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Figure 19 Schematic pnienuﬁun of the resiliont HEWS5E chain: {a) Link structure; (b) Hertz'Watt contral loaps; (¢} Active
power profile.

HaWse® " i stipulated for thes Grid-Lek Meamahile, both sisb-proceszes, the operaticn planning and econemec dispatch aopfy in all Grid-
Links. Corsacuently, the load-generatan balante pracsss in Grid-Links in distibutan and customer plant levels moluges only the ogesation
planning and econamec Gicpatch sub-processas. For tham, ondy WAl = stipulated Figure 190 chows the [HziWSC loops of each Link

HIW SO W= Wwac™ MSC pnd WrCt | Simdar to WaC, each SC application calrulates the relevant set points by apirnising i6s

cwi decisions that are SLOjeCt T
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« lts constraints, and
&  [[iynamic constraints impased by neighbounng Gnd-Links

Dynamic constraints control the sCtive power faw i3 HEWSC chain. They change of showld be recalcufated in real-time, depending on the
current situation. For exarmgale if the active power .P""E: supplied frorn HYS_Grid-Link inta the My_Grd-Link should be reduced by 20%, a
new desired constramt i sant to the MY_Grd-Link. WS recaloulates the sat points inits area by respecting the naw condition weth the
supargrdirated grid Gtherwise, i the actwal Fj.."i'.'ﬁ" i= mot potimal for the MY _Gad-Link cperation, & request 1s sent to the HYS_Grid-Link to
change it, ant sa on The same schema works acrass the entna HRWwSC chaln This pemanent exchange of desired active power P bebween
diffarent He'WsL loops oreates a reshant interaction between them Fgure 19 shows the active power profile

2.6.2 E-mobility and sector coupling

Figure 20 shows e-mobility and the Crass-Vector and Enc-Use Sectar Coupling embedoed in the LINK-Arhitecture Enengy vecior anezs afe
presented n diffarent cofours, The me-green amea presents the electricty enengy wector, while the apnicot area presents pther vectors such
as gas, heating and cooling, and 20 an it main elements outing the generalicad LINK-Architectiina

=  Produeers include all available gants regardless of size and technology, such as corventional, hydra, wind, sclar, geothemal
Dicerergy, weste heating, e
Grids mclude transmission dvery hagh and high woltage levell and distribution (medum and low voltage levels): and

= Storages include all available facilities regardless of sae and techralogy. It compeses the tradtional storage Faolites and the
viriual siovage” resounces

For transparent monitonng of storage and its asproprate considesation in algarthms of variows apolications of managersnt systems, the
Storage-Link is classified as follows
=  Cab A& The stored snergy IS injected a1 the charging paint of the grid, such as purnged hydreelectnic storage, stationany batteries,
&
= Cak B The stored erargy is npt injected back at the charging post on the grig, such as Power-to-Gas (P20), battenies of e-cars,
i
=  Cat, € The stgred anargy reducas tha electricity consumpton &t the charging point in the near futura, suth as coplng and
heating =ystems {consuming devices with energy storage potent=all

CROSS-VECTOR SECTOR COLUPLING
= ' \
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Figure 20 E-mobility and Cross-Vector and End-Use Sector Coupling embedded in the LIMK-Solution

£.6.2.1 Smart cities" LINK architecturs

Srrart Cities are plactes where decarbonisation sirategies for energy, transport, buildings, and even industry and agriculiure coexist and
intersect [Ewmopean Commission 20200 LINK-Salution supparts the decarbomisation of all economic sectors by enablsng Energy Systems
integratian in the cantext of smam otes. The flexble setting of the Grid-Link sz allows the easy applicatan of LINE-Soluticn 0 the Sman
City grid Figure 21 shows the tiechrecalfunctonal architecture of a district An LV subsystem with a distribution transformer and two feeders
connects 3 resigential buelding, a distnct PV fadility, a dstrick gaage with e-cars and many single-family houses, (n the residential bulding
i= installed a comimon roof PY systam far all residents, while on the basement is a garage with e-cars. In the ane Family houses ane alsg
installad rooftop PV Fapbtes, while on the bazement of each house is 3 garage with an e-car (these are not shown in detaill
Twn LY Grid-Links are-dentified the ane ncludes the distribubion transformer and the feeders, the athar the gnd within the residential
budding The correspending secondary confrols are set ug on the LY grics.. OF Grid-Links are gut on each flat and one family howse: On the
BV fanlites znd charging stabon of e-cars asa set F'I'?EEF and Et{::aues-Lﬂ_l:s_ .
7 Producer- Link ).~ Saowpe - Liik
o an " _,..-"r.
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P_ Girid - Link (3) )y : (—{ CP_ Grid - Link j)
& oot i Gy '
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Figure 21 Technical/functional architeeture of & Smart City distriet

2.6.2.2 E-mobllity demand response: congestion on high valtage grid,

he current structune of the grid and opsration of the ebectricity market gush the operation of the ransmission System 10 its liméts reguiring
a COSTLY re-dispatch process for congeston management In this process, T50s are inferested in knowing whether active power flows
decrease oF Mcreass at the intersection points with 050s, bot less about how they ooour; wheregs the DS0s ae required to keep voltages
throughout the grd within limits. gt all tmes, alsoduring the demand response process. Fgure 22 shows the demand responss process used
o suppeet the congestion alleviation process Suppose an increass in the overload is espected in a hgh-voltage transmission boe up to &5
in the following hours. TS0 starts the congestion alewation orocess using the relevant applicatons, he defines the BLMs AH and BH on his
qrid where the load decragse hould be 2% and &%, respectively, Both Grid-Lirk=s connected on the BLINS are MY _Gnd-Lincks. They are
apsrated From the same operator 050_4A Afterwards, T30 iretiates a demand decrease requsst and proposes tyd new sel paints accompaned
by the setting and duration. After recesving the request for the new set poirts, D50_A starts the demand response process and imeestigales
all pessibilities o realize the demand dacrease using thair internal rescurces, eq, the VR The 2% power redhaction m the BLIMN AH was
reglped by parfonming the OVE on MY _Grid-Link. Mo other artons 2@ needed The new sat point is nodfied o the TS0

The raduction desired on the BLIM BH = more extensive than at AH abaut £8h, and anly one part of it 2.0, 5.4%, can be reachad by perfarming

VR m MY _Grig-Link_2. For the rest, about 6% demand reduction, other acbions are necessary. D50 _4 investigates his Link-Gnd and the
day-1 schedules and idantifies the BUMs A2M and B2M 35 the most suitable anes, where the flow should be reduced by 0.48% and 03%,

saspertivaly. LV_Grid-Uink_1 and Lv_Geid-Link_2 ane connectad respectively to the BLIMS 420 and B3M. Both links are oparated fram tha
cama D50, Afterwards, D50 A mitiates a demand decrease reguest and proposes wo new et points sooomparead by the seiting and
duration
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Figura 22 Information of emergency-driven DR process: Congestion on HVG e.q., line overload.

After recetvng the regquest For new sat pomts, D50_A imvestigates all possibilttes o reslise the demand decrease. He cannot perferm the
CWR i its Link-Grids, and thersfore, he should pass over the reguest to the custormers, who 2lready have signed a contract for participation
int the OR process. After perfonming the calculatars, DS0_A finds thies BLINS that are most suitable to realise te demand reduction: A1L in
LW_Gng-Link_1 and AZL and BZL m LV_Grid-Link_2. Consequently, 050-4 intiates 3 demand decrease reguest and goees aver the [oad
decrease of 0.48%, 001%, and 0015, respectively The request = accompareed by the setting and duration tirme of the new set ponts

HML-123, which is & district garage with e-Cars, is connected to the BLS A1L Aftes receiving the new set paint /eguest, HMU-123 irvestigates
all pessibilities o realise the demand dedrease He approves the new set peint and notifies the DS0-4 The same approval and notifying
procedure is also wsed by HMU-S94% gnd HMU- 1001 After collecting &l replies. LVSO-B agrees on the new set points for the BLINS A2M and
BZM. Having the aporowals from releyvant BLIMS, DE0_A can also fulfil the BLIN BH reguirements, aopeove e new' se1 point, and nform the
TS0 The latter sent the wtimste set points accompanied by the setbng and the duration tima [50_A makes the fingl changes on the set
pont schedules and sends the informaton furthes up (o HMUS
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3. TSO PERSPECTIVE

The increasing number of Evs tat will ntesact with the power geid in the caming years will certainly recuire special amenton frorm grid
operaiars EVs will represent an additional load, a big scale energy storage system, and & distnbuted flexdle resource for grid services Cnly
through an aptimal management of the bi-directional charging process will it be possible to salve the potential systent challenges and take
advantzge of all the potartial opoorturstias.

3.1 Impact on energy and capacity adequacy

EW's are projectad to consume aoproximately S50TWhH of electricity n the yeas 2030, with LDWs accounting For almaost 7080 of the total EY
poiwer demand, fodlewed by twothnee-wheelsrs [159), buses | 13500} and trucks (d%:). EV contribution with respect w tatad final electricity
consumptian will increase fram present vakues 1o 1-5% [see Table 2} Despete being an iImportant growth, percentage values in totzl electrcity
consumpton are soll low and will mob mmply significant challenges in the future for the power system in terms of erargy corsumpton 0
advanced econamies, the inoessing demand associated with EVs is sxpected o oo in the context of & steady or even reduced ozl
alectricity demand, dus o enengy efficency improvernents In emargng economies, the coreumption from Evs will b2 embedded in the
context of fast-growing efactrioty coreumption from all sectors. However, in the evant that tmart charging is not properly deplowved (29
cosrdinated with the actual grid capacibies), power Bsues could arise due o massive BY diffussan

Table 2 EV electricity consumplion in selected countries and regions |Sounce: IEAL

c“‘;:"" 9 STEPS 505
) 2050 2030
nt.ﬁ?d-ﬂ

China 1.2% I, I,

Europe 0,2 4% B3

India 0,04 P FH

lapan 0,08 1% %

Linited

5 0, 1% 1% A

3.2 Grid impact use cases: private and public charging solutions

Tha regulatary framewnrk a5 well as the zEzaciated technology to the public chargng nebwaork are mewng forward o develop an meelligent
changing infrastiucture Thus, the integration to the electricity system will not be an issee Profitable bussess models are expected toemenge
a5 saon &8s the penetration of the EV in the transpart sector increases enabling the fexibibty of electromobility in the poaer system

Monathetass, and slthough the majonity of chargers developed in private environmants. gre today V16 enabled and thera sre many use cases
demonstrating W20 functionalty in & prosumer erwironment, mat all private charging staticas are intended o b smart, in the sense of
observability and controllzhility, 2t least in & very first stage. Therefore, the smplementaton of emplct demand side flexibility mechanismms
o incentivize the chargng in valley paricds by means of price signals will be very useful to coumteract the fast and. uitra-fast rechanges
promated by gudlic and serm-poblic infrastructures

The charging strateges can have different imnpacts on the power grid AL the same time, netwaik dharactenstics (e.g, urban ar reral gisds,
other connected leads, geid topology and operational dharacteristics) could lead to certan cotcalities. For 2 corredt impact assessment, the
analyeas an spacific grid partions should. therefare, be performed. However, some common glements can be identfied 1o pronde & genaral
awerview of the patential grid (ssues related wo different use cases Table 3 summarses some of the most interesting use cases that have
been considerad in terms of power and energy ues, gnd reinforcement needs and potential fleability services
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Table 3 Use cases of charging strategies with different impacts on the power grid.

Connection Giid mpac anal
Use Cases Charactoristics I S

Porsgr iEsuss; In he averg of owiftple  eEtallanens,

significant impacts can o= expeched in Secondary Substazions
BUBL LOW CHAREG {MWILY tramefiorrers) gnd MY and LV linas wingm plrwer Tioews
x, It_' = _: - s ¢ Peak snavine] solibens Ccould signifacantly limil this
SUAEEL TR NOCIRTeC T L ane s problen Vottage issues fan be sepacted in il &eas
Fareffide

Sl AL charging Energ; bssues: no significent Issu=s im terms of enengy
HOME/PRIVATE CHARGING Correchon 1o low supply
5?:“"?' oo apariments, s P oitsoelines Grid reir forceme:t: |t could be recessary to raplacs SULY
Artees Medium/long transformers-andior My and LV feed=rs
COMPANY FLEETS ronnection time Patential for fle-ibility: High potermal due o long
Pool behicles utilities, pu e servdces connection bmes. Sest case company flests -ath predictabies
ivate companes! i e
Pawar igswks: AlsD, single installabons may requine a
Fast or utrafast, OC SigfiCant increase of power absorption. Loads generated by

' Ch sh el Th
HIGH FOWER CHARGERS — “FUEL charging f;_f;;;’:g;'f’i"ﬁﬂ il S:r."frﬂ: W alte, Fi Imeels
STATION™ MODEL Commechon o medium
rath thaegers (50 130N i &asting woltage Bres, through Energy issues: snerpy withdrasal from the retwork could be
fuimi mf mhine aned (Fusl staton o Sigrificant Dur B SsURt &8 axpacied
URE&N HYPER HUBS edicated (fyper bl Grid reinforcement it could be mec=szary to install a
Hyper fast chamgers {130 - 250 KWl in PO dedicebad MV subsiabion with acdiboral cost and Hme MY
new dedicated areas Desgred lor cars Lhark conoecten 2= fand I some Cases, MYILY transfoemiers| ooukd resd 1o
m urbr armss r— be reglsced

Patential For Daxibi-ity: minimim potential coe 50 Tme

orshainks. Enengy storage sysiens opuld be mstalied 1o B
pesk poraerand to alioe the participetion ba fl=dhitky services

Power isswes: A single deposit moud require 5-10 MW, often
i When areas Thare 15 3 sipng nesd T oogedeanon
betwesn grid operators and local public transport operaiors.

Hagh porerer (30=-1001
KWibus | changng, ot AC
il D

Comnaction ko S Energy issues Moderate addonsl snengy demand

BUS DEPOTS vofAge fines. Fossinilay 1o Grid reinforcement. in the event of the hich rumber of

shie cormackon with otter
High rumber fensfundeds) of Doses

r buses, rew  primary  suostations could be  reyldned
= PTET L1
performing right changing -l lnadsieg #

Inferventiors couild be recuired For MV lines

Loy coneection Ui, Dut Potential for flexibility Good corfrol of  yehide
Coherent with required cosumption and of the tharging process due to prediciabie
ﬂ'ﬂ-"':-""lill fime (regh Daltery Lzage. © iy & parbal opportunety for fisdbiiy serdoss, dos o
EapaCity] Eimei powes constraints.
Pawsr iBEues A singla rob Could requre o than 10 MW
often in Fpral aregs, These is 4 Sinong nead Mo Cogedinanon
T K
ﬁ[m wtratast OC :;:"E;: Dpemines in grder 1o locate hubs dose o axisting
HIGHWAY HYPER HUBS kg Emergy issues: Enengy wehdrawsd from e netaork could
Hyper Fast chargers {150 - 350 KW in Correciion o High be sigrflcant but no issues A expectsd
new dedicated areas on highweays both Voitage Lines, tnougn
far cars and for hemyy duby vehicies dedicaied POL: Grid reinforcement: & new Primeany Substation would e
Shork eonnaction regured. A well-plarred oaticn would mmimse the nesd
Far mea HY Lines
theniz and high
Cormemporanedby Patential For Mlaxilbility: Minrmuem potentiZ due 1o time
factor orstraints. Enengy storage syskems could be instali=d to
Imit peaic power and to alics the partidpation to feschility
SETVaCEs

Faor the considered use-cases, theee main conclusions can be derived. At first, diffused slow charging could genesate excassive power demand
due o contemporanetty effects. This willl poour mostly when many other lpads are connected to LV ine (typezally during evening-peak hours)
and could create overloads on Secondzry Substations ar on LY bnes themselves. As chown in the next section, smart changing can dramatically
reduce this prablern Secondly, when high power Connactions ane punCiuatly reouired, new, dedicated substations (and connecton lines ) must
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be installed. ik generates additional casts ard tame. Fimally, «han chaigeg infrast.u bee is samed at buse_ and trucks, tens of MW could
be additionzy required. In tis case, rew lines or even nes plimary substations could be necessary. & strong codrdnaton among chasging
oparatars and yrid operatars &= highty recommended to identify the best (ocation and the bast techmical options.

3.3 EV as an opportunity to the system

5.53.1. Managing and monitoring the charging process

in the traditional charging process. atsorbed poaser s green by the techmical capabeity of both the vehicle and the chargeng station 1tis the
rrasiedm pewen that both compoaents can stand and could be limited by either the vehicle or the charging dewice depending an the use
case [nce the accepted power is idantitied, it remains corstant at its maximum level for most of the charging process. | herefore, the changing
will aoowr i the shartast passible time and with the highest power absarption "specially when the vahide connection tme is |ong this logic
zhpuld be completely medified Charging stations both peivate and public are dor should bel equipped with communicaton and control
=ysiems that allow for the real tme contral ot the powar set point to manage the changing process accoeding (o the most sppropnate poear
absarption peatile from the svstem perspective

I addiion the chargang time scheduling should also b= managed. (his could oooar R two ways
Ihie y=er is encouraged. through a dhargng soluton representing a valid val .a propositian for him: tooconnect tha vehicle at speofic
rmisments of the day (&g duwing daytime rather than during evening pea . hows)
wihen the yvehicle is comected, the charging profile s adjusted in temms of mtensity ot enargy withdrawal and in timirg {postponed but
also aniicipated) by an operatiznal algorithrm of the energy management system

sy combeming the poswar profile controland the time schaduling, the charging process can be ssgnificantly improved o obtain benefits with
respel to standard charging 1 his approach comrmorty mown 85 srart charging, can be turther enhanced  hen considering Veis In this
CAsE, power controd operates not onfy on powes absorption but alsoe on the BV battery discharge power. Both smart changing and ¥l are
perfarmed with -0 main abjectives he first one is to limit peak po..er demand at tirnes whese renewable slectricity product on will be lowy
fand ingect power m tha grdl and the grid congestion wepees assooated with EV charging The sezand obgactive i generally to take sdvantaga
of the battenes’ capabilities offered by Evis for flexibility senvaces leg., frequency contrid and ancillary serdces). Today, VG solutions provide
higher flexbility caganty but also 3 higher tedhnology cost, which bnits thedr wiability to onty 2 portion of Evs; their widespread diffuskan
codd ocour m the medium-term futune, especially for housabalds

4z dataitad further m the nast sechore, the pessibility of dynamcally adapting gred tanffs and prowiding enesgy pnce signals w&l be crucial
far engaging EV wusers in smart charging schemas. To ablow this, the masseve rollout of smart meters perdoormeng mmimom hourly iquarker-
hodrly metaring sepresents a fundamental pre-requesite, 25 well &s the refated data management system

FOOUS BOX # 3

FEATURES AS FLEXIBILITY SOURCES
t‘.rs can reman conrected to the electiic geid for many hours; this allows for thes use as a flexbility resournce and as a distributed pood
iwithin one electricity market Tona, provided the changing process is not purely passive,

Autemative batteries have a amall capacity (30-100 kWhh and slow EV chasgers have small power (5-1160W) thus reduiing 1o sgonegate
many vehicles, andior other Iocal smali-scale flexibility resources to-enable ancillan =arvices

wahides must satisfy users’ drivng needs. This limits the energy and time availability to provide flexibility services
s The flexibdity provider misst balance out single EV unpredictability through aggregation at the proper level to offer the agorégated
amaLnt as 3 marketable resoirce af flewhility
= Low attractiveness of price signals for EY users, 1o be potennally enhanced by providing a comfortanle experance through automatic
charging and extra senices [smarphone application, gamificaton, griving & non-dnving amenities)
Simgle and reliahle infarmation about the location of the charging paints and thelr availatdity in neas real ime needs to be provided
The same BV can tharge at different places, tmes, and siate of change. Matform-basad forecasting should tackle these multipie charging
aptaars theough stochastic agoregation.

The mcrease of BV adootion could be very quidk; therefore. it is paramount to immediately bagn the deployment of smart tharging: and
whenever vighle, of WZG selutions

anh & innovabon as focesed mode on vehicle cost and gerfarmmances (eg, wltra-fast chargngl than on gid-friendy aspens {eg
Eimmlll::,_r provision) Regardless, EVs with higher capacity battesies will be well-suited to provide flexbility services.

Figure 25 Focus Box #%: EVs as a flexible resource (Source; ENTSL-EL,

Chasging stators, both private and poblic, will for showd) alsa be sgquipged with communacation systems that allows real-timea monitor of
the power of the charging'tischarging process. Gb=sarvahility will ba crucia] i advarced scenanos in which the BV will contrbute ta satisfy
the enengy needs of househclds and small and mediam-sized enterprises by mean of V2H (Vehicle 10 Homel or W28 (Vehicle 1o Building)
technologes. Fram the point of view of the system operation. tha lack of observahility will intraduce uncertainty in the consumers dermand
pattems that will undoubtedly affect to the dermang forecast The guarantse of the saourity of supply by means of the balance berween

dermand and generation has not to be cormgromised
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5.5.2. Main apportunities provided by EV charging management

Based on the previous arguments, 2 detailed analysis shows that several opponureties can emenge fram the BV charging management (Figure
24

Reshaping the power
load curve

Take advantage of Hyper Management of grid
chargers for Heavy Duty Vehicles congestions

Avold overloads on
distribution grids

Reduction of “over-
generations” by RES

Figure 24 Dpportunities for the whole system and actors.
OFFPORTUNITY #1 = Reshaping the power load curve [Figure 25}

Bmac?

The EV charging grocess can be shifted from peak (evening hours) ta of f-peal nows to avoid the need for additional (marginal and thersfors
TP EXpensive) powear capacity dwing the peaks (ypically Fossil-basad). Just the tirme-shift of the changing process will have an impartant
effect ramaving the addeonal load The positive effect can be significantly inoreased f EVs charge during the day and pravide arargy back
w0 the geid during the peak, through V243 technedagy. This way, the use of EVs would reduce the need for fossil-based power generation during
peak hours

How

Different solstiors can be aopbed To drastcally sheft charging from the evening to more suitsble times, 3 change in users' hahits needs to
be stemndated. This tan be achieved through mew t&nff schermes (eqg, hourlyl and by Facilitating the posshility of charging cvs at office
premisas o in Park&kide fadlites Ta shefit changing from the evering to the sight, bath Toll tasiffs and charging management by aggregators
codd be wdopied. IR is impostant to highfight the main differences betwean them Toll anffs cannat be changed freguenthy (eg, waekly,
daily) ta be effectve, while aggregators can provide flexbiliy reguested the day ahead (or i real trme) and when necessary in some specific
parts of tha gng. in short. both soluticns are complermrantary

Who penefirs?

Bers=fits would be chiained by the enesgy systern as a whole Gensration-gcrented peak shaving will educe generaton costs and CO0;
emissions. Momeover. grids will be operated in & mare efficient way when some peak consumption is moved 1o of f-peak times. &n effectve
miethad of sdentifying @aff values, raflacting the genesal benefits, should be defined by the requlatory authorities, A5 a semvice pravided Gy
wahides, the economic benefits waould be also Feft by EY cwners {e g, in the case of charpng EV instezd of exporting the sumplus of generation
o the grad (from: self-conswmption): this might be very wseful pasticulady in holiday days when self-consumption installatisns right create
a surplus enangy expored to the grid).

[FOCUS BOX # 4
E EFFECT OF SMART CHARGING AND V2G ON EV LOAD CURVE
ranhs representing the case of Balgium cleasly depict these effects, highlighting the impressive regulaton cagaoty which can be offered

Evs.
[Considering the typacal user's driving behavicur, EVs would be commonly pluigged-in during evéring hours. This would generate a fast ramp

of BV alectricity demand which comes on top of the already axisting critical evening ramp af the resicdual Inad Phatal Iead less Py and wind

eration), aven without any EV charging Thesefore, uncoordinated charging creates a problem of shamening the poak; requiring costly
igeneration 10 intervene and the potential iInstability of the grid. Regarding grid reinfarcements, the issue will be tackled in the next chapter.
{=mant charging can beneficially reshape the EV load cunve, shifting the power request at suitable times [from the blue curve to orange cervall|
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later in the night {when the power request is smaller) and dunng the daytime [when P4 groduction is higher), :«]
If sarme srnan chargeng (s alsa equipged fior V26, the reshapeng effect i= ernphasised (grey curve), therefore contributing to smoathing
not only the BV [0ad but even partof the global residoal load

T Uncoordinated EV load =

i - l\_.-.

[ B | Smart charging effect on EV load
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Uncocedinated EV koad, smart chaming EFfE'Et and V26 effect m Selgum 2030, E".I' paEmatration scenario |Source: Elia Group)

Figure 25 Focus Box #4: The effact of smart duﬂjn_j-md'ﬁl"lﬁ on EV load curve,

OPPORTUMITY #2 = Ancillary services for system operation

What?

EW's can be used 1o support the balancing system, keeping the Frequency chase ta the reference of S0Hz EVs could modulate thesr charging
profile (or even the gererated power in the W20 scheme! and partopate in resarve markets (whena m place)l. providing frequency-response
maserye ard replacement reserve. Tus to the techracal charactenstics of automotiee battaries, EVs can alse provide Fast-fremquency raserve,
which ts becoming progressivesy mare relevant for the system operation. With V25 chargers, valtage cantaal for rarsmissaon gnd could atse
be perfomed

HowT

E¥'s coudd miodidate therr chargingidischarging powes according to the requests of the 790, channelled through & BSE e, apgregators) and
defined in proper flexibility markets. Moduation could oocur for seceads or up to heurs, accarding to the king of senvice offered. News rules
should be applied o flesbility markets to awaid excleding & gromising technology such & EVs from particpating in the &rcillary Services
Markats in ine with the actual and future Eumopean ragulatory framewark,

The chargng infrastrucwre could alse modelace te change)dscharge pewer based on systam frequenty values 1o provade orimary freguency
rasponse gocording to Figure 26 and under the request of the TSC
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Frequency sensitive mode scenarios

nihe &P +3Ha

Limiied bemusncy parwivs mods - cralarfrspuscy H L e drisqpasnacy Tl
LFEA ' LESE-O

s A e Al
L= Pand — P i
3o s b e it gt b Paves 1 e o crRUVRCH

Figure 2& Charging point with frequency sensitive functionality possible scenarios,

Who enefis?
Most relevant benefits will be phtained by TS0s and grid users as Eve” support contribubes 1o guaranteeing the whole pawer system grid

ctabdity, sdequacy ard quality as a partizl substingion for traditonal frequency-control systems (e g, rotationa] inertial and synthebs merta
solutans As & service provided by vehicles, the economic benefits would be also felt by EY owners

OFPORTUMNITY #3 - Managemant of grid congestions

What?

EWs can be used 25 distriduted resaurce to reduce the ssk of transmission grd congestions, S0 W minimes re-tesaatehing”. Being widaly
diffused on the terrtory, they offer TS0 and 050s mportant poesshilities to effectvealy intarvene 10 areas whare congestions m lines and
nodes typically happen

How?

EVs could mpdidate the chasgingidischarging powsr acconding o the reguests of the TS0 charmelled throogh & market senics provider
Thiz could pccur either n advance (day-ahaad rmarket] ar dunng coesation (intra-day and balancing market)

Wha benefits?

Mist relevant benefits are to be obtained by TS0s5 and 050, &s they limil “re-despatching” costs (wse of sub-optimal generaton or loads)
Redispatching costs are reduced because EV are offering flexibility services and increasing the Giouidkty of the markets. &s a service provided
oy wehicles, econamic Denefits would be akso reflected 1o EV owners

OFFORTUMITY #4 — Avoid owerloads on distribution grids

What?

EW charging can be shifted from evening peak houws ta off-peak hoors, leg. night-time) to ayoed addisanal loads an distridution geids and
Lemit electrical and thermal strésses o MY, LY lines and secondary substations This selution gartcularly suits home charging awoiding the
nz=k af cumulated effects whan vehicles arrive home {high contemposaneity Factor also with domestic applinces). Related to this opporumity
there are two different concepts. on the ane hand, feng-teern flexibility markets are used o sobve stroctural congestions, and on the other

hand. shart-temmn faxibdity markets are used to solve unforeseen congestions, normally made now with redispatching markets (B might be
a complermentary solutan to defermng grd vestrments i ralrfarcements o additanal capaciey and unforesesn |oads)

mmipdict flessbility (249, ToU tanffs] might be another pessibilicg
How®

Baoth a reshaping of the vehicle dharging curve (flatiening power ghsontion for longer pedodl or & cormplete charging postooning woukd have
prsitivae effects. Tarnff schemes and especially Tal) taniffs are the first splution o stimulate chargng trme-shift. Regardless, static Toll tanffs
condd generate the risk of price-led congestions on the distrbution grid Instead, dynamic tanffs eflecting looal grid constraints and
commurcated thraugh anmatic price signals could guarantes the best results

o bensfits?
Muost relevant bensafits will be gbtained by 0205, redocing the nesd to reinfarce distribution grds: &s & solution drven by tanff schermes, final

usez will have a dract economic adwantage
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OPPORTUMITY #5 - Voltage control in distribution grids

Bhat?

gi-gmactional (W chargers can be usad to perform voltage control on dstibution grids. This would gcowr through reactve power control by
poaar alectranics equipment installed in the chargers reganding LY gnds, woltaos is mastly contralled by active energy instead of reactive
eneigy due 1o R ratis; howeyver, if EV charging points are directly connecied 1o the MY, then reactive flaws become misre afficient to cantrol
the voltagel Voitage stabdsty guarantees gnd correct operation and &= espaciatly reguised when high shares of volatile RES are conracted
How?

Waltage control has o ooour through a direct control of bidirectional chargars as performed by charging point apsrabars or by BSPs.

Who benefits?

Most relevant banefits are to be obtained by the 0S0s They will expenence a batter grid operation and the reduction of traditicnal voliage
regulatars usage Uless aging and mantenance casks) As & sennce provided through wehicles and chargers, economic benafits would be also
falt by EV wamers and OPOsS:

OFPORTUNITY #& = Reduction of “ovor-gencration” Gy RES

Wha?

Considering the increasng amaunt of RES gereraton axpected in the next decadas, over-generation and urtadment of green arargy will
become 2 relevant isswee in penods of small national consumption, such as national holidays. Evs can schedule thes changing pracess to Fully
miaich and hence exploit rerewsble peneration availability. In regions relying onwind powes generation there s lower pradictaility, bt night-
charging coutd be effective In regions relying on PV genaraton, charging should be cancentrated dunng day-time central hous

HowT
Ta alhgn wand generatwan @nd night charging no spacial measures are requerad  To match BV chargng with PY production, 5 change n users

hiasit need to be stirrulated. This can be done through new &t schames [houdyiguarterly or patentizily real time-based t@riffs) and by
facilitating the possibility of charging at the office premises ar in paskride facilities.

Who benefits?

Banefits would be chtamed by the anergy system as & whole. Over-generation reductan will lower generation costs and 00z emissions: &n
affectwa methad of identifying tanf values reflecting the geraral benefits should be definad by the regulatony autharities

OFPFORTUMITY #7 - "Behind the meter” services (consumer perspective)

Whot?

&lthough thes cpportumity can be corsidesed Form the user parspacteee in Chapbar &, it is mpartant also to recogreza that EVs can ba wsed
far the sarme purposes as ather donrestic storage systems. They can increase self-conswngtion In the presence of RES generaton |prasuimes
case), thus reduring the elecincity bl Even in the absence of RES generation, EY batteras can be used ta perform tanff opimesation, charging
during lonw-price periods, and then providng their enesgy far domestic loads during high-price pnes. The same abjectives and benefits can be
achiayed beth with private cars and with company fiaets

Howd

Tanff schemes and especially Tol and dynamic @affs are the key enablers for these semvices Once these are in place, the user or an
automatic erergy management system can cantmol vehicle charging'discharging to maximise benafits. For these purposes, bi-deactonal
changerss can significantly Increase the advantages

Who benefits?

EW awners |{bath private and companies) can abtain interesting econamic benefits by performing behind-the-metar services, With respedt to
stardand domestic storage systems, the use of EVs allows Dameny investrnent costs o be avoided, even if partiallymemporanly [miting
storage availzbibty, i grd tanff and power price schemes ame properdy designed (for example, eoiding double chargng for bidirectional
flowsl, the energy systarm can benefit fram thesa sapvices, shifting EVs charaing during off-peak hows and alss reducing gomestic loads
powar absarption during peak hours

OFFORTUMITY #8 — Take advantage of Hyper chargers for Heawy Duty Wehicles
Lt
HOWe will ask for a retavant amount of power, and their ivtereciva usage patbern will not legee much room for pesforming smart chargng or

prowiding sefvices. The daybme wse of hyper chasgess (150-350 kW and mcre) connaected 1o HY grids and properly located will both avoad
the nsk of overdogads in lower voltage levels of the grid during peak howrs and enable the significant e of renewable energy

Hom'?
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Hyper chargers desigred for heawy duty vehicles should be conrected o HY andics MV grids and [ocated close to existing lires. To ensure
this, strong cooperation bebween the TS0s and the hub investorsicperaters would be required, thus installing other faclites (2.0, sEbonary
batteries) could aln ba taken into consideration o limet the peak power demand In adddtion to this, specific tanffs or driving schemes shoukd
also be suppoeted w stirmuelate daytime charging. Additional services for drvers during charging howrs should be also promated

Bho bengfits?

D5C= will experience relevant benefits avesding ortical kvads on their grds, The propar management of heavy-duty wehicles, gooonding also
o cpportunity #1 ard #6, will have a positive impact on the overall energy system oo An effective method to identify &2nff values reflecting
the penaral benefits should be defined by the regulatesy authoaties. Howewer, if EV chargng points partiopate in balancing services (FORY

sudden changes in thalr consumption (ramps] might result in relevant voliage problenss in the distribution grids: This case could be maore
irmpactful in geeds with law lewels of shoot-cliodlt currents.

55,2 Stacking the opportunities

Some of the oppoertunities provided By EY charging, even if distnguishable as objectives, can be stacked Several benefits can be obtainad
with the same "smart chargimg” solution. The maost relevant esample s shifting EV charging from evening howrs o daytime In this case,
alectricity cost saduction will be obtained for final wsers {Opporunsty #71, overloads on distributicn gnds walf ba reduced (Opportunity 243, the
power gemeration cure will be beneficially reshaped {Opportunity #1) and oves-gereration will be bmited {Dpportunity #61 All these obectives
can be reached smultanecusly, and the benefits would ke enjoyed by multiple actors. As an examiole, in Figure 27 the effects of smart
chigrging an the Gaman kead profile are depicted, together with 3 PY penarstion histogram, shawing the shifl of dgemand peak to 3 tme-slot
whens mare eactidly is being generated.
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Figura 27 Average total electri ity low m Germany with uncoordi.wted [wpl on. smart cnarging (down) (Soicce: klia Group;.,

Sirrdarly, several benefits can be obtained by performing real-time contral on the charnging pracess. Changing peaks can be shaved
sDpportunity 241, woltage contral can be parfommed by 050s (Cpportunity #50, ancillary services for the transmission gnd can be provided
(Opportunity #2; and grid congestions can be managed {Oppartunity #3) Differenily from the previous example, in thes case the four
objectives canmot be simultanequsly reached as diffesent control strategies would be neaded znd 3l of them cannot provided at the same
time. While pursuing ane strategy, crass effects coudd ocowr, and they could be both pasithee and negative far other strategies. These cross
relatirships should be carefully considered, 50 a complete knowledge of the total effect (s gained by the inwalved actors For exampés, the
sum of indwvidual behind-the-meter optmisatons could not result in the optimal system-wide load profile. It s necessary to study the
interactans betwean the two as well 25 apprepriate pice signals for end users.

The described exarmples could also be stacked. Performing fine-tune, real-trme contral on a daytime changing process could indesd provide
the greatest number of opportunities.

3.4 Demand side flexibility from electromobility

sworage and demand side management are two key flecibilety taols Far the system operation. In that sense, alectromability ivs callsd to
become an amportant player for the flewhility m the energy transition. But smart charging comes first in providing system flexibility

The (EP (Clean Erergy Fackage) places stovage and demand facilities at the same kevel of generatian plants, boosting integration of
alectromobility into the efectricty network also through its participation in the powsar markets and new flewbility service markats for
distribution networks In addton, thanks m the ranspasition of the CEP into the Membey States regulation, on the path of convergence
towards the ntemal elactricty makeat, &5 well 25 the implermentation of the Electricity Balancing Guedeline, balzncing markets are beginning
o open the pariopation o demand and storage facilities. It is the mle of T50s accompany these chanpas adagting their oparatng procedures
in the fiebd of scheduling, balance serdices, setlement, and meazsures o make this hapoen

Hzmmonized and standardized products tailored to these new fexibdity resounces must be implemented within the EL markets. Smgller
product sizes and sharter schaduling timeframes will allaw these flesdbility resounes o compete at 2 level playing feld. Tharefore, on one
hand. despite reguiring smaller prodhacts, it = essent=l that the requiatory framewark of the aggregator, and specifically the independent
aggregator, be developed In the member states regulation. And on the other hand, It is alse nmecassary e implernentation of long-term
montracts and guarter-hourly day-ahead and mtraday markets o enable their participation. The guarter-hourly offers allow greater flexility
o the aleciric wehide smart changing aggregatars, being able to assign 2 greater rumber of offers than in the case of haurly markets

T2405 can make use of demand-side flexibdty not only on the balancing markets and non-frequency ancllany services, bt also in other
capacity markets needed to tackle the collateral effects of increased wtake of gensration facilities from renswable enesgy sources that dus
o its wanabelity and intermittency, certain risks may appear in the secunty of suzplhy

#nother perspective of demand sde flexdility for destnbgion netaorks can be read n chaptar 4.3

3.5 Different performances and their limitations: Vehicle-to-Grid

in a3 world i which i necezzary to mcrease the usa of renewable enarges o reduce pollutan znd Fight climate charge, we alo need large
erergy storage systems to deal with the vanablity of renewable generation

‘With the main problem being large-sale electricity storage, the role of the EY presents 3 possibéa sofwtion. The scenano of mllions of electn
wahides conmected to the grid can also be understood as having millians of battery energy storage systems (BESS) connected (F V26
wednology s finally fully deployed Further technologacal innovation i this field will allaw the use of the BV &3 mechanism for ensrgy
siorage, an increased integration of renewable enesgies into the alectncity systern and bidirectionz] enargy flows (from the EV o the grid,
W20G, ard fram the grid to the EY, G2V The previous developrments will enable new services, such as buying and salling electacity using the
alectric vehicle batteries. Usars will hawe the opporturety, for instanca, to export {selll enargy fram thesr Evs at peak ttmas, and then be able
tn charge {bieyl energy during at hawrs whan the price of energy 1s lower. These bnd of activites for BV users could mdirectly have imporiant
benefits far the alectricity system since they could be considersd 2 tool 1o reduce peak demand and, thus, making wnecessany adidtianal
porar generation from power plants

W20 can equally ba use for peak shawving targating moments of pagk dgemand. by wsing the erargy stored in EWs and bnnpng same aconome
advantages o both 305 and Corsumers

&  Sgvirgs in hills by awaiding high prices in demand peaks

= Prowiding demand response services that can reduce demand peaks

& Frowiding flexbility sarvice o T50s based on the set of BESSs

= Reducing the intermitient operation of power plants (saving on star-upishutdown and maintenance costs), 20d thus avosding exira

costs
= Postponing mvestmants in infrastruciures and optmizing their utilization

Mewvartheless, there still esst mmportant lirmstations nowadays. Charging infrastructure will nead 2 significant investment effort for public and
privata chargers o impolement thess ypes of services. On the other hand, pne of the mast relevant tass of T50s is to match power gereratmon
and Consumption in a continuous way, ard For this reason the cerent reguiation requires that gereration facilities hawe the availability of
mncreasing o decsasing powsr generation wnder the real-time contral of the TS0 in the different balancing services. V256 |rmplementing
controlled changing) provedes grid commected EVs with a walume of stored energy that the grid operator can request a5 2 servica to regulata
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the netaork frequency. Mowadays the frequency regulation s meostty provided by large generators, with lowes liguidety in the balarcing
markets for the system, probably leading 1o great costs, and used o balance artive energy supply and dermand The fastcharge and discharge
cycles of EY battenaes make V206 an altemative to these traditionsd frequency regulation mechanisms. More simulatiors of elactrom:
interfaces will be nesged 10 perform centralized contenl actions adapting the operating condars of Evs, a8 inthe case of provading freguency
requlation sendices

it can be deduced that s with higher capacity batteries will be well-swted to provide thase fledbilioy sarvicas. EVs can be carnected 1o the
grid durmng lamge pericds of the day acting a5 an electricity market zone resource. provided the chamging process is also active (it must be
noted that prowiding this kind of flewibility reguires 3 battery with high charging efficiency ard a high massmuen number of cycles, whidh
might be 20 econane: barer to participate in these markets IF not properly fulfilledl Inoaddidon, it is recommended to Rave simale and
timely smformation about the location of the charnging pomts and their avadability in raar esi-time needs A well, moroeed demand Forecast
mmidels will be necessany considering the user behaviow when connecting thelr EV to the grid

3.6 Cross-border impact of transport electrification

There are different types of cross-bardar impact=s caused by the electrification of transport. Om the ane hand, there are impacts demved from
the freedom of movement in the road transpart of passenger= and goods a1 the barders of the EUL Bt on the pther hand, thera is an impact
selated to the interral electricity market that has mathing to do with passenger traffic

The impact produced by direct road transport affects the planning of the charnging infrastructure and therefore that of the el ectricity grid. In
Evirape there are cross-bosder migratary flows of peapbs whio traved to spend vacation perieds inothar countres. Rosd transport of goods wall
also produce a sigreficant morease of the cross-border elactrioty demand due thes activity that nowadays it is carmied out by mears of vehicles
basad on internal combustion engines. It is expectad that Pan-European transport cormdors will atbend these flows, and in that sense,
accormgany the deployrment of the charging retwed 10 the progressive ncrease of electrc vehicles. But the fact Is that it is not necessary to
cross the border with your own vehicle pne can rent a car at destination, also producng a local increase in the usa of moads

Therefare, thare = also-an indirect significative smpact produced by the incease of wehides coming from other rears, which, added to thosa
fram rental fieets can, in same cases, even doubés or triple the wsual volume This seascnal vasability in demand meaans that the niensive
or light use of the charging mfrastructure must be acourately forecast Consequently, there is an impact an the planning of the grid, but the
challenge it poses for the operabon of the system &0 balance generation with demand under potential stress situatiors shaéd not be
urderastimatad

Thera |s anather enpact of 2 different nature that s related to the convergence of the EU in the ntemal electriciy manet European
regulatians contemplate the cross-horder parsopation of demand and storage facilities in eleciricity marksts. Thes will allow system operatoss
o have additional Aexikedsty raspurces to attend o the balancing services. Coardmation and mformaton exchange between crocs-bonder TS0z
will be cricial to &vold imbalances betasen thelr grids
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4. DSO PERSPECTIVE

D505 play a major rofe in faokitating customers and markets, includng slectromobility developrment. The uptake of elactric vehicles might be
a challenge for DS0s, et also @0 cppartunity. car batteries flaxibilbty opans possibiibas for integrating renewables, as an alecinc car can
charge at any poent when not inuse. EYs are thus not only part of tha enengy transiton, but they can also help Toster its developmant DS0=
are ready to faolitate sbactromodility deployrnent, acress low- and mediom- voltags lavebs, from AC to OO and up o ultrafast chargers

Taday, the low rumbers of EVS acoss Europe oo not yet pose significant problenss in distribution ghds. As their share will e rising in the
coming years however, [540s will raed to improve thair natwork gperations to meet a higher mstantaneous (peak) capadty demand. This will
be neadad particulardy as mast of the charging will be performed at the low-voltage levels The elactric mohility Inad 15 axpactad to grow
faster imgacting mainly the Low Valiage (LY network @ the short term (the limiting factor for the LY grid /= the capadty of cables,
trarsformers &nd pther paramaters such as woltage levels or asymmeatry), whike in the madum ang kong term the impact will be extended to
the Medum Yoltage (M) and eventually o the High Voltage HY) netwoks

4.1 Impact on distribution grids: visibility, monitorization and forecasting

Electricity distribution infrastructures, white playing a com vode n fenewable energy mtegraton and improvements in the deployment of
mnayative technodagies i the transition 1o sustainable aad smart mobility, are also 3 oucial element for the decasbonsation and resilience
of the erergy systam Focusng on the electremobility angle, distribution system cperators are challénged o enswe that the distrioutan
netwark = preganad b cormmect chargers to the power gnd

Une of the most relevant challengas that the electwfication of ransport poses o O50s, tegether with ocperation, is related to the davelopment
of mnovative methededogies for network plannmg that can take into aooount the uncertainties related o the forecast of future lead capacity
and the location of charging points, private and pablic In this sense, smart grids managed by DS0s &re an irgestant source of informatan
Dhstrisution smart gnds and smart meters deectly connected to the D50 grid wd] be the man source for measurement of the enengy
withidrawn from the grid ar injected into the grid by electric wehades. These main metars will guarantee the quality of the measurement and
are used for the system ohservability that 050= need o assess dynamic and parmanent retwoek condtors and W establish when, whare
and hgw the gnd can be impacted by a higher demand corming from changing activity. Co the one hand, plannng for fuiee lyads makes
explicit the reguirement for reliable forecasts, and on the other hand, rore acourate predictions can anticipate the ideal solutins for the
ystem.

D50 must ensure the securlty and guality of supply and, jst &5 any other load on 0505 metworks, AC and DC loads of Evs may imgact
system stability and safety. s described i chapter 2.1, there is & complate ecosystem with interactions between all actors: and affects on
poaar guality, such as asyrnimetry, harmmonics, and voltags cuatty, that can be reduced if alectric vehicls and charger manufactuners adopt
the relevant requirements. Therefare. and since 050s are primarily focused an safety and ralizbility standards based on mestng paak
demand, data ingut from customers i gemeral, and services providers |eg, charging pointst n gartoular, is essential to have aocurate load
forecasts on distibution networks In this sanse i improves the reizbilitg of the specfic oriterda of operaton and nvestmants in
infrastructure, and the integration of electric vehicles in the network could pocur n @ timely manner. Smart and refiable operation of
distrbution systems depands on the wsibility ower changing activities, plarned charging stations” lecation and capacity and depéoying smizrt
distribution netwarks to enabie widespread rofl-out of charging stations requires groactive dialogue and coordination between DSCs and all
parties

Therefare, some levels of analysis and modellng of systems are required, smcluding real-time state estimation based oo real-time data and
saphisticated demnand forecasts tools using metering cata and bottom-up aggregation of various load categones. At the same time, looking
at synergies batwean forecasting tools applied by 050s and other agents (e.g, TS0 and apgregatars) can help 0505 o imoreve farecasts.
For example, throwgh commaon design, data exchange and coopesation of the different system operatars, That atso includes a holestic approach
to whan plarming that could successfully intagrate charging Ioad distribution of electnc transpart {cars. buses] and benefit both gnds and
rmunicizalities. Beyand oites, esdy engasement with D50 can also speed up the installation of Fast chargers on motorways which places
higher power demands on Medium Valtage grids. Thess forecasts ane adtremety retevant for network plarning and aperation

in the case af sman chasging management, the aocuiacy o the pracess of forecasting Is mare easily achievable Since the amount of energy
raquired for tha changing orocess and the changing capacity ane known up 1o a paint, the changing process can ba optimaily adapted to the
system For this purpose, different kinds of data fram the EV are required the necessarny electricity far charging can be caboulatad from the
current state of dharge and the battery capacity. The masimam and minimum changing capacity of the wahicle batiery can be used (o kraw
the range in whith the charging capacity can be adjusted for smart chasging management. Smarnt metars remain the mast powearful tool to
abtain the informatan

Therefore, it is sxtremaly mmportant that the data from the BV are tramemitted ko the charging davice and mace available w 050s. Usually,
the end consermer can often view this informaton via a display in the vehicle or an zop from the vehicle manufactures, but it sull esists the
need that external sensce providers can access the same data. This cowd be dore by vehicle manufacturess if they provide a standardized
technical irterface for data exchange at no extra cost for third-pasty serdce providers. With such & commumicatians servace, 0S0s and
preveiders can have direct access o the relevant data and manage the fexitdity potential of electromehilicy

4.2 Network planning and capacity reinforcement
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Metwark capacity upgrade is aften wrongly identified as one of the main barriers to the rolf-out of BV charging nfrastructune in 2 Gmealy
mianrar. For this reazon, network planning = kay to support the deployment and integration of EY chargng infrastruciure in the distabution
netwark This 5 & reguiar exerdse conducted by D505 a5 part of network development and is not specific o imegrating EV dianging
infrastructure since other requirements also reed o be consderad

Lincertainty remains the main challenge far 0505 reganding the netwark planning for chargng inflastrucure, especially in the: mechasisms
far forapasting future koad capacity and the locaban of charging points &s explained in chapter 4.1 For this reason, the mpiamentation of
flawibility markets for detribution neteorks can represent & oppcoiunity to facs these uncertanties, activating flewibility fram
electroenobility to sobve wiforeseen congestions or voltace precblems -everthebass, elactrarmability policsss and stiategies in different
countries, both locslly and regionally, hawe yat to define tha fmal scerarios, for mstance, the rofe of mobility in cities: or the lack of & joim
owerall strategy for electification. In this sense, a more coordinated approach & essential o allew 050s w perform grid planning, and the
subsaguent development orocess, which will facilitate the adoption and expansion of electric mobility in & more opbmak way. Moreover,
D50s meeds a comprehersive and ntegrated vision of the alectrification plan from both the demand and geoduction perspactives. For the
DsC's perspactive, slectrormnchilicy warks in parailel with the ncrease n distributed renesable capacity 2ad works in synengy with i ta
=uppat electrification

The challenpe = not the axtra energy demand, but the simultanesus poeer demand on low-wmitage networes In addition b doubling the
waarty electadty consumption of & househoéd, EVs can increase (peak] powes dermand five Gimes when many 2lecric cans pleg in at the
same time {after arriving at hame} in one street The result s that 050s will nead o expand of renforce their nebworks: But rebworks micht
not hawe the dimension to managa the peak demand happening at shart tmeframes, which implies that D50s" networks should be used
ag efficently as pessible; for instance, by dharging the £V in the aftamoann with salar power connected & 2 parking lor dhanging) sped, o
lowly at reght Here the car battery’s ilexibility (smart charging) comes into play t2 complement the racessary grid reinfercements

Grid reinforcernent requires an gssesement conssldated with othar upstrean load iNcreases tayvaluate the overatll impact on the network
These parametess relate 1o the charactaristics of the distmbution network it areas under comssderation, and the expected future load
reguirernants [accounting for bath the locaticn and power capacity récuirements of the chargers) DS0s are evalugting all these factoes to
analyza the network statis and develop various EY changing scenanos, thus alipwnn them to identify the available capacity and comnection
cost at different gnd conrection paints. In this segard different situations c2n be coreiddered, and a distinction should be made between
netwark plaming perfosmead for 3 speofic connection reguirerment 2., integration of 3 known number of EV chargers in a speofic areal
angd gverall nabwors planming. i both cases, the task of [M50s is to sdentify if congestions could hapoen and thesr exact location, assessing
a wide set of parameters selated o the charactenstics of the distrbutan network in the considerad area and thesafore propase solutions
far the different timeframes According to the Eureiactric posittn paper, “Debunking e ropth of the osid 0= o borrler o @-mabiling”, 20211,
the foflpwing Factors can be considared fior that purpose

The exact location of the public. and eventually private, charging stations, and number of chargng points.
The vecnnical faatures of the thargers such as the type of connection (1 phase ws 3 phases), the charging spead (slow ar fast
charges], power guality use Imainly harmonics from sactifiers ar the existence of power npat inte te grd (V26 techanlogyl
The requested power capacty for the changer or sat of dhargers and the simultaneity factor
The usa of smart charging solutans, &g, ontrollaSility of the BV thargng poirtis) wa load shefting. energy management of tha
chasging station

+ The cagecty of power Ines and power ransfosmars in the corsidered area and at the conmecton point

Lsing different methodolegies and processas, 050« shauld play an active role and identify the aneas where customars install privata EV
changing poinis behind their meters (o analyse the potential inpacts of such chasging mfrastractunes on the peak power demand and thus
evaluate the network situation, which can help fo dentify the best suited grad connection point with the chargers. For this purpose, the
benefits of extended smart grds and the granulanty of data that they provide are ey to have & valid visibility of the diffarent parts of the
arid 8s 3 resuit of the previows grocsss, DS0s can determine (F grid renforcament $ necessary in that case or altematve solutions can be
proposed, such as the proosaement of shost-term Aachility sarvices

in the case of mid- 1o long-term network plarming, the goal = o address the impact of additicnal futue loads, induding EV charging
mfrastructure. on the distnbution grid This is & forwand-looking exerase where aooess o relisble amd acourate forecasts of future
elecirification trends is key. This i5 In line with Article 32 3 of the Eleciricity Directive 1EU] 201900944 which states that D50 shauld develop
this kind of clare at least every two years and they shauld have a particléar emphasts on the main distibution mfrastructune, which is
required in order o connect mew laads, induding rechargeng poants for electric wehides. However, it shoud b2 noted that not all Member
Srates have implermentad this ablgation n their nasanal legislative framewerk The Eurcpean regulatory framework s atso ewvalving and
omdd also hawe further devalopments, as in the case of sector mkegratan

Hewverthaless, tha retaork planmmg should corsader the total noember of EVs already in use and their type, what shauld be in close connection
with the farecasted density of charging paints and thesr power requirements, ulirafasyfasysiow chargng combined with the expected EV
changing simultangity Factor and the utilisgtan rates of chargng stations, taking mto aooount behavicurs! pattems of the drivers such as
charnging bacaton (e.g. kame chargng or public changingd and use of smart. charging sofuticns and dynamic elecincity prices. Othar relavant
factors are the timing ard magnitude of EY dharging power. Mareoves, additanal lectrfication trerds and their evohstion should 2iso be
considered {e.g., integratson of heat pumps).
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T Lse Casas are gresented to ilusirate how D805 are dealing with the moreasing penetration of Evs
Use case of i-DE

An example of how 050s use thess parameaters to develap various EV charging scenasios and predict fuiure load prafie is provided by -
DE, the (540 of Iberdrola Group in Spain, which onduciad & study o asgess how the incorporation of the Eve and haat pomps willl mainly
impact the LV network in the short e, whils in the reedum and long teem the impact will extend 1o the rest of voltage levels The repon
proeided detailed a battom-un netwark smpact assassment o determine the reirforcemeants in the LY netwark and secondary substations
ahaad of needs, basad on smart grds information and data analytcs, The impact study developed a set of reglistic scenarios based on
sack demograghe data and the Mational Enargy 2nd Climate Plan electrification geals and also uses a fleet distnbution model {ses Fuurea
28]
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Figure 2B Relative number of EVs (Source: i=DE).

Once the moosl was establshed, the nest step was to assign the calculated ramber of Evs (and eventually heat pumps| for each census
zactan to indwiduad connectan peinks before pesfarming a LY simuiation The meded is prepared to pesform hourly simgations of dffensnt
scenarios, and, under these cirbumstances, the profile of the average load curve for EVS can be obtained from a group of existing chasging
points (Figuee 29). Such profiles ane then used to analyse the voltage and cwrent iad on network componentis o ensure that the network
can sabsfy all future loads (Fgura 34
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Figure 50 The model parforms hourly simulaticns of different scenaros (Source: I-DE),

in the following step. a power flow simulabon modal wax mppied o 110000 MY-LY transformers and o 150008 km of the low voltage
netwark. The simulation used data from thie 1-0E GIS with 2 very Fioh leeal of granalarity, which made it pessible to analyse 2 wide spectium
aff cases for the entie -DE LV necwork Finally, for each indsddual solutien, the calowkation induded dffesent parametsrs, sudh as
trarsformers and ines load ratios, forecast demand and the possibility of connecting a rew transformer

The analysis showed that only 188 of LY lines will have ovedoags and voltage problems by 2030 in i-0E asea The simulation akss concluded
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that smart changing codd potentiztly redure network imvestments by up b 40% inorssdenng TORE of smart charging adegtion) in massive
adopbian scenarnos

The mast relevant cutcorme of this study is that the adoption of EVS & not & problem in the short and medium term since the mast
sigraficant impact will coour matnly In wery specific areas until 2030 In the shart tenm, the incarparation of the Evs will pasticulzdty inmpact
the LY matwork In the long term, ot will ba extended to all voltage bevels whare new substations and transmission lires will have to ba
planned to support the existing medium and high weltage grids The cormbined imgact of elecrification in the medivm termcs lower than
the avarage peak demand inoreases batween 2000-2005 of | DE in Spam {eg, in the first half of the 20005, with 5 high economic growth,
demand increasse was approkimately 2. B0 per year|. Destribution comparess have successfully faced similar challenges in the past and thus
the necessary refnforcements in LV and Secondany substations in the most stressed areas can be adsouately addressed with the investrman
plans.

it can be concliuded, as a genersd principle for grid reinforcement, that the anticipation te the impact of increased load on the network is
crucial to ensure that the netwark will continee within standard operation |power gualty, religbdity). Lkewise, the low woltage netwark can
also be averdogded = cerain circurmstancesiscenarios where the capacty of the electncal equipment ts nearly reached because of an
accurmdation of small increases in demand of from customers connacted &0 the mebwook, 1 is alst mteresting to pomt out that when home
changing statiors are installed gradually, In small screments, 0508 can monitor the oad development, and therefare, reinfonce netwark
companents a5 they baoome overbrdenad In thes sanse, the mare usual anatyses corsader the netaork stustan innormal condbans e,
all elepnents are in serviced 2nd sirmeltansity factors ase taken into accownt 1o oeEct when the network can be averleaded (e, the reguestad
capacity 5 higher than the current installed nebwerk capacity).

Tvpes of works carmied out as part of network capacity reinforcemeant
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Figure %1 From the Eurclectric position paper “Debunking tha myth of the grid as a barrier to o-mobility®t

bz previously emphasized, it & important  adopt 3 coordinated approach for netwark plarming. In fact, o other costomers reguest
additional capacdty at the sarme point of the detribution grid, itis imoortant that these requests are coordnated n onder 10 cptimise network
mvestments and adegustely dimension gnd renforcement

Use case of Enel Glebal Infrastructure and Metworks

Eral Global Infrastructure and Matwores = facing several planning and oparatmnal challerges posed to the distribution neowork by the rapad
uptake of EVs I addition to the almeady menboned foracastng uncertanbes, the group faces increasng complextes caused by wide
differences in the network design, electrical infrastructures, regulatory frameworks, and macroecoramic scenados of the eight different
countries whare the mormpany oparsies

In this uncertain and complex future soenario, the time and resowces reguired by tradktonal neteark planeng methods are often too high,
esperally cansidering that apidly changng slamning parameters, mcluding demand growth, Evs and DER penatration bevels or svalving
electricity markats would sacuire contineous adjustments af the retwodk analyses The need for a fast and effective method to pafarm
lang-tarm distribution planning analyses for Evs intageatizn has led Enel Globad Infrastructera and Metwarks to daveliop &n mngvative
netaark planning methodslogy, shle o rwun multisle sirmulations in @ shot tme and easily scatable to different networks. This is acheeved
by imzlementing a preliminary soesnnp anatysis B2 sdentfy the mast critical nebwork elemants in fubure scenarios. Only the taghar-prionty

** Eurmieciric, 202 ], *Deunang the myth of the grid as a bamer o e-mobiity”
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orcuits undengo more detailed power flow shuckas to identfy retwosl constraints and gnd needs: The introducton of a prelminary screening
stage allows ta limit the effort of detailed power flow anabyses and therefiore significantly reduce the cormputational burden for glanming
angireers, without comoromising the accuracy of resits. The new goid planning methodedogy propesed by Erel Global Infrastructure and
Metworks uses a four-steg, needs-basad approach (see Figure 320 w identfy the armount of Evs and DER that can be accommodated on a
distribution network before adverse impacts ecour [commonky termed &= hosting capacity)

nsiication..

e s Lyl st a s LT

* Collection of reteork data  + Hosting capacity = Sclutipn regquinsmants = Com astmaion for aach
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Figure 52 Stages of the Distribution Planning Process (Source: Enel Global Infrastructure and Hetwaorks)

« irst. the toal adds the fut e needs forecasted by Enel's proprietary and long-term enengy scenarios to the cument neads impased on the
existing netwark Whiba netwoek data ase available at cirouit and transformer level generation and load fosecasts must be furthedy modetled
w provide the same data granulasity, For this reascn, the grid planning tood employs rultiple statstcal methods: |Macro -econsmic,
custormar-level and geographical modellngt o allocate scenarios data to the cirowt and transfommer level and increase the acowracy of
resulis. Ey's reprasent the langest driver of the future grid needs and can be modelled both as boads and as generation respuroes to accoun
far vehicle-to-grid applcations.

The Grd Meads Analysis stage assesses the hosting capacity for every Ime and transformer of the network IF the retwork component has
remched or exceeded its hosting capacity threshaold, the tood triggers &n mtervention request. The output of this stage = & comprehansiva
rman of all the hosting capacity grid needs at the end of the study period, othe selected concession anea In the Techrecal Solution
Nentification stage, requirements to meet the grid needs throwgh traditional inetwork refurkeshment, replacements | a5 well 3= distributed
flexibility (storage, demand side management | opthons are camssdered Lastly, using companent-leved cost data, the Cost Assessment
stapa estimates the myestments needed ko implemant the optmal =olubion. Simulation resutts of the new gnd planning too! apolied w
Erel's network wuse cases, show that the nes methodalogy provices 2 oulck, fiexibde; and effective solution 1o the challenges of distribution
plaaning In the cantest of high EVs and serewables penatration, farecasts uncestainties and network connglesities.

4.3 Demand side flexibility from electromobility

Demand-side flewhility = crucial to maintain securty of erergy supply and a stable nebwork. Since the more relevant changes =uch as
rmassive development of varsable and renswable distributed generation and the expected growth of the electric vehicles chargng will
happan at distnbution level, the robe and the responsibdstes of the [50s is to evolve into an active systerm ogerator and g neutral markat
facilitater whils rmaintatning security of ensrgy suaply ard a maose relable network

ddcrtonally, demand-sice flexibility assumes that consumers & willing to engage i dermand response activities. Engaging conswmers will
require incentives and technologies for demard-sade flexibilicy o wark and deliver its full benefits In the case of slecric vehicles, incantives
modd be far example based on price signals, dynamac tanffs for chargng vehicles or incentve-based demand response sfilowing the
consumer tomake savings oy offerng contrallable chasging o rmarket and retwork eperators.

in the planming phasa, demand side flaxibilty can belp to delay imvestments when the gnd capacty 15 close o reaching its ik Using
flexibility from the dermand-side thoes avaidng or delaying an estersion of the physical detabution gid can lead to significant sawings for
the 050, for bath consumers and society. It can also give the [¥50 trme 10 assess ather options, =uch as networy reinforcement and smart
grids, o ensure grid stabilicy. In the operatonal phase, IE can be 2 usefd way 1o selve |local congestion by influsncing the consemption
pattems of consumers, the tharging pattems of electnc vehidias and other appliances that are corsuming sigreficant amgunts of electnoty.
Demand-sige flexibility can be developed together with well-identified lange wsars lusing an mportant capacity during thesr businasst, and
with residential users that opied for charging their electric wehicles, which also represent an important electbcizy use when aggregated.
Demand-side flexibility can aizo b a tool to bang additional balancing capshilities; even if these sarices are usefil for TS0, it is important
10 irmglement new grocedures and processes able in collabaration

in order to reap thesa benefits. 0%0s should become the neutral masket facilitater. gathering, managing &nd sharing data with retailers,
aggregators and othes authorised third parties, easing entrance of new players in the marker, measuring and validating the e of gemand-
wiie resources connected to the distribution grid But to be successful, appropnate incentives should be set up in order For the cusiomer o
reep benefits. For instance, sorne D508 ae cumrently vsing and Investigating solutions like Incentive-based demand response (reduced
tanffs or lump-sum payments that prowvide the D50 with fmited, but clearly dafined access to demand-side flexibility] which enable
consumers ta make sawings by voluntanly adapting thesr electnaby consumptsan o grid needs. Again, it s cucia] that DE0s cooparate with
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7505, being able to idenbfy the resaurces which are directly cormmected to the distribetion god and at the same bime involved in anoliary
zaryices for Tels

in this respact elecric vehicles connected to the distribution grids can be a huge apeorunity 1 avoid network overlogds. The isswe is tha
lang period of trne that cans, on average, ae nol wsed during the day. They spend most of the day as a "stationary wehicle” in the parking
Lak of the emplayer, in front of the supemasdat or at borma ard themefore as alectnc wehiches could offar sigrificant flexibility potartal to
the energy system During thes ioke period, the changing process can be adjested according 1o various pararmeters such as electricity supply
and grid utibzation. The EV could, for exampls, tharge prefesably duning a penod of high mjection of phatoealtaic and wind energy and thus
mizke afficient wse of surpbes renewabde aledricity. Furthsermore, charging can be dome at times of low netwark utilization, optimizing the
grid wse and reducing the neaed of further exgansion of the distribution retwork

Other splutions wheseby flebility is extracted withouwt a connectan contract are 2l=o explosed  Examples of madet-based solutions include
the possibility of a flaxibilty marketplace’ whene customers can offer their Alexibifity through a third-party, usually an sggregator’s or sagle
EV changing point affer {depending an the krwer bid size allowed forf dernand respansal. 0 this case, the contract is betwesn the D50 and
the aggregatar, anoption which can also albaw to solve a specific local need Unbike for the TS0 and BRPs, the congestion in the distribution
netwark is & vary Incal challarge (but & onucisl onall Gieen the kacal nateme of the [50s" challenge, B charging statiare have a high potential
far these new Flesibility markets {provided by consumersioarnections with flewble |oads under & specific MLV substation). Nevertheless,
Lguidity in the local Aeximility markat could be tao lirmeted to create a marketolace for managing [50s congestions (eg, in rural gnds)

Where the reguiation allows it direct dynamic smart charging wSing a varizhle Gpacity contract combined with the right &niff can represem
a viahle and cost-efficient form of local lnad management. The tymamic smart changing option (withen the limits of the contract) in orgar
w be affective and effickent should be effectuated through the use of standardised ICT protocols (from the D80 to the CPO, and to the
charging station)

4.4 Managing the integration of electric vehicles in the distrioution grid

The additional dermand from EVs in temms of total corsermation of snergy over tene (kW) will not represent & critical factor for the DS0s,
as this can te handled with tha existing gnd and generation capacity. However, in temms of power demand (KW the addibonal Inads can
cause 3 sigreficant hegher peak load i e, in case of changing resultng in simultaneows power demand on dstnbuion retworkes)

The impact an the peak jvad will e critically dependent on the chasging behavicur of users: iF all EVs start o charge at the same hour (1,
cars charge as soon as the drivers plug m on grreval 3t their destnateon or 3t 3 specified timaframe m case of lange differences m the oast
af emergy at mightl, the impact will be much highes than in cases where the charge = spread mare evenly on the low damand period
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Figure 33 Estimated EV peak demand vs. overall country peak demand in 2030 (%), EDS0 20 8.

Higher geak laads can cause {refatively short time} congestions on distribution grids, adversaly impaming on volt2ge and network capacity.
{verlgads of retwork eguipment can reduce the bfe expectancy of gnd compenents. Thesa can also laad to woltsge fAwectuations outsite
their designated mangire causing consumers’ devices fzilures. From the balance responsible party poing of view, a sgnificant number of
few guick start power plants might need to be ramped up o provide ancillary services, bt the challerge of congession s not S0
directiobwious. The case of (ultral Fast chargers can dlustrate the dhallengas that D50s could face m the comng years, since it is the most
extrame sitwation They are usually connected to the MY grid which, In mommal situations, has encugh capacity. The costs aof these
connections are bazed on the actual costs of makng the comnection. Thues, grid connectionsiextermare 0 facilitate (ultral fast changers are,
i mast countries, fully paid by the requesters of the cornection Since (ultra) fast changess will | rmost cases have their own fransformer,
there are no other wers that will be negatively affected by possible voltage fluctuations when thargag stants ai full capacity. The impact
an the other side of the transfommer (MY side] will be fmited. Nevertheless, [S0s will meed to be propery engaged and consulted to
codsdinate and facilitate the connectan of (witea) fast thanging stations o the MY gads (&g, managing smoother upsard load ramps)
Depenging on the spacific gnd conditions, an impact meght be considerable F thare are several ulkra-fast changers with dedicated
trarsformers dose 1o each other and attached to the same MY connactionfon @ case of powering mualtiple electic buses at arcurd the
same time This can also be an issue in retwedks wheme gas statons on the moads and motorways & connected 0 low -powesed
trarsformars (up o 250 kval In these cases, 50 widl have to upgrade transformers or even the whale MY feeder (in some cases alsa
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Huiby sulstatan andiar HY netaork coudd be imvclved. depending on total power of installed fast chargers) b handle the additional power

i a more general situation, smast charging, slso known &5 Y140 thargng, enables 1o control the charming of electnc cars 1 a way that
alborws the chasgineg power 10 be Increased and decreasad when reeded lin this case, the power flow IS moso-geectional). V26 goes one
step further and enabiles the charged powsr 2850 to be morentarily pushed back to the grid from car batteries W balance variatons in
anargy production and consumption. Cars can be changed smartly only iF thay are connacted to charging stations that are smart changing
seady. It should then be recommended tooequip bath existing and mew chargng stations with smart dharging devices . Developments of
interoperable communication profooals (IEC 81850 family Standard could be a reference basis) are eguatly mmportant 2 nteraperability of
data, commands/sattings and infgrmation is essential to communicate with all parties, mcluding agaregators among athers, m the smart
chianging process — froam the gid o the chasging station and the car iteslf.

Smart charging can hefo to streamline demand for energy (and thus capaoty) by adiusting the chargng profiles with the supoly for enesgy
and grid capacty. This means that the power bevel to charge an electric vehicle can be reduced &t times when there = high dermand for
arangy andior less available gnd capacity, Enengy stomed m car batteries can even be used o feed electricity back 1o the dstnbutsan netwark
W2G techmoiagy) of lower demand from the customess sde (vehide to home or V251 Smart charging could be dane directly by the DE0s
if there is a communication channel aeailable from the DS0 to the charging station 0450s can commurecate directly with the CPO ar an
aggregater and, depanding an the tachnical sschitecture. the site owner thraugh an energy management system Tha CPO then dalivers the
raguested srart charging profile on the charge stations managed by that CPO, within the predefined contraciuzd saitings between the 050
and the oustomer.

The smart charging process oould also follow a nouge wia a centralised system - m thiat case the local ratuna of the congeston challenge
should be considered. A straightforwand aspect is to include mandatory registration of chasging stations {also Gehing the housabald
connection) 1o have 3 good visibility on them. In this case the ICT-rowle 2 different but sman charging & performead within the contran
betwaen the DR and customar The aim is alzo to match the needs of these diffarent stakehodders for an optmal managemant of EVs
i such a miukt-player market the 0505 will be enzblers For the wptake of Bienperadle servicas for smart changing There is thus & nesd
to sdoot the requiatory Framewark reganding the rote of 0S0s in demand response and by depbeying specific Aexibilty maskets n
distribution netwarks. At laast n the early adoptess’ phase of introdicing demand resporse technology, it shawld be necessary to consider
the very bocal natwre of congestian challenges and the Lack of Lauidity to salve the challenge in a madet-orented appeoach. In enabling
direct dynamic smart changing, 050< will need mare imeestments in smart grids and enhanced superasion k reach visiblety of the status
af LY grids, where smart meters can play a major role to monites the grid in real time and identify the need to procure flexi bility services.
Investments in new methodology and grid tools will also be needat to assess the potential of congestion management, peak shaving, and
the vahse of smart chargng It is cnwial that [90s have 3 smart god m place whare most of tha LYY netwarks are rarmately monitorad
and cantralled to detect potenbal congestiars in real time and avoid netwark corstraints

In general, it is essential for 050s that the smart charging mirastruciure is eguipped with all the necessary technology o manage the
charging pmooess This must mclude bath a commumication and a control link, but not only. In fack, V25 will act a5 generators andg tha EC
rapuest is that reference standards will mirrar the prinoiples defired by family Standard BN 50549 The charging process should be
controlled accordng to trade-affs between OE0s' constrants and Customers’ needs. Smart charging will witmately depend on mesting
custamars' negds sg 050s ard CPs should first batier understand the chargng processes and customers” behaviour when developing
change management strateges tals and metheds This will help raise oustomers' aoceptance and awareness of related bensfits ard risks,
ncluding overcoming ansiety concems of losing montrol over ther car. In doing se. D50 will contribiae ko achiesng more sustainable
TEMEpoT and reen energy goaks.

#z sgid, in the futura, not onfy smart charging will play an mportant rale for the enengy system and new business models, but also the
Veharls-to-gad (W2GE Thes concept 2ims 10 aptimise the way we transgort, uie ard groduce electricity by tuining electrlc cars ineo "virtwsl
proaar plants. Under thes conceps, electric cars would stome and dispatch electrical energy stored in nepworked vehecdle battenes which
twopether st as one collective battery fleet for ‘peak shaving' (sending power back to the grid when demand &= highl and ‘valiey filling'
{charging at night whean demand is kw). Enengy can be sent to the distrioution netwark by wsing bidrecsonal chargng solutions. Possible
applicatans inchade for example the proveson of many systemn semvices. Passible applications include for ecample the provision of many
system services sudi as balancng o suppont frequency contral, reactive power, of the use of the BV battery as a source of providing
flexnbility to the gnd. In fact., there are cogomg work to identify new posshilities of V206 actmg &= penerators (e, as in the European
‘Stakeholder Committee Expert Growp of EMNTS0-E which has currenthy an expert group drecussing the advanced capabilities for gnos wath
high shares of power pad modules, which czn provede, armans others, support o systens in cases of low freguency discornection, system
inertia, system woltage, short cimouit power, el i

it 15 impartant b corsides the V240 concept in onder 13 uss this fleshility effectivaly in tha futuna, and thus, to davelop the correct reguiztary
frarmewors. 050s will finalty deegen their role as actve system operators, in addition o thel robe as network ooeratnrs

4.5 Deployment or charging points

050= play a key rofe in the deploymant and mtegration of EY charging infrastruciuna i the electricity nabwoek gnd much expearience has
been gained by connecting thowusands of charging points to the power system acrass Eurapa. The partiopatson of D50s in the deploymeant
of chargirg infrastructuce for Evs can be esplained frem tes angles: plamning of the grid considenng the needs of present and future

# Buropsan Commession, Tafl siandanisaton reguest a5 regants (ommunicaion excnange, eecrciip and hydnogen supply Tor road, mariine transpart &nd iriand
rexvigation mn suppoct of Cirecthe 2004/S4/EL and its planned revision under-the "4t for 55° package®
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charging pomnts and statons, as explamed in the previcas chapters, and the rofe that D50 themselves play as charging infrastruciure
O CFTOTErs.

When D305 a0t as the chasest natw oil operators 1 the dharging infrastructere, the spproach o network planning for the roll-ows of dharging
stations froem their persgective ts similar across geagraphies in Buroge and comparabée with other new network accedses Howewer, netaork
planning remains 3 Incal exercise that depends on 3 wide sat of paramaters. Furthermare, 3 distinction should be made between network
planning performed for 2 specific connection reguesement (e.g, integration of a known number of EV chargers in a specific areal and overall
netwark planning, which should be hased on & network development plan to be publ=hed by the D50 at lzast evary two years according to
Agticle 323 of the Electcity Directive (ELp 2015/944

But an anather perspective, the role of DS0s in the context of the depioymant of slactac vehicle changng infrastrecties &= dafined wndes
Directive (ELI: 20009944 of the Europaan Parlizment and of the Council of & June 2019 canceming cormman rules for the stemal market
in ebectricity and amerding Directive 2012/27EW. Artide 33, entitied “Wntegration of electramodility into the elediricity grid”, states that
Member States shall provide the necessary regulatory fFramewoek 1o facilitate the connecton of publicly accessible and prvate rechanging
points o the detrbution retwods. Moregyer, Member States shall ensere that distibution systern operators cooperats an a non-
discriminatory basis with amy undertaking ocwning of ceveloping or aparating rechaaging ponts for electric vehicles, induding their
comnection o e gad. Artcle 33 £2) of the [hrective statas that distrisution systermn operatars must not can, manage or operata rechanging
points far efectric vehicles unless the distibutan systern operatons have privare recharging poents for thelr own use oily

Furtharmore, parageaph 3 of the same article seis out the condtions unoder which it is posshle o derogate frary paragraph 2 0F it s
established that there is no interest of ather operatons to perfoam that activity. i such & derogation is applied, it = necessany o verify the
existerce of intarests of other entities on & regular basis gnd, 0 case it is reported, Member States shall ensuwre that distrbutan system
operators’ activitias in this regand are phased our

Althicugh the Disedwe clearly establshes that the 050 should not De rvolved inthe development. installabon, and management of chasging
statiens in the more genesal siuation, the role of the DS must be seen n the contest of plarning the instaliaton and cornection af
changing points 1o the distribution network to have a coordinated approach wath distrisution network long-term planning and scenarnia
improvernent. Mareover, and when conditions are met under the consideration of Article 33 of the Directive (EL] 2019/244 for 050s o
nstall pperata and manapge charging points, the possitelity of 050 performeng the installation and nunning operations, eithar in & publc or
private area, presents a cost-efficient solution, accelerating deployment of charging spats ard guarantesing open acoess and support
=tardardisation, and swaidng heterogenacus technodogies at the sarme tme Mot currently being & specific abjective far D50s, the abova
considerations must be considared for those national cases in which they ana called upon to contrbute b promoting the degloymant of
changing poants.
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5. USER PERSPECTIVE

EV usars hava spacific meeds and gapactations and thair interacton with electrica infrastructures at homa, woak ar other plaoes must be alsg
analysad urderstond, and satisfied. In fact, EV users set the conditians for kaving their vehacles charged Their direct irvalvement is the basis
upon which to make the charging process a success and their behaviour drives the subsequent impact on the slecricity gids and thus the
way that system operators must manage them The usar perspective is cruoal o urderstand the whole picture of the mtegratan of
electrornabilicy

5.1 User typologies and their behaviours

Based on their behassour, w=ers can be dassified in saveral tvpologies:

&  [omastic usar far private use: generally speaking, thes corsists of & daly usa of an BY for less than 60 km dunng the warking days ard
aocasicnally ab the weekands for less than LS50 km Charging at home every day by might in a private show charging pont. Docasonally,
the domestic user needs o connect to fast and wira-fast thaning poings during long distance {rore that S00 km) jowmeys.

= Domestc wser for professional use: daily wuse of the car during the warking days for up oo 300 km. Docasionally at the weekends For less
than 150 km. Chasging at home by night in & private slow charging pont and many days changing in a public fast charging paint
Orecasionally, the domestic usar neads to connect ta fast and ultra-Fast changing points dunng long destance {mare that 500 km | jourmeys,

= Commerdal wser bight dady wse of the car during the working cays for up to 300 ke Cocasionally, this user needs to conmect to fast
ared ultrg-fast charging points during long destance (more that SO0 kmy) joeneys

=  Commerdal wser heawy: daily wse of a big van or small truck dunng the warking davs for up to 300 kme Occasionally, this user neads ta
connect o Fast and ultra-fast charging points during fong distance imone that 500 km) joumeys
Public user light daily use of 3 car for punlic transpodt during rmore than 300 kme Usually in the city bt occassonally long distance
Fuilic user haawy daily vme of a bus for public transport during more than 2050 km

5.2 User needs and their satisfaction

anpther step forward in understanding the cusktomer expenanca and mierachions with the chargng mfrastucture s o consider thair real
needs, which can be different considering the axisting types of wsers. Another dassification can be proposad to staucture the different nesds
of users

Me=ps for domesta qmers
Slow private charging point at horma
Slow private charging point at the working place
Fast public changing pomits in the coties. malls, or any other public places
Fast and ultra-fast changing points every X Rilormetre of the highways and mzn sozds

picde T i ik fal vk
Slonw private charging point &t bams
Slow private charging paint at the warking place
Fast public changing poats in the aties, malls, or any other pushic places.
Fast ard ulira-fast changing paints every X Rilometre of the highways and man oads

i i P
Slerw private charging point &t tha warking place
Fast public changing ponts n the otes, malls, or any other gualic places.
Fast and ulra-fast charging poants every X kilometre of the highways and main moads

Heeds for the light oubbc vehicle user
Slow private charging point &t kama
Slow private charging point at the working place
Fast public changing ponts in the ones, malls, or any other pulic plages.
Fast and ultra-fast charging points every X kilomatre of the highways and main mads

Mewds frr the heawy public vabida yser
Slow private charging paint at the working olace
Fast public changing ponts in the oties, malls, or any other public places

To streamline the user espenance 2ad increase the broad acceptance of EVs and theés benefits for the energy system, I 5 recessary 1o deal
with the current electromchilicy husdlest® narmely the foflowing

# St 'White Pager - Masing eledtng vehides integrl parts of the power sysiem (20180 - Fitps: i smanteneussproortant upla ds 20 H0RT INAL-SmartEn-Ahite

Fager- E-Mobiliy pof
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I Interspermible prd brood ronge mabuility po mment methods

Currently there @ two payment aptors fior glactromobiity: ad hoo and conbract-based chargng In ad boo paymeant, the BV drivess must
sign up Far each changing provider systeny, using an AFF and a Radio Frequencoy Igentfication (AFID) cand. Reganding data privacy, current
pajyment systems in gublic changers, reguine confdential Personally Identifigale Infornation (PNl associated to thelr PP &ccounts, unlike gas
statipns, whare pagple oy use thesr credit caed or physical maoney,

ELf apen payment protoools ard standards would improwe tha public chargars usar's experience, further prometing EY adopbion. Moraower, EY
drivers should be able tw dhoose the gayment method tat rmeets their personal prefensnces. This is pogsitile by ereuring that peblic charging
points also offer 2d hoo chargng solutions and not only contra-based diarging And, oy enswing 2d hoc payments methods that ane
ureeersally actessibia and that comply with GOPR, public changing payments wauld be simples as paying for gasoling or diesal.

& Enswe price tronsparenyy fior po bl chorging points

Currenitly, i pubdic chasging points, there is still great price uncertainty for the consumer, particulzdy when reaneng, since ke is often not

aware of the exact price before charging or has unexpected costs on his bills

Bs stated i chapter 22, there s the need o revise the diemative Fueds Infrastruciure Directive (AFID), to make EV charging tanffs

trarsparant and comparable For examole

= prowvide & transparent pooakdt w end-users before dharngng irstead of using the amount of power (o charge an BV,

& encourage smart sppications or websites for prica comparison and real-time pricing that coud also deplay pricing adjustrrants fare
flexibility services provided

3. Consider chorging DOINt SPerDiars 0S5 Serioe Oreides

EFID shauld emphazize that CPOs must be considerad as carvice providars of BV chargmg, and not as enargy suppliers. Thiz wiould presant
additicnal suppber-related reguirernents for CPOs There (s g need for a legal separation bepwesn CPO0s and suppliers, only fior & darification
af roles

A COmrman redubsdrents fior Srart motars i the chaning st

Impasing separate and specific metering reguirements For the BV charging infrastaucture (CPOs, EVs, ebch would differentiate boads, hamming
lncal energy resources optmization. it would create useless complesity in metering and billing, creating bamers o smarl meter daploymant
and skowing the electrification of the transport sectar

Ay limmitag requirements 1o altsmative iniovatons in this field must be avolded, for beth peivate and public charging stations. Charging
=iEtions should b= designad to prowide various senaces (as smart chargng, V26, v2H, etc | avoiding obsolete infrastructure degloyment

5. Comwnan regisinshion processas for EVE G5 senace mrowncers

The reqiSration orocess is & key first Siep o prowsde enerdy SeniCes Hammanisation acress Eunape (s imoortant o svaid mixed reguinemants

regardng segonal varigbors of the countries’ registraton models since this woudd limet passible economies of scafe from the aatomotive
rmarufactiirers o its consumers.

The feEstration @rocess 10 prowide services, using & EV, should be easy, to Facilitate coreumer engagement with the sledricity system. &
specific EU regulatoey framework could antiopate that an EY and its senvces would be registered at the same tme of the usual car
ragistration, o further steps should be reguired This regestration should provide dear infoemation on the flakibdity capabditsas of each By
and its W1GAV2G capabdities: This infoemation must be transparent and accessibde ta consumess, prios to punchass.

Taking the case of Germmany as an example; we a1 see that this country has the biggest aatienal passenger car market measured n sales
m Ewrops (ACAE 201590 Despite this, its curnant market shares for PEY are arcund the European average and lacking behind Mordic countries
{Ine of the deoussed and possible reasons for thes 15 the lack of sacizl acceptance of thes new bnd of techrologies®?

g this example shows, sooio-palitics] soceptance s paramount to understand the development of electric mobdity Relatvaly bow number of
academic publications investigates general attitudes towards aleciric wehedas, One the studies by Kuohi et al {2019) analysed current English
and Germman literature and compared them with Gesmian statermeants in Twitter. This companson is supposed o mierbeme User statemeants
with mera general discessions happenng in the literature. They found put the B0% of content are dscussion about peice and cas
charactenistics while the rest of the discussions vazy mare in scape, with infrastriciure and sooietal isswees as the next strongest categaries
at 4% of the comtent &nather study by Zaunbrecher at al, (2015} expiored the attitudes and opirons of non PEY u=ars in focus-groups.

The parceived mam benefit of PEVS saerms 1o be envvronmantal advantages and concaerns raised wera about pece, mirastruciuneg, secunky of
the technalogy and practicalities (some of these partly gusded by misconceptions) In 2015 Mazur ef &l compased the policy strategies of the
LK znd Germany, owlining differences that are refevamt for polecy makers. The study chserved that in Gemmany the pobioy makars were much
mare reluctant trincrease requlative pressure; howaver, this didn't mean that the country was against the electsic mobdity transition but thas
it was much more economically dependent on the curfent automotive ndustry. & more secent study by Burghard et &l {20019) S8t out o
anaby=a tha activities of German muncpalites around electne mabdity, It used & survay study that found out that B0% of municipalities ama
already active and representatives firom municipal administration regard slectrs transoortation as highly relevant and promising. This study

* Frapminafe=r 151 - Socal acreptance of electnc motlity im Germany - mtpsiiavalice freunbofer defeprimtsium_nbn_de 001 1-r-5086626 pdf
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was consickered & good indicatar for acceptance in this sooa-political dimensicn. Howewer, the reseanth in this domain is still limmted ta certain
fiches and needs futher mvestgatan

Market acceptance Is another relevant factor that must be conveniently studied One of the acios groups with great everage on market
develogrment and diffusion of Evs are car manufactuers when the supportive polases are technology neutral: For this group the acceptance
af elactms mobdity waries. Thare are mary diffarent portfolios, business models and different strategies. Wesselng at al [2015) found out
that the manufacturers that sold mare were the ones with a greater incentive and opporiurety (o Innovate and that these innby atiens came
espenally from less profitabla firms This meght explain some of the differences between marufacturers” success with PEY =ales.

The giowp of intermediaries betwean supply and demand also glay an impartant robe in spreading thess technologies Sweh 3rtors ane £ar
dealers, leasing companies and ather actors that deal with infrastructure, repair & maintenanca. The level of soceptance by these groups is
directly related to whether clients are hindered or enabted when purchasing PEVs There is no soecific literature for the German case but far
the overall European sales landscape the main central barriers. identified was |adoof PEV availability snd wisibility, and both dealers and the
pubilic bigtng subject oo misinfarmation and miscanceations.

I Germany 64 of newly reqgistered passenger cars (20 L9 are from company flest and company cars and this follpws the trand that car
shanng flests hawve an above-average share of electric venicles. These fleets ae a good way for users Lo test cut elactric venicles at a lawer
cost These flests are glsp resoid mone quickly than privately owned cars and permeate through the second-hand car market This poings 1o
commercal adoption helping w trigger pivate adogtion

A study in 20015 by Kawgan-Kagan found out that carshaning-users tend to hald more positive opmions regarding the anviranmental impact
of PENs. Other stugles also found that these knds of wSers give less importance to owning & car than nonusers. Generally, these users feal
iss rastricted using PEVS and evan when campared to privata PEV users thay parcaive the usefulness of PEVs mone posteéaly and have &
fiighes ntesest i bigeng 2 PEV than noi-users. In the case of public badies as cperatars and wsars of PEVS, Germran municipalities are already
active with B5% of them deweloping or planning this converssan @ electsc mobility

Finally, for private wsers it was foend out that range satisfaction plays anessentizl role for thes user group’s acceptance Pradictars like the
ragularity or predictability of mobility patterns, the share of pumeys not coverable because of range isswes and the individual comfortabls
rarge of the users influence theair satisfaction These are coupled tagether with indicators like chargng time and chargirg Locations. The g
purpase is slso considered. and 2isure snd business tips are parcenved higher than shapoing trips aor trips 10 work Overall, study results show
an heterogenows & not discrate perception of PEVS.

The |ast dimensicn of aoceptance oeals with the focal and community aspect. Even though there is o literzture on this aspect it is possible
o loak &t same non-academic artckes. The first point 10 consider is the deployment of public charging infrastructures, which faces some
public opposition snce this mll-put mevitably takes gway public space (m many tases parking spots ane reserved excusively for charging,
conwartad from formedy avadahle spots for all vehicles) Another point that ewperiences opposthan are the special nghts sormakimes givan 1o
drivers 0 alectric deves (for example the use bus lanes and free parking in certaln areas) This [2st ore Ccan Se seen as an advantage for
current and futume alectric drivers boosting thair acceptance but as a disadvantage for drivers of fossil-fuel powered wehictas lowernng theis
acceptance. Finally, other aspect that usually boosts acceptance levels is that in nommzlly busy streets electric vehedes are experienced as
miore plaasant by bikers and pedestrians a5 well as inhabitanmts since they have no Iocal emestions @nd reduced moise generation, This
dimension st haz many open questons, and mova resagich = neadad

5.3 Advanced active customers role

Active tustomess — whether as individual citizens living inhomes ar apartmenis or coganized through neighbcor ar veriual commun s - will
end ugp farrmeng a central facad point of the energy system cross sectonal integraton salecting thesr best financial optiors o lower their
energy costs and decarbanize their Efestyles and so minimize their impact ta the plarst

453 result of their gresng irmalicatan into the engngy and climate thange cetate their investrents and strateges will evebve towanss net
em living enmvironmants simultaneousty myestng mio fo housing irsulation, renewsble self-consumption to mibigate their expasure o the
energy crisis, switchang to EV's to decarbanize thesr ranspartaton and minimize thedr fuel cost &s well 23 replzce thels bai lers with smartes
alectrical haat pump for their heating. Theze new developments will naturally kead to further technology ntegration aorass their distnboted
energy resources as well as new bulding enargy cptimizaban t2kng best advantage of new dynamic tarifis &5 well as analysing in real-time
the carban fogtprint of the etactrons, they consume through tha data published by T50s & D50s

The EV is regresenting a significant game dhanger in this enwvironment apenmg cpportunites to manage bilateral energy exchanges VLG,
WG, W2HL EVe wall imsome cases be complemented with suppleamentary battenss o maximise local Py self-consumption benefits.

Beyond thair iIndividual home envirenments, &ctive conswmers also represant early adopters of new Law carbon living styles becorming strang
avocates of thewr espenence and best practises across thair neighbowr and peer communities. naturally crganising into setf-administered
commurities of egdy adopters This trend is further acceterated through the new Clean Enengy package regulations opening new magulatory
ragiimes enabling res pees bo pest exchange models at the sdge of the electricity systam - whether for eneagy ar carbon emission savings
used throwgh gamificaton - and =0 leveraging the potent:al of Mockchain technologes and 247 carbon ongin tracking. V24 and VaG are
expecied (o accelerate these commurety effect facilitating such exchanges

The Ewropean framework for energy communities

As padt of the Chaza Erergy Package, the EU has defined two tepes of ensergy communities that can & as new playes on the anengy madet
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In-arcoedance with stx basis in the intemal Electricity Maret Dsrectiee {Citizens Energy Comrmurstes) or the Fenewable Energy Directive
iRenawable Enengy Communities), they oeal with renewabls energy or eleciricity, While renswable enesgy communitees foous an the
expansion, Iocal usa and prometion of renewable energy. erergy communities are creating rew market plavers with & focus on electnicity,
winich enables a wite range of aoilvwitss and sarvices and is not limited 1o 2 local area What both aporeaches have in cormmon is that they
represant & sepasate legal entity, whesa the cormmunity is enabled fo prodwce, store, vse and sall erergye. This indudes the wse of the publ:
netwark or the oparation of cam neteork mfrgstrectuns

The activities listed in this context already sesult in several use cases for digital solutsons This ranges from the optimizatan of self-
consumptian and the irbernal allacation and billing of jointly produced enesgy to the mtegration into the energy markets, which ameng other
things requires a suitable data exdhange and the mapping of correspanding business processes.

Table 4 Energy communily activities referred ta by the guidelines.

Encray comamunity activities IS I S

Production {REC Renewable Energy. CEC Electricity) Yes feg
Consamgtion Yes Yeg

Storage Yes fes

Sale, eg throwgh Yes Not mantioned expbotly
Contracts for the purchase of renswable elecmicity (pawer Tes Hot rventioned explcithy
purthase agreements, FRAs)

Suppliars Yes Wot mentioned exphortly
Poer-to-pear trading Hot mentioned explhicily Wk mantioned explctly
Shartrg e Tes

Delivery s Tes
ADgregatsan fEs Tes

Enengy efficiancy services Ties

Elactric vehicle charging sendces Yies

Cither [comimerciall ensrgy serices Yes Tes

Al EU rrember states are currently develoging a natonal frarnework for the implementation of erergy communities or hase already created
ore. This i= linked to the mplementaton of the relevant EU directives in nationz! 3w, The deadiine for this was the end of December 2020
far the “Internal Elactricity Market Directve” (citizens’ energy communities) and the and of June 2021 far the “Renswable Energy irective”
Two main opporbunites have been identifad regasding the interaction of alectnic mchility and the role of energy communities

i Frepomoon of forecgsts bosed o communTy-niermal Bvie daio

The existing data abeut consumers can be used 10 generate forecasts for individual datz seres using new (e, setf-learming roethods, bag
data methods) Techrazal solutions are slgorithms or softwsoe solutors that oreate forecasts based on the data collected. Behavioural
analysis ie-mobility behavicwr, corsumption behavicur) concems the davelopment of consumer behaviowr based on the measured and
raparded values. Thes application is very specific about the specific apslication for which it 5 used, eg, the charging behaviour o the
consumption behaviour of the members. In this vse case, gamification spproaches can also be wsed o compasme user | mtemal behawvigur
This wauld result in software producs, methods 2ad algorithms that are able w extract consumer behaseaur from the measured data

£ FRedi-tme anmyss of enengy systems

Lig with [50s, it i possibéa fo focue on processag live data to detarmine the state of the enargy community. Going further, this akzo allows
autamatic detection of inoorrect mezsdred values ina data series. Thes = intended, for example, 0 aveid accounting emmors and o detect
data manipulation, as the collected and evaluated data must b= prepared and wisustized for different stakebolders |enesgy commumity
membess, changing oparators, extermnal thid padties, e |,

5.4 Charging operators: profiles and business model

Ancther crecial mole in the customer mwalvernent 1o make the chargng pracess a sudcess is that of charging operatars. 7o wnderstand their
interacton with other actors it i= smpartant to consider whit their main functions are
There are seyeral profiles for chargng cperatoes:

Lecal smafl busingss mitiatreas of slow andlor fast dharging

Lical councils and municipalities infrastruciures of sbaw andlar fast changing
Commerciad services For slow andior fast chamging

Local or regianal fast and uitra-fast charging networks

Hationzl fast ard ultra-fast chargmg networks

Fleats ard antemprises infrastractunas far sbaw, fast and ultra-fast changirg

[ RS R SR TR N R

‘With reference to Charging Operator's business modet diffarent options emst Existing solutions to incentivi sa drvers to sheft their consumption
to off-peak genods thraugh price incenthes (Tall tzaffs, critical-peak-pricing) can be applied o EV charging. This ks called ‘open oog® smart
chamging, whemne a customer may decide to-take the offer or not in this case, the D50 cannot be sure gbowt the aoceptance and effectuaton
of smart charging baforehand. & Toll tanff implies a base ‘defayed charging' strategy to move the chame at & certain timeframa ouside tha
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peak. This is a fairly static approsch with tha drawhack that EVs can stll cause off-peak sharp demand sicreases when a large number of
EWs will start the charging process simuitanaously when the law @riff begins

Winile these basic strategies may be effective in the short-tern [changing ab réght 1o avoid network stress), they might soill result inogrid
reinforcerments in networks with large EV shares In the long-temn, full Aexibility of EY charging with mone dynamic and advanced smart
charging strateqies is necessary. nd aparatars could make offers to BV customess to modulata the power or shift tha EV charge (time and
pwet) 10 veld high peak load Sudh smart chianging shoeuld be based upan an agreement betwean 0505 and custormers. Sven for the dynama
option, there should be a wariable capacity contract = place batween the DS and the customer, allewng the [0 1o manage thea capacity
within the limits of the agreed varable capacity

‘With the right charging strategy in place, customers' benefits may indude an copartunity to reduca their mebility costs by trading tme
flexibility with service cost savings This may also reduce the reed for increasing the contradted power &d related connection costs. Firandal
benefits such as offering sttractive discounts on electraty tanffs and savings an mobdity bills will play & clear mle But ather factors such
as quaraniesing tecrcal selizbility and speraton, ar endsanmental benefits of load management (e, cgtian far & green pravider), will also
be oritacal far dhanging custamers’ attitudas

Mevertheless, the declsion o participate in foad management will Wibmately rest with the custamears. Changing Management must mesat
custamars’ preferences shout their desrad chargng schadule and the level of charge. The vehicle can automatically maintain the cantral by
mianaging the amount of energy and the constant power flow reeded throwghout the charge. Rarge arsiety can be further overcome by
allowing customesns o use 3 ‘direct charging optian” ovesriding ‘delayed charging'. For this 1o happen, chasging operatons need 1o wod out
best strategies to incentrsa customers with actee ivariable capacity agreements] and passive ipnce signals, cntical paak pricngl demand
rESpOnse sCNSmes

Compaunding Bres trend, smartar regudation will b2 reedad to overcome axisting bottlenecks by stimulating the right smart charging strategy,
flexible tanff structure and technology adoption Ard finally, common interoperable inferfaces between the electricity distrioution grid, the
changing staticn and the electnic vehide dself will ensure the required safety and security tevel for the customens

5.5 New digital services

Technoéagies and new digital services for alectromichility currently still hawve a need for development. Forecasting methods in complex systems
(B0, energy syStems) an cumently nos yet mature encugh 1o be widely wed i addtuan to the necessary technological development, thens
= alsn the question of how tha data gererated can be used sarsbly. A= dascribad in the previous chapkers, they coudd be used to regulate
flexibilities. In this contest, the amigutes regarding the use of flexibbities stand in the way of simple applicabiliby. Howewer, this gap i bedng
bricged by current reseasnch

Privacy and data protection

Digital agpiications such as te T 1ead 10 a lange solume of data, for which it will b2 essantial o determine who the data belongs wand
with wharm it can be shared, especially in the cases of EVs that can be charged in different posits and using many operatars. The Genesal
Data Protecion Reguiaton (GOPF) RO1EETI) regulates the processing of personal data The intemal Electroty Market Directive emphasizes
the ralevance of the GOPR-alse for the erergy sector, in particular Article B - Raght to &nd protection of personal data: The regutation on the
free mowament of non-personal data (20LE1807) dllows the u=e of non-personal data aooss national borders. Another relavant future
leg=lation IS the e-privacy regulation, which requlates data protection with a foous on electronic communacatien. Sirmple access o pregss
ard timedy data 15 seen as 3 prerequesste for flexbility senices, since both EY users and the CPOs or the enargy commurnities must hawve 3
clear understandng of the flesiibity potential Member States should siroduce a regulatory framework for a data management concept ta
enabie serure and efficient data acwess and exchangs

Analytical services

Different softwase products offer the possibibty to wsa the existing data o oreate forecasts sbout the futuwre consumption: of Evs Tha
forecasts can be derived from directly measured data or indirectly via the predicted behaviour of the EV users, The forecasts can be scaled
differently, for example at the level of a charging point o in refation w groups of them or entire parts of the energy system The forecasts
miade can be short-tarm or kong-term, depending on the application and needs

Hocides coftware products and services in thes amea have a wide range of uses. Short-term forecasts could be w=ed for deployment planning,
sales, tradineg, but alsa for controlling the charging status, for example. Theqe are similar use cases for the ocmupancy of charging stations,
althaugh the forecastng methods in this aes are currently less developed than the forecasts for renewable generation. The use of sud
technical solubions requeras appropriate hardwane (computer or servarh on which the softwane can be operated, or which = the mterface to 3
clowd on which the calculations e Carried aut In addidhon, i1 15 necessary 10 Carry oul COrMeSpondng Measurements in e emergy system
and o operate the necessary measunng tevices. In the case of the anakyss of the EY usars' behawiour, it can be assumead that accompanying
measures are also o be canded out in additen w the necessary components. IF the forecasts are used 1o controd the chargeng processas, it
= gl necessary o operate & corresponding control and the assorigted components.

The main benefit of these software preducts is that information about future consumplion valees is availabea This enables b=tter planning

m be carried owt, which can lead to savings o resourcas and effort In additsan. certain strateqies for controfling chaming rocesses are only
made possihle by forecasting rmethods imadel predictive contral)
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Recommendations for implementation

The use of this group of tetreloges (software products) reguires that the gererated forecasts ae put to & meaningful purpose: Since the
sofoware products reguire cormprehensive data for wse and in the case of behaviowsal anatyses and prognoses, also require aCoompanying
measures, & coeresgonding effort is associated with thair use. Snce, under the ourrent framework condibans, the use of these technologies
primarily rnakes serse in the contest of creating the basis for a model predictive control, the available feed-in capacities (Y261 and tha
flawihilities to be adaoted to tham muest alen be sscertairad and & need for flewbility to be darifed

f5 an exarmple of projects, it is worth mentioning the project of tokemsation of electnc vehucles in Vienna The s case tomes from a start-
up with a'small iretial flest of vehicles and the goal of increasing the flaet of wehicles in the next two years, which seemed guite urmaafist
wwith the Funds they have available. 45 a matter of fact, they decided to takenise the vahacles 2nd sharne the vanarship with a lange caminiunity
aof retail taken buyars. Interasted tolen buyars can regester on the dadicated welb-based assat tokanitation dashboard, providing their contact
informatian, and ave then redirected to go throwgh the dentdy vernfication process conducted by the Austrian State Printng House
{Staatsdruckared] in acmordance with stringent fedieral and local regulations. Once the venfication process is completed, usars can get arcess
o the taken purchasing webpage, as well 25 10 repos o the venicle fleat and the firancials. iImpartant to note (s that sl the data is recorded
in-a fully GOPR-cormpliant process, with no identifizble personal infarmmation ever stored 03 puslicly sccessble way

Peasible Darriers ard recommendations mclude aocess 1o (almast) real-tme data (e.g, smart meters) with deas regulation of data protection
reguirermants and if necessary, specfication of technical requirements for hasdware and software with regard to data protecton and privacy
by designi
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6. ENABLERS

6.1 Technological advancements

in 2020 dase to 200,000 nosmal power public charging paints, up to 22 kW, 2nd othes 25000 high-power puile rechargng points {= 22KW|
were Zyaltabds in the EU This adiievernent has bean held thanks 1o the implicaton of the Eurcgean reguiatony authorities and the Mamber
States Gowarnments a5 well & public-prvate collaboration participations. Connacting Evrope Facility (CEF] for Transport programme funded
projects per amount of €24.05 billion for the 2014-2020 pericd, making pessible the deployrment of this retwork

The Trans-European Transpart Mabwork {TEM-T} policy addresses the implementation and development of & Eurcpe-wide netwaork of all kinds
aof ranspos induding roads. Besides the construction of new physical mfrastioctes, the TEM-T polcy supports the application of innoyation,
nesw techimologies and dicital solutors t 28l modes of ransports, and the abgective is improved use of infrastruciure, setuce environmental
imgpact of transport, ertharse energy efficiency, and mcrease safety. The obgectives foreseen by 2030 is tha complatien of the {ore Ketwoelk,
srruictured arownd rine roaldrmodal Core Mepwark Cornigors, and the Comgrehensive Metwork o cover all Eurapean regions to be cormgleted
by 2050

Vishicle to Grid technalogy

& Further technologica! adwanca &= that of the Vehicle ke Crd (2% technofogy (see for reference "The Drve Towards & Low-Casbon &rid”, a
collzboration myolving cammaker Wezsan, EOMN Drve god Impenal College London®}, 4s explained in previous chapters, V25 techralogy allaws
electricity ta flow in both directions te and from alectic vehide batterles, allowing ansrgy stored in the battery o be sald back to the gnd
wien dermand for pewer is high. Yehicles can then chame whan demand = lower or renewable generation is high, reducing reliance on Fossil-
fuelled genesation and giving V20 & rode o carbon reducton efforts. it can also refagse capacity on the elactricity netwarks which distribute
power anaund the country. Given that many vehides spend & high percentage of time #le, both dusing the ‘working day and overmight, vehicle-
to-grid (V24) techmology offers gn idea| soluton o ease grid capasty constraints and provide flesbility to the power system W24 enables
energy b be discharged from EY batterles to poswer buldings or the ssctricty netwiork during peak periods Sattesies can be rechanged when
demand is lower, and renewable energy is in greatar abundance. In doing =0, Y2 G-enabled EVe can hmit the need for expoarcive investmeants
irt aoditionzk gereration capacity and grid reinforcement, while providing the necessary Flaxitilty 1o suppor a smarter, more sustanatle
Energy system

Given expactaticons that V2G-enabled EV flests can have an integral role to play in the fulure slectrc ecosystam, It is Imperative that
aporopriate market and regulatory conditions are in place o enswee there is wiffinent valee available for all stakeholdars imeglvad to make
W2hG a commerncially viable proposition

The V20 technalogy hizs been found to hold significant benefits, following the results of an analysis conducted in the British power system
for the vears 202% and 2030 gver L mellion commencial EVs. Specfically, these benefits can be categonized asz fallows

Whole-systen economuc benafits

Modelling results show V26 can unlod substantial whole-systam cost sawngs n the range of E412-BE3miiear Also, the additional cost
assnciated with meeting the electnioty demard of 3 million fleet Eve can be offcet by the valee of faxibdity from Y26 m the form of

= Aunited capital expenditung in Qensration,

=+ Reduced need for detibuton netwosk reinforcement

= Mgre efficient provision of balancing services, with reduced ourtailment of renewabla energy

In contrast, wwnanaged and smiast charging scenarios are shown o resift i moreased System costs of ESE7-773miyear and £102-
150miyear sespectively, due to the higher damand placed upon the power system by these vehidas, zad tha fmited flaxibity they offer.
Mote also that W26 fleshility can e utilised in various ways 10 oeate financial benefits. Lertain V20 wse cases lead to Lost savings when
compared to & standard unidirectionzd charging sofiion. Altematrealy, sevenuas can be directly perarated from trading in energy markets or
affering specific flemhility products In genesal, these use cases can be marketed simultaneoisly to boost averall economic benefits This 15
knioean 35 revenue stacking

Corbon benafits

Results show W2G-enables BV fleets can have a sagnificant negative caron immgpact, Le, recuce overall power systarm CO: ernissans Also,
Increrenial cartbon emissions of fleet EYs with W26 can b2 as low a5 -243g0032 fhane In contrast, unmanaged o smar chasnging regimeas ane
shown 10 trigger addibonal power system amissions in the range of 36-58gC0 2 e, 55 3 result of the additional power demand created by
EV flagts.

The benafits of V2G ae highest i scenarics with high renewable penetration and low uptake af other flexble cptions. Carbon savings from
W25 fleets would make It possble o mstall lwer wolumes of lew-cabon gereration capacty while stll rmeeting owrent systen-leval
decarbaresation targets

Mote that these benefits are significantly mportant given that ransport & the UK'Ss rost podluting sector with the majority of greenhouse
Qs emissagns comng from raad transport

Ettps (W eonenengy omiconksnt'damieon-enengy-comiFilesivehicle-bo-grid Thedie D0rhee S 20 Towa nd 982100 0.2 O ow-Carbondhi DG rd% O hitepaper pof
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Viaiue af V26 for alertricty sistem operation

Anatysis glso suggests that with 2 lowser penetraton of 50,000 VZG-enabled EVs, each BV could reduce systermn operabon Costs by
approaimatety £12,000 per annum and T02 emissions by around 60 tonnes per annum

Aeduced wind curtailment and maore efficient frequency rasporee provision thiowgh Y26 are the mam gnvers of theze cost and emession
SAVINGS

The value offered by V24 EV's for system aperation falls with lamger fleet sizes. With 150 000 EVs on the system, the marging! value per EY
= approcimaEtely ES00 Compating flexibility sowces could atso diminish civerall operational cost sawings from V256

6.2 Interoperability and standards

Different stardarss and protocods are used to solve the same Issues throughaut the e-mchility ecosystem We can find different physical
onnectoes with which to plug & EV o the changing pont, dfferent battery management stratepes to optmize the use and the longeviky of
the baterkes, different corermuenication protocols beteeen the BV and the changing statsen, also betwsen the changing statian and the Charging
Frent Operatar, and more. And as more Vs are irdroduced in the market, the relevant mteractions will grow inocomplexity.

In the case of smaft charging technotogy, the starting pont &= that the tharging station must be tonnected’ to be able to commumicate and
be managed by a back-end systerm (of the Charge Point Operator [CPOI) This carmrmunication shauld sclude smart chargong messagss w be
exthanged through standardesad communication protocols. For example, the QCPP, in addition to other standards {iEC 633100, forms the
bizess For this cormunication betwaen the changing stations and thelr back-end systems Bt 1o fully enzble smart charging, standard=ation
of data and coordinaton betwaen all chargng mirastruciure and elactromobidsty management systerms = needed bevond those requiremants
=gt in tha (PP The whole electromobility ‘chain” - startng from the electric vehicle itself. the charging station and the gnd showld seamiasshy
Ccommunicate with eadh ather.

Several aspects have been addmessed in the regulation within the Exl = this matter but there still work o do on settng standards far
aperations that ensure interoperability between aquipment, wsers, sendce praviders and back-end systerms There ade mudtiple availabls
options in the mdustry, therefore, standardized uregue identfiers, data models, attnbute lists and common data structures should be specifad
10 enable a whole intemnpeabiliog.

The main standardized aspects of electromoebility so far ane

IEC 62196 plugs, sacket-gutlets, vehide cornectors and vehicle inlets (005 and Type 2 ane the bwo standard vehicle conmectars 1o be wsed
within Eurcge)

= |EC 61851 Electnic wehicke conductive charging systemn

=+ |EC 61980 Elecuic vehice wineless power ransfer (WPTI systems

= 150 15118 Soad wehittes - Vehicle o gid commumication interface

O the ene hand, Eurcpean institutions have addressed impartant aspects that enabiles the interoperability and that respends to Directive AF]
20144005, and Directewe 1T 20100200EU wath regard the mfomation exchange beteeen Charging Paint Operators (CR0s | and Matonal
Aicess Points (MAPS) This work was carried aut within the framework of the IDACS project (1D and Data Coeflecticn for Sustainable fuels in
Ewmop=

{in the ather hand, the Sub-Group to Foster the creation of an electnc mability Markat of Services of the Sustainable Transport Forum (STF-
SGEMS| et the faundations of data madals, and common data structures the afectric vehide eoosystam

There are stlll chatkenges o be aodressed

#= Theaxstence of a widespread used communicaton protocod between charging points and CFOs. Tne of the most extenced = 0IPP wheth
offers & unifarm salution far the method of cormmunicatan betwesn charge point and central system. With this prozecol it s possibds to
connect any central systam with any chame point, regartiess of the vendar.

= The exstence of a widespread wsed cormmunicaton protocol Detesen the CPOs and other playess. The Open Charge Foint Intarface
protocol (DCPI) supports cormections Detwaen elactne mobiliy Sendce Providers [ebSP) who hawve EV drivers as custamers, and CPOs who
manage chamge stators. Mewertheless, DATEX 1 s the electronic language usad = Bwrnpe for the exchange of traffic infommation and
traffic data that CPOs has o implemsant to sand informatan to e MAPs.

itis expacted that other ACtoss in the enengy SeCIor, Such as femand and storage agoregators, will enable EYS W partipate in e ensgaagy
markets, whith will have specific rneeds, different from those addressed to the transport sector, that must be considered. Tis pratocod will
also nead in the futuee te interface the data exchange protocols kestoncally developed in the god industry and raferrad through the SmantiGnd
architerture model and S0 ensure & seamilsss integration of data from TS0-050 down to BSP & CPOg

6.3 Regulatory framework and cross-sector cooperation

The regulatary framewark should include the possibility foe the DS0s wse smmart dharging (segnalsy, since EY's are connecied direcly o their
arids. It is important that they take pat n dynamic neteork control as part of thair resgonsibility for maintaining & stable and afficient
nedwark operaticon

As current pessibiliies woapely fledgbility in s oype of contracts differ from country to country, 8 highes degres of camparability of the
diffarent axpariences would be useful Considering tha dverse regulatary startmg ooints acrass ELlmember states, and customers' e parienca
withy dif ferent tarff scherpes, & potential cormparisan shaukd nob too straightforwandly neglect cormmanabtes

In this serma, both tremsport and energy actars should be invalved in the necessary transfommation, Al the stakebodders who am part of the
ecbsysterm will have a rofe [Table 5) BW usars will play the crucal rale of mzin decs<ion makess in the EY danging pracsss.. The framesitdk
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gt

to profitshly chanmal usars' decsions will have to be developed and managed by energy system operatars and decson makers. Chargeng
aperators, as well as research centres, will be fundamental to define and suppart the new charging schemes Manufactuers will have tha
ey fask of techrecally implemantng the new salutions in their products {both EV's and charging staticnsh

Table 5 Stakeholders and actions (X = relevant; 23X = very relevant; BXX = extremely relevant],

1} Multidmensional

4) Smart charging &
LT

5) Charging
managemant to ensure
benefits for users and
the system

6} Minirmum smartress
reqirements

¥} Standards &
Interaperability

10} D50-T50
coaperation

11} Dynamic tariffs
and price signals

12) Mew market
requlatsen

13} Strateqy for
fMexbility markets
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7. RE&D AND INNOVATION NEEDS
7.1 Where to concentrate R&| efforts

The mew Eudpaan framework programme foe research and innovation, Honzon Europe, covers the peried from 2021 o 2027 (European
Urean, 20190, with an impartant &m o be dedicated o RAD acivites supparting the delsvery of sclentific, tadhnalonical. econommic, and
cocigtal impact It is framed into three Rillars (Eaceflent Science, Giobal Challenges and Eurcpean Industrial Competiivensss, Innovative
Europel with & specific mission aea committed to “Adaptation @ clirate change indudng societal transfomatssn”™ Accarding to the Eurapean
Coemmission, the foous *will be on solstions and preparedress for the impact of climate change ta protect lives and assets. It will indude
behavioural changes and social aspects by addressing new communites beyend usual stzkehalders, which help fead o 3 sacietal
trarsfarmation” (Eurepean Conrmitesasn, 0204d).

Elecrification of transport [lectromobility) is & oricty for the European Comiméssion and far this réason is high in the priority st of is
resegrch programme. Consstently, Custer & of Horgon Europe on Chimate, Energy and Mobility envisages energy and mohility systams that
are “climate and ervironment-friendly, smarter, safer, more resilient. mclusive, compatitive and efficient’ (European Commission, Z019) Tha
expecied mpact with further Research, Development and innovation, 0 line with the Strategic Flan is to confribute "Towands dimate neutaal
ard ervironmentally friendy mobidity through dlean scdutions aoross all transport modes while ncreasng globsk compettreeness of the EU
trarepat sactar”

In what concerns road trareport, which s the scope of this deoument that showld be done through transforming road transpart o zero-
emission mability thraugh a world-class Eurapean reseanch and inmavation and incustrial system, ensuring that Eurape remans warld leadet
n inngvation, production, @nd servces in relation to road trarsport

With the aim of aooelerating the devalopment and deployment of zeso tailpipe emission road tramspart with 3 system approach m Europe,
the European Partrership “Towards 2ero emission road wransport” [2Zero) i working towards a cormmon vision and debvering & molu
stakeholders madmap for a dimate newtral and dean road transport system that imgroves mobilty and safety of people and goods and
ensures futum Evropean leadershp in immowation, producton, and services, Relying on the success of the Green Cars and Green Vehicles
Initiatives, the 27er0 pannarshn 55 onganising constant exchanos between the EC sarvices and the stakeholders gather in the nan-far-profit
assooation EGVIsFoed ferp to identify research and inngyation priarites in Horizon Eumpa. & tatal budget of up to 615 million euros will be
dedicated to four pillars covered by the parinership

Wehirle technologies and vehicle proputsion soletions for BEV and FCEWV
Integration of the batiery elactric vehicles inta the apergy system and related changing mfrasruciue

Inrovative concepts, solutions, and services for the zero-emission mobdity of people and goods
Life opde assessment and diculzs economy aporoaches for the sustainable and innovative rrad modility solutions

fo L b

ETIR-5. JET being one of the five technolegy platform supportng the 22ars partnership, its actvitsas, and priontes ident:fiad in this papar, will

be an imgaortant ingut for the future dentificaton of reseanch and innovalian prorities

‘Within the conteet of ETIP-SKET “Smart Metwork for Energy Transition® and in partioular ‘Wil “Religble. Etonermic and Efficeent Enesgy

System”, there are two relevant aspacts to corsides

= Affardahle, uses-friendly charging infrastruchee concepts and technologies that inchude vehicle-gnd-interactions

= Inrovative use cases for the integraton af 2er tailpiee emission vehicles, and infrastrectune concepts for the read mabibty of people and
goots.

For tis pwpose, tha followng R&DAS efforts codd be igentified based on the main ETIP SMET Research Areas, as shown in Table 6

Table & Different support measure types for EVs,

SYSTEM OPERATION Eharglr'q Sirategias
PLANNING and BOLISTIC ARCHITECTURE SYSEEM integration
Storage Usage
FLEXIBILITY Fiexitiity in networks
Renewables integration
Markat bnplacations
SYSTEM ECONCaBS Econome: Aszogsment
Reguiatory Aspacis
Lisar Experience
FEOsi EW Ownier Campensation Model
DAGITALIZATION Data Flows

= Definition of the aptimal smart chargng cencepts able to cope with mass deplowment of Electric Yehicles [EV) deptoyed i different
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ervircnmants, avoading uncontrolled charging (18, maoemum available power from the momant the vehicle s plupged nb. that. when
scabad [ & mass-market-kEyvel, could cantebute W0 create 2n exira urden an the power system

* Innovative comcepks and technofogies perfomances to create affordable, user-friendy smart and Didirectionss (V2X, where X can be  for
Ged, H far Home and 8 for Business) charging solutions, co-optinising the needs of BV wears, of the houserbuilding and of the suppiying
grid.

¢ Research on pros and cons, uncer different scenance (geographical, toocdogical, penatration, etc), under a different me of slow, queck,
fast, and witra-fast charging wnder a mix of AC and 0T sofutions and, eventually, under additiznal inductive solutions {besides the
traditional conchactree |l Janfy and understand “grid impact use cases”

= Development of smart changing strategles and cantral mechanisms that maximise the effickency of the whale energy system, increasing
the use of renewable eleciricity hamessing unused EV storage capacity, whilst minimising gnd reinforcemants and enargy generation
Nasds,

= Contribution 1o the integrated plarming grocess of systems aimed at exgloiting cross-sector mutual benefits (526 2nd V213

+ |mplement an cpen architectura ik e, not propretary] concesming smart and bidmectiznal changing seéutions, as kay suooess Faotors to baild
& rratually beneficial charging esperience for the user and for te grid

& |mplement a halistic technical grchitectise and restructure of the market for s harmonisatan weth the power gnd, Pramaotion of the |ncal
market for effective partstipation and role of distibuted enengy resources ncluding e-mohility) in prowiding fexibfty whde being
econamically and cammercially wable.

+ Optimizing the spacific changing mrastructuras for logistacs hubs and'or TEX-T urban nodes.

= Establishment of quantitative parametric and probabdestic madels for assessing the impact of progressive, massive EV penstration o the
electricty system

= Exploe hiow T30-050 caoperation should be ennanced, being essential to favourably managing EY charging

= Rasgarch with system integrated contral to enable experiments for AC grid dynamics from 0L chasging of Evs sa reseanchers can efmulata
grid nesporse for evalyating bow chargng equoment contrals impact the grid

= Explora the availshility of battery siorage, prowided by parked EY's (both light and heavy-duty wehicles! to be used as & barafit IF an
integrated approach is adopted consdenng the different charging scenznos (public thargng home darging, cepol charging, e},

= Research on the estimated different bidirectional charging profiles and energy flows with the grid, to provide inputs 1o other areas refated
with bamenes and slectronics lifstime

i ! -

= Effective exploitation of EY charging flexbility to minmisa mvestments in tha elecnic grids, resulting m reduced system changes for the
Nt LESis

& Asceszmant of BV DR potential and apprepriate integraban of tha EY sector for DR purposes

n | TiP- r M

# Research of impact on markets under differant soenarnios and uses cases

= Increase the understanding of the operational and econarmec race-offs for the user and the vehicle (e g, cost of battery damage, additional
rost far electronics ta enable W2G), and on the charging e g, installation cost, battery damage/degradatean infrastructure of the differant
smart and Gidirectional (V25) chargng approaches and techrologies (far instance AC vs DCL as well &5 the costs for the different actors
imeclved

= Copsider ourrent sbowimediom power changing, anaiyse and deselog and dermorstrate lower cost alternatives, approgriats for the mass
depfoymant of slow charging, considering both AC and DC V2¥ solutors, related costs and issues (for mstanoe power quality of AC
systerms), in wew of aptimising the cast of on-vehicle and infrastrocture side elactianics.

& FEwplore the trade-offs, under dfferant EY perstration socenarios, aiming at definng the optimal balance between the wehicle and
infrastructure costs, the location and typalogy of charging infrastructures, and its interoperabdity whilst demonstrating the afficiency of
YZ2& centiaized and decentralized scenaries and caterng for different BV categores, in different emviranments

On ceotribution 1o Benewables Integration imainky refated 1o ETIP-SMET Rasearch Area FLEXISILITYL

= Demoretrate VK potential i encouraging renewable energy orowth thraugh the integraton with low power renewable enargy sowces
(.0, photevoltsics an the moof or in parking lot=), by reducng energy exchange with the grid [in both directions

= Imigrooe the whole wser esperence (localizaton, bosking payrmens and billing process) when dharging EVs under different scenaios fon
street and = personal parking in ompany and public baldings, etc ¥ and conssdenng different electnic vehicle fleets (passenger cars, light
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Reseaich structured in Use Cases approach, namely, indviduzd parking ard changing, collective parking and changing and stap-over charging

Rasearch on the data models and communication reguesrements between the different acoors, promotng ineroperabdny
Imvestigate the framewark for use of the mecessary personal data and data portability generated by the natural persans making vse of
vehicle infrastructure pali

& Rezearch on defmiticn and regulation of access to data and data management as a key enablar to implement new sarvices
Researchion cevelopment and adoption af common standands o guarantae the ntesaperability of changing networks and to perform Y256
Rosearch on cybersapurity threars under differant uea casas, namely, widnerabebity analysis and risk assessment for a smart EV charging
systern, and development of countermeasures to seure the network

On Reguatory Aspects imanly melated to ETIP-SNET Researdt Area SYSTEM ECONDMICSE

= Demorstration of fast chargng concepts capabde of fitting established reguiations and business praciices, pasticulasly at loadunkaad
paints enabling efficent oparatane,

= Rasearch on Sma regulation aspects related 1o @off in order to incentivize the consumer oo, at least, avoid negative @ff or changing
SEFLCTLITes.

I addition o alf the previcus topics, the strategy related o batery-powered wehckes shoutd be maimly facusad on tachnolagical aptmisation
and masket development, mcluding reliabilty and durability of battaries and new matenals. reducing battery weight and wolume. safaty, cost
reguction, chargng Infrastucture and plug-in scletions and IT intersperability

40 important conssderation sbout the priority and refavance of the different research areas identified above is that the SET Roadmap and
knpbementation Plan are expected 1o address the different resds, define timelines and budgats; t3king into aocount the objectives of the
Green Deal and Fitforss mitiatives. (ne of the goals of this whitepaper is to provide information and gueding in this regard by didferant
stakeholders coming from differant fields {System Operators, Customers, Acedemila, Manufacturers, Service Froviders |

7.2 Where to concentrate incentives for deployment

Twi big challenges remain as impeetant bamers for a full deplayrnant af electric mobility: the pace of wehacles and the awailability of charging
mfrastructiere. The sgecfic phjectives of the incenteas must be o adieve cast compeatitveness and ta areure minimum afrastuctre that
suppoert the recuired uptake of electric wehsdes aoass all ranspert modes and in 2ll Member States 1o meet the EU's dimate abjectives

High peices for alectric vehicles, mainty because of the cest of batteries, remain an imgortant barer For 2 lzrges £V upiake. Inthis Framewod
it should be highlighied that punchase costs decrease as technology evolves and more models & available on the maket and increase
competitipn. Addibonally, suppeet policdes and mcentive schames could be facilitated to support the transition to low emission mobility. &
notable increase tn BV demand has besn chsesved in various Eurdpean counries whene incentive schemes ware introduced, while countries
with low g7 no incentives present low EV regetrations and market shares, Thue, tmotal EY regestrations and market sharas phserved across
Eurapean coutries align well with the lewels af financizl berefits accompanying the EV market, proving that the form of the incentsves ang
its condinuty can play a catalywc role n BV deployment 2t this stage "Electic vehicles n Europe from 2050 o 2017 & full-scale
commercalisatiaon beginning™, Joint Besaanch Centra, 20018) Table 7 summarizes the types of support measwes that could Be implemented:

Table ? Difforent support measure types for Evs

impact on |  Type of Support

Purchase Tax reductionexemption, purchase presnium, penalty for
pollutmg cars

Armuak taatoast Tax reductionesemption

Privileged access Free access o busitaxl lanes, access ban for polluting
vehicles, meducbon or exemption from moad tolls or parking
feas

Recharging Provision  of public mecharging poings  (slow/fast), free
rechargireg, condétion be vse low-carbon electacity

Research; development, and demonstratan Suppot to RO projects and Field tesis

Begarding chargag mfrastruchre, suppart measwres stimulatng EY dermand are not harmanssed in the EU MemBer States and this has led
1o 2 certain market fragmentation beth in teims of EVs an the read and availatslity of publidy accessible rechargeng infrastruciure. Moreaves,
interoperability snd non-dscriminatory access 1o available public rechanging points is ouciad Ersunng tha infrastructure’s full meeroperabilicy
and full user information and adeguate payment ootions should be a griority geal

 hHpsopeuropa euen publication-detali-(putlication 270 T4 1 5-s BO0- L1 ed- bES0-0tan ) Sed A lal languace-eni
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in thes sense, the prapasal for @ resison of the Eurcpean Bequiatan on the deployment of alternative fuels mfrastructure [AFID) seeks o
ensure the awailability and usability of alternacive fuel vehicles lincluding vessals and alrcrafty, enabiing the deptayment af kay changing
nfrastructise such as in motoreays and other roads
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8. KEY FINDINGS AND MESSAGES
8.1 Zey findings

The shift to electric transport is likely to accelerate in the EW, both cue 1 Eurcpean and navanal legstancn, and the moastry
invglwement. Cnty in cerain nichas, such as aviation or maritime transport. green fuels and fuel calls may be more comoetitive

The impact oo electrom.obility and charging infrastructure on European transmission and distripution grids remains to soma
e tbent ungquantified, but studies and farecasts by system ogerators, mdestry, acaderda and Ewopean and inernational bodes
prasented in this study shaw a significant irmgact in the mediom and long tem, affecting the Madivm Yoltage (MY and eventuzlly 10 the
High Yaltage netwarks {DS0-TS0 netwarks), while in the short term the dlectric mobility load 5 sxpected to inpact mainly to
the D50 Low Voltage networks This white paper showcases some experlences and use cases in this regard

T50s' interest today is on facilitating the electrification of road t ansport (cars and trudks|. T50s pasition themsalves both as
grid oparatar, market faolFtater and ax electncianergy system managar and supervisos (one system view)

DS0s play & key role in managing the impact of electric vehicles in the power system snce much experience has been gained
by connecting thousands of chasging paints W thelr netwarks aooss Eurspe. By takeng advantage of D505 In-depth knewledge of the
distrbution network and planned neteork development, it is possible to make a more optimal use of the network while maintaining the
requirad levels of quality and secunty of supply. Ev's have o he mrsidered as part of & wide and intarbwined ecosystemn that involves
bath transport and eleciric systems, & well as uban plarmess, segulatory authorities and new charging operaions

While electric mobility usess are at the centre af this new ecosystem, TS0 and DS0s, as grid operators, play the role of energy
Facilitators in the electricity portion of the scosystem and thay shauls jointly lead & jaint standpoirt. The dffusan of pther emernging
technologies as well a5 futwene trends in mobility, such as hydopgen fuelled Evs and shared mobility, should be carefully considared as
they could also play 2 relevant role in addressing transpartatan nesds in the more diffcult to ebectrify niches 2nd in offering flexbibity o
tha powar system

EV ownaers are the key actors of electric mobility deployment. It 15 cruoal to understand and sabisfy their expactators @ tarms of
the charging process, especiatly focused on comfort, economic imterest, and furctionalites. Relevant aspects waukd include dharging point
[ocatiom, reservation, aocess, changing duration, monitonng. payment and addibonal services (e services provided while waiting for the
rechange o and) and the mteracton with other slactrical assats at home/work The challenge (s ta da it while masiaining the levels of
security of supply

EV powertrains and vehicles are intrinsically efficdent and are progressively becoming mature. Important improvements are
still expecied on the charging infrastruciure and the charging process, induding digtal services, data management, Dusiness madels and
value propositiom

A helistic view of the power grid based on fractal Featwres fa g, Litw-architecturel and markat restructuring offers great cpportunities
for smaooth mtegration of elactromaobdity and enables repeatability and scalability per design

Saveral charging use-cases will be deployed (private’public, mdividualcollective, Fastislow, fleet depotsistreat,  fie|
statiorsfhighways hubsl Grid operators should support the tailored gred-frendly combanataans of the previous options

8.2 Key messages

The mam messape of thes paper is that 8 proper environment is neeged to allow the optimal expioitabon of electne vehicles and the
opporunities they can offer to electrioty nebwoeks. The present situation still bimits the possibilites: offered by smart charging and Y2
wechnologes, which hawve w be fostered throwgh coordnated planning and wpdated regulation. Systermn operators hawe an impartant rode to
play, bath directly as grid cperatars and as facilitatgrs (through market services).

al  Prometa Integrated planning for charging Infrastructure and electric grds Charging mfrastructuse plannng should
consider transport. urban plarming, private housshalds” buildngs, and enengy sy=iem needs. The charging behaviour of EY usars
and conflguratan'charactenstics of the charging infrastructuee will have an impact both an ransmission and detibution grids, as
well as onthe power system as a whole Hence, 2 synergec and coosdinated approach should be'adapted Moreower, by coupling the
user's parkeng naed with the charging need. the charging process zan become 3 new, cost-affective resourte of fleshility

by Grid planning should be perfarmed through a careful scenario definition. Improves modelling should 2e adopted ta perform
rabust samudations of grids’ impact and Cross-seor aptimisatons scenarios by means of new models and alganthms as well as
what-if ard sermitreibes analysis. Quanttative paramstnc and probabilistc models should assess the mpack of progressive massive
EY penetration on the electricity sysiem, induding medificatans of hourlysseeidyiseasonal load orofiles, conditions far ensrgy
adaguacy Iprimary anargy susply) and power adeguacy igrid congestionseinfoncements)
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D50s play a key role in the deployment and integration of EV charging infrastructure in the electricity network ==
much axparienca haz been gamed by conrecting thouwsands of chargng points o the power sysiem, Tharefare, 05ds should be
ncluded in the planning snd developrmant precess fior the depioymant of BV charging mfrastreciune ao ey 2t pocsible, m facilitgra
arid network connections. Grd renforcement readines an assessment corsalidated with other load increases up stream w evaluae
the gverall impact on the network. These parameters relate to tha charactarstics of the distribution network and the expected
fuliire lpad reguesements (accounting for bath the location and powes capacity requirements of the chargars) 0E0s evaluate all
these factors to analyse the nedbwork situation and develog wadous EV charging scenarios, thus allowing themn to sentify the
available capaoty and conrecton cost at different grid connecton ponts.

System operators should carefully consider th giffusion of “hypercharger hubs” on hiy ways. Hypeichargsr huos
reguires ralevant power (tans of MW and could be connected directly to HWY grids This issue could assume moré relevance if both
electric cars and elactnc trucks have to ba served Strang cozparation betwaen tha TS0. 050 and the hub operators should be
pursied. The aption of installng stationary starege systers 1o limit peak power dermant should also be corsidered

A smart managemant of the charging process should be pwrswed It = indeed & cruoal =olubon to bmik the need faor
aditional paak capacity when renewable production = starce and prevent gnd overloads (especially at local lavell. It also may
avoid, limit, or postpone grid reinforcement costs and enable new opponunities of peoviding serdices 0 the power System Smart
chianging and V26 can solve peak power Bsues, increase RES penetration, and provide flesthility services For gnd operators they
wil| be 3 valuable source of flexibility, complementing others such as traditional demand responsa

A proper management of the EV charging process should be based on planned and optimised schemes o ooiain
advantages for bath EV caness and the enengy system. The management af an EV optimal changing strategy has o be pesformed
by efectrormability sernce providers and aggregatars, operating through market mecharesms with proper irputs and cooparaton
amaong system operators The user will have multipte charging options regardiess, making optimal scheduling mare complcated
E¥s can be also prafitably induding prasumer schemes and donrestic multi-erergy configurations to optiniiss domestic energy
flows in the presence of reneaable energy generation and storage systems (battenes, watar heaters, atc § The Internet of Things
1T and clowd-besad monitormg and control systers will facbitate the adoption of these schemas

Both private and public charging infrastructure should be equippad with a . inierwre level of “smartness' by desgn
avniding passive changing whenever fegsitle. for all charging use cases Metenng ard comymumication capabilities are a fundamental
prerequisite 1@ maragng the changing process and delivenng services at scale to BV owners. Furthanmone, in private housahol ds,
plug-ard-play solutiors should be avoided wn favour of smart charpers that guarantee remate momitcsing and control To stimulata

users to frequently conmect Beeir cars, automatic connectivity systems should be entouraged, reducing the need for user-unfrandly
catle connections

Common standards shoald be developed and adoptad to guarantes the Interoperability of charging networks and to
parfarm V&G, Current regulation still does not completety cover carian standamdisation ssues. For instance, communicaEon aspacts
bepween the charging stators and the control system are not completely defined, creating interoperability issues for both EW users
and service praviders. Mareaver, the Combimed Changing System standard ({005 still does nat sllew bidirectiongl chargng, thus
hirdesing the passibilities of impemeanting V26 schames

Accass o data and data management should be well defined and regulated 35 3 key enabler to implement new services,
To effectvely implement smart charging and provide faxibility seraces, a relevant amount of data must droulate among the
invoitved aciors. Vehicle usage patterrs, battery state of charge, infrastructure and vehicle power capshilities, gnd tanffs and energy
prices, distripution and transmissien grid situation, and renawabés production (forecast and real -time) are just some of the peces
af infoomation required to property manage the tharging process of EY. Claarly, these data are today owmed by different aciors
ard na exchangs ruleiprotocols'platforms. have been yet defined. In additon to techracal asoects (e, protecols and sharing
miethads), other crixcial aspacts need 1o be tackled, such as data praprety, data privacy and dats economic value. ds Evs will be
ncreasmgly imtegratad in the energy system, sacunty from oyber-attacks will aleo represent & key soue, to avord data baing
intentianally manipulated W generate necative imgacts on the system balance Moreaver, control systerns of EW-chasming shoudd
be designed in such & marner that data fashere or manipuation does not jead to a substantish chanpe in system balance (oybsar-
resilisnce) =nd emergency siteations are grogedy managed (g, restaraton after blad-outs)

Enable a new consumar-oriented ecosystem. The rofes and rasponsibilities of the diffarent actars invohved in electric mobifity
shculd ba clarified. & vniform and homageneous Framewndk should ba settled at the Eurapaan bavel, able 10 ingude all the relewant
actars with a cross-sectosal approach o delwver consurmer-oriented senvces. Electrioty grid operators will play an enabling role in
fastesing cormpetition and wilocking the potential of fexibdiny from EYs

TS0-D50 cooperation should be emhanced, being essential to favowably managno EY charging The optimal system
configuration can be defined onby by mears of the increased visiodity of the distribution and tranemission grids status and of tha
comnected flaxibility resources. In this regard, TS0-050 coaperation has o be fostered duing grd plarning, kad forecasting gad
operation, system despatching and flaxible respurtes manapement. Conperation betwaen market actors and system pperators will
also be crucial to maximize the benefits for the different plavers across the valee chain

Restructure market and rules and establish local markets to harmonise with the power grid (holstc aporoachl and
enable the effectwe parbiooaton of the EV users. Final users charging taniffs and-enengy pnce should stmslate the adoption of
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=mart charging schemes. Thay shodd dymamically reflect infrastructure costs icapital and operationall, enengy costs and god
consiraris. This way, both locational and tme-af-use price signals could be set BY wsers should benefit from both reduced tarniffs
ard anergy pricg a5 they contmbute to reducing grid investments, stabilising the grid. and prowiding aacillary services. Double
t@xation and dousle countng of grid tanffs must be awaided to avold hindering VEG services,

Regulation authorities should intervens to enable new forms of participation to energy and flewibility markats, Fresant
regulatons alow only the partial adoption of sman changing schemes and represent an obstads o introducing new fesxitlity
schamas with new actors Technical and dimensional reguirerments for markat acoess are, ndeed, too demanding bo alfow EV Fleat
pasticipation Ewen V26 imglementation would reguire updates in regulations. &g, on energy awnershiz, imbalance issues, the Ev
user rale &s energy producer, eic
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