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Executive Summary

DeliverableD7.3 Slovenian use cases demonstration, monitoring and evaluation mpsgnts the
operational validation phase of the Slovenian demonstrator within the EV4EU project. Building upon
the analytical, methodological, and implementation foundations defined in Deliverables D7.1, D7.2,
D4.3, and D4.4, this report documents the extion, monitoring, and evaluation of Vehidie-
Everything (V2X) solutions under real and emulated operating conditions.

The Slovenian demonstrator aims to validate the role of Electric Vehicles (EVs) as flexibility providers
in electricity markets and grid services. Demonstration activities were implemented avrosités

Jv >ipoiv v <E“I}U AZ & siy Z EP]JvP «§ §]}ve ~ ~ee E ]v§ PE .
(VPP) and connected to a local flexibility market platform. In parallel, the Velenjédbagied on a
Battery Energy Storage System (BESS) aggregated intovea¥RBed to emulate V2X behaviour and
supportcomprehensive testing and evaluation of selected flexibility services.

The Slovenian V2X demonstrator represents an important step toward the next generation of
intelligent, flexible anduser centricenergy systems. By combining advanced bidirectional charging
technologies, reatlistribution gridenvironments, and fully integrated market and control platforms,
the demonstrator provides a unigue and highly realistic setting for testingtddsman actively support

the power system. Through coordinated work of GERIektro Celje, ABB, and the University of
Ljubljana, thedemorstrator showcases how V2X technologies can enhance grid stability, unlock new
market opportunities, and accelerate the transition t@warbonneutral energy future. Thachieved
resultsdemonstrate not only the technical maturity of V2X solutions, but also the strategic potential
of electric mobility to become a key flexibility resource in Slovenia and beyond.

The purpose of the Slovenian demo is to demonstfate use cases:
x UseCase 9 (UC9Y2X management by a VRRrtual Power Plant)
x UseCase 10 (UC10participation of V2X in electricity markets;
X UseCase 11 (UC11participation of V2X in Grid Services;
X UseCase 12 (UC12Activation of V2X services by DSOs.

The Slovenian demonstrator followed a structured sequence of activities, beginning with the detailed
planning and definition of use cases and technical requirements, followed by the installation and
commissioning of the BESS in Velenje and the prototypeO&2]v >ip oi v  VAllasEétswere

integrated into GEN'[¢ sWW %0 $(}&u v ]Jvs & }vv § A]&dcal dMdrkeE } oi [
Platform FlexI$ and EVT platform, enabling automated flexibility activation.

Aggregated representative EV profileere developed and validateand were used to simulate EV
behaviour and flexibility potential through BER&Sed emulation. Extensive monitoringporatory
evaluations and field testing, wereconducted covering interoperability of EVsS, communication
robustness, respong@me measurementsgvaluation of more than 50 VPP activatiopsyer tracking
accuracy, forecasting modelgantification of EVs flexibility potentiahd selectedPI calculations.

The demonstrator concluded with validation of all fau€s(UCUC12), including full ent-end
activation initiated by the DSO, confirming that V2X assets can reliably deliver grid services, participate
in markets, and integrate seamlessly into rehs$tribution grid operations. Findings serveas a
foundation for further analysis in Deliverabl®¥/.4 Lessons learned in Slovenian Demonstrator and
Services Marketability report
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Figurel: Slovenian demonstrator Phases
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1 Introduction

The largescale deployment of Electric Vehicles (EVS) represents a fundamental shift in the interaction
between the transport an@énergysectors. Beyond their primary role as mobility assets, EVs equipped
with Vehicleto-Everything (V2X) capabilities can actively contribute to power system operation by
providing flexibility services to distribution and transmission grids, supporting rellewanergy
integration, and enabling new markéiased business models. However, the practical realisation of
such concefs requires validation in reatorld environments, considering technical feasibility, market
integration, grid impacts, and user behaviour.

Within the EV4EU project, the Slovenian demonstrator plays a central role in bridging the gap between
conceptual V2X service design and their practical implementation. Building upon the analytical,
methodological and implementation foundations establishedarlier project deliverablegnamely
D7.1[1], D7.2[2], D4.4[3], and D4.34] vthe Slovenian use cases (UCs) are designed to test V2X
solutions under realistic operating conditions. These demonstrations address botbrignided and
marketoriented perspectives and involve key stakeholders, including Distribution System Operators
(DSO0s), aggregators, Charging Point Operators (CPOs), and EV users.

The deliverabl®7.3 Slovenian use cases demonstration, monitoring and evaluation deonnents

the execution, monitoring, and evaluation of the Slovenian demonstrator activities. The report covers
UlveSE S]}v ]38 « Jv <CE"“lwhere V2Xchaiging stations (CS), VPP aggregation, and

interaction with a local market platforrare beingdemonstrated. In addition, results from the Velenje

demonstration site are presented, where a Battery Energy Storage System (BESS) aggregated into a

VPP was usetb emulate a V2X environment and support the testing and validation of selected

flexibility services.

1.1 Scope andbjectives

The deliverable D7.8lovenian use cases demonstration, monitoring and evaluation reptaiisthe
operation, monitoring, and evaluation of the Slovenian demonstrator within the EV4EU project. The
deliverable covers the demonstration of Slovenian UCs and three demonstration sites defidiéd in
Detailed definition and implementation plan of Slovenian Demonstfal@and the collection of data
required for the validation of their resultsThe deliverable D7.3 is the result of thasksT7.3 t
Operation and Monitoring and T7.8Analysis of Results.

Additionally, D7.3 provides evaluation of the Slovenian demonstrator related to the performance of
VPP energy management algorithms, local market platform operation and demonstration of VPP
aggregated V2X E¥articipationin selected flexibility services at local (DSO) and system level (TSO).

The purpose of this deliverable is to present the complete implementation, operation, monitoring, and
evaluation of the Slovenian V2X demonstrator within the EV4EU project. It covers the full lifecycle of
the demonstratorv from initial setup and integratioof hardware and software components to the
execution and assessment of all four Slovenian use casestW@@9). The scope includes detailed
e E]%S8]}ve }( 82 SZE UlveSE S]}v ¢]8 ¢ Jv s o vVvi U >ip oi v v

prototype V2X chaP]vP Jv(E *SEW SUE U v 3Z JvsS PE S]}v }( 00 <o 3¢ Jv§]

v olISE} oi[e D™U &0 A/MU v sd %0 S(}EuUX
The document aims to demonstrate how V2X technologies can be incorporated inteleetcity

marketandgrid operationenvironments, and to provide technical evidence supporting the feasibility
of V2Xbased flexibility services. Its objectives are market grid operation environments, and to
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provide technical evidence supporting the feasibilityv@Xbasedlexibility services. Its objectives are
to:

x validate the performance of V2X assets in market participation, grid serviceaggnegator
managed operation;

X evaluate endto-end activation processes triggered by the DSO using real communication
interfaces and platforms;

x analyse flexibility potential through both real measurements and simulated EV profiles;

X assess system behaviour througdsponsdime measurements, voltage analyses, forecasting
models, and KPlIs;

X document technical, operational, and interoperability challenges encountered in deploying
V2X technologies irealworld conditions.

By fulfilling these objectives, the deliverable provides a comprehensive overview of the Slovenian
UlveSE SIE]" % ]0]8] ¢ Vv S 0]*Z - «jcale deploymedijof VRXE o EP

services, future business models, and regulatory framewatggporting flexibility in electricity

systems.

1.2 Structure

This deliverable begins with an introduction outlining the objectives, structure, and context of
deliverable D7.3. Following the introductory secti@egction 2presents the Slovenian demo team,
Section 3providesthe grid, flexibility, and eMobility landscape in Slove@action4 describes the
Slovenian demonstrators, including the BESS site in Velenje and the a2¥a@&s in Ljubljana and
<E"I}IX

Section 5 presents the SloveniarJCs demonstratiors and the development of aggregated
representative EV profileselevant to the BESS demonstration siection6 provides monitoring
results and analysis, including BESS testiights ansbutcomesselectedKey Performance Indicators
(KP) calculationsrelevant to Velenjedemonstrator, and flexibilityrelated quantifications (} E <E&*“1}
demonstrator Section7 presents standalone and Edased testing of V2&Ssand evaluates executed
activatiors, including the evaluation of theompletecommunication chaifrom DSO to EV

Finally, Section 8 summarises the evaluation of Slovenian use cas® Section 9 concludes the
deliverable.

1.3 Relationship with otherdeliverables

Deliverable$7.1 Detailed definition and implementation plan of Slovenian DemonsfdjtandD7.2
Detailed definition and implementation plan of Slovenian Demonstfaipiserved as a basis for the
deliverable D7.3, since they provided definition and implementation plan of Slovenian demonstrator
and commissioning and stamp report. The operation, monitoring and evaluation of Slovenian
demonstrator is presented ifmentioned deliverableD7.3 Slovenian use cases demonstration,
monitoring and evaluation reparThus, D7.3 is relevant with the corresponding deliverables of the
other three demos, i.e., D6.4, D8.3, and D9.3.

The deliverabld4.4 Impact of mass deployment of V2X in energy markets and sdBjipesvided
an overview of services for the participation of EVs in the energy market, which are being
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demonstrated and evaluated in the Slovenian demonstrator as part oBWE 1 'Participation of
Vehicle to Everything in the electricity markets through a virtual power @adBUC 6 'Participation

of Vehicle to Everything in local Flexibility Markete'scribed inD7.1 Detailed definition and
implementation plan of Slovenian Demonstraftf. VPP energy management algorithms that are
being tested are presented in deliveralilet.3 Integration of V2X in Charging Point Operators and
Virtual Power Plants Aggregatidd]. Innovative demand response programs focusing on V2X end
users, fleet operators and aggregators are presented in delivei2®!® Demand Response Programs
Design for EV[$]. D4.5methodology related t&loveniavas used to inform testing procedures on the
demonstrator.

Further testing and monitoring of the Slovenian demonstrator will also serve as an input for the future
deliverableD74 Lessons learned in Slovenian Demonstrator and Services Marketability report
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2 Yoveniandemoteam

This chapter contains general information about thertners in theSlovenian demonstratomwhile
subchapter2.1describes theartners roles.

Figure2: Map of Slovenia with marked partners and their headquarters

Four partners from Slovenia are actively involved in the EV4AEU project, witH @aing the
Slovenian demonstratoThe p E3v &+ A]3Z]v “0}A vl v u} GE W iogja@} oi V
University of LjubljangFaculty of Electrical Engineering.

GENI, d.o.0, is a leading Slovenian energy company specializing in the trading and supply of electricity
and natural gas, with operations across 20 European markets. It is part of the GEN Group and plays a
central role in promoting the green energy transition througimovative services, including solar
power solutions, energy efficiency consulting, and digital energy platforms.| G&Mes households,
businesses, and industrial clients, offering tailored energy products and participating actively in
regonal and international energy exchanges. The company is recognized for its dynamic growth,
commitment to sustainability, and leadership in smart energy innovafidie company is actively
involved in European research projects such as EV4AEU and OneNet, wheraaSHeen recognized

as a highly advanced and reliable partner.

Elektro Celje, d.dU ]+ }v }( "“0}A v] [+ (DhstribubionsSEierhd@erators (DSOs),
responsible for managing and maintaining a network that spans 4,345v kbdut 22% of the

JMVSEC [+ ¥atd@Epés@ver 173,000 customers. Founded in 1913 and headquartered in Celje,
the company operates a vast infrastructure including 20 primend 3,500 secondary transformer
substations, with 94% smart meter coverage. Elektro Celje is majority-@stated and actively
participates in European R&D projects, contributing to smart grid innovation and sustainable energy
development. It is certiid under ISO 9001, ISO 14001, and ISO 45001 standards, and is recognized for
its commitment to quality, environmental responsibility, and occupational safety.

Thethird partner in the Slovenian demonstration is tbaiversity of Ljubljana (UL.Slovenia's leading
higher education institution and one of the top researching institutions. Faeulty of Electrical
Engineerindeads the EV4EU project at the Uhe Faculty of Electrical Engineering at the University
of Ljubljana is a higtech educational and scientific research institution in the field of electrical
engineering. Its main activity is the education of the best personnel in the field of electrical
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engineering. In addition to electronics and electrical engineering, we are developing and building up

the fields of information communication technology, automation, robotics, biomedical engineering,
mechatronics, renewable energies, multimedia communigattY 00 SZ ¢« (] o ¢« & % E&u §
computing and informatics, with statef-the-art communications, with the use of the World Wide

Web and multimedia solutionsThe faculty also actively participates in various Horizon 2020 and
Horizon Europe projessuch as EV4EU and OneNietaling with the green transition and smart grids.

ABB Slovenias the local branch of the global ABB Group, a leading technology company in
electrification and automation headquartered in Zirich, Switzerland. Established in Ljubljana in 1992,
ABB Slovenia specializes in energy distribution, industrial automationinfradtructure solutions,
offering both product sales and project execution tailored to customer needs. The company supports
digitalization and sustainability through advanced technologies like ABB Abiihd contributes to

smart grid devadpment, electric mobility, and flexible energy systems. ABB Slovenia also plays a key
role in European innovation projects such as EV4EU, where it praddascedv2xcapable charging
infrastructure and energy management systems.

2.1 Slovenian partners roles

The consortium of Slovenian partners has been assembled with great care, bringing together
organizations with complementary expertise and strategic relevance. Each partner was selected based

on a clear vision and lorgrm project goals, ensuring strongrgrgies and effective collaboration.

GENI leads the consortium and coordinates the activities, providing strategic direction that aligns the

% E}i S[e A 0}%u vs A]3Z Sp o u EIl § v X &uEsRfiEdiE U Z %
and responsibiti/, which supports efficient execution and reinforces accountability throughout all

stages of the project.

GENI is the lead partner of the Slovenian demonstrator, responsible for overall coordination,
infrastructure deployment, and market integration. Their role includes managing the installation of
sy Z EP]vP 8§ §]}ve § S§Z J]E& <@E“l} ngthelWRA, and leading+absk} ¥%elatEd S
to marketability and business model validatioks an aggregator and charge point operator (CPO),
GENI integrates electric vehicles into its VPP, enabling participation in electricity markets, grid
services, andlexibility activationGENI also contributes to the development of flexibility services and
integration with national platforms like EVThe company also manages the marketability analysis of
V2X services and contributes to the development of business models and service catalogues aligned
with national andTransmission System Operato&S() platforms. GEN collaborates closely with
partners like Elektro Celje, ABB, and the University of Ljubljana to ensure technical validation, grid
integration, and salability of V2X technologies.

TheUniversity of Ljubljana (UL.)specifically it$-aculty of Electrical Engineerinteads the planning

and analysis phases of the demonstratbplays a role in the integration of V2X technology into smart
grids and electricity markets by providing the theoretical background for the development of strategies
for planning, scheduling, and operation of the distribution grid, considering V2X anthRig8ition,

UL is involved in DR programmes and services for EVs, enabling participation in local @ma regi
markets. UL is responsible for defining KPIs and evaluating the performance of V2X algorithms.
Additionally, UL is also developing taol related to the Vehicleto-Grid {/2Q flexibility potential
estimation for participation in energy markets and analysis of RIRlr academic expertise supports

the technical depth of the project.

Elektro Celje the regional DSO, plays a critical role in enabling grid services and flexibility activation.
They lead the operation and monitoring phase of the demonstrator and provide the backend
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infrastructure for reatime transformer monitoring and grid analytics. Elektro Celje also supports the
integration of the FlexIS platform with ADMS and EVT, ensuring seamless communication between
DSOs and aggregators.

ABB contributes its technological expertise in V2X hardware and energy management systems.
0SZ}uPZ S$Z % E}i § Z §} %S un S} [« ]baped tharg8} BB , DK

continues to support the deployment of G€&npatible infrastructure and th evaluation of energy

management algorithmg:or the purposes of the project, ABB developed prototype advanced charging

stations designed to enable efficient and intelligent electric vehicle chargihgir role includes

hardware commissioning and participation in all technical work packages.

Within the Slovenian demmstrator GENI acts as an aggregator, integrating EVs with its VPP. In
addition, GEN acts as a CPO and works closely with the DSO Elektro Celje, one of the key players in

the Slovenian electricity distribution network, consisting of five DSOs. Elektro Celijmtéscithe

connection of the ADMS with the Vehidle'E] ~si'e § Zv}o}PCX Jvli VIE]JVPU % E
ABB groupsuppliedprototypeVV2G chargers for the EV4AEU demonstratiorssit&lovenia. The fourth

partner n the Slovenian demonstration 4, Slovenia's leading higher education institution and one

of the top researching institutions. Within the EV4EU project, the UL plays a role in the integration of

V2X technology into smart grids and electricity mark@tgyure 3) by providing the theoretical
background for the development of strategies for planning, scheduling, and operation of the
distribution grid, taking into account V2X aRénewable Energy ResourcBEp

Figure3: Layout of the Slovenian demonstrator
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3 Sloveniangrid ande-mobility overview

3.1 Grid andFlexibility Landscape in Slovenia

The Slovenian electricity grid is a compact but highly interconnected power system that combines a
dense distribution network with a strategically important transmission backbone. As a small EU
member state with strongross bordeinterconnections and rapidly increasing renewable integration,
Slovenia has become a relevant test environment for modern flexibility mechanisms, digitalization
frameworks, and advanced V2X applicatiofilse Slovenian transmission network is 2,859 km long,
consisting of 400 kV 2D kV, and 110 kkigh voltagdines.[6] According to Open Infrastructure Map
(based on OpenStreetMap data), Slovenia has 6,313 km of distribution and transmission power lines
recorded, across multiple voltage levels fréomv-voltage (V) to highvoltage (F), includingborder
interconnections and rapidly increasing renewable integratjdhSlovenia has become a relevant test
environment for modern flexibility mechanisms, digitalization frameworks, and advanced V2X
applications

~o}A vpoyver grid consists of a national transmission network operated by the TSO ELES and a
distribution network operated by five DS(8] The transmission grid links major generation assets
hydroelectric, thermal, and solawith regional loadcentresand cross bordeexchange pointsThey
describe Slovenia as a highly monitored system with Inégtl time observability and significant
deployment of smart metering and digital infrastructJi@g.

Slovenia is actively developing its Local Flexibility Markets (LFMs) as part of a broader transition toward
a smarter, more resilienppower system. The initiative is being led by the Energy Agency of Slovenia,
which is preparing the regulatory and operational framework for DSOs to procure flexibility from
distributed resources at the local level. DSOs are therefore positioned to become kelatiers in
enabling and operating these emergibgMs[9]

On the national level, the TSO (ELES) has already established a national flexibility market, providing a
centralized platform for trading ancillary services and flexibility products that support grid stability.
dZ]e J* }u%0 u vS§ C " ocphtimgopseXdBilify of the electricity grid, which enables

more efficient monitoring, forecasting, and integration of distributed energy resa(2ER).

The distribution grid, operated by five DSOs, are facing escalating operational challenges: increasing
rooftop PV penetration, electrification of transport and heating, voltage deviations, thermal
congestion, and demand peaks. To address these pressures, Slovenia is deldibfsng/here DSOs

will procure locaflexibility services for congestion management, voltage control, and p@petity
stabilization.

The Slovenian LFMs are designed to shift DSOs from traditional reinforcement strategiesables,

new transformersy to flexibility focusedoperational solutions. Flexibility procurement allows DSOs to
defer infrastructure investments, improve operational reliability, and integrate more DERs at lower
cost, especially during shatiration overloads and voltage excursiofy.

As mentionedSlovenia has a comparatively high degredisfributiongrid observability. Each EV4EU
Slovenian demo sitegas equipped with smart meterphaselevel voltage and current measurements,
and additional 10T devices that transmitattime data to DSOs and VPP backend systems.

DSOs have begun installing monitoring equipment at MV/LV substations, enablingeattime
situational awarenesgan essential pillar for automated flexibility activation, advanced forecasting,
and adaptive protection schemes.
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Renewable energy already plays a visible role in the Slovenian electricity mix: RE$eablheel
0iX669 v Tili ~~]~8 §«U & (0 S]vP §Z }MVSEC[e }VP}]VvP }uu]Su
sustainable system development.

However, the intermittency of solar and hydro inflows introduces sggtembalancing challenges
x Mid-day PV surpluses require dowagulation or storage.
X Winter hydro variability limits renewable output during peak heating load.
X Reverse power flows in distribution networks are becoming more frequent.

These factors amplify the need for distributed flexibility, particularly from flexible loads, energy storage
systems, and emerging V2X technologies.

Slovenia experiences moderate annual consumption, but weather extremes can cause sharp peaks. A
notable event occurred during the cold wave of January 2025, when transmission grid demand reached
a record 2,299.0 MW, driven by widespread use of heat pumps and electric heating. This exceeded
previous records from 2018 and illustrates the growing influence of electrification on peak [b@jds

3.2 eMobility in Slovenia

"o}A v] [+ D} ]o]8C ¢ 3}E ]+ A 0}%]VvP 5 ]JoCU SZ}uPZEMS *35]00 3C
uptake. In 2023, EVs accounted for 4.04% of the national vehicle fleet (SiStat), confirming a gradual

but meaningful shift towards cleaner transportation. This growth is occurring in parallel with broader

power system changes, including the rising share of renewable electricity (41.89% in 2023) and the
planned introduction of.FMs

While EVshareis increasing, theiptake remains slower than expected, as highlighted among the
challenges in the EV4AEU Slovenian demonstr@gtiverables Several factors influence this dynamic:
consumer hesitancy, relatively high upfront costs, charging convenience, and varying levels of
municipal readiness

Despite this, Slovenia is aligned with EU climate expectations: projections indicate that by 2030, EVs
should represent 12% of the entire national vehicle fleet and 55% of all new registriitigns

The development of eMobility is strongly supported through national legislation, especially the
Slovenian Electricity Supply Act (ZOBE) which transposes Elgvel requirements and enables the
integration of DERsincluding EVs and V2X technologies. Slovenia also benefits from significant EU
funding streams, such as the Modernisation Fund and Cohesion Fund, which support the deployment
of charging infrastructure and municipahd regionabkustainableurban mobilityplanning.

Slovenia has made considerable progress in expanding its public charging network. More than 200
public charging points were already interconnected under the nationalobility card system,
facilitating easier access for users and businesses. Continuestriment is planned through 2026,
supported by public grants and -dmanced infrastructure programs.

The charging ecosystem is also evolving in terms of user behaviour and reguiHtment use of
public charging infrastructure remains essential to ensure availability and fair cost distribution among
EV users.

3.3 Role of eMobility in Flexibility Markets
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EVs are increasingly recognised as flexibility assets within the electricity system. The Slovenian EV4EU
demonstrator, is testing V2X participation in energy markets, with a focus on integrating EV flexibility
into VPPs and futurdlFMs Key objectives include upgrading VPP damochl market platform
functionalities while implementing selectedlexibility services with minimal user involvement. This
positions EVs not only as clean mobility solutions but also as active participants that can support grid
stability, especially as renewable energy production increases and system operators require more
distributed, responsive resources.

Looking forward, eMobility will play an increasingly central role in achieving national cliématgy

targets, particularly the reduction of neBTS transport emissiepnwhere transport accounts for

roughly 50% of the national noBTS sharfl2]. Accelerating EV adoption is therefore essential not

}voC (}&E E }v]e]vP SE Vve%}ES pd o} (}E o]ApdaEdnsistém. £] ]o0]3C
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4 Slovenian demonstrators

The purpose of the Slovenian demonstrator within tHerizon Europe project EV4EW Electric

Vehicles Management for carbon neutrality in Europe is to validate advanced V2X strategies that
support the largescale integration oEVsnto the energy system and markets. It focuses on four key

use cases: V2X management by a VPP, participation of V2X in electricity markets and grid services, and
activation of V2X services by DSOs, both manually and automatically. The demonstratositiotude
deployment of bidiectional V2X chargers at GEN* } ((] p]o JvPeU v Jue S} e oo (Q
potential, support grid balancing, and enable green charging and smart energy services. Through
collaboration with partners GEN University of Ljubljana, Elektro Celje, &BB, the Slovenian demo

contributes to the development of scalable business models and technical solutions for-cextial

mobility.

Section4 contains general information abouhe Slovenian demonstratar and their locations
Sulsections4.2-4.4 describes the demonstration sievith its equipment and architecture.

The purpose of the Slovenian denstratoris to demonstrate and teghe following UCs:

X UseCase 9 (UC9): V2X management by a VPP. This UC aims to test the algorithms
developed in task T4.4nd document in D4.43], considering the aggregation of V2X
flexibilities with other resources (generation, storage, etc.), taking into account the
participation in multiple services and markets.

X UseCase 10 (UC10): Participation of V2X in electricity markets. Demonstrate and evaluate
the participation of V2X, aggregated with other resources, in markets at the national level
such as energy market, Frequency Containment Reserve (FCR), and Fashdyrequ
Response (FFR) ancillary services markets (T4.4). This UC intends to undersiaadsihe
advantages of V2X participation in these markets (T4.5) and the impact that mass
participation of V2X can have in these markets. The matelsitegrated intoreal tools,
but participation in real markets is dependent on the market-gralification process that
can take a long time. If participation selectedmarketsis not possible, the services will
be validated using market emulation tools.

x UseCase 11 (UC11): Participation of V2X in Grid Services. Demonstrate and evaluate the
participation of V2X, aggregated with other resources, in markets and services at the local
level (T4.4 and T4.5). In that case, the demonstrafiimuseson the contribution of V2X
to solve problems in distribution systems, such as congestion management and voltage
control. The goal of thidJCis to evaluate the advantages for the users and DSO.

X UseCase 12 (UC12): Activation of V2X services by DSOs. Before the market clearing, the
DSO should be able to activate the services to be provided by V2X (T4.2). The adsivation
made in the Advanced Distribution Management System (ADMS) of the DSOtimeeal
In the first stage, integration and communication verification between VPPs and ADMS
performed, which is crucial for services activation. In this stage, V2X assets must be
modelled appropriately in ADMS so that advanced functions can use Vaxidahe
second stage, activatiois triggered by the VPP operator (decision on the side of the
aggregator). This aims to evaluate the activation of VPPs for the ADMS system, which can
model EVs in different ways. In a third stage, the activatioiniggered by the ADMS
operator (decision on the side of DSO), considering the results of the market and the
operation conditions of the distribution systefh).
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The Slovenian demonstrator within the EV4EU project plays a strategic role in accelerating the green
transformation of the energy and mobility sectors. By deploying bidirectional V2X charging
infrastructure and integratindgeVsinto VPPs, the demonstrator enables dynamic energy exchange
between vehicles and the grid, which enhances system flexibility and supports grid stability without
requiring costly infrastructure upgrades. This approach facilitates the seamless integrdtion o
renewable energy sources (8Hnto the distribution network, contributing to reduced greenhouse gas

ulee]}ve v o]Pv]vP A]3Z 3Z h[e oJu § v u3E 0]3C 8 EP 3« (}JE 1iAi>
fosters innovation and competitiveness in the Slovenian energy sector byopawgkcalable business
models and creating highalue jobs, thereby supporting both environmental and economic
sustainability. The demonstrator contributes to the development of maredtractive solutions that
support transport decarbonization, increaggrid flexibility, and enable greater integration of
renewable energy sources, in line with national and European climate goals.

4.1 Timeline of Slovenian demonstrators

In the EV4EU project proposal, Slovenian partners identified adva@&sdising the CHAdeMO
protocol as the most suitable technology for demonstration purposes. At the time of the proposal
preparation, CHAdeMOQOwas considered the most appropriate and widely adopted solution on the
market that enabled bidirectional charging (V2X). However, following the submission, the European
Commission introduced new guidelin@souringthe 1ISO 15118 standard for V2X communication. This
shift influenced the further devefament of the project and required technological adjustments to
align with the updated regulatory and interoperability expectations.

To support the demonstration activities, ABB developed prototypedé&déble charging stations that
comply with the updated communication protocols and standards introduced by the European
Commission. These prototypes are equipped with advanced powenrahéct and control systems

that enable bidirectional energy flow, allowing both charging and discharging of electric vehicles. They
support interoperability with multiple protocols, including ISO 15118 and the latest versions of OCPP,
ensuring compatibilit with evolving grid and vehicle requirements. Due to the complexity of
integrating these functionalitie such as secure communication, dynamic load management, and grid
responsivebehaviout the development process required significant time and technical effort.

As part of the project, we aimed to ensure excellent results. During the development of the prototype
charging stations, we simulated VB&haviourand vehicle interaction using various advanced models
and aBESSThrough these simulations and analyses, we defined the capacities that vehicles can
represent within the V2X frameworlOverview of Slovenian u}veS & Sij¢k apd their timeline

are presented irFigure4.

Demo 1- Velenje Demo 2- Ljubljana Demo 3 <E“I}
{BESS {Prototype charging stations {Prototype charging stations

Figure4: Timeline of the Slovenian Demonstrater] «]5 -

The Velenje demonstrator, as an intermediate step before the delivery oméwly developed
prototype V2X CSsyas successfullfinishedand very useful for the simulation¥he V2X CSs have
been deliveredbeginning of 202%By ABB, additionally the CBad beencertified. All together 4CSs
have been installed in Ljubljana. V2X CSs in Ljubljema connected to the grid, which enables
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preliminary testing, while integration into a VRiAs performed in the fourth quarter of 2025.

Additionally, testing of VPP aggregatiwasperformed in Ljubljana. Preliminary testing of V2X CSs and

a large set of relevant EVs was performed in the second quarter of 2025. The first CS, which had already

been tested, failed during testing and was then replaced with other &oer CSs were installed in

<E"“l} v €& }vv § 8§} SZ PE] X d¥ <(andgcanfiectiagn o} the ¥2X CSs to

the VPRwvas establisheth the fourth quarter of 2025. Thecal market platform was developed in the

first quarter of 2025, which was also preliminary tested in the scope of the Velenje demonstrator.
Jvv 8]}v }( v EPC u § E+ AlS3Z "%oueZ }%3]}v_ & 8Z siy 4e ]e3E] |

and Elektro C@ IT infrastructurewas established and testeid the fourth quarter of 2025. This

enablesthe establishment of the whole communication chain (connection between VPP and local

u ElI § %0 S(}EUX dZ (po0o }% E 3]} waagersdredind@helfpurthugquasteiddf S} E

2025.

SeveralEVshad been tested Additionally, to fulfil the requests, vehicles have to be V2X ready and
support the right standards of energy transfer and communication. Namely, CSs produced by ABB in
Europe no longer support CHAdeMO standard as first planed but transferred to CG&2dstdn
addition, there are currently only a few EVs supporting CCS2 standard on the European car market,
limiting the options for the demonstrator.

4.2 Demonstrationsite 1 t Battery energy storage system

Location:

Velenje

Address:

Vodnikova cesta 2, 3320 Velenje

Figureb: Location of the Demo 1 iWelenje Slovenia

Velenje is a moder8lovenian town known for its righdustrial heritagebeautiful surrounding nature,
and the scenic Velenje Lakehe town offers a blend @iultural attractions, outdoor activities, and a
strong community spirit, making it a vibrant place to live and vigiday, it stands as a symbol of
successful transformation, balancing its past with a forwlaaking vision.

Velenje is part of the electricity distribution network managed by Elektro Celje, which ensures a reliable
power supply and infrastructure across the region. This connection supports both residential and
Jv ue3@E] o v EPC v U }v3Etenddmirens and Zustdihdbilify efforts. Elektro
Celje plays a key role in maintaining energy efficiency and implementing modern technologies that
align with s o vi Vision of becoming a smart and environmentally conscious community.
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The Velenje site plays a key role in the Slovenian EV4AEU demonssiata itwas usedo simulate

V2X environmentestimate the impact of iand simulateparticipation of EVs in flexibility servicés
includesBESS that is integrated iz &} & sWW & Z]§ SuE v o ISE} oi [
enabling reatime monitoring, activation forecasting, and secure communication between
stakeholdersBy developing the aggregated representative EV prod&sSSictedin a similar way as

V2X CSs and consequently EVs

The Velenje setup supports the validation of VA@Xssuch as grid service activation, market
participation, and green charging, while also contributing to the harmonization of flexibility products
with TS standards. Thisimulationbasedapproach allows for testing and performance evaluation
without requiring direct interaction with EV users, making Velenje a strategic location for advancing
scalable and interoperable energy solutions.

The Slovenian BE8&monstration sites located in the school district of the town Velenje. The BESS,
named AMBER, is an LFP 80 kWh (40920 Ah) battery system equipped with a 40 kVA converter
and a 40 kVA disconnector with a btiiitHMI panel, owned by Elektro Celje. It is connected to the LV
side of the secondary substation at TP Gimnazija Velenje. A 630 kVA transformer at this@ubstati
supplies 17 business customers with rated power 663 kW and 4 producers who have connected small
solar power plats with a combined power of 198 kWp. All connected users are equipped with
remotely readable smart electricity meters that record data imdiiute intervals (A+, AR+, R V,I)%.

The location is presented on tlegure6.

Figure6: Accurate bcation of the Demo 1 in Velenje

To ensure coordinated operation within a broader flexibility framework, the BESS was integrated into
Gen / [YPRThe VPP has been in operation for nearly ten years and aggregates more than 200 assets
across several European countries. Through this aggregation platform, flexibility resources participate
in balancing markets and provide balancing services to mulligl@es

2 Register data (Real power-{A+ and A); Reactive Power +(R+ and B; idle current (V); and current flow (1)
in Link
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For the integration of this asset, a hardware controttatled Reduxiwas installed at thesecondary
substation where theBESSs located. Communication between the controller and the VPP was
established using the MQTT protocol. In this architecture, botlBlB8&nd the VPP operate as MQTT
publishers and subscribers connected to an MQTT braseshownn the Figure?.

Figure7: Concept of MQTT communication protocol

The BESS publishes measurement data, including operating power, state of (P@@)esmaining
capacity,availabilities, which are continuously received and processed by the VPP. In the opposite
direction, the VPP sends control setpoints to the controller, which forwards them to the battery
management system (BMS). This configuration enabled neatinealmonitoring and control with

high temporal resolutionTheFigure8 showsthe setup of sensors and setpoints in the VPP.

Figure8: Setup of communication in VPP

During activation events, flexibility is triggered either manyallg shownin the Figure 9, or
automatically through an Afased contract activation mechanism. Once activated, the VPP sends
setpoints to the BESS in accordance with the defined scenario. Measurements such as requested
power, delivered power, available flexibility randggpC and capacity are monitored continuously,
while discrete signals such as availability and activation status are also tracked.
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Figure9: Manual import of contract activation

Figurel0shows the dashboard for monitoring the activation status, where the start and end times are
visible, as well as the activatggiantity in MW The activated contract olouredin red.

Figurel0: Contract activation status monitoring

4.3 Demonstrationsite 2 tV2X charging stationg Ljubljana

Location:
Ljubljana
Address:
Dunajska cesta 119, 1000 Ljubljana

Figurell: Location of the Demo n Ljubljana, Slovenia
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Ljubljana, the capital of Slovenia, is a vibrant and charming city that blends historical elegance with
u} Ev Jvv}A 3]}vX E <%0 SA v 8Z 0%+ v 3§Z E] 8] » U138 « EA
cultural, and economic center. The city is kndienits picturesque old town, where Baroque and Art
Nouveau architecture line the cobbled streets, and the iconic Ljubljana Castle overlooks the city from
a hilltop. The Ljubljanica River, which flows through the heart of the city, is flanked by lif&dy ca
E] P U Vv PE V*% U }vSE] puSJvP 8} >ip oi v [+ E %o uS S]}v = }v

Ljubljana is also a hub for education and research, home to the University of Ljubljana, the largest and
oldest university in Slovenia. The city has a strong commitment to sustainability, with an efficient public
transport system, pedestriafriendly zones and numerous environmental initiatives. Its dynamic
cultural scene includes museums, gallertbsatres and festivals that reflect both Slovenian heritage

and global influences.

The city is part of the electricity distribution network managed by Elektro Ljubljana, which operates
the largest energy distribution system in Slovenia, covering over 6,166 &bwut 30% of the country.
Elektro Ljubljana ensures a reliable and kigiality electricity supply to Ljubljana and its surrounding
areas, supporting both residential and industrial energy needs. Its infrastructure and services are
e v§] 0o (}& u ]Jvs Jv]JvP v EGPC ((]J]]1Vv € v v o]JvP 8§Z ]15C[* }VvS§]
environmentally conscious urban hub.

The parking facility at Dunajska cesta 119 is located beneath the office building currently rented by
GEN/U }v }( "0}A v] [* 0o ]JvP v EPC }u% Vv] *X dZ p]o JvP Je ]Sy S
well-connected and prominent business area alongo}( >i oi v [* u ]Jv ES E] o E} <X

This underground garage serves as a private parking area fot &gaployees, business partners, and

registered visitors. It is not open to the general public and is managed internally by ZEN ]0]SC
services teamThis location is also used as a demonstration site for innovative energy solutions in
Slovenia. As part of GENe @&} & }uu]Su vS8 8§} epes ]Jv ]Jo]S5C v su ES v C
garage and surrounding infrastructure support pilot projects and dematistrs related to:

X BESSs
x Electric vehicle (EV) integration and
x Flexible energy services and grid balancing.

The site plays a role in showcasing how urban infrastructure can support the energy transition, making
it not just a functional parking space but also a living lab for energy innovation.

The office building in Ljubljana, serves as a key demonstration site for testing advanced V2X-(Vehicle
to-Everything) charging prototypes developed by ABB for the purposes of a strategic innovation
project.

This location provides GEN+* A % &S+ ]v siy § Zv}o}PC v Z EP]JVP Jv(E SE|
environment to analyse charging and discharging behaviour across different types of EVs. The
underground garage at this site is already equipped witt85, @onitoring by GENwhich form the

foundation for ongoing testing and data collection.

The installation of these prototypes required careful planning and execution, especially due to their
technological sophistication. All legal and regulatory requirements were strictly followed, with
particular emphasis on fire safety and electrical staddaiThe chargers were precisely positioned to

VeUE o ( }% & 3]}vU }%3S]Ju o }}o]JvPU v ]Jvs PE 3]}v A]sZ §Z ]
GENI to lead the way in smart energy solutions and grid flexibility.
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Figurel2: Accurate location of Demo 2 in Ljubljana

At this location, GENis actively conducting research and development focused on understanding the
impact of EV charging on the broader electricity grid. The insights gained are used to develop next
generation smart energy solutions that will help ensgred stability, even as the number GiSs
continues to grow.

By combiningnnovativeV2X technology with redgiime data analysigartners arecontributing to the
development of scalable infrastructure that supports both electrification of transport and resilience of
the energy system.

4.4 Demonstrationsite 3 tV2X charging stations < & “1}

Location:
<E“l}
Address:
SE Jv i6U 061061 <E“I}

Figurel13: Location of the Dem® v <E“I}U ~0}A v]
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<E*“l} ]« 38}Av eduthgastdBlovenia, along the banks of the Sava River. It lies in the heart

of the Lower Sava Valley, a region known for its fertile land, vineyards, and growing industrial sector.
<E“l} Z - E] Z Z]-S}E] o IPE}uv U Al§Z &E Z ahdijed, aod t]v » S]v
continues to be an important cultural and econoro@ntrein the region.

Kv }(8Z 8}Av[e u}*8 % E}u]v v8 ( SUE + ]+ 8Z <E“I} Ep o E W}IA E
kilometresfrom the town centre. Operational since 1983, NEK is the only nuclear power plant in

"o}A v] v }EV E-S}v }( 8Z }IUVSEC[s v EPC Jv(E& *SEM SUE X [/
Croatia, and supplies electricity to both countries, covering a significant portidreinfenergy needs.

dZ %0 v3 Je IVIAv (}E ]8+ Z]PZ « (8C 3 v (E * VvV %0 Ce -1 C E}o

carbon energy sources.

In Slovenia, the practical demonstration will take place also at the office building of GENrel4)

Jv < @&A'igwh of 7.200 inhabitants, which is the centre and the largest town in both the municipality
~70Xiiie v 8Z +3 8]+8] 0 & P]}v ~00XiiieX /v §8Z W}e Ael} ¢35 ]3] o
606 BEVs and 1513 hybrids were registered at the eB824[13]. Due to its proximity to the highway

and the large number of commuters, the test site also has potential beyond the project. In the future,

it could offer its services to a wider range of users after it has been tested and updated in the
framework of this poject to achieve an optimal outcome for all stakeholders, both the VPP and the EV

users or owners.

<E*“lI} ]+ 0°*} % ES }( 3Z o SE] ]5C ]*3E] psl}v v SA}EI u v P C
major electricity providers. This connection ensures a stable and efficient power supply to the town

and surrounding areas, supporting both residentiat a |v peSE&] o v EGPC v X o0 ISE]
infrastructure and services are essential for maintaining energy reliability and enabling-tutented

development in the region.

Figurel4: Accurate locationof the Demo 3n <& “1}

The office building, where demonstration will take place, has Photovoltaic (PV) systems on the roof of
the building with a rated power of 100 kWhis facility is part of the VPP portfolio operated by GEN

I. As part of the broader infrastructure upgrade, solar panels have been installed on the building where
the V2X charging infrastructure is located. This addition opens up new possibilitiesui@ émergy
optimization, particularly in terms of utilizing surplus solar production for EV charging.
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§ §Z <E&“Il} u } v« S @&nely unstded prototype V2K Ssnablepartners to conduct in
depth analysis of the impact of vehicle charging and discharging on the electricitAdditionally,
local market platform and neaealtime data from the secondary substation vétiable Elektro Celje,
the DSO, to define when the procurement and activation of flexibility services through platform will
be neededThis location plays a crucial role in evaluatiogv EVs through their integrated battery
systems, can contribute to grid flexibility and energy balancing.

The chargerand local market platfornwill alsoallow experts to study the flexibility potential that EVs
represent when connected to smart infrastructure. By simulating various charging and discharging
scenarios, the team will assess how EVs can act as mobile energy storage units, helping talstabilize
grid during peak demand or surplus generation periods.

/v <E"“I}U §Z (uooO UlveS3@E S}E A]3Z sW \astestedddr the proCErerseboo S (} Eu
and activation of flexibility from V2X EVs and consequently testing of BUCs presented [da]D7.1
Therefore, all objectives related to the Slovenian demonstratere § 8§ Jv <E“I} X

This research is essential for developing advanced control strategies and scalable solutions that
support the integration of a larger number 6Ssvithout compromising grid stability.

4.5 Voltage analysis and daghead forecasting at TP Inkubator Vrbina

This section presents the voltage condition analysis and-ati@ad overvoltage forecasting
methodology developed for the TP Inkubator Vrbsecondarysubstationpilot site. TP Inkubator
Vrbinais TRPAZ & u} Jv <E&*“l} ]Théwerk dddrésses the challenge of voltage deviations

in lowvoltage distribution networks with high penetration of distributed energysoairces,
particularly photovoltaic systems anBESSThe methodology contributes to demonstrator KPIs
related to voltage quality improvemeérgrid constraint mitigation, and effective activation of flexibility
services, by enabling the DSO to anticipate overvoltage conditions and proactively prepare V2X and
storage resources for corrective control actions.

Objectives

The primary goal of this analysis is to assess voltage conditionsssdbrdary substatioand identify
potential deviations from nominal operating ranges. Overvoltage events in distribution networks can
originate from different causes and may require different mitigation actions depending on the
underlying physical mechanisms. By charactagigimese events and classifying them into distinct
operating regimes, the analysis provides a foundation for targeted control strategies.

A key component of this work is the development of a-dagad forecasting model capable of
predicting overvoltage event types. Such forecasts enable proactive system preparation, alloXing V2
operators andBES$o be configured appropriately before voltage issues materialise. The envisioned
pilot workflow follows a threestage process: the distribution system operator signals the expected
system state for the following day based on the forecast, th& dj2erator prepares the system
accordingly, and rukased control actions are applied based on actual measurements during
operation.
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Pilot site description

TP Inkubator Vrbinaisalew}os P SE ve(}EuU E 5 3]}v o} § Jv A 8 % ES }(

The network segment serves a mix of commercial and light industrial loads, including research facilities
and office buildings. Several prosumers opejgtetovoltaic installations that feed excess generation
back into the grid, and a battery storage system provides flexibility for local energy management.

Figurel5: Network topology of TP Inkubator Vrbina showing the transformer and connected feeders with
prosumer installations

The network configuration, illustrated iRigurel5, shows the transformer station feeding multiple
low-voltage feeders. The presence of distributed generation, particularly photovoltaics, creates
bidirectional power flows that can lead to voltage rise during periods of high generation and low local
consunption.

4.5.1 Data and overvoltage event definitor

Available measurements

The analysis utilises 4finute interval measurements recorded at tlsecondary substatioover a

period of approximately two years. The measurement set comprises active power flows captured as
A+ (import from the mediunvoltage network) and A(export to the mediuravoltage network),
reactive power measurements recorded as R+ andaRd threephase voltage measurements VL1,
VL2, and VL3. The complete dataset contains 68,160 measurement entries spanning freh2-2023

to 202512-10, providing a comprehensg view of seasonal and daily patterns in the network's
electrical behaviour.
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Overvoltage event definition

Overvoltage events are defined according to the EN 50160 voltage quality stindhich specifies

that supply voltage in lowoltage networks should remain within £10% of the nominal 230 V under
normal operating conditions. For this analysis, a more conservative threshold of 5% above nominal
voltage (241.5 V) was adopted to identifgripds where voltage regulation may benefit from active
intervention. Each I#ninute interval where any phase voltage exceeds this threshold is classified as
an overvoltage event.

Figurel6: Voltage distribution histogram for phase L1 at Tikkubator Vrbina, showing the measurement
range concentrated between 234 V and 242 V with the majority of readings near 238 V

The voltage distribution shown iRigurel6 reveals that the network operates with a slight positive

bias above the nominal 230 V, with median values around 238 V across all phases. This elevated
baseline is typical of distribution networks designed to compensate for voltage drops along feeders,
but it also means that conditions favouring voltage rise can push measurements above acceptable
limits.

Event statistics

Analysis of the voltage measurements identified 409 individuamittute intervals exhibiting
overvoltage conditions, distributed across 42 distinct days within thed&ylobservation period. This
corresponds to approximately 6% of days experiencingastlene overvoltage event. The relatively
low frequency of overvoltage (OV) days, combined with their significant operational impact, makes
accurate forecasting botbhallenging and valuable.

3 CENELEGN 50160:2022/A1:2025/ Voltage characteristics of electricity supplied by public electricity
networks European Committee for Electrotechnical Standardization, 2025.
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Figurel7: Distribution of
overvoltage event durations
measured in number of consecutive
15-minute intervals, showing that

most events are shortived, but
some persist for extended periods

Examination of event durations reveals that the majority of overvoltage episodes arelisiedrtMost
events persist for only one or two consecutiverhfhute intervals, corresponding to durations of-15
30 minutes. However, some events extend over mugtipburs, with the longest observed sequence
spanning 13 consecutive intervals (over 3 hours). This distribution, illustratéigunel7, suggests
that while many voltage excursions are transient, londeration events may require sustained
intervention from storage or flexible loads.

Phase asymmetry analysis

An important characteristic of the overvoltage events at TP Inkubator Vrbina is the high degree of
symmetry observed across the three phases. Phase asymmetry, measured as the difference between
the highest and lowest phase voltages at each measurementviateprovides insight into whether
voltage issues are systewide phenomena or localised to individual phases.

Statistical analysis of the intgghase voltage difference reveals remarkably symmetric operation. The
mean difference between the maximum and minimum phase voltages is only 0.41 V, with a standard
deviation of 0.24 V. Even under the most extreme condgiobserved in the dataset, the maximum
inter-phase difference reached only 1.67 V. These thresholds are consistent with the voltage unbalance
oJulds (Jv ]v E fAlidi ~G T 9U 0 ¢+ 8Z v 8X0 s* AZ v AE%E «+ v

The correlation analysis between phase voltages further confirms this symmetric behaviour. Pearson
correlation coefficients between all phase pairs exceed 0.98, witi\WWR1correlation at 0.993, VL1

VL3 at 0.993, and VAA 3 at 0.986. These neperfect @rrelations indicate that the three phases
move together almost in lockstep, rising and falling in response to common syestefrfactors rather

than phasespecificdisturbances.

This high degree of phase symmetry has important implications for the analysis and control strategy.
It indicates that overvoltage events at TP Inkubator Vrbina are predominantly caused by-gyigieem
factors such as overall power balance at the transfarmather than singlephase issues like
unbalanced loads or singfghase PV inverters. Consequently, control actions that affect the aggregate
power flow at the transformer station, such as coordinated battery charging or V2G activation across
all phases, i@ likely to be effective in addressing the voltage deviations.

Given the low level of voltage asymmetry, the subsequent analysis is based on the mean voltage across
all three phases, denoted ag, .
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4.5.2 Overvoltage regime classification

P-Q space analysis

Examination of overvoltage events in the tdonensional space defined by active power (P) and
reactive power (Q) revealed that these events do not occur uniformly across all operating conditions.
Instead, they cluster into distinct regions that suggeBedent underlying physical mechanisms driving

the voltage elevation.

Figurel8shows the relationship between
active power, reactive power, and voltage
at the secondary substation. The left
panel displays all measurements coloured
by mean voltage, revealing that higher
voltages tend to occur in specific regions
of the RQ space. Thead points marking
overvoltage samples clearly concentrate
in two distinct areas, suggesting at least
two different operating regimes where
voltage problems occur.

Figurel8: P-Q space scatter plot with all
measurements coloured by mean voltage
(left panel) and OV events classified into
three regimes with cluster centroids marked
(right panel)

Clustering methodology

To formally identify and characterise these operating regimes, astage classification approach was
employed. First, #neans clustering with k=2 was applied to the overvoltage samples using
standardised P and Q coordinates as features. This initidedhg separated the events into Regime

A and Regime B based on their position in tH@ Bpace.

Examination of the resulting clusters revealed that Regime B contained events with notably different
reactive power characteristics. To capture this heterogeneity, Regime B was further subdivided using
the median value of gt within the cluster as a threshold. Events with reactive power above the
median were classified asighg while those below were classified agvd).
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The resulting thregegime classification, shown in

Figure 19 provides a physically interpretable

partitioning of overvoltage events. The cluster
centroids, marked with black crosses, serve as
reference points for regime identification during

reaktime operation.

Figurel9: Final classification of overvoltage events
into three regimes showing Regime A (bluehigho

(orange), and Bwq (green) with their respective
centroids

4.5.3 Daily profiles by regime

Analysis of average daily profiles for each regime provides insight into the temporal patterns of voltage,
active power, and reactive power that characterise different types of overvoltage events.

Voltage profiles

Figure20: Average
daily voltage
profiles comparing
the three OV
regimes, showing
UmeanWith
interquartile range
bands

The voltage profiles presented frigure20 demonstrate that there is no clear difference between the
regimes and their voltages daily profile despite different overvoltage conditions as indicated in the
clustering results ifrigurel9. It needs to be stressed that the profiles are based on daily profiles of
the days exhibiting the overvoltage events. In most of the casedigeeel7, the overvoltage events

are rare during the day. From the average profileBigure20it can be seen that the voltages are in
general high for all three regimes.
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Active power profiles

Figure21: Average daily
active power profiles
(excluding battery
contribution) for each
regime, revealing the
substantially higher power
levels in B regimes

The active power profiles shown figure21 reveal a fundamental distinction between Regime A and
the B regimes. BothiBhoand Bwg Operate at substantially elevated power levels throughout the day,
with peak values reaching 20 kW during midlay hours. In contrast, Regime A maintains more
moderate power levels in the range of-125 kW. This clear separation in power magnitudeficms

that the clustering has captured physically meaningful operating states rather than arbitrary divisions.

Reactive power profiles

Figure22: Average daily
reactive power profiles
distinguishing the three
regimes by their
characteristic Q
behaviour

The reactive power profiles iRigure22 provide the clearest visual differentiation between regimes.
Regime Byho shows consistently positive (inductive) reactive power throughout the day, peaking at
40-60 kvar during afternoon hours. Regime A hovers near zero with a slight positive tendency. Most
distinctively, Regime &g exhibits strongly negative (capacitive) reactive power, reack80go -40

kvar. This capacitive behaviour iBJ8likely results from the aggregate effect of PV inverters and other
power electronic equipment operating at leading power factor, which partially counteracts voltage rise
but does not eliminate it entirely.

4.5.4 Sensitivity analysis

Background and methodology

Understanding how voltage responds to changes in active and reactive power is essential for designing
effective control strategies. While the clustering analysis identified distinct operating regimes, it does
not directly quantify how much power adjustmeistneeded to achieve a given voltage reduction. To
address this question, a sensitivity analysis was conducted using Ordinary Least Squares (OLS)
regression to estimate the relationship between voltage and power flows within each regime.

EV4EUt D73 Slovenian use cases demonstration, monitoring aedaluation Page37of 97
report



The underlying physical model assumes that mean voltage at the transformer station can be
approximated as a linear function of active and reactive power:

TagoaN 74 E U2 E U354
In this formulation, 7,represents the baseline voltage when power flows are minimall,.
0 780 Puantifies the voltage sensitivity to active power in units of V/KW, &hd 0 7 20 3uantifies

the sensitivity to reactive power in V/kvar. The sign and magnitude of these coefficients reveal which
power component has greater influence on voltage and in which direction.

It is important to note that this regression model is not intended to predict absolute voltage values
with high accuracy. The relatively modest R2 values obtained (discussed below) reflect the simplified
linear assumption and the influence of factors naptured in the model, such as upstream network
conditions and load diversity. Rather, the purpose is to estimate the marginal sensitivity of voltage to
power changes, which provides actionable guidance for control system design.

The regression was performed using the statsmodigisary with heteroscedasticitgonsistent (HC3)
standard errors to ensure robust statistical inference despite potentiatemrstant variance in the
residuals.

Sensitivity results and interpretation

The regression analysis was applied separately to each operating regime, yielding the results
summarised in th@ablel.

Tablel:TP Inkubator Vrbina overvoltage regimes sensitivity analysis

5HIJLF 6DPS( 5¢ . 8 N« 9 NYI DEV 'RPLQCL
$ 4

YLoka 3! 4
Yorza4 3

The coefficient of determination (R?) indicates that the linear model explains approximately 10% of
voltage variance in Regimes A angrnB and about 4% in&q. While these values may appear modest,

they are statistically significant and consistent with expectations for a simplifiedsasiable model
applied to a complex physical system. The remaining unexplained variance reflects factors such as
upstream voltge fluctuations, transformer tap position, and nbnear relationships that the linear
modelcannot capture.

The sensitivity coefficients reveal fundamentally different voltage behaviour across regimes. In Regime
U sz 1A %}A & } ((J]]Vv8 r J» suo00 V %}*]3]A ~=iXiido sllteU
}((]]v8 t]e up Z o EP E Jv u PWilXpiio wINA REAXAdZ @& 8]} e~rlte
indicates that reactive power has roughly eleven times greater influence on voltage than active power
in this regime. This @ominated behaviour is characteristic of networks where line reactance plays a

4 https://www.statsmodels.org/stable/index.html
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significant role, and it suggests that reactive power compensation would be the most efficient control
approach for Regime A events.

Regime Byho %0 E ¢ vSe Vv}S oC ](( &E vS %] SUE X , & U §Z 1A % }A C
0.0028 V/kW), meaning that increasing active power actually reduces voltage in this regime. This
counterintuitive result reflects the physics of a heavily loaded wekw additional power flow

increases current, which in turn increases resistive losses (I12R) and the associated voltage drop. The
system is operating near its capacity limit, and the voltage drop from losses outweighs any voltage rise

from power injection. The reactive power coefficient remains negative but is smaller in magnitude

§Z v]vZPlu XdzZ & 8]} e~rlte AiXid]Jv] & +3Z 3 AZ]Jo Y +3]Joo Z
becomes relatively more important for control in this regime

RegimeBwo A Z] ]38 8Z *3E}VP ¢3 E *%}ve 3} 3]A %}A EU A]SZ r A =i
positive coefficient observed. This means that each additional kilowatt of active power produces a
measurable voltage increase. The reactive power coefficient issasificant {0.0145 V/kvar), but

§Z @& 8]} e~rlte A iXiA6 Jv] &+ 38235 S]A %}A E ]+ 3Z }u]v vs o .
regime represents the most critical operating condition, where high active power directly drives
voltage elevation andontrol actions must prioritise power absorption.

Practical control implications

The sensitivity coefficients can be inverted to estimate how much power adjustment is required to
achieve a 1 V reduction in mean voltage. This translation from sensitivities to actionable quantities
provides direct guidance for control system sizing atrdtegy. Practical control implications are
summarised imable2.

Table2: TPInkubator Vrbina sensitivity analysis practical control implications

5HJL 3 IRU9 4 IRU9 5SHFRPPHQGHG 6WUDWHJ\

$ a N: a NY[ 4FRQWURO SULPDU\ 9 * E
%Liks @ N: a NY S3DEVRUSWLRQ YLD 9 * FK
Y%orz4a a N: a NYI[ $JIJUHVVWHGEXF WL RKQ PSSHQN

For Regime A, achieving a 1 V voltage reduction through active power alone would require absorbing
approximately 217 kW, while the same reduction could be achieved with only 19 kvar of reactive power
absorption. This ordeof-magnitude difference stronglfavours reactive power compensation when

it is available. Inverters capable of reactive power control, including modern PV inverters operating in
volt-var mode, would be particularly effective in this regime.

In Regime BnoU 3Z v P 8]JA r } ((J] 1 v8 u ve 83Z 8 Jv E <]JvP S]A %}A
charging) actually helps reduce voltage. However, the required magnitude of approximately 357 kW

for a 1 V reduction is substantial and may exceed the available flexibility W2G resources alone.

Reactive power adjustment requires about 105 kvar per volt, which is also a significant demand. This
regime benefits from coordinated action across multiple resources.

Regime Bugis the most amenable to active power control, requiring only about 120 kW to achieve a
1 V reduction. This is well within the capability of a modest fleet of electric vehicles or a meidron
battery storage system. The 69 kvar required for equivaleactive power control is also feasible.
Given the high effectiveness ofdBntrol in this regime, V2G strategies should prioritigedvents.
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These power requirements should be understood as sustained loads rather than transient pulses. An
overvoltage event lasting one hour im regime would require maintaining 120 kW of additional
load for the full hour, corresponding to 120 kWh of energy. For reference, a typicatafizble
electric vehicle can provide 10 kW of power with&DkWh of available energy, suggesting thdt24
vehicles would be needed to address a typical event depending on its duration.

4.5.5 Temporal characteristics of OV events

Seasonal distribution

The occurrence of overvoltage events shows strong seasonal dependence, with a clear concentration
during colder monthsTable3 presents the distribution of OV days across seasons for each regime.

Table3: TPInkubator Vrbina regimes seasonal distribution

Noelv Z Plu z]PzY 0}AY d}s o
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The complete absence dDV events during summer months is a notable finding that warrants
explanation. In many networks with high PV penetration, summer would be expected to produce the
most overvoltage events due to maximum solar generation. However, the TP Inkubator Vrbina
network serves loads that apparently scale with solar availability, maintaining power balance even
during peak generation periods. The winter concentration of events likely reflects the combination of
lower solar generation reducing the setbnsumption of prosmers while commercial and industrial
loads maintain elevated consumption, creating conditions favourable for voltage rise through different
mechanisms than simple PV oversupply.

Weekday distribution

Analysis of OV event distribution across weekdays reveals relatively uniform occurrence without strong
weekly patterns. The number of OV days by weekday ranges from 3 (Thursday) to 9 (Tuesday), with no
systematic difference between weekdays and weekentigs Winiform distribution suggests that the
factors driving overvoltage events at TP Inkubator Vrbina are not strongly correlated with typical
weekly activity patterns.
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Hourly distribution

Figure23: Hourly
distribution of OV events
normalised within each
regime, revealing the
afternoon concentration of
events and distinctive
temporal signatures for each
regime type

The hourly analysis presented kigure23 reveals that overvoltage events concentrate heavily in
afternoon hours, with peak occurrence between 12:00 and 18:00. Morning events before 10:00 are
rare across all regimes. Interestingly, each regime shows a somewhat different temporal signature:
Bnigho events peak sharply around 14:06:00, while Buwg events spread more broadly across the
afternoon. Regime A shows the most diffuse temporal pattern with a secondary peak in early evening
hours.

Regime ceoccurrence

An important question for forecasting is whether OV days tend to exhibit a single regime type or
multiple regimes within the same day. Analysis of the 42 OV days reveals that most days are
characterised by a single dominant regime: 16 days showed onlynBe&gievents, 10 days showed
only Bighg and 14 days showed only.f. Only 2 days exhibited events from multiple regimes, and

no days showed all three regime types. This clean separation supports the feasibility-atiedad,
regime prediction, as the fecast needs to identify a single expected regime rather than predicting a
complex mixture of conditions.

4.5.6 Dayahead forecasting mode

Problem formulation and challenges

The forecasting task aims to predi@Vevent occurrence and type for day D+1 using features available
at day D1, creating a lay forecast horizon. This lead time enables D®Oto signal expected
conditions and allows \Woperators to prepare appropriate control strategies in advance.

The forecasting problem presents several significant challenges. The data is highly imbalanced, with
only 43 OV days out of 709 total days representing approximately 6% positive class prevalence. This
imbalance means that a naive classifier predictingQ\48' for every day would achieve 94% accuracy
while being completely useless for the intended application. The rolalsis nature of the problem

adds further complexity, as the forecast must not only distinguish OV fromQ\brdays but also
classify the exgcted regime type for OV days.

The critical operational requirement is high recall: the cost of missing an OV event (leaving the system
unprepared) substantially exceeds the cost of a false alarm (unnecessarily preparing the system). This
asymmetry drives the model design toward sendlyiat the expense of some specificity, accepting a
higher false alarm rate to ensure that genuine OV events are rarely missed.
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Model architecture

A hierarchical XGBoost classification approach was implemented to address thelasdtprediction
problem. Rather than attempting to predict all four classes (NV nifsBBowg) Simultaneously, the
model decomposes the problem into three sequential binary classifications.

At the first level, the model distinguishes between Normal Voltage (NV) days and OV days of any type.
This is the most critical decision, as errors here propagate through the entire prediction. At the second
level, conditional on predicting an OV day, thedel classifies between Regime A and Regime B. At
the third level, conditional on predicting Regime B, the model further distinguishgsf®m Bowo.

Each level uses an XGBoost classifier with adaptive probability thresholds tuned to optimise recall
while maintaining acceptable precision. The threshold tuning prioritises catching OV events at Level 1
and correctly identifying the more critical B reginasubsequent levels.

Feature engineering

A total of 90 features were engineered fromlDmeasurements and D+1 weather forecasts. The
feature set encompasses several categories designed to capture different aspects of network
behaviour and external conditions.

Voltage statistics from the previous day include percentile values (particularly Up99 capturing near
maximum voltage), voltage margin to the OV threshold, minimum and maximum phase voltages, and
the phase voltage floor representing the lowest observed&aleross phases. Power statistics include
mean and extreme values of active power, as well as reactive power variability captured through
standard deviation and range metrics.

Temporal aggregates provide tinoé-day specific information, including evening voltage means,
morning and midday power imbalances, and p&akir statistics. Weather forecasts for the target day,
obtained from the OpefMeteo API, include global tilted irdéance predictions (mean and variability),
cloud cover forecasts, and temperature. Calendar features encode season and day of week to capture
any systematic patterns.

Feature importance analysis, showirigure
24, reveals that voltageelated features
dominate the prediction. The 99th percentile
of voltage (Up99) and voltage margin to the
OV threshold are the most informative
predictors, followed by phaskevel voltage
statistics. Weather features, particularly
irradiance forecasts, contribute secondary
predictive value. Notably, consumer and
prosumer level data showed only marginal
impact on prediction accuracy, suggesting
that transformerlevel  measurements
capture the essential information for
forecasting.

Figure24: Top 20 feature importance for the NV vs OV classification, demonstrating the dominant role of
voltage-related features in predicting overvoltage days
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Model performance

The hierarchical model achieves strong performance on the primary objective of detecting OV days
while maintaining acceptable false alarm rates.

Table4: TP Inkubator Vrbina overvoltage regime forecasting model performance

OHWULF 9D O

OV Recall (any type)

False alarms ZF
Coldstart OV recall

Regime A recall

B detected as OV

The 79% overall OV recall means that approximately four out of five OV days are correctly predicted
in advance. The false alarm rate of approximately one per week represents an operationally acceptable
trade-off, as the cost of unnecessary preparation isd@st compared to the benefit of catching true
events.

Particularly noteworthy is the 100% recall for cstdrt OV events, defined as OV days that follow a
sequence of NV days. These events, which occur without recent precedent, are often the most difficult
to predict but also the most important to catch, tie system has had no recent opportunity to learn
from similar conditions. The model's perfect performance on this subset indicates that it has learned
to identify the underlying conditions that presage OV events rather than simply extrapolating recent
trends.

Limitations

Several limitations should be acknowledged. The model does not predict the specific time of day when
OV events will occur, providing only diayel forecasts. While the temporal analysis suggests that
afternoon hours are most likely, this information isticorporated into the forecast output.

The dominance of transformdevel features suggests that the model's performance might be
improved by incorporating additional data sources, such as meditage network measurements
or transformer configuration parameters. Such data could help distsingoetween localhdriven and
systemwide voltage conditions.

Finally, the limited number of OV days in the dataset (43) constrains the statistical confidence in
regimelevel predictions. As more operational data accumulates, the model's regime classification
capabilities should be revaluated and potentially retragd.

Conclusions

The analysis has established a comprehensive framework for understanding and predicting
overvoltage events at the TP Inkubator Vrbiteamonstrationsite, yielding several findings with direct
implications for voltage regulation strategy.
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The identification of three distinct overvoltage regimes throug® Bpace clustering represents a key
contribution. Rather than treating all OV events as equivalent, the analysis reveals that Regime A
events are primarily driven by reactive power and i@sgp most efficiently to ontrol, while Regime
Bowgevents are strongly sensitive to active power and are ideal candidates feb&&8l intervention.
Regime Bgnopresents an intermediate case where the network is operating near capacity limits and
multiple control resources may need to be coordinated.

The sensitivity analysis quantifies these differences precisely, showing that reducing voltage by 1 V in
Regime A requires approximately 19 kvar of reactive power but 217 kW of active power, while the
same reduction in Regime.&, requires only 120 kW of active power. These values provide concrete
design targets for control systems and resource sizing.

The high phase symmetry observed throughout the dataset confirms that overvoltage at TP Inkubator
Vrbina is a systedevel phenomenon rather than a singhbase issue, validating the use of aggregate
power measurements and balanced control strategies.

The dayahead forecasting model achieves 79% OV recall with approximately one false alarm per week,
providing actionable predictions that enable proactive system preparation. The 100% recall on cold
start events is particularly valuable for operational tgmnent, as it ensures that unexpected OV
conditions are anticipated even without recent precedeRerformance results also inform KPls
related to the Slovenian demonstrator.
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5 Slovenian use cases demonstration

The Slovenian demonstrator involves three distinct business roles. The first role is the DSO, which acts

as a user and procurer of local flexibility services enabled by V2X technologies. The second role is the

aggregator, which acts as a flexibility seryicevider by aggregating V2)ased flexibility together

with other flexibility resources within its portfolio. The third role is the Slovenian national data hub,
viSv se3}%v d} |l ~ sdeU AZ] Z % E(}Eu+. 3Z &E}o }( u EI s

procurement and activation of local flexibility services.

From a technical perspective, the main technical components on the DSO side are the Advanced
Distribution Management System (ADMS), the big data platform LAMBDA aridctidlexibility
marketplatform (FlexIS). On the aggregator side, flexibility resources are managed through a VPP. This
pilot configuration enables the demonstration of the following EV4EU use cases:

x UseCase 9 (UC9): V2X management by g VPP

X Use Case 10 (UC10): Participation of V2X in electricity markets

X Use Case 11 (UC11): Participation of V2X in grid services

X Use Case 12 (UC12Ktivation of V2>based flexibility services by DSOs.

EVT acts as a neutral market platform enabling the registration of flexibility service providers,
publication of local flexibility tenders, submission and forwarding of bids, and support for flexibility
activation processes. As Slovenian DSOs are alreathected to EVT for the exchange of smart
metering data, EVT can be used as an intermediate component to collect information on flexibility
providers, publish tenders for local flexibility services, forward received bids to the DSO, and transmit
activationrequests. In this setup, EVT operates the market platform, while bid evaluation and selection
remain the responsibility of the DSO.

The overall concept of the Slovenig@monstratoris based on the use of ADMS functionalities
providing observability of both MV and LV distribution networks. When a violation of normal operating
conditions is detected, the ADMS triggers a signal to the FlexIS platform to activate appropriate
flexibility services and mitigate the identified issue. On the other hand, the operator can manually
activate a flexibility service for any available and valid flexibility contract directly via the platform with

a singe action. This additional functionality enables the operator to initiate flexibility activation in
cases where the ADMS has not detected or flagged the need for corrective action. This concept is
schematically illustrated iRigure25.

Figure25: Sloveniandemonstratorarchitectureconcept
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From the perspective of Elektro Celje (DSO), flexibility products are defined in a techagiugpfic
manner, meaning that any flexibility resource capable of meeting the required technical attributes of
a given flexibility product can be usethese technical attributes include parameters such as time of
activation, activation duration, required power volume, activation direction, and location within the
distribution network. Flexibility services are offered by the aggregator (BEMhich aggregates
heterogeneous flexibility resources, including Wabled assets, through its VPP.

FlexIS offers the possibility of monitoring measurement and forecast data. The user is redirected to
the Dashboard upon successful login to the systentidure26, the graph presents a timseries
visualization of transformer power consumption, allowing operators to monitor Ibadaviour
identify peaks, andnalyseperformance over a selected period. As showrFigure25 ADMS and
LAMBDA are the main gateways to FlexIS, and data is providedaatdime.

Figure26: Transformer monitoring

The user can select the desired transformer station and the period (start and end date) for displaying
data. TheFigure27 shows an example of a dashboard from the flexibility platform.

Elektro Celje continuously analyses the state of the distribution grid and identifies time intervals, such
as specific seasons, days of the week, or hours of the day, during which flexibility services are required
to resolve operational constraints. Basewl these analyses, the DSO defines the required volume and
direction of corrective flexibility products and prepares tenders for flexibility services. These tenders
are submitted to EVT and published for the relevant distribution afelist of publishedenders in

FlexIS is shown Figure27.
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Figure27: Tenders review table in FlexIS

Registered flexibility service providers that have registered eligible flexibility resources within the
affected network area can participate in the tendering process. The registering of flexibility service
providers (consumers and aggregators) is possilaléhe FlexIS platform as shownRigure28 and
Figure29.

Figure28: Consumer registration form
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Figure29: Aggregator registration form

During the tender opening period, the aggregator submits bids via EVT. EVT disseminates these bids
using a publish/subscribe communication model, enabling the FlexIS platform, deployed in the IT
environment of Elektro Celje, to receive all bids associatigtul a specific tender.

FlexIS automatically processes the received bids, sorts them into a Merit Order List (MOL), and selects
the most costeffective bids (highlighted in green) until the required flexibility volume is satisfied as
shown inFigure30. This selection process is fully automated.

Figure30: Bids MOL list

For the selected bids, contracts are generated and transmitted to the respective bidders. Once signed,
the contracts are uploaded to the FlexIS platform and automatically registered in EVT. Only flexibility
services covered by valid and signed contractsedigible for activation.

On the DSO side, flexibility service activation can be performed either manually or automatically, with
automatic activation being the default mode. When the ADMS detects a potential violation of normal
operating conditions (e.g., transformer overload atudpstation), it sends a notification to the big data
platform Lambda within the Elektro Celje IT environment. Lambda subsequently sends an activation
request to FlexIS in the form of an XML message containing information on the affected asset,
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activation time, and required flexibility volum#&lanual activation was used only for demonstration
purposes during the pilot in order to illustrate the functionality of the flexibility activation process.

FlexIS verifies whether a valid contract exists for the requested flexibility product. If a valid contract is
available, FlexIS sends an activation signal to EVT, which forwards the activation request to the
contracted flexibility service provider. The @ettion event is recorded in FlexIS and marked as
activated.

Once the flexibility service provider activates the requested flexibility resources at the specified time,
an acknowledgement message is sent back to the DSO. This confirmation message, formatted as a CIM
XML message, is received by FlexIS, which updagesctivation status accordingly.

For manual activation of a flexibility service, the activation data forfigare31 must be completed

in the FlexIS Ul. The user selects the relevant transformer station, the start and end dates, the contract
ID for either upward or downward activation, the activated power, and the di5 30-minute
resolution. Once th&avebutton is pressed, the activation signal is sent to EVT and forwarded to the
contracted flexibility service provider.

Figure31: Manual activation of flexibility services

5.1 Aggregated representative EV profiles

To simulate V2X environmeoh the Velenje demonstrator where BE8&s aggregated inta VPP
Slovenian partners developed aggregategresentativeEV profileswhich enabled BESS dot in a
similar way as V2X CSs and consequently EVrofiles were developed for different UCs and
participation in selected local and national flexibility services defined in deliverable[E)4wthich
enabledcomprehensiveestimation of V2X impact arits flexibility potential.

Aggregated representative EV profiles were developed using adiaen approach thatcombines
statistical mobility data, historical distribution grid measurements, and masgetific information to
realistically represent the collective behaviour of multiple W@bled EVs. The objective of this
approach was to enable a practical andilable assessment of EV flexibility under real operating
conditions, while avoiding the need for direct physical integration of a large number of EVs into the
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demonstrator. Instead, the aggregated EV behaviour was emulated using a BESS aggregated into a
commercial VPPL4].

The development process starts with statistical data on vehiclehetgmviour whichisused to derive
probability distributions of trip start times for different travel purposesy.,work and leisure). These
distributions define the arrival and departure times of individual EVs, which are then aggregated to
determine average pluih and plugout times for each aggregated representative EV profile. This
ensures that the resulting EV giiles reflect realistic connection patterns for selected use cases,
Jv opg JvP Z}u Z EP]JvPU A}EI% o0 Z EP]JVP }( u%o0}C [ seU
workdays and weekends. The state of charge SOC atrphryl the target SOC at phagit are cefined

based on typical chargirfgehaviourand battery usage assumptions, ensuring that user requirements
are preserved despite flexibility serviearticipation[14].

In parallel, historical distribution grid load measurements and balancing market datmalgsedo

identify highprobability time windows for the activation of local flexibility services, mFRR and aFRR.
These time windows are matched with the connection periods of the aggregated EV profiles to
determine feasible participation intervals for each flahty service. Based on the defined connection
times linked with specific UCs, SOC constraints, and service participation windows j\aariing

power sigmal 2:P,is constructed for each aggregated representative EV profile. This signal specifies
when and at what power level the emulated EV aggregation charges or discharges, either to provide
flexibility services or to reach the required SOC at-plug14].

Based on the developed approach, a total of 20 aggregated representative EV profiles were created to
cover the main use cases and flexibility service participation scenarios addressed in the Slovenian
demonstrator. The profiles were developed for threee®fCs: EVs charging at home, EVs charging at
A}EI ~ u%0}C [ A Z] 0 *+U Vv }u% W@elased w hdmdandl |Aleet fdrther
differentiated by workday and weekend behaviour. For each UC, EV profiles were defined for
participation in iividual services local flexibility services, mFRR and a¥B&well as for combined
participation across all three services. All the developed EV profiles are presefigdrie32.

Each aggregated EV profile represents a group of fiveeviaBled EVs and captures realistic charging,
discharging, and statef-charge trajectories aligned with user behaviour and service activation
requirements. Resulting in a single equivalent flexjbittsource that can be uploaded to the VPP and
activated on the BESS. By activating these profiles on the demonstrator, the approach enables
controlled, repeatable, and realistic testing of EV flexibility provision, quantification of negative and
positiveflexibility, and assessment of grid impact at both local and national |fi4]s

Figure32 illustrates how EVs can provide different types of flexibility services depending on their
charging location and user profiles. Three representative use cases are inglddede, Workplace
(employees), and Workplace (company EV fleefdch analysed for typal workday and weekend
charging patterns. For every scenario, the battery State of Charge (SoC) is compared across four
operational modes:

X Local flexibility services;

x mMFRR (manual Frequency Restoration Reserve);

x aFRR (automatic Frequency Restoration Reserve);

X Combined operation (local services + mMFRR + aFRR).

These modes demonstrate how the available battery capacity, glalyrations, and user behaviour
influence the E\§ potential contribution to grid services.
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Figure32: Aggregated representative EV profiles developed for different use cases and flexibility services

5.1.1 Home Charging

During workdays, EVs at home are typically unplugged throughout daytime and only connect to the
charger in the evening or overnight, which shapes their flexibility potenbaking workdayin
SloveniaEVsare inaverageplugged froml6:00 till 800 in the morningln this setting, local flexibility
services rely on steadyight time availability and therefore show smooth modulation of charging
power. mFRR introduces occasional short charging or discharging events, demonstrating the ability of
homea&harged EVs to support slower reseeegtivation signals. aFRR, in contrast, requires fast and
frequent adjustments, resulting in more pronounced fluctuations in power. When local services, mFRR,
and aFRR are activated simultaneously, the combined mode exhibits layeakrit interventions,

yet the vehicle still reliably reaches the required SoC before the morning departure.

On weekends, EVs tend to remain plugged in for much longer pefaosdaverage froml9:00 till

11:00, significantly increasing the flexibility available to the system. This extendedspiugpdow
enables richer participation across all flexibility services, with aFRR and combined modes showing the
most dynamic profiles. The longer availability allows the vehicle to respond more often and more
intensively toactivationsignals while maintaining user requirements for SoC.

5.1.2 Workplace Charging

Employee vehicles at workplace chargers generally follow predictable daytimemplatterns,
creating a stable foundation for flexibility provisiokverageworking hours in Slovenia are from00

till 16:00. Local flexibility services typically operate during midday, when renewable energy
productionv especially solavis high, enabling controlled and efficient chargimgnile they are also
important duringeveningpeak loadsBoth mFRR and aFRR align with workengr availability, with
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aFRR displaying the most rapid oscillations due to its continuous balancing function. In combined
mode, the EV provides the broadest flexibility range, actively responding to various grid needs while
*S]oo veupE]JvP vipuPZ Z EP (}E&eSZ u%o0}C [ % ESPE

Because employee vehicles are rarely presensitanduring weekends, their contribution to flexibility
services is minimal. The limited plesyoccurrences are reflected in the graphs, which show very low

or even no activation of local services, mFRR, or aFRR, resulting in negligible flexibility value in this
scenario.

5.1.3 Company EV Fleet

Company fleet vehicles follow consistent operational schedigesverage connecteddm 16:00 till
8:00)and remain connected for extended periods, making them highly suitable for delivering diverse
flexibility services. Local services create a clear, sdiep SoC profile as controlled charging progresses
throughout the day. mFRR introduces structured charging and discharging events that align with
reserve dispatch requirements. aFRR produces rapid and frequent power fluctuations, reflecting its
real game frequency regulation role. When operating in combined mode, fleet vehicles achieve the
highest density of flexibility actions, showcasing their strong capability for teyktred grid support
without compromising operational readiness.

If the company fleet remains parked over the weekend, flexibility potential increases even further due
to long and uninterrupted availability. In this setting, the combined mode shows extensive and diverse
activation, with the battery engaging simultanedusn local services, mFRR, and aFRR. This makes
fleet EVs one of the most valuable assets for providing continuous andehjgitt system flexibility.
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6 Slovenian demosnonitoring andresults

The Slovenian demonstrators form a key part of the EV4AEU project, providingadadlenvironments

for testing advanced V2X functionalities, flexibility activation mechanisms, and interoperability
between vehicles, charging infrastructure, and upstrearmmticd platforms. Throughout the
demonstration period, comprehensive monitoring was performed across all threewitetenje,

>ip oi v U vvtxv@idh}e the technical performance of the deployed systems and to assess
their readiness for largscale itegration.

The results presented in this sectiand section Bummarise the findings from a series of controlled
tests and live demonstrations, each conducted with specific configurations, vehicle models, and
prototype charging equipment. The monitoring data captures both the expected behaviour and the
limitations dserved during operation, offering valuable insights into system reliability,
communication flows, and EV/BMigpendent responses.

Together, these outcomes provide a detailed evidence base on the effectiveness of the Slovenian
demonstrators, highlighting achieved functionalities, identified constraints, and lessons learned that
will inform future deployment and standardisation effosdthin the EV4EU framework.

6.1 BESS demonstratermeasurements from testing and analysis

During the activations of the aggregated representative EV profiles on BESS8meealata is
monitored by both VPP and DSO backend systdims.gird data is measured dib-minute periods

while VPP data is measured on-d€condsintervals After activation, data from VPP and BESS are
collected, including power signals and SOC, which are ready for analysis. Additionally, grid
measurements are collected from the secondary substation to assess the grid impact. The analysis
verifies whether theBESS accuratefgllowed the VPP activation signal within predefined response
time and evaluates the success of flexibility services provision, using power grid data and VPP
measurements. The mentioned data are availablestdr VPP activations.

Figure33W /&£ u%o0 }( SWW u euE u vse (}E 3]A §]}v «]Pv o }( s % E}(]o
participation in local flexibility services on BESS demonstrator
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participation in local flexibility services are presentedFagure33. The red line represents the VPP

activation signal sent by the VPP to BESS. The blue line represents the power response of the BESS
(positive numbers represent discharging, while negative numbers represent charging), and the green

line represents the SO the BESS during activatifi#].

FromFigure33it is evident that the power response of the BESS correctly followed the power setpoint
sent by the VPP through the activation signal. We can conclude that the activation was successful if we
consider the VPP and BESS measurements.

To assess whether participation in local flexibility services was successful, we analysed the
measurements from the secondary substation in combination with the data from the VPP for the
observed period of the activation. A visualization example of thesmesaments from the SS and the

VPP is shown iRigure34.

dz ~ }vP «8]}v u v P u vs=_ FHurelB4viRdicatdss the provision of the positive
congestion management service, which was activated in anticipation of a peak load at the selected
secondary substation. Once activated, a reduction in substation load (A+) is observed, confirming the
effectiveness bthe service During thepositive congestion management servid® kWh ofenergy

was discharged to the grid.

Figure34: Example of measurements of active and reactive power at selected secondary substation for VPP
§]A 8]}v ¢ ]JPv o0 }( s % E}(Jo & 03 3} h z u%o0}C [ (}E % ES] 1% 3]}v ]v
demonstrator.

dz " }vP «38]}v u v kedaiangtesirfigure34shows the activation of negative flexibility, with
the BESS charging after 12:00 to absorb expected excess PV generation. The resulting decrease in
/E e Ws % E} p S]}v 8§ 8Z « }v EC epu 8 8]}v ~ >eU Z]PZo]PZS (
dotted andsolid lines, confirms the effective mitigation of PV surplus during the observed period.
During the negative congestion management sendi@&kWh of energy wasised from thegrid for
chargingof BESS
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The analysis and visualisation presented inRlgure33andFigure34was done fod0+ VPP activation
of 20 aggregated representative EV profiles. The measurements of successful activations for 20 EV
profiles are the foundation for the relevant KPIs calculations presented in the subsé@ion

6.2 Testing on BESS demonstrator

During the demonstration period from April 2024 to January 2025, a total of 60 activations were
performed on the demonstrator, including testiagtivities These activations covered 20 aggregated
representative EV profiles, enabling systematic testing of flexibility service provision and validation of
the developed EV profiles. The testing confirmed technical readiness and operational robustness of
the Sloenian demonstrator.

Figure35: Overview of VPP activations and test scenarios at the Velenje demonstrator

6.3 Calculation of KPIs related to the BESS demonstrator

As defingl in Deliverable D7.11], 19 KPIs structured across 5 categories are relevant for Slovenian
UIVeSE S}EX <W/« E ]A] SA v 3ZCE u} ¢]8 « Jv <E“I}U >ip oi
12 KPlIs are relevant for the BESS demonstrator in Velenje, and their calcylatifmmmed with BESS
UlVeSE S} E[* <W/ Vv o0 Carpprésehitedhih@dsectip6.4.

All 12 KPIs were calculated for 20 aggregated representative EV podfibich VPP activations were
performed on BESS, covering five use cases and three flexibility services (local flexibility services, mFRR,
and aFRR Two KPIs (KPI 9 and 10) were calculated using estimated values, lioigeth availability

of forecasting dataThe estimatios relied on historical averagiad profiles and scenaribased
assumptions reflecting typical daily variabiliiherefore KP1 9 and KPI 10 values represent indicative
performance rather than fully operational forecasting accuracy.

Table5 presents the average KPI values calculated across 20 aggregated representative EV profiles
activated on the BESS demonstrator. These average values provide an insight into BESS demonstrator
in Velenje.
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Table5: Calculations of 12 KPlIs relevant to the demonstrator in Velenje for 20 VPP activations of EV profiles

Average values fc

KPI Name of KPI Target Unit 20 EV profiles
KPI 1 Demonstrator accuracy 50% 270
KPI'2  V2G success level 15% 25
KPI 3 Profit for aggregator 501 ~ 9.7
KPl14  Cost reduction for DSO 5% 0.0
KPI5  User satisfaction 50%

KPI16 Reduction of CO2 6kg/day 133.4
KPI'7  Technical operation of CS 97%

KPI1 8 Data reliability 95%

KPI'9  Flexibility forecast accuracy 50% 83.4
KPI'10 Generation and consumption forecast accuracy 50% 656
KPI'11 Voltage compliance 100% 100
KPI'12 Additional potential for services 20% 0.35
KPI1 13 Occupancy of the charging station 2h/day

KPI 14 Increased flexibility for grid 35% 113
KPI 15  Flexibility from EV availability 35%

KPI 16 Request fulfilment ratio of flexibility by DSO 70%

KPI'17  Technical operation of BESS 97% 99.9
KPI1 18 Successfulness of aggregator activations 70% 96.3
KPI'19 Aggregators bidding performance 100%

AlthoughTable5 presents the average KPI values calculated across 20 aggregated representative EV
profiles activated on the BESS demonstrator. These average values provide an insight into BESS
demonstrator in Velenje.
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Tableb presents average values, the underlying results show that performance varies across individual
EV profiles and service types. Technical KPIs related to system reliability and operational stability
remain consistently high, indicating robust system intéigra In contrast, flexibilityrelated and
economic KPIs demonstrate greater sensitivity to operational conditions, EV availability, and service
characteristics. This suggests that while the technical framework is stable, the delivered flexibility
performance is influenced by contextual and behavioural factors.

Thissection 6.3erves as a guideline farrther analysis of KPteat will follow in theDeliverableD7.4
Lessons learned in Slovenian Demonstrator and Services Marketability report.

6.4 Flexibility related discussion

Subsectior6.4 focuses on the analysis of flexibititglated aspects of VPP activationioflividualEV
profiles, as this represents one of the key elements for providing additional insights to stakeholders
regarding which UCs deliver the highest flexibility potential in the selected services.

The Table 6 provides a representation of the relative difference between activated positive and

negative flexibility delivered by individual EV profiles across diffeld@sand participations in

different flexibility servicesDirectional symbols indicate which type of flexibility prevails, while the

vuu & }( *Cu }oe & (0 S« 8Z u Pv]spy }(85Z J((Ev X dZ «Cu }o "
S8]A &  %}]3]A (o A£]]0]5C }u% E 3} v Rdigjtds toophdsil@HE U AZ E
E % S]S]}v }( *Cu }os ~ XPXU "EE_ }@& "DDD_* E % @& * v+ Jv E <]VP
JEE *%}v JvP §} 1(( & v 0}A 11 1tZ \ferérdeDdbove] 30 KWE] Viie ]
*Cu }o "A_ Vv}S e %% E}A]Ju S 0C o0V o Activatddiewliitys]A v v P 3]

Table6: Relative difference between activated positive and negative flexibilgyovided by individual EV
profiles acrosdJCsand services

Activated Activated

negative positive

flexibility flexibility
[kwWh] [kwWh]

Flexibility

; EV profile
services
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The results presented ifable6 indicate that the selected use cases (UCs) demonstrate a considerable
potential for the provision of both negative and positive flexibility. While the magnitude of activated
flexibility varies across individual EV profiles, the analysis shows that spugfilds are capable of
delivering substantial flexibility volumes in both directions. When aggregated, the cumulative
contribution of EV profiles represents a meaningful flexibility resource for grid operation and market
based services, highlighting tirelevance of VRBggregated EVs in supporting local and syskevel
flexibility needs.

65 YU vS](C]JvP (o A] ]o]SC %}S vS8] o (}@Ebasddd bh} ujve
simulation

Quantification of flexibility potential was donky V2GFlex toolhich is a simulatiorbasedand
demonstrator related assessmentool designed to assess EVs flexibility potential and to support
feasibility analysis of EV patrticipation in selected local flexibility services using historical datasets from
the Slovenian demonstrator. The toohientionedin D3.4 and in articlfl5]. The V2GFlex is also linked

with KER14B of the EV4EU project.
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The development of the tool was based on the previous activities done in the scope of the EV4EU
project, for example spaeeme modelling of local traffic for quantifying EV imp§b8], investigating
optimization scheduling of EYk7] and evaluation of pure REV system at the country lea8].

6.5.1 Quantification of flexibility potential for one day

In the paper[19] we have evaluated flexibility potential of a selectd@of a parking lot with 1&EVs
aggregatedin a VPP, which is connected with Slovenian demonstrator. The study estimates the
negative and positive flexibility potentials that aggregated EVs can offer, as well as the ability for
participation in the markets in the scope of one day. The conclusithmat EVs in such a constellation
can offer a negative and positive flexibility potential of 880 kWh within one day. Taking into account
the specifications ofhe charging stations (CSs), the potential is 550 K/@h

Figure36 shows the available negative and positive flexibility potential of EVs considering the CSs
limitationsrelated to maximal charging and discharging pawealso shows the unavailable flexibility

of EVs due to CSs constraints. The specifications of the CSs limit the utilisation of the full flexibility
potential EVs have. This means that development of powerful V2G CSs is just as important as
development é EVs that are compatible with V2G technology.

Figure36: Example of flexibility potential of EVs for select&dCper hour for one day, considering CSs
limitations [19]

6.5.2 Quantification of flexibility potential for longer period

In the pape[15], for the selected case, which aligns with the Slovenian demonstrator of the EU project
EV4EU, we simulated and assessed flexibility potential of V2@nB¥Wseir capabilityor participation

in local flexibility services. The results are presented for the selected case, where the simulation covers
one month Figure37 and Figure38). The case includes 10 bidirectional CSs connected to the same
secondary substation with consumers and two solar power plant§}E sZ <& 1} o} S]}v

Figure37 shows the secondary substation loading (blue) for the selected simulation period, expressed
as a percentage. The red line indicates the threshold at which the congestion management service,
provided by EVs, was activated.
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Figure37: Simulated secondary substation loading for the selected case: participation of EVs in the
congestion management flexibility service. The substation loading is indicated in blue, while the power of
the aggregated EVs is shown in green

Figure38 presents the assessed negative and positive flexibility potential of aggregated V2G EVs for
the selected simulation period. The dark blue lindrigure38 represents the average value of the
negative EV flexibility potential, together with the range of its variation across the ten simulation
iterations. The same applies to the positive EV flexibility potential, which is shown in orange.

Figure38: Assessment of the negative (blue) and positive (orange) EV flexibility potential based on the
simulation results for the selected period of 1 month

Our results indicates that the selected flexibility service was activated an average of 19.2 times during
the simulation period, with EVs providing 251.65 kWh of positive flexibility. Throughout the simulation
period, the EVs offer on average 1¥8Vh of negative and 93.8 MWh of positive flexibility potential

to the aggregator and thus to tHeSO For the given case, EVs could provide flexibility for 55 % of their
connection time on average. A broader analysis indicates that as the share of EVs incredses, so
the activated flexibility by EVs, reaching 567 kWh at a%d®V share and 251.64 kWh at 5(1%.

Below are presented selected results of the simulation related egtimatedquantification of the

fo A£] ]o]SC %}S v3] o (}@E& <E“I} u}lveSE S}IEX

Table7 provides an overview of the broader context of the simulated case. It illustrates the impact of
the EVs share on selected simulation outcomes. It can be concluded that both the negative and positive
flexibility potential that aggregated EVs can offer e taggregator increases with a higher share of
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EVs. This is expected, as the total battery capacity of connected EVs increases accordingly, assuming
the simultaneous availability of charging infrastructure.

Table7: Impact of the EVs share on EV flexibility potential and on the activation requirements of the selected
flexibility service- based on simulations for 1 month

10% 50% 100%
Negative flexibility
potential [MWh] 104.3 118 1315
Positive flexibility potential
[MWh] 82,6 93,8 104,4
Number_ of §uccessfu| 0 19,2 46
activations
Percenta_ge (_)f unsuccessfl 0 1 13,9
activations [%]
Activated flexibility [kWh] 0 251,6 567

It can be observed that an increase in thedbdrelevel also leads to a higher number of congestion
management servicactivations This is due to the growing number of EV connections to the charging
infrastructure and the more frequent exceedance of the service activation threshold. This indicates
that the secondary substation becomes increasingly loaded as the EV share risesxnkanth as the
number of activations increase$able7 shows that a higher EV share level also results in a greater
number of unsuccessful activationdue to increasedecondarysubstationload and SoC limitations
which in the case of 100 % EV share amounts to an average of 13.9 % of all activations.

It can be concluded that the need for activated flexibility from EVs also increases. In the case @ a 100
EV share, the activated flexibility amounts to 567 kWh, whereas it reaches 251.64 kWh at a 50 % EV
share. It can also be observed that at a 10 %liare there is no need, in any case, to activate the
congestion management service, as the secondary substation is never sufficiently loaded to require
such activation. For the selected case, it can therefore be concluded that a 10 % EV share has no
signifcant impact on the stability of the secondary substation or on the increased need for activations
of the selected service, which is not the case for scenarios with 50 % and 100 % EV share.

Additionally, we also assessed the potential of EVs to participate in the Pure PV EV system in Slovenia,
about which you can finthore in the published pape18].

The simulation results provide a foundation for the development and evaluation of the Slovenian
EV4EU project demonstrator during and after the project lifetime.
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7 Charging stationsesting

Within the EV4EU Slovenian Demonstrator, ABB provided advanced electric vehicle charging
JV(E +SEp SpE A]3Z ] 1E 3]}v o Z E&ppble CC%.chdrging stations epabkei
controlled energy flow both from the grid to the vehicle andnr the vehicle back to the grid. This
supports GEN [+  3]A]13] « ]vsdroiceBdsting] larging optimization, and the development of
use cases relevant to the Slovenian electricity system.

/veS 00 S]}ve Jv >ip oi v Vv <E“l} *p%o%}ES }SZ & « E Z v A 0} %o
validation, providing realvorld environments for testing V2G integration scenarios. As the industry

shifted from CHAdeMO toward CCS and ISO 1204&ésal communication, ABB adapted its charger
architecture accordingly. The current 11 kW bidirectional wall box supports both grasgd and

private residential use cases and enables integration with home energy management systems.

From an electrical perspective, the charger accepts a thtese AC input range from 340 to 440 V
and provides a DC output voltage range from 150 to 500 V, matching typical EV battery architectures.
Its bidirectional functionality supports up to £11 kWabfarging and discharging power (maximum
+36.7 A), making it suitable for V2G and eneaslygring applications. Communication is based on a
modified OCPP 1.6J implementation, enabling compatibility with standard backend systems and
remote management platfans.

Following the decision made in early 2024 to move toward CCS, ABB replaced several key hardware
components, including the gun cable and connector, the CPI communication board, the input board
and its shielding, the ceramic heat sink, and the CI boardiderdo ensure compatibility with CCS
requirements.

VEE 0 % ES }( [« }JVEE] us]}v ]* }u%o]l] v A]5Z o} o E Ppo 3}E
The V2G units are undergoing certification under SIST EN-B084&e A), which is a prerequisite for
inclusion in the SODO list of approved equipmé&nill compliance is important not only for the EV4EU
demonstration itself, but also for future larggeale integration of V2G technology into Slovenian
distribution networks.

From a technical development perspective, ABB is responsible for maturing the firmware required for
reliable bidirectional operation. This includes implementation of control logic for V2G energy
exchange, management of communication protocols, preparatain equipment for Factory
Acceptance Testing (FAT), and delivery of technical documentation and installation manuals. ABB also
supports GEN and project partners through site inspections, planning of electrical and
communication infrastructure, and prepamn of project documentation to ensure safe and
compliant charger integration.

A V2G session was conducted using a CCS simulator, which enabled controlled manipulation of 1ISO
15118/DIN 70121 communication parameters and verification of bidirectional pflaer logic
between the simulated EV and the charging system. This setup allengideers to test message
sequencing, modify V2G communication frames, and validate stable initiation of a V2G session under
laboratory conditions.
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Figure39: ABB's CCS Charging station

For development of the most suitable charging infrastructure, testing in a production environment was
necessary to verify that all components, communication protocols, and system functions operate
reliably under realvorld conditions. Part of this process shown in Figure 40 and Figure 41, which
illustrate an important phase of technology validation before integration into the demonstrator
environment.

Figure40: CS testing in productioprocess

To validate the communication stack and povilerv control in the absence of commercially available

CCS V2@apable vehicles, the chargers were tested using a CCS communication simulator. The
simulator emulated the EV role and enabled deterministic maaipah of HighLevel Communication

(HLC) over PLC (HomePlug Green PHY), including SLAC association, SECC/EVCC TLS session
establishment, and the ISO 15118/DIN 70121 state machine through the sequence ServiceDiscovery

W ZEPWEUSEI]s}AGE W WIAE o]A

Within these sequences, boundary and negative tests were introduced, including modified SessionlID,
altered EVSE status codes, and-ofitange target setpoints, in order to verify EVSE robustness, error
handling, and graceful session termination.
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Figure41: Results of charging and discharging the simulator

Following protocclayer validation, bidirectional power tests were executed using 1drkW
bidirectional wall box. The following aspects were verified:

X Psetpoint tracking for both G2V (+P) and VZES &t 1 s granularity, including ramgte limits and
droop profiles.

x Coordination between HLC permissions and the EVSE power stage, including DC bus precharge and
contactor logic, insulation monitoring, and aitlanding interlocks.

x EVSE behaviour under grid events such as voltage and frequency excursions, as well as
communication impairments including packet loss anthaadshake, with verification of feslafe
fallback to zero export and orderly session termination.

x Endto-end KPI logging, including communication latency, handshake success rate, setpoint
SE I]vP D 1ZDM U v A ]Jo ]Jo]SCU A] &z Z EP E&[+ ~D”™ ]Jvs (
reproducibility and regression baselining.

This simulatodriven approach was necessary because currently accessible vehicles do not expose
compliant CCS V2G functionality, particularly ISO 12D1&directional services, which limits reliable
EVfside testing at this stage.

During testing activities, a V2G session was successfully initiated using a CCS simulator. This enabled
controlled manipulation of ISO 15118/DIN 70121 communication sequences and verification of
bidirectional powesflow behaviour under simulated condition¥he simulator allowed engineers to

modify V2G messaging parameters and validate corre¢EESE interaction before field deployment.
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Figured42: CS testing with car simulator

Following simulator validation, a full V2G session was performed on the Slovenian demo site using an
EV connected to a bidirectional 11 kW wall box charger, where practical discharging tests confirmed
stable energy export from the vehicle to the g(i€igure44). Earlier internal tests demonstrated
successful discharge profiles on several EV models at comparable power levels, supporting the
feasibility of CGBased V2G operation even in the absence of fully ISO 18@t8mpliant EVs on the

market.

Figure43: Slovenian demaharging stations testing

Figure44: First results of the charging and discharging with prototyplearging stations
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Field measurements confirmed stable power export and reliable chavghicle interaction,
complementing earlier tests where multiple EV models, including the Hyundai Kona, were successfully
discharged at similar power levels during @a@sed V2G trials.

7.1 Transitionfrom CHAdeMO to CCS

At the start ofthe EVAEU projecthe plannedV2G demonstrationsvere based orthe CHAdeMO
protocol, because atthat time it representedthe only mature and field-proven solution for
bidirectionalcharging. CHAdeM@ompatible vehicles were availabtbge protocol was stable, and the
ecosystem alreadincluded operationalV2G deployments frorwhich practical experience could be
drawn (Figure45). GEN/ [EV fleet includedpproximatelylO Nissan Leafehiclesall equipped with
V2Gcapable CHAdeME€ontrollers.

Figure45: Testingdischarging with CHAdeMONisan Leafe

However, during project implementation, the European market increasingly shifted toward CCS. New
vehicle models were more commonly introduced with CCS as the default connector, and
manufacturers increasingly prioritised Clkz3ed roadmaps for Europe. Chagg infrastructure
followed the same trend, with operators investing primarily in CCS networks because this
corresponded to new vehicle volumes

CHAdeMO did not become technically irrelevant; rather, it was overtaken commercially. As fewer new
CHAdeMO vehicles entered the market, fewer public chargers supported the standard, and vendors
had less incentive to maintain two parallel ecosystems. Agsalt; sourcing vehicles, planning
demonstrations, and scaling beyond laboratory setups became increasingly difficult.

To avoid relying on equipment that could become obsolete during the project, the decision was made
to transition fully to CCS and align development with ISO 12018

ABB modified the Terra Nova 11J (CHAdeMO) charging station into the Terra Nova 11C (CCS / ISO
1511820). This required replacement of the cable and connector, input board, shield, ceramic heat
sink, and CI board, together with installation of ISO 152@8ompliant software. Since no fully ISO
1511820-compliant vehicles were available on the market at the time, ABB relied on the CCS simulator
for testing the new V2G CS.
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Figure46: Transissiorfrom CHAdeMO to CCS

Testing also showetthat battery dischargés possiblen some EV8y initiating aDCchargingsession
completinginsulation testsaligningDC voltage on theharging statiorconnectorwith the EV DC bus
voltage and then reversing the current ono®ntact ismade In such cases, the BMS detects that
current flows in the opposite direction, but the vehicle user interface is not designed to represent
discharging operation. For example, during a 10 dig¢¢harge the dashboardmay display 10 kW
charging while the state of chargergdually decreaseandthe time-to-full estimate increasef~igure

47).

Figure47: Discharging with ABB prototype CS
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7.2 Identifying interoperable EV

Thenextobjectivewas to identify a vehicleapable of deliveringeliable, reproducible, and technically

meaningful V2G test results. To determine suitabiésa broad selection of vehiclesvailableon the

marketwas evaluated v op JvP §Z st/ XO8U st/ XO6U st/ X heeU al} vC <U ¢
Tesla Model 3, anddyundai KonaEach model was tested for responsiveness to external power
setpoints, chargingession stability, and the ability to execute both charging and discharging
commands throughhe control chain.

The results showed significant differences between manufacturers. With the VW ID.BUZZ and the

al} vC «<U epg ee¢(po }uupv] S8]}v }uo Vv}S 3 0]°Z U AZ] Z % E
Other models connected successfully, but their behaviour vaigmine showed unstable session

initiation, slow reaction times, or only partial compatibility with powaofile commands. Only a small

number of vehicles, most notably the Hyundai Kona and, to a certain extent, Tesla vehicles, provided

the consistency requéd for controlled and repeatable V1G/V2G testing.

This testing campaign made it possible not only to identify technically suitable vehicles for the EV4EU
demonstrator, but also to assess the current maturity of V2X implementation across manufacturers. It
highlighted the importance of interoperability, stdards compliance, and firmware readiness for
integration of EVs into flexibility services.

The results are based exclusively on tests carried out under specific condititmslefined vehicle
models, equipment configurations, and at a particular point in time. The findings reflect the behaviour
of the tested vehicles and systems during thepecificsessions and may not represent general or
future performance of the same models under different firmware versions, configurations, or
environmental conditionsTestingwas conductedisinga prototype charging station, which may differ
from future mmmercial hardware in terms of functionality, stability, and performance. Consequently,
these results should not be assuméal apply to other vehicles, hardware or software versions,
commercially released equipment, later tests.

Table8: Vehicle Interoperability Test Results

Vehicle Session Notes / Outcome
model Stability

VW ID.4 Medium @ Connected but showed inconsistelm¢haviour not suitable for controllec

V2Gtesting.
VW ID.7 Mediumt A Communicatiorwasestablished, but responses were unreliable; unsuita
Low for meaningful tests.
VW v Failed to establish communication; no@sting possible.
ID.BUZZ
al} % No successful session initiation; fully incompatible in current firmw
Enyaq version.

Tesla Medium  Charging session stable, but protocol limitations prevent fullG)
Model S behaviour*

MG Lowt Established connectigibut lacked required responsiveness for controll
MG4 Medium | regulation testingt
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Tesla Medium | Similar to Model S: acceptable stabilibyt lacks full V& capabilities®
Model 3

Hyundai @ High The only vehicle providingstable, reliable, fully repeatable &test
Kona results*

* Even though some vehicles did allow for discharging the battery, this was done without ISG 15118
20 communication.

7.2.1 Testing withVW ID.7

During the test conducted on 30 January 2025, the bidirectional charging capabilities of the VW ID.7
with firmware version 5.2 were evaluated. The procedure began with a standard charging session to
verify baseline functionality, and this phase operatethaut irregularities.

The charger was first configured to deliver maximum power in order to confirm that the vehicle could
accept the highest available charging rate. Several positive Tx profiles were then applied sequentially
§} § «8 8Z A Z] o [* E *%}ve 3nchagidgimwer. THeseRrofiles were executed
and validated successfully.

In the final stage of the test, the Tx profile was set3600 W in order to initiate discharging. This
command immediately triggered the vehicle to begin supplying power back to the system, confirming
operation of its bidirectional interface. The discharcontinued for approximately 70 seconds before

a StopTransaction message was received, indicating automatic termination of the session. To confirm
the result, the discharging process was independently verified using an external meter, which
confirmed enegy flow from the vehicle to the charger.

7.2.2 Testing withMG4

During the test conducted on 11 March 2025, the discharging functionality of the MG4 was assessed.
After the charging cable was connected, the vehicle required several attempts before successfully
initiating a charging session, indicating a delayed harkdspaocess. Once the session was active, the

first Tx_default message was sent with a setpoint-D®,000 W, which immediately initiated
discharging. The MG4 maintained stable discharge for approximately five minutes without interruption
(Figure48). After this period, the power flow shifted to +10,000 W and the vehicle continued drawing
power, while the charging session remained active and no StopTransaction message was issued. This
behaviour suggests that the vehicle independently changed its ojpgratode without terminating

the transaction.

After the initial fiveminute discharge, another Tx_default message with a setpoirit®kW was sent,

and the vehicle again responded correctly by resuming discharging. After four minutes, a Tx_profile
command with the samel0 kW setpoint and a durationf 1000 seconds was issued. The MG4
continued discharging as expected. During this phase, the transaction was unintentionally interrupted
when the vehicle was accidentally locked, causing the charging session to end.

A new test was then initiated using a Tx_profile with a duration of 900 seconds and a setpdidt of

kW. The vehicle again began discharging and maintained this state for approximately 10 minutes
before the transaction stopped automatically, returning @ ransaction message with reason:

"o} o X d} 8§ Eu]lv AZ 8Z & §Z]e Z AJ}JUE A+ E % 3 o0 U 3Z § 3
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a single Tx_profile with a duration of 15 minutes and@kW setpoint. The result was the same: the
D' § Gu]v S 8Z SE& ve S]}v (8§ E %% E}A]Ju S 0oC ii ulvus U P ]Jv

Figure48: Testing results

7.2.3 Charging Station Failure

During another scheduled charging test with the MG4, a series of malfunctions occurred that
prevented normal charger operation. At the start of the test, the vehicle was unlocked and
communication with the charger appeared to initiate correctly. The chagrgiession started, but
terminated almost immediately.

On the second attempt, the session did not start at all. Instead, the charger moved unusually quickly
from the Preparing state to Finishing, without delivering any power. During this phase, the charger
emitted several unusual mechanical or electrical ngjsadicating that an internal component might

not have been operating correctly.

A third attempt resulted in the charger entering a Faulted state. To continue troubleshooting, a full
reboot of the charging unit was performed. After rebooting, the charger returned to the Available state
and appeared operational.

Whenthe cable wageconnected to the MG4, the charging session initiated successfully. The initial
charging power waapproximatelyé kW, which wasvithin expectations. Howeveafter the charging
profile was increasedb 11 kW, a loud bang was heard from inside the chargier whichthe circuit
breakers trippedand powerwas cut off completelyThis indicated a likely electrical failuresidethe
charging stationas showrin Figure49.

Subsequent inspection confirmed that the failure was not systemic. According to the manufacturer, it
was an isolated production error affecting only this specific unit rather than a design flaw or a wider
batch issue. Although the incident disrupted tegtiridentification of the root cause as a ooH
manufacturing issue reduced concern regarding broader reliability and allowed testing to continue on
other units.
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Figure49: Charging station failure

7.2.4 Testing withHyundaiKona- charging andanalysingthe thermal measurements

On 30 May 2025, a Vighly charging test was performed using the Hyundai Kona. The vehicle was
connected normally, but the charger required 33 seconds to initiate the charging session, which is
longer than typical. Based on previous observations and sybemaviour, this delay is most likely
linked to an unsuccessful or prolonged ISO 1520 &egotiation phase, resulting in additional time
before a stable communication handshake is established.

Once charging was underway, the process remained stable until approximately 14:48 local time, when
a sudden and unexplained drop in charging power to 3.18 kW was observed. This drop did not
correspond to any known operational constraint, user action, ¢éemmal grid event. It was therefore
classified as an unexpected fluctuation without an immediately identified cause. The session then
continued without further interruption.

Thermal measurements were performed at 15:@0capture the temperature profile of both the
charger and cable components under steady charging conditions. These measurgmuside an

important input for assessinghermal stability, longterm reliability, and safe operationn V1G
charging scenarios.

Two main findings resulted from this test:

X A repeated pattern ofdelayed charging initiatignlikely associated withcommunication
negotiation.

X Anisolatedandunexplained power dropequiring furthertechnical investigation

The recorded power curve shows the following sequence:
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X At approximately 14:43, charging power increased sharply from 0 kW to around 3.6 kW and
remained stable for several minutes.

x Shortly afterward, charger output increased again to slightly above 11 kW (approximately
11.2111.4 kW), where it remained stable for most of the charging period.

X At 14:48, a clear drop to 3.18 kW occurred. This event was abrupt, short in duration, and not
correlated with temperature increase, user interaction, or egide changes. Its cause remains
unexplained.

X The graph irFigure50 also shows a second power disturbance near the end of the session,
where both vehicle and charger ramped down almost simultaneously, confirming that the
system returned to normal operation after the initial anomaly.

This power(time)%c E}(]o *uPP 8¢ §Z § §Z <}v [* }v } E Z EP & Z A
charging station experienced at least one short and isolated control or regulation irregularity.

Figure50: Results

A thermal inspection of the ABB Terra Nova 11C unit was carried out at 15:00, shortly after completion
of the charging test. The FLIR measurement recorded a maximum surface temperature of 47.3 °C on
the charger housing. The hottest region was located @upper left front quadrant, consistent with

the expected location of internal power electronics. The lower part of the charger and theeraiye

area remained significantly cooler, at approximatelyt2® °C.

A peak temperature of 47.3C iswithin the normaloperatingthermal rangefor ABB Terra Nova
chargers under continuous 1EW load. Therewas no indication of overheatingno sign of
temperaturerelated throttling, and no evidence that thermal behaviour contributed to the earlier
powerdrop. The results othe thermal measurements are presentedfrigure51.
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Figure51: Results of the thermal measurements analyse

7.2.5 Testing withTesla 3

On 1 August 2025, the first fully stable V2G discharge session with a Tesla Model 3 was achieved. Prior
to the test, ABB developers implemented targeted firmware modifications on the Terra Nova 11C
charger in order to improve handshake reliability, DCdiwhtrol, and dischargeommand behaviour.

These upgrades were successful. The charger maintained a steady 10 kW discharge over an extended
period, without protection trips, derating events, or unexpected communication interruptions.

Using the ABB Terra Nova 11C charger (serial TND11I1T10223009), stable V2G discharge with the Tesla
Model 3was achievedfter thesefirmware modifications. The power trace fiigure 53hows several

initial bidirectional pulses between +kW and-10 kW, confirming reliable contredignal negotiation,

followed by sustained discharge periods -40 kW from approximately 13:00 to 13:30, without
oscillations, derating or faults. These discharge intervalform stable rectangular plateaus,
demonstrating that the chargamaintained DC link regulation and that the vehicle responutadectly

to backend discharge command¥he session concluded with a controlled return to 0 kW at
approximatelyl3:45.

Figure52: Results of the ¢sting with Tesla Model 3

7.2.6 Testingwith Hyundai Kona

On 1 September 2025, a series of V2G discharge tests was carried out using the Hyundai Kona. System
operation was first verified through standard AC charging. After normal behaviour had been
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confirmed, the first discharge phase was initiated at 5 kW for 5 minutes. The system responded as
expected, with stable power output and no interruptions.

The discharge power was then increased to 10 kW and maintained for 30 minutes. The vehicle and
infrastructure operated without anomalies throughout this interval.

After completion of the first discharge sequence, charging was resumed briefly in ordeestatgish
baseline conditions. A second discharge test at 10 kW was then executed for 45 minutes. This phase
also proceeded without issues, confirming reliablectiarge performance at higher power levels over

an extended period.

Overall, all discharge tests were completed successfully, and the Hyundaiskoned stable
performance across all tested scenaribfg(re53, Figureb4).

Figure53: Resultsof the testing with Hyundai Kona

Figure54: Testingsite in Ljubljana

727 d *3]vP ]v emB sl

Atthe GEN/ <E*“I1} }((Figusdsh), the demonstration environment was integrated by deploying
and commissioning four V2&pable ABB Terra Nova 11C prototype charging stations connected to
SZ ]S [- ] § o SE] o ]J*SE] us]}v & Z]8 SuyE X dz |1 Zz EP E-
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distribution box, which aggregates measurements from each EVSE, including voltage, current, power
flow, and energy values.

This distribution box is electrically connected upstream to the main distribution board, which also
supplies the GENoffice building and the 100 kWp rooftop PV system, forming a unified electrical
node. The entire system is connected to the medivunftage transformer TP Inkubator Vrbina 946,
owned by Elektro Celje, which links the demo site to the public distribution grid.

From the communication perspective, all four chargers were integrated with thel®&dkend and

fully connected to the Virtual Power Plant (VPP) platform. This enabled coordinated control, data
acquisition, OCPP communication, and participation in fiityilactivation services. The integration
supports both controlled charging (V1G) and bidirectional operation (V2G), depending on project
needs.

On 25 September 2025, a series of charging and discharging tests with the Hyundawvd&ona
% E(}EuU § §Z Theetest coydred four ABB Terra Nova 11C chargers installed at the
location.

Three chargers TND11IT1:5022118, TND14T1-4722043, and TND1IT1-0323001V performed as
expected, with no irregularities detected duriobarging or discharging sequences.

However, charger TND4T1-0323083 did not accept the OCPP SetChargingProfile command. This

issue was reproducible across multiple attempts. Internal notes indicate that this unit had a different

configuration on the ABB management portal, specificallgid =~ u3Z}@E]l 3]}v v o _ % E u
Ju% E S} §Z }SZ E Z EGP & § 38Z <E“Il} «]8 X A v(}EuU }( 8

with the relevant context.

All other tested functions operated normally, and the communication chain behaved consistently
across the remaining chargers.

Figure55W u} ]88 Jv <E&“l}
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7.2.8 Testing theEndto-end Communication Chainfrom DSO to EV

On 16 December 2025, two Hyundai Kona vehislere transported$} $Z <@E&“l} u}lveSE S} E °]
where a complete endo-end communication chain tesvas performed. Interoperabilitacross all

system layersvas successfully validated. Activatisignals were initiated on the FlexIS platform,
forwarded to the GEN VPP, processed by the GEM2G Charging Stations Management System
(CSMSkand then sent a©CPP control commands to the ABB Terra Novaha@ing stationsn site.

The chargers executed the camands correctly and the Hyundai Kona vehicles responded as
expected, confirming full operational flomcross the sequence

&o A/ W SWWEW W 'sE ~D” WTerra NovdlCcharging stationW ,Cpuv ] <}v

This test demonstrated reliable bidirectional communication amdnfimed $Z § SZ <E&*“l}
infrastructure can support coordinated V2G activations across multiple EVSEs.

Figure56 shows the power response of the system during a regulation activation sequence, including
requested regulation power, actual operating power, and effective power. The test demonstrates that
the system can follow both negative and positive power setpoirits good accuracy.

The following observations summarise system response during the activation sequence:
1. Initial Negative Activation (£10 kW)

X At the beginning of the interval, the requested regulation power drops to approximately
10 kW.

X The operating power follows this command, stabilizing around the requested level with
only minor oscillations.

X This indicates that the EVSE + vehicle combination responds reliably to downward
regulation requests.

2. Transition to Positive Activation (~ +20 kW)
x Shortly after, a strong upward activation is requested, reaching roughly +20 kW.

X The system ramps up quickly, and both effective power and operating power reach and
maintain the requested level.

x A small dip is visible mid activation (a short drop of a few kW), but the system recovers
immediately and continues tracking the requested value

X This demonstrates stable V2G discharging capability at higher power levels.
3. Sustained Setpoint Tracking

X For the remainder of the activation period, the system maintains power delivery close to
+20 kW, with minimal deviation.

X dZ]e 8§ ]0]SC }Vv(]E&ue §Z §$ §Z }u%o 8§ }uupv] S]}v Z Jv ~&
Z EP EW s Z]os+s }EE 30C u Jvi]ve 8 EP 3§ Aopu «}A E v

4. End of Activation
x Toward the end of the graph, the requested power returns to 0 kW.

x The operating and effective power follow this downward ramp cleanly, returning to
neutral with no overshoot.
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The results irFigure56- demonstrate successful tracking of both negative and positive regulation
signals, stable performance at approximately 20 kW discharge power, and correct execution of
setpoint transitions. The minor fluctuation observed during positive activation was sinortself
correcting.

Figure56: Results of the communication chain testing

The graph ifrigure57 shows execution of a single negative activation, where the requested regulation
power droppedto approximately-18 to -20 kW Both operating and effective poweiollowed the
command closely throughout the entire activation window. After activaiegan the systenreached

the target negative power level almost immediately andintained it steadily, with no visible
oscillations or deviationgAt the end of the activation period, the requested poweturnedto 0 kW,

and both operating and effective powerampedback accordingly, confirming clean and controlled
deactivation.

Figure57: Results of thecharging anddischarging

729 si' }JVEE}o >}}% ¢ E]%3]}v ~ ADAW AW s

The purpose of this use case is to demonstrate that the-G¥RG CSMS can successfully control a
charging station to perform bidirectional power flow with a connected EV. This is achieved by issuing
charging and discharging setpoirits the form of charging profiles and verifying that the power
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delivered by the EV corresponds to the commanded values through independent external
measurement.

The test setup involves the GENCSMS sending OCPP charging profiles to an ABB Terra Nova 11C
charger. Once a DC charging session is established, the charging station applies the received setpoints
in real time. The EV and its Battery Management SystelS}Bultimately determine whether
discharging is permittegince V2G behaviour is governed by vehsitie control logic.

During the demonstrations, BZVSE communication followed the 1SO 15118 protocol. Bidirectional
operation was enabled by initiating a standard DC charging session, including instdaistance

testing and D@oltage alignment, and then reversing currdiaw. Successful discharge therefore
depends on EV/BMS acceptance, which in some cases may not be represented correctly in the vehicle
user interface.

For successful operation, the charging station must accept negative setpoints and execute the
corresponding discharging profiles. External metering must confirm energy flow from the EV back to
the grid. In addition, discharging must remain stable for dasned period and be repeatable across
multiple test runs, with all stop reasons recorded accurately.

Bidirectional charging tests were performed across several EV models in order to evaluate
interoperability, stability, and responsiveness to commanded discharging setpoints issued through the
V2G control loop. The results reflect differences in BMS lGgioyare maturity, and V2G readiness
between manufacturers.

The observed discharging behaviour can be summarised as follows:
x VW ID.7 (FW 5.2flischarging achieved at approximatelykW for around 70 seconds.

X MG4: successful discharging at, for exampl@D kW but with inconsistent behavioug
Jv op JVP E % & o es]}v 3} %+ A]3Z ap@roxidBatelyld miojteso _  (§ E

x Tesla Model 3longer stable discharge at 10 k&¢hievedafter ABB firmwarenodifications
X Hyundai Kona:stable and repeatable discharging demonstrated at 5 kW for 5 minutes,

followed by 10 kW for 30 minutes; later tests sustained 10 kW discharge for 45 minutes
without instability.

Vehicle interoperability proved to be the primary limiting factor. Acceptance and stability of discharge

A E] <]Pv](] v80oC 3SA v s u} o v AE § Eul]v o EP oC C
charger fault also occurred during MG4 testing, bhistwas later assessed as a rBystemic
production issue rather than a structural problem with the setup.

7.2.10 Fulkchain flexibility activation

The purpose of this use case is to demonstrate completeterahd orchestration of a flexibility
activation request, where a flexibility signal originating from an upstream platform is translated
through the GEN VPP and the GENV2G CSMS into executalghargingstation commands. This
process should result in a measurable and verifiable power response at the EV connection point.

The tested activation chain includes the following sequence of systems and interfaces:
&o AE/N %0 S(}HEUWW "WE'SE ~D" W d EE E}A ii Z EP]vP <3 3]}v

Each link in the chain must successfully receive, interpret, and forward the control signal in order for
the activation to be considered fully functional.
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The test is considered successful when the control signal is propagated reliably across all elements of
the chain. The charging station must accept the required OCPP commands, such as -phafiggng
setpoints, across the installed fleet. In addition, ttielivered power response must be confirmed
through external metering or telemetry, and comprehensive logging must be available for diagnosis
and troubleshooting.

ME]JVP §Z <E&“l} ¢]S§ § 8 }v i » %3 u & T1TAU uposS]%o Z EP E- /
successfully. However, one charging station did not accept the OCPP SetProfile command,
demonstrating that chargeto-charger variability may present an opéomal risk in eneo-end
deployment.

A full communicatiorchain verification was performed on 16 December 2025 and resulted in a
successful activation involving two Hyundai Kona vehicles. The entire sequizane the FlexIS
platform, through the GENVPP and GENV2G CSMS, to the ABB Téfava 11C charging statian
operated as intended.

A live demonstration of this use case was presented during the EV4EU General Assembly on 20 January
2026, confirming the maturity and demonstrability of the fcitlain concept

The behaviour of the full Z Jv = $]A §]}v JvZ E]8e 8Z o]uls §]}ve 0oE C } » EA
W s }vSE}o 0}}% X dZ « ]v op % v v }v [MK iAfid }uupv] S]}tv
logic for discharging behaviour. As a result, variabilityehicle acceptance and response remains a

key constraint for reliable and repeatable flexibility activation.

7.2.11 Live demo

As part of the EV4EU project, the EV4EU platform was developed as an integrated ecosystem for
management of V2G, flexibility services, and distributijoid operations. At GEN an advanced VPP

was established to aggregate various flexibility assetsjdintd) energy storage systems, PV plants, and
V2G charging stations, through smart controllers and 10T devices enablifipreahonitoring and

remote control.

The platform includes both a commercial VPP (cVVPP) for cooperation with the TSO and a technical VPP
(tVPP) for activations at the DSO level. It also includes flexibility estimation, forecasting algorithms,
and realtime data acquisition from measurementyees across the grid.

Development of the platform alsmcluded integration of new algorithms and methods foediction

of EV behavioumssessment dfexibility potential, andsupport forautomated activations required by

the EV4EU demonstrators. Within thproject work packages, V2G management strategies were
developed together with aggregation tools, communication layers for charger integration and an open
V2G platform enabling testing of different loasanagement and flexibilitgervice approaches.

During the EV4EU General Assembly on 20 January 2026, a live V2G demonstration was carried out to
showcase redime charging control and system responsiveness. The demonstration vehicle, initially

at 52% state of charge, remained idle at first. A downwactlvation was then triggered, driving
chargingpoint power to approximatelyl0 kW, where it remained stable throughout the requested
interval. This was followed by a positive activation, to which the system responded immediately by
increasing power toproximately +10 kW and maintaining that level consistently until the end of the
sequence.
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Figure58: EVAEU platform and measurements during live demo

The main meter trace confirmed clean transitions between activation levels, with smooth power
gradients and no oscillations, demonstrating reliable -¢m&nd control from the central platform to
the charging point in a livevent setting.

The demonstration also confirmed that the activation signal was delivered through the FlexIS platform,
JE]P]v §]vP ]E 30C (E}u o ISE} o0i[**Ce3uU v A+ }JEE 30C E
by the GEN VPP, the V2G CSMS, and finally kyctiarging point and vehicle. The system responded
immediately and accurately to both negative and positive power requests, maintaining stable
operation throughout the activation windows. This confirms both the technical readiness of the V2X
infrastructure and the successful retime integration between the DSO (Elektro Celje) and -GEN

control platforms.

The live demonstration was completed successfully, with the system consistently following both
negative and positive power activation requests without delay or instability. The charging point
responded immediately to the downward activation at approximatel0 kW, maintained stable
discharge throughout the interval, and then transitioned smoothly into the upward activation at
approximately +10 kW, again holding the requested power level accurately. Main meter
measurements confirmed clean and controlled mwwransitions, demonstrating that the entire
control chainv from the central platform to the charging poimtoperated reliably and in accordance

with the expected behaviour. This shows that the system is capable of delivering stable and predictable
V2X serices under reatime conditions.
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Figure59: Live demonstration with Kona

7.3 Evaluation of Charger Response Time and Power Error Compensation for
an ABB V2&apable Charging Station

For evaluation of charger response time and otblearacteristica dedicated experimental
environment was constructed to ensure precise, time synchronized measurements of electrical
parameters and charger control behaviour. To adequately quantify charger response time, more than
100 step change events were analysed. Regubvidedeeper insight into the dynamic performance

of the charging station and its suitability for grid services and smart charging applications

Accurate characterization of charging statibehaviouris essential for effectivparticipation in
flexibility services. Applications such as demand response, frequency regulation, and V2G operations
require chargers to follow power setpoints with minimal delay and high precision. Deviations in
response time b steadystate tracking accuracy can significantly influence systlawel control
strategies.

7.3.1 Experimental Setup

To evaluate the contrdiehaviourof the charging point, a dedicated laboratory setup was
constructed.Simplifiedsystem diagram is showsn Figure60. The charging station was connected to
the electrical grid through a high precision AC power meter capable of measuring voltage, current,
active power, and energy with high sampling frequency. A data acquisition (DAQ) system collected
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these parameters continuously and transmitted them to a time series database for post
processingand analysis.

Figure60: Laboratory system setup diagram

To ensureaccuratetime correlation between sent setpoints and measured power values, both the
DAQ system and the CSMS were synchronized using a Network Time Protocol (NTP) server. This
synchronizatioreliminatedmeasurementsnisalignment and allowed higlidelity calculation of the
charging station's response time. A real EV was used to complete the test chain, enabling realistic
chargingbehaviourunder controlled laboratory conditions.

7.3.2 ResponseTime Evaluation

A dedicated setpoint step profile was generatedatalyseSZ Z &P E&[s Cv u] & *%}ve
range of power levels and power flow directions. The profile included upward and downward step
changes, ensuring a representative dataset for evaluating different operational condBietmint

profile and chargeresponse charts arehownon Figure61.

Figure61: Setpoint profile chart and charger response power and setpoint

During testing, more than 100 step change events were recorded. The time delay between issuing a
new setpoint andbservinga corresponding change on the AC power meter was computed for every
step. An example of a step change dnistogram of measured respse times are showan Figure

62. The mearvalue of all measured delays was 3.2 s.
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Figure62: Single step change event and histogram of measured delays

The measured response time of 3.2 secomdkesthe evaluatedABB chargeapplicable for most
flexibility servicesOn the otherhand,thisdelay may bdimiting forservices requiring sukecond
control response, such as primary frequency regulation.

Thecause fodifference between commanded power and measured side power isn charger
control system desigrthe setpoint actually controls power delivered to @e power on the DC

side). Measured AC power thus includiegernal system losseselfconsumption as well as ADC

and DGDC conversion losses. Although these losses do not affect delay calculations, they introduce a
steady statdracking error that must be compensatetihe development of compensation function is
presented inthe followingchapter.

7.3.3 Power-Error Compensation

To evaluate steadgtate accuracy, a modified setpoint profile with smaller, more continuous power
steps was applied. This approach allowed finer resolution of the relationship between the commanded
setpoint and the measured AC side poweigure63 displaysmodified setpoint signal andistribution

of errors whichseem to bealmostperfectnormal distribution. Although normal distribution implies
randomness of error, the closer look @mbfile on CP powethart,reveals that there may bgsome
correlaion between setpoint and erroiVe decided to conduct furtheanalysison which we will base

our correction function.

Figure63: Modified setpoint profile and power error histogram with normal distribution function
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A setpoint error scatter ploshowon Figure64, revealed a pattern thatonfirmed our hypothesis,

that error iscorrelatedto setpoint. After analysis, a piecewise linear compensation function was
selected and optimized to minimize average error across the entire setpoint range. Applying this
compens#éon method significantly improveACpower accuracy. After implementation of correction
function average error was less than 250 W and maximal error was 420thWdugh this is great
improvement, more accurate response could be obtained using closecctogpoller.

Figure64: Scatterplot showing correlation between error and setpoint

Steadystate power error is an important aspect of smaharging accuracy. Without compensation,
tracking deviations caused by conversion losses can reach several hundred watts, depending on the
setpoint. The piecewiséinear compensation method developed hgrmvidesa practical way to
reduce error without requiring@ny changes to charger.

7.4 Quantification of Flexibility Potential for Three Electric Vehicle Users

Flexibility potential associated with thraéedividualEV usergarticipatingin a demonstrator project

in Ljubljanavas quantified using collected charging session data. Over the course 6friuath
observation period, more than 300 charging sessions were recorded across three workplace charging
stations. Each chargirggpssion recorihcluded several measured parameters, such as delivered
energy, charging duration, and nominal charging power. Theda pbintsprovide an empirical
foundation for charactgzing userspecific chargindgpehaviourand assessing the ability of EV users

to contribute flexibility services.

Charging patterns among the three EV ussh®wnon Figure 65 exhibited clearbehavioural
distinctions. Histograms of delivered energy per charging sessilicatedthree different usage
profiles. User A showedralatively narrowdistribution centredbetween 10t30 kWh. This pattern is
typicalof users with consistent daily commuting habits and regular chadgghgviour In contrast,
User Bdemonstrateda broader distribution with a noticeable shift toward higkamergy charging
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events in the 3@40 kWh range, suggesting more variable daily energy needs. User C displayed a
bimodal distribution:a large number ofery shortsessions delivering less than 10 kWh, combined with
occasional migdange charging events. This dual peak structure mdigatefrequent field trips or

other type of exits during work and more than one chargagntsper day.

Figure65: Distributions of delivered energy for 3 charge point users

Understanding these differences is crucial when evaluating flexibility potential. Flexibility services
depend on the extent to which energy delivery can be temporally shifted without affegtiatity of
charging service. Users with predictable and long®arging sessions inherently have more unused
time during which chargingower can be adjusted.

Flexibility potential was estimated using a simple but robust model based on the difference between
actual charging duration and the theoretical minimum time needed to deliver the recorded amount of
v EPC §3Z Z EP E[* E 3 %o lAy EXtathfablewAs pomputed as:/E |

. xoRUegADx
Reoun d-o-rg&— —
04U a
The corresponding available energy flexibiltiyailablewas calculated as:

‘veourdoRmoURGBBBAUD A

EV4EUt D73 Slovenian use cases demonstration, monitoring aedaluation PageB5of 97
report



It should be noted here that this modaksumes constant charging power at chargers rategbut
power. This makemodelonly applicable tdCchargers wittrelativelylow rated power, so it doesrf
decreaseat higher SoC.

Sessions with less than 15 minutes of potential adjustment were classified as providing no meaningful
flexibility. Distributionof sessions availability potential is shoen Figure 66. We can
seeapproximately halbf sessiongrovide less than 15 minutes of flexibility potential.

Figure66: Histogram of session availability potential for user A

Application of this frameworko charging sessions from 3 of our workplace charging stations from
Ljubljan demonstratorevealed substantial user specific differences. Users B andhiBGitedalmost

no meaningful flexibility potential. Their charging sessions were either too short, too variable, or too
closelymatched tothe energy actually required. The lack of surplusrghmy time suggests that these
users tend to begin charging later relative to their departure time or require a substaotitidn of

the session to deliver needed energy.

User A, by contrastemonstrateda measurable flexibility potential acroassignificant portiorof

© ee]tveX  Z]eS}PE u }( he & [+ (o A] ]Jo]sdhghlysatof thes ¢harging } A
sessions provided no flexibilitywhereasthe remaininghalf offered between one and two hours of
available timefor flexibility. Whenanalysedn the context of session duration, a
clearbehaviouralpatternemerged. Session duration histograms showed two distinct peaks,
suggesting the existence of two chamgstic chargindehaviours One clustelikely reflectsshort,
routine charging events tied to daily commutinghereasthe second cluster mayepresentlonger
sessions where the E¥mainsparked for extended periods, such as during full workday vehicle stays.
The latter category }uvSe (}& u}e$ }(fleibilitypot@niial.
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Figure67: Histogram of Charging Session Durations for User A

The findings show that flexibility potential is not uniform and is strongly tied to individual
chargingbehaviour Users with predictable routines and longer parking durations, such as User A,
naturally contribute more flexibility. Conversely, users whose chatgghgviouris irregular or whose
sessions are closely aligned with thefrergyneeds cannot provide significant flexibility. This user
dependence underscores the importance pefrsonalizedr segmented modelling approaches in
smart charging systemesign.

From a broader perspective, the results highlight the need to integrate hedgaviouranalysis into
flexibility forecasting for EV charging infrastructure. Aggregated models that assume homogeneity
among users magonsiderably overestimatavailable flexibility. Insteadyehaviourbased
segmentation can improve the accuracy of flexibility predictions and support the design of user
tailored incentive mechanisms.

Figure68: SoG Session duration scatterplot
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The scatterplot irFigure68illustrates the relationship between the initial SoC and session duration for
Users A, B, and C, revealing clear @gecificbehaviouraklusters. Across all users, a general trend is
observed: sessions initiated at lower SoC tend to last longer, reflecting the increased energy needed
to reach the desired final charge level. User A demonstrates two compact clusteesassociated

with shott sessions and another with longer sessiotmth occurring within a similar SoC range. This
suggests that SoC alone may be insufficient for reliably estimating session duration at the start of a
session, and that additional parameteray be required. User B exhibits a wider dispersion but forms

a single dominant cluster, indicating that session duration can be more reliably inferred from initial
SoC for this user. User C shows the most scattered distribution, including very shamseddiigh

SoC and long sessions at low SoC, suggesting heterogeneous cheftprgursuch as frequent

top &p events combined with occasional deep charging. Despite the wide variation in SoC values at the
beginning of User € sessions, a single primary cluster is still visible. Across all three users,
approximately 80% of charging sessions fall within the identified clusters, while the remaining 20% lie
outside them. This indicates that sess@mration estimation based solely on initial SoC would be
reasonably accurate for roughly 80% of sessions.
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8 dovenian use casesvaluation report

The Slovenian demonstrator within the EVAEU project showcases a comprehensive set of use cases

«]JPv 3} A o] § v 0 E & §Z }%3]Iv}( Av siy § Zv}o}P] s

strong energy innovation ecosystem, the demonstrator intégs EVS smart charging infrastructure,
BES&nd flexibility services across key locations<igE ;' Ljubljana, an&¥elenje

TheUCsfocus on enabling bidirectional charging, optimizing grid stability, and unlocking new value
streams for users and system operators. Together, they form alifeaiesting environment that
demonstrates how electric mobility can actively support the egergnsition and contribute to a more
resilient, decentralized and sustainable power systBratailed description of UC9, UC10, UC11 and
UC12 which were tested on Slovenian demonstrator are presented in sectiBor4clarity and
completeness, we brieflyewisit the key use cases below, providing a refreshed and consolidated
overview of their purpose and scopeheUCsare:

x UseCase 9 (UC9): V2X management by a VPP. This UC aims to test the algorithms developed
in task T4.4 and document in D43, considering the aggregation of V2X flexibilities with
other resources (generation, storage, etc.), taking into account the participation in multiple
services and markets.

X UseCase 10 (UC10): Participation of V2X in electricity markets. Demonstrate and evaluate the
participation of V2X, aggregated with other resources, in markets at the national level such as
energy market, Frequency Containment Reserve (FCR), and Fastriagdresponse (FFR)
ancillary services markets (T4.4). This UC intends to understangéngladvantages of V2X
participation in these markets (T4.5) and the impact that mass participation of V2X can have
in these markets. The models are integrated irgal tools, but participation in real markets is
dependent on the market prgualification process that can take a long time. If participation
in selected markets is not possible, the services will be validated using market emulation tools.

X UseCase 11 (UC11): Participation of V2X in Grid Services. Demonstrate and evaluate the
participation of V2X, aggregated with other resources, in markets and services at the local level
(T4.4 and T4.5). In that case, the demonstration focuses on the loatitm of V2X to solve
problems in distribution systems, such as congestion management and voltage control. The
goal of this UC is to evaluate the advantages for the users and DSO.

x UseCase 12 (UC12): Activation of V2X services by DSOs. Before the market clearing, the DSO
should be able to activate the services to be provided by V2X (T4.2). The activation is made in
the Advanced Distribution Management System (ADMS) of the DSOI itinmea In the first
stage, integration and communication verification between VPPs and ADMS is performed,
which is crucial for services activation. In this stage, V2X assets must be modelled appropriately
in ADMS so that advanced functions can use V24.datthe second stage, activation is
triggered by the VPP operator (decision on the side of the aggregator). This aims to evaluate
the activation of VPPs for the ADMS system, which can model EVs in different ways. In a third
stage, the activation is trigged by the ADMS operator (decision on the side of DSO),
considering the results of the market and the operation conditions of the distribution system
[1].

These four use cases provide a comprehensive demonstration of how V2X technology can evolve from
an emerging flexibility resource into a fully integrated component of both market operations and

distribution system management. UC9 lays the foundation byirtgsadvanced aggregation and
control strategies within a VPP environment, ensuring that V2X can be optimally coordinated alongside
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other distributed resources. Building on this technical basis, UC10 assesses how such aggregated
flexibility can participate in national electricity markets, exploring both the economic benefits for users
and the broader systermide effects of largaeale V2X involvement. Meanwhile, UC11 brings the
focus to the distribution grid, showcasing how V2X can help DSOs address operational challenges such
as congestion and voltage issues, and demonstrating the mutual advantages for system operators and
end uers. knally, UC12 connects these elements by enabling DSOs to directly trigger V2X services
through realtane ADMS activation, validating interoperability between aggregators and grid
operators and ensuring that V2X flexibility can be deployed reliably in practice. Together, the four use
cases form a unified framework that covers technical validation, mamkegration, grid support, and
operational activation, illustrating the full potential of V2X within future energy systems.

As part of the Slovenian contribution to the project, we successfully carried out and tested a range of
UCsacross three demonstrator sites located m &, Ljubljana, and/elenje Each demonstrator
enabled the validation of specific functionalities and #ifal operating conditions for advanced V2X
technologies, smart charginBES $itegration, and griesupport services. Through these activities, we
gained comprehensive insights into the technical, operational, and -netated aspects of
implementation confirming that the individudlCscan significantly contribute to the development of
flexibility services, enhanced grid stability, and more efficient integratic&\Manto the powersystem.

TheTable9 below provides an overview of the implementation and testing statud@d9 to 12 across

the three Slovenian demonstrators. Demonstrator Velenje focused primarily on validating
functionalities throughEV emulationsvith the BESSwhile demonstratoss in Ljubljanaand Jv <& “1}
executed realife testing scenariowiith CSs and EV$§he summary highlights which use cases were
successfully tested in practice and which were assessed through simulation, offering a concise
comparison of progress and maturity across all sites.

Table9: Comparison of demos regardirtgsted UCs

ucC9 uCi10 UCl1i ucCiz

Demoin Velenje  Successfully Successfully Successfully Successfully
testedwith BESS testedwith BESS testedwith BESS testedwith BESS

Demoin Ljubljana Successfully Successfully Successfully
tested tested tested N/A*
Demo]v <@E"“I|} Successfully Successfully Successfully Successfully
tested tested tested tested

*- Since this demonstrator does not fall within the operational scope of Elektro Celje (EC) and
does not function in this domain, Use Case 12 cannot be implemented.
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8.1 UC9 2V2X Management by a Virtual Power Plant (VPP)

The activities conducted under UC9 demonstrate that V2X assets can be successfully integrated into,
and controlled by, a VPP. Across all Slovenian demonstrator sites, the VPP reliably transmitted power
setpointsto both BESS (Velenje) and \@3s~>ip oi v UTke&ctivamon profilesvere followed

high accuracy and stabilityy the flexibility assetsThe tests confirmed that heterogeneous flexibility
assetsbattery storage, prototype CCS V2X chargers, emasequentlycompatible EVsan be
aggregatedand centrally managed.

While interoperability varied acro€sV modelsthe overall results validate the technical feasibility of
V2X aggregation for flexibility provision. The most consistent performance was observed from the
Hyundai Kona and BEB&ed emulation, whereas other vehicles displayed firmware or protocol
related limitations. Nevertheless, UC9 successfully demonstrated controlled bidirectional operation,
reproducible power tracking, and reliable VBISMSCS communication, confirming the viability of
V2X integration into realvorld VPP infrastructures.

8.2 UC10 2?Participation of V2X in Electricity Markets

UC10 confirmed that V2&apable assets can participate in electricity markets such as mFRR and aFRR,
either in real environments or using validated market emulation frameworks.-B&®8 emulation

of aggregatedrepresentativeEV profiles showed that EVs can deliver both upward (positive) and
downward (negative) flexibility in magnitudes relevant to ancillary services. The highest flexibility
potential was observed in scenarios with predictable vehicle availability, particdanhpany EV

fleets, which preide long plugin durations.

Simulation studiegsection 6.5)(} & SZ <&*“l} ]S (HESZ & <u vS](] SZ]e* %}S vS]
x EV fleets can provide up to ~880 kWh of flexibility per day under favourable conditions.
X Under realistic charging station constraints, ~550 kWh/day remains technically achievable.

x Over a onemonth simulation, aggregated E¥suld provide 118 MWh of negative and 93.8
MWh of positive flexibility.

Additionally, the results (section 8) from the BESS demonstrator in Velenje indicate that activated
emulated EV flexibility strongly depends on the connection times, user type, and service
participationBased on Velenje resulige can conclude thanithe mFRR service, the largest negative
flexibility is achieved by weekend and workday scenarios for both home charging and company EV
fleets, whereas the highest positive flexibility is provided by home charging of EVs during weekend.
For aFRR, the higbenegative flexibility is shared between home charging during weekends and
company EV fleets (workdays and weekends), while the highest positive flexibility is delivered by
company EV fleets during weekend and at home during workday.

The results demonstrate that V2X can support both slower and féigbebility products, although
continuous higHrequency activatiosrequire vehicles with sufficiently stable communication stacks
and battery availability. Overall, UC10 confirms that V2X participation in electricity markets is
technically feasible, scalable, and economically relevant ah&¢increases.
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8.3 UC11 2Participation of V2X in Grid Services

UC11 validated the use of V2X for providing distributerel grid services, including congestion
management, voltage control, and PV surplus mitigation. Technical tests and analytical work at TP
Inkubator Vrbinaconfirmed that V2G can play a crucial role in addressing LV network issues.

Key findings include:

x Certain operating regime®f secondary substatiorare exceptionally well suited for V2G
interventions, where approximately 120 kW of additional load is sufficient to lower voltage by 1 V.

x BES®ased EV emulationgsingdeveloped aggregated representatie/ profilessuccessfully
delivered both positive and negative flexibilisgrvices directly reducingsecondary substation
loading, mitigating PV surplus, and following BEfefined activation windows.

x For local flexibility services, the highest negative flexibility is provided by company EV fleets at
work during weekends, while the highest positive flexibility is delivered by company EV fleets
during workdays and weekend®llowingVelenjeemulationresults.

X High phase symmetry and consistent network behaviour indicate that aggregated V2G actions are
effective at the system level, not only at individual phases.

The results confirm that V2&nhabled assets are technically capable of providing meaningful grid
support, allowing DSOs to mitigate operational issues without relying solely on infrastructural
reinforcement. UC11 therefore demonstrates that V2X represant$able, scalable source of local
flexibility for modern LV/MV distributiogrids

8.4 UC12 2Activation of V2X Services by DSOs

UC12 successfully demonstrated a complete,-endnd activation chain initiated directly by the DSO
The Slovenian demonstrator validated the full workflow:

x

DSO (ADMS) detects an operational constraint

X DA W > u PvESe+ v 3]AS3S]}v E <p 5§

x FlexIS publishes flexibility tenders and activation signals

x EVT forwards the request to the aggregator

x GENI VPP processes the activation and sends power setpoints to the V2G CSMS
x ABB V2)XCSsxecute the commands

X Measurement systems confirm activation success to the DSO.

d «SJ]vP § 3§Z <deEmbpstrdted reliable bidirectional activation with two Hyundai Kona
vehicles, showing clean tracking of both downward (charging) and upward (discharging) power
requests. The entirprocessrom DSO detection to EV resports®/eoperated seamlessly, confirming
interoperability among all system layers.

The UC12 results are significant because they prove thattiigfered activation of V2X flexibility is
feasible in a real distribution network, using existing market and communication platforms (EVT,
FlexIS) without affecting the EV user experience. [igssthe groundwork for largecale operational
deployment of V2based grid services.
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9 (nclusions

Deliverable D7.3 provides a complete overview of the Slovenian V2X demonstrator, describing the
project context, partner roles, system background, and the technical setup of all three demonstration
sites. It outlines how Slovenian grid characteristibe, national emobility landscapgand identified
flexibility needsshapedthe demonstratorobjectivesand implementation strategyThe document
details the deployment of the BESS site in Velenje and the V2X charging infrastructu® fdrjd
Ljubljana together with the development of aggregated representative EV profiles that enabled
realistictestingof EV flexibility. It further explains the execution of all fal€s YC9tUC12), including
VPPamsed V2X managemennarket participation, provision of grid services, and full ESated
activation through ADMS, FlexIS and EVT platforms.

Figure69: The Slovenian demonstrators

Extensive monitoring and analytical activities were conducted, including sensitivity modelling, day
ahead forecasting, evaluation of more th&® VPP activations, selected KPI calculations, and
guantification of EV flexibility potential across daily and monthly horizons. Charging infrastructure
testing included laboratory and field validatiolGHAdeMQle &CS transitign interoperability
assessments, powdracking accuracy evaluation, thermal profiling, respotisee measurements,
andverification ofentire communication chaifrom DSO to EV

The results confirm that V2X assets aggregated within a VPP framework can reliably provide flexibility
services for both market and grid applications. The dothmunicationfrom systemlevel detection

and activation request to EV power respongas successfully validated under real and emulated
conditions

Overall, the Slovenian demonstrator provides strong evidence that V2X technologies, supported by
appropriate communication, market, and control infrastructures, are ready to play a central role in
future flexibility markets, grid management strategies, dagjescale integration of electric mobility

It is shown that V2X technologies can move beyond experimental pilots and become a powerful,
scalable pillar of the future energy system. By successfully integrating EVs, advanced charging
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infrastructure, grid platforms, and market mechanisms, the demonstrator lays the groundwork for
largeazale deployment of smart flexibility services across Slovenia and the wider EU. Its technical
achievementsranging from automated DS&iggered activations to reliable V2G operation and
accurate forecastingorove that EVs can play an active role in stabilising the grid, supporting
renewables, and participating in energy markets. As EV adoption accelerates and flexibility needs grow,
the Slovenian demonsttar stands as a blueprint for future digitalised, uggendly and clean energy
ecosystems, showing how everydayscancollectively deliver significant value to the whole power
system.

Finally, the results and insights collected in this deliverable serve as an important input for Deliverable
D7.4 Lessons learned in Slovenian Demonstrator and Services Marketabilityaepiithuting to the
broader objective of enabling laregeale integration of EWased flexibility into electricity markets and
power system operation.
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