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Executive simmary

Deliverable5.1(D5.1) showcaseshe results frontask 5.1. Tiswork explores future EV mass diffusion
scenarios and assesses their consequences and benefits on the energy system acrosaattandEU
the UK,as well as the local system involving ttistribution networks of two of the demonstration
countries in the FLOW project, Spain and Italy

To develop a comprehensive outlook, both marketzen and policydriven scenarios are considered,
integrating projections for EV adoption and charging infrastructure deployment. These scenarios
account for the number, type, and distribution of chargingnt®, enabling a detailed evaluation of
energy system impacts

To perform the impact assessment on the energy system,lthe&Energy System Impact Tool (ESIT)
is developed. It is a modular tool that estimates the number of electrical vehicles and charging stations
in a determined shorto-midterm future. Its additional features and computations include:

1. Annual electrical demand estimations.
2. Sizing of the charging power required.
3. Greenhouse gas (GHG) emissions comparison analysis.

The otherkey objective of D5.1 is to assess the impacts of EV diffusion on the local distribution grid,
where most of the EVs are integrated. This is deith the development oftte Local System Impact
Tool (LSITWwhichdeterminesthe capacity of the electricity grid to handle the massive EV diffusion,
specifically in the medium and low voltage distribution grids. The results of this tool give the user
information about whether the current grid infrastructure can sustain the irdéign of EVs without
investmentsin the grid infrastructure.

The main objective behind the developmentiaith toolsis thatthey can be customized based on the
needs of the user. The reason behind this is that the impacts are ldghndenton theinput data

This makes the results very specific for the case in question. By developing a tool where the input is
easily adjusted, it can be used for customizable cases and can provide better results for the user.

This work definesseveralscenariosthat are tested withthe developed tools. Thaim is to guide
policymakers, grid operators, and industry stakeholders in developing effective strategies for a resilient
and sustainable energy systemspeciallyvith high levels oEVsntegration
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1 Introduction

¢CKS GNIyaardAaAzy G2 StSOGNRO OSKAOf Sa 69+xa0 Aa | |
transport and achieving climate neutralitargescale EV adoption presents significant challenges and
opportunities for the energy systen5.1explores future EV mass diffusion scenarios and assesses

their consequences and benefits on the energy system across ##¥ Bldd the UK, with a focus on

national impacts.

Another key objective of D5.1 is tssesghe impacts of EV diffusion on the local distribution grid,
where most of theEVs are integrated. This is done by analysing two impogsapécts, the hosting
capacity of the grid and its ability to handle congestions due toirtifgacts onloads caused by the
addition of EVsThe analysis also includescmparison of different charging strategjespecifically
testing a new solution that will be implementedithe C[ h 2 LIN@liarSdériiofsiration The
impact assessment is performed on two real gradsjediumvoltage (MV) grid and a lowoltage (LV)
grid.

To perform the impact assessment on both energy system level and local grid level, tésuSeh
on developingtwotooE 020K 2F gKAOK NS RSaA3IYSR (G2 0SS Odz
These tools include

1 Energy system impacassessmentool (ESITX Assessing overall energy requirements for
large-scale EV adoption at the pd&uropean level.

9 Local system impact assessmenttool (LSIT)¢ Analysingthe effects of EV diffusion on
distribution networksfor distribution grids from th&lemonstration areas.

These tools are geared towargslicymakers, grid operators, and industry stakeholdemsthey are
better informed abouthe challenges and opportunities of EV mass diffusion.

D5.1is structurel in two parts The mainpart of the document gives the most important results and
outcomes of the analysis from both tool$he supplementary partincludes two appendices with
additional information and detailed results for all investigated scenarios.

The mainpart containsfour sections. The first section gives a general description of the EV diffusion
scenarios that are considered in tlassessment of the energy system impacts. The second part is
dedicated to the descriptiomf ESIT and the results from the defined scenarios. The third part is
focused on the descrifpn of LSIT and the results from the assessment of the local system impacts.
Finally, the most important outcomes are summarizethm Conclusions section.
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2 EV Mass DiffusioscenariosseneralDescription

For the implementation of thé&nergy System Impact Td&lSITfor EU27 countries and the UK, three

main scenarios are consideredl Stated Policies Scenario (STEPS) and ii) Announced Pledges Scenario
(APS) (adefinedby the International Energy Agency (IE&)diii) marketbased scenarigusing the

data available from thelopeanAlternative Fuels Observatory (EAFO)

This section provides a detailed descriptioratbfconsideredscenarios.

ThelEAhas developed different scenarios to project future energy trends, including the ané& R

APS These scenarios provide a framework for understanding how current and pledged policies might
influence energy transition pathways, emissions, and economic growth. A key aspect of this transition
is the diffusion of EVs, which play a pivotal role in réuydransportation emissions and achieving
climate targets.

The numbers available in the IEA website, specifically in the Global EV Outlodkxplate|1], are
used to showcase the future EV diffusion based on the policies of the countries in question.

2.1.1Sated Policies Scenario (STEPS)

The STEPS scenario reflegtbusinessaasusual approach, assuming that only currently adopted or
announced policies with clear implementation measures are execlitguovides a realistic outlook
on future energy consumption and emissions based on present commitrfignts

Based on the performed researclhese are some of theactorsthat were identifiedas important to
be considered in relation to th€ TEPEVadoption:

1 Moderate EVgrowth: EV adoption continues to rise, but internal combustmgine vehicles
(ICEVsHktill dominate a significant share of the market due to policy and infrastructure
constraintg[3].

1 Charginginfrastructure development While investments in charging networks expand,
progress remains uneven acrogkember Sates, limiting widespread EV accessibilifyso,
charging station expansion may not keep pace with EV Eles

1 Battery production andsupply chains Dependence on imported battery materials remains a
challenge, with only gradual advancements in local production capabjiiies

1 Consumerincentives andaffordability: Government incentives help drive Bdoption but
cost parity withlICEV$s not yet fully achieve{B].

9 Electricitydemand andgrid impact The increased demand for electricity from EVs requires
improvements in grid capacity and smart charging solutions to prayetittcongestion§?].

Floy
Pagel6of 126

Funded by
the European Union




2.1.2Announced Pledges Scenario (APS)

The APS scenario considers all climate pledges andenetcommitments made by governments,
assuming that they are fully implemented on sched@le

Based on the performed researclhese are some of thfactorsthat were identified as important to
be considered in relatioto the APSEVadoption:

1

Accelerated EV Market Expansio&V sales increase significantly, aligning with 100% zero
emission vehicle targets set by major econonjigs

PhaseOut of ICEVsMany ELR7 countries and the UK implement strict bans on (éBEV)
sales by 2035, accelerating fleet electrificatj@h

Advanced Charging InfrastructuraVidespread deployment of fast and ulfast chargers
ensures seamless EV travel, redugingblems withrange[2].

Battery Supply Chain DevelopmenEnhanced investment in domestic battery production,
recycling, and circular economy initiatives reduces reliance on external sqdfces

Vehicleto-Grid Integration Smart charging and bidirectional energy flow technologies help
EVs contribute to grid stability and peak demand managerf@gnt

Public Transport Electrificatianincreased investment in electric buses, trams, and shared
mobility services supports urban decarbonization gpéls

The main difference between the STEPS and APS scenarios are summdradaeilin

Tablel -

Summary of STEPS and APS differences

EV market Gradual increasdéCEVstill present Rapid shift to EVs, nearing full adopti

growth by 2035

Charging Expansion, but uneven across region: Largescale rollout of fastharging
infrastructure networks

ICE\phase No full ban, gradual restrictions Bans on new IGEsales by 2035 in mos
out countries

Battery supply Dependence on imports, sloy Strong domestic battery production .

chain

development recycling

Grid impact Higher demand, but managed wit Smart charging, V2G technology for g

existing grid support

2.1.3Country specific breakdowand common challenges

Table2 gives a summary of theountry specifics considering the STEPS and APS scenarios.

Flow
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Table2 - Country specific breakdown of STEPS and APS

STEPS

Denmark

Spain

Italy
Germany

France

Netherlands

Sweden

Poland
Belgium
Austria

Portugal

Finland

Ireland

Floy
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High EV penetratiodue to early policy
support rapid growth but challenges i
infrastructure especially in rural areas

Moderate growth with regional
disparities in adoption rates

Slow adoptionhindered by
infrastructure gaps and a reliance on
ICEVsparticularly in rural regions

Gradual phaseut of ICK/, strong
industry presence

Steady growth, nuclear energy
influencing grid decarbonization

High EMadoption, minor policy shifts

High EV adoption through Volvo, rapic
shift

Limited EV adoption, reliance on fossi
fuels

Moderate growth, solid incentives for
EV purchases

Steady adoption, incentives increasint

Growing adoption, incentives
supporting sales

Steady growth, strong environmental
policies

Moderate growth, rural adoption
challenges

Near full electrification, ambitious
policy support, and strong incentives
The government's strong push toward
a green transition aligns well with the
EU's climate goald]

Rapid adoption and government
backed production shift, strong
charging infrastructure rolloys]

Fast transition, EU funding boost for E
adoption[6]

Major domestic EV production increas
full EV transition by 203[J]

Full EV transitiofi7]

Full electrification, major tax incentive:
heavy investment in charging
infrastructure[7]

Full EV transition by 2035, robust
industry shift, charging network
expansion7]

Statedriven push, battery production
expansion, increased EV policy target
[7]

Full electrification, expansion of EV
manufacturing4]

Aggressive EV targets, high market
penetration, expansion of charging
networks[7]

Rapid transition with strong Ebacked
funding, government target§’]

Near full transition by 2035,
governmentled green initiative$3]

Accelerated transition with incentives
and EV manufacturing pu$h]
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STEPS

Slovakia

Hungary
Romania

Bulgaria

Greece

Croatia

Slovenia

Estonia

Latvia

Lithuania

Luxembourg

Malta

United
Kingdom

The country breakdown showcases some of the common challenges that need to be taken into

Slow adoption, higher reliance on foss
fuels

Limited adoption, slow infrastructure
expansion

Low EV adoption, infrastructure gaps

Slow growth, fossil fuelependence

Moderate growth, some urban
concentration in EV adoption

Low adoption, slower transition

Moderate growth, charging
infrastructure development

High growth, early adoption due to
supportive policies

Moderate growth, EU incentives drivir
adoption

Moderate growth, Etbacked policy
initiatives

High adoption, early transition to EVs

Steady growth, high potential for
adoption

Strong growth, rural areas face
charging challenges

Government initiatives push EV
adoption with major incentivef7]

Increased state support, battery
production expansiofi7]

Gradual policy implementation, state
support for EV productiofv]

Limited but growing government
initiatives, EU funding for infrastructur:
[7]

Strong growth via EU initiatives,
governmentbacked charging incentive

5]

Regional funding and EU initiatives
driving EV adoptiofi7]

Aggressive adoption with Ehhcked
funding, high EV market share by 203
[7]

Fully electrified by 2030, extensive
charging infrastructuré4]

Strong EV adoption supported by EU
funding and national initiative[F]

Rapid adoption, strong local policies,
government and EU investmejit]

Full electrification by 2030, aggressive
incentives[4]

Accelerated transition, EU and
government push towards full EV
adoption|[7]

Full ICE ban by 2030, nationwide
charging rollout, strong domestic EV
manufacturing9]

consideration since they pose barriers ftte EV market growth

Floy
Pagel9of 126

Funded by
the European Union



1. Infrastructure gaps Expanding charging networks in urban and rural areas remains a
challenge, requiring coordinated policy support.

2. Cost andincentives EV affordability is still a concern, necessitating stronger incentives and
support for lowerincome consumers.

3. Battery sustainability: Recycling and reducing environmental impact from battery production
must be prioritized for longerm viability.

4. Energygrid adaptation: Investment in smart grids and renewable integration is essential to
accommodate growing EV demand.

5. Consumer awareness andadoption: Public education campaigns and incentives can
accelerate EV uptake by addressing misconceptions and mgerns

The market scenariogse EV market sales data from tHeuropeanAlternative Fuels Observatory
(EAFOJo estimate future diffusion of EM40]. Since the market data is historical, assumptions were
made about the future market potential for Ediffusion. The structure of the data that is retrieved
from EAFO is described in this section.

¢tKS 3G201 2F 9+a Ay wHwnpn A& | 44dzyYSR G2 0S8 wmnm:
2023. Assuming the number of cars will not change in the future, it is reasonable to limit the market
growth to avoid unrealistic valuder 2050.

The EAFO collecnalysesand shares data on the adoption of alternative fuels, including electricity,
and their infrastructure. Thisection provides an overview tfie specific types of data available for
EVs and the charging infrastructuyreshicle categorieand charging options

2.2.1Typesand categorieof EVs

The data provided by the EAFO includes detailed information on the different tyg@gsahd their
adoption rates across the EU. The data distinguishes between various vehicle categories and
technologiesIn continuation, a description of the data that is used in the ESIT is provided. The details
on how this data is used is giventhe next sectionin the description of ESIT.

Battery Electric Vehicles (BEVS)

Battery Electric Vehicles (BEVs) are fully electric vehicles powered entirely by electricity stored in
batteries. They are charged via electric charging stations and have no internal combustion engine (ICE).
BEVs are the focus of many EU regulations andniives due to their ability to reduce carbon
emissions during operation.

1 EAFQdata: The EAFO tracks the number of BEVs registeretlgountries,as well as some
non-EU countries (e.g., UK, Norway, Iceland, Switzerland, Turkey, Liechtenstesaking
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them down by vehicle type (passenger cars, vans, buses, and trucks). This data provides
insights into the growth of BEVs in different markets and regions.

1 Keydatistics: Information on total BEV stock, new registrations, and the share of BEVs in
overall vehicle sales is available. Additionally, it provides insights into the most popular BEV
models in theconsideredmarkets.

Plugin Hybrid Electric Vehicles (PHEVS)

Plugin Hybrid Electric Vehicles (PHEVs) combine an electric motor and an internal combustion engine.
They can be charged via external sources (like BEVs) but also use gasoline or diesel for longer trips.
PHEVs are seen as a transition solution, offediexgiility for consumers who are hesitant to adopt
BEVs.

1 EAFO DataPHEVs are tracked separately from BEVSs, with specific data on their registration
and market share in various EU countries. This data highlights the role of PHEVs in the broader
transition to electric mobility.

1 Key StatisticsThe EAFO provides insights into the number of PHEVs on the road, their share
in the overall market, and how they compare to BEVs in terms of new registrations.

The EAFO includes data on various vehicle categories, each representing a different type of transport.
These categories provide a comprehensive view of the electric mobility landscape across passenger
vehicles and commercial fleets:

1 Passenger Car®ata on electric passenger vehicles (both BEVs and PHEVS) is collected for all
EU member states. This is the largest segment in terms of market share and adoption rates.

1 Vans Light commercial vehicles (vans) are tracked separately, offering insights into the
electrification of lasimile delivery and other commercial uses.

1 Buses The EAFO also provides data on electric buses, which are increasingly being adopted in
cities across Europe as part of efforts to reduce air pollution and improve urban transport
sustainability.

1 Trucks Heavyduty trucks and longnaul freight vehicles are the slowest to adopt electric
propulsion, but the EAFO tracks their development, with specific data on electric trucks being
rolled out in various countries.

2.2.2 Chargingnfrastructure data

The EAFO also tracks dataBYicharging infrastructure, a critical component of the EV ecosystem.
This data helps to assess the availability and accessibility of charging stations across the EU, which is
essential for supporting the growth of EV adoption.

-y Funded by
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The EAFO categorizes charging infrastructure data based on the type of charging technology and the
speed of charging. This helps provide a clearer picture of the current state of charging networks in the
EU and how they align with EV adoption.

1 Slow Charging (AC)

o These are standard charging points typically found in residential areas, public parking
lots, or workplaces. Slow chargers usually provide a power output of up to 22 kW and
are designed for overnight charging dnarging during long stays (e.g., at shopping
malls or offices).

o EAFO DataThe number of slow charging points is tracked by country and region,
offering insights into the spread of residential and workplace charging options. The
data indicates which countries have the most extensive slbarging infrastructure.

1 Fast Charging (DC)

o Fast chargers offer power outputs typically between 22 kW and 50 kW and are
designed for shorter charging times, ideal for urban areas, highways, and quick stops.

o EAFO DataThe number of fast chargers is reported, providing insights into the
availability of fastharging networks in urban areas and along major highways. The
EAFO also includes data on the growth of fast charging stations, which are vital for
long-distance EVravel.

1 Ultra-Fast Charging (DC)

o Ultrafast chargers (typically 150 kW to 350 kW) allow for very short charging times,
typically 2030 minutes to charge a vehicle to 80% capacity. They are essential for long
haul travel and have become increasingly common along major highways and
transpott corridors.

o EAFO Datarhe EAFO tracks ultfast charging infrastructure, focusing on the number
of ultra-fast charging points available across Europe, particularly alongtiaiffic
routes.

{1 Inductive Charging (Wireless Charging)

o Although still in the early stages, inductive (wireless) charging technology allows for
charging withouta physical connection.

o EAFO DataData on inductive charging stations is still emerging but provides insights
into the potential for future innovation in the charging infrastructure landscape.

The EAFO also distinguishes between public and private charging points, providing a clearer
understanding of how EV owners access charging:
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1 Publicchargingpoints: These are available in public spaces like parking lots, street corners, or
dedicated charging stations along highways. The data tracks the number of public charging
points available per country, region, and city.

1 Privatechargingpoints: These are typically installed in private residences or workplaces. The
EAFO data includes estimates for the number of home charging points in the EU, helping to
illustrate the role of private charging in supporting the EV transition.

For the purposes of ESIT, only public charging is considered.

Floy
Page230f 126

Funded by
the European Union




3 EnergySystemIimpact Assessmenflool

TheEnergy System Impact To&lSITisa modular tool that estimates the number of electrical vehicles
andcharging stations a determined shorto-midterm future, together with some additional features
and computations:

4. Annual electrical demand estimations.
5. Sizing of the charging power required.
6. Greenhouse gassHG emissions comparison analysis.

The main objective behind the development of the todicigprovide a tool where the input is easily

adjusted and the modules are customizalde,that itO y LINE GARS 06 S GG SNJ NBadz
needs The reason behind this is that tmesults are inevitably dependent arertain conditions that

are set as inputAdditionally, this allows for a constant update of theut, feeding more information

to make better estimations.

This section provides a detailed description of the tool, the data and the scenarios with which the tool
istested, the assumptions that were made for the tested scenarios and the results from the analysis.

Scraping mocile Data formating Graphical representation - pots
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|

|
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Figurel - Energy System Impact Assessment Tool, simplified modules structure

The tool is developed in Python, so that it can be open sot@eh part of the tool includdeur main
modules:

1. Scraping moduleThis module etrievesnecessary data from IHA] and EAFQLO].
2. Input data preparation modulg(data formatting). The input data preparation module reads
the input data and prepares them for the analysis.
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3. Calculations moduleThis module estimates the EV diffusion numbers for both policy and
market scenarioghe charging station numbeesd calculates the additional featuresinnual
electrical demand, sizgnof charging power and greenhouse gas emissions

4. Output and graphics moduleThe output and graphics modudeportsthe results in both .xIsx
files and shows it graphically (in the case of congestion analysis).

The tool useseveral methodologies in the calculations module. The detailssfoh of the calculations
are provided in Appendi&

A representation of the tool with all modules can be seerfrigurel (representation of the modules)
andFigure2 (the additional features).

Estimation Module Graphical Representation

Module

- IEI W (Additional Features)

o Eal =
= e ==
==

Additional feature name

Plots
plot
yearly electricity demand

1 11 1
1 [ 1
1 [ 1
| 1 [ 1
= 1 yearly electricity demand 11 |
1 11 1
| ) 11 plot 1
Use assumptions recommended publicEV .
from D1.2 and other : charging capacity (GW) H ricoendEdPUb(lgl\c/:V !
needed sources to ! [ e !
o 1 |
calculate additional I . ! I plot !
otentis Ofse otentia offset
features | P gne : I p ial ghg off :
1 11 1
(any estimate, per type or
combined) T J

Figure2 - Energy System Impact Assessment Tool, additional features

The tool consists of a central python fiteat runs all modulesTlis filefeeds on different input files

1 onfiguration .csv file that contains different parameters that control the flow of the
algorithm, and the outputs obtained.

1 Demandparameters.csv file that contains the parameters of the annual demand per EV.

9 Bounds.csv file with bounds for number of vehicles in future years. Different scenarios have
been described in our study.

1 Charger boundgsyv files with bounds for number of chargers in future years.

1 Emissions form IEAlIsxfile containing many sheets with all the information and parameters
regarding GHG emissions.

1 Sizing parametergsv file containing the parameters for power capacity sizing.

1 Year distancexisxfile with assumptions on yearly covered distance by type of vehicle.

The tool is programmed in Python 3.9, and uses librgsies, itertools, time, io, os, shutil, fnmatch,
openpyxl, matpotlib, pandas, numpy, skleamdscipy.
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The tool is divided in different modular parts. In each execution of the tool, the user can decide which
parts of the tool need to be executed with Boolean variables described ioathigurationfile.

First since there is no API or master download file for the data from the EAFO wghsitcraping
modulewas developed This scrapingnodule downloads the required data from the EAFO website
[10]. In the code, this first tool is implemented in tget_eafo_data(function (see section6.1.2for
more details into the downloaded datasgtd he data is saved anspecifieddirectory. The Boolean
variable controlling this step is named BOOL_GET_EAFO_DATA.

Then, there is thénput data preparation moduleof the tool, which consists of merging all the
downloaded datasets from EAFO into a unique datalt®e Y 6 A y S R ¢ N decandistep f & E ¢
this dataset is divided and formatted in two different datasétsO2 YO A Y SRYNB & dzindi & y BS K A
4§ 02Y0AYSRYNS & dzf Thedepdatiskt i Miedaadpetitteddirectory. The Boolean

variables that control thse three steps are called BOOL_COMBINED_ RESULTS,
BOOL_COMBINED RESULTS_VEHICLES, and BBINERDQRAESULTS CHARGERS.

Next step is thestimations and metrics computatiggV numbers, charger numbeesinual demand,
sizing capacity required, and gkaqissions). These steps of the code are controlled by the Boolean
variables

- BOOL_CALC_ESTIMATION_VEHICLES
- BOOL_CALC_ESTIMATICHARGERS

- BOOL_CALC_ANNUAL_DEMAND

- BOOL_CALC_SIZING

- BOOL_CALC_GHG

Finally, there is the graphical representation section which computes the metrics to plot, and plots
them, the Boolean values that controldkeprocesses are:

- BOOLPLOTESTIMATION_VEHICLES
- BOOLPLOTESTIMATIONCHARGERS
- BOOL_PLOT_ANNUAL_DEMAND

- BOOL_PLOT_SIZING

- BOOLPLOTGHG

This section presents an analysis of the key metrics evaluaithdthe ESIT. The analysis was done
with four scenarios:

1. SO (baseline)with APS values as a 2035 bound.

2. S1 (optimistic) with APS values +1086 a 2035 bound.

3. S2 (pessimistic)with APS value5% as a 2035 bound

4. S3(very pessimisticwith APS value$0% as a 2035 bound

The scenarios are determindal a wayto showcaseboth optimistic arl pessimistic outcomes for the
EV diffusionas well as the plannedPSpolicy influenced number Given the limited and heavily
conditioned input data, &ving these scenarios gives a range mbssible outcomes and more
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information on whatcan be expecteth the future Sincethe APS policy numbers already assuhigh
penetration ofE\5, the optimistic case only considers a 10% increase. For the pessimistic scenarios, it
isimportant to check what might happenpblicies are not met, since the marketually reacts slower

that what the policies statedence, they include both 25% and 50% lower numbwas those stated

in the APS policigfler 2035.

For easier comprehension and to better showcase the results, SO is presented in this section as well as
the comparison oéll scenarios. The details of scenariosSRlare available in Appendix

The analysis covers the estimated number of vehicles, electricity demand, required charging
infrastructure, and GHG emissions from 2025 to 2050 across EU+27 and the UK. The differences
between scenarios stem from the assumptions on EV penetration by B0p&acting all subsequent
calculations.

Table3 - Scenarios description for both Electrical vehicles and charging stations.
ElectricalVehicles

Input Years for model Year 2023 | Year 2024 | Year 2035 Year 2050
fitting

2023,2024,2035,2050 Market Market APS 2035 value 100% EV Penetration with
value value Current number of Vehicles
S1 2023,2024,2035,2050 Market Market APS 2035 100% EV Penetration with
value value value+10% Current number of Vehicles
S2 2023,2024,2035,2050 Market Market APS 2035 valde 100% EV Penetration with
value value 25% Current number of Vehicles
S3 2023,2024,2035,2050 Market Market APS 203balue  100% EV Penetration with
value value 50% Current number of Vehicles
ChargingSations
fitting
2022,2023,2024,2035 Market Market Market value APS 2035 value
value value
S1 2022,2023,2024,2035 Market Market Market value APS 2035 value+10%
value value
S2 2022,2023,2024,2035 Market Market Market value APS 2035 valu’5%
value value
S3 2022,2023,2024,2035 Market Market Market value APS 2035 valug0%
value value

Thelogistic fitting requires 4 input values to be determinédgide from the policies values in 2035, 3
more entry data pointshould be providedor the fitting to work correctlyln the case of the EVs, the
values chosen for it have been the market values in years 2023, and tb@2gdolicies values in year
2035,and finally, for the year 205€he assumption is that00%of the current total number of vehicles
shifts toE\&.

In the case of theumber ofcharging stationsthere are no policies target values for 2050. Because of
this, we have provided the market values from 2022, 2023, and 2024.

In the following subsection, the main metrics are presented by Year
(2025,2030,2035,2040,2045,205@puntry (EU+27 + UK)Gollection6 dt 8 A Sy 3SNJ OF N&
Gl SI @& Rdzié G NPzOperiiesosd . 69, tdgd S2aNesé tdtyRRHnclude
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Number of vehicles

Electricity annual demand

Sizing of the charging power required
GHG emissions

N =

All parameter values chosen the analysis foelectricity annual demandsizingand GHGemissions
computationare given im\ppendix6, section6.4 Assumptions

3.3.1 Scenario SO: base scenario

The total number of battery electric vehicles (BEV) and-plugybrid electric vehicles (PHEV) grows
significantly over the years, but at different rates depending on the scerBmémario Sdollows APS
policy guidelines and shows steady adoptidable4 and Table5 summarise and extratche important
metricsfor SQin percentage growth and absolute growth respectivélgak growth rates vary greatly
by country.Countries with low penetration of EVeften exhibit the highest growth rates, particularly
in the early years (20280302035 to meet the policies numbers in 203&hile Norway consistently
shows the lowest growth due to its already high penetration of EVSs.

Table4 - Summay of the percentual growth of number of EVs by Collection and Prop&&9)

20252030 20302035 20352040 20402045 20452050

Passenger BEV Average
cars and growth = 424% 318% 89% 20% 6%
vans Peak Poland Poland Romania Norway Norway
growth  980% 699% 116% 35% 32%
Lowest | Norway Norway Norway Romania Romania
growth = 23% 29% 34% 10% 1%
PHEV Average
growth  202% 149% 65% 27% 16%
Peak Latvia Cyprus Cyprus Norway Sweden
growth = 514% 373% 103% 36% 51%
Lowest Sweden Sweden Sweden Cyprus Cyprus
growth 2% 6% 16% 15% 2%
Heavy BEV Average
duty growth | 1568% 1001% 116% 10% 1%
trucks Peak Bulgaria Estonia Cyprus Norway Norway
growth  2877% 1712% 128% 24% 6%
Lowest Norway Bulgaria Bulgaria
growth = Norway 277% Norway 190% 82% 4% 0%
PHEV Average
growth  2412% 1480% 122% 67% 1%
Peak Malta Croatia Croatia Norway Norway
growth = 2880% 1712% 129% 34% 27%
Lowest Norway Norway Norway Malta Malta
growth  49% 45% 40% 4% 0%
Buses BEV Average
growth = 412% 465% 94% 18% 5%
Peak Croatia Croatia Croatia Luxembourg  Luxembourg
growth  1709% 1673% 128% 34% 29%
Lowest = Luxembourg @ Luxembourg Luxembourg @ Croatia Croatia
growth = 32% 36% 36% 4% 1%
'f'—/—ﬂ—e’ Funded by
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PHEV

Average

growth  1622%
Peak Slovenia
growth = 2879%
Lowest Luxembourg
growth  17%

128%%
Malta
1712%
Belgium
86%

124%
Malta
129%
Belgium
57%

6%
Belgium
32%
Slovenia
4%

0.1%
Belgium
15%
Slovenia
0%

In terms of absolute numbers, the absolute growth of the EV fleet peaks in theZZRBb 5year
period, having a decreased growth in the latest years, accordivigiythe nature of a logistic fitting.
The countries with major absolute growth in all scenarios repeatatdyGermany, with Italy and
France tailing behind. Italy shows a peak increase of 17.87 mplissenger cars and va(PCV}
274.736heavy duty trucks (HDTr) the 20352040 period, while Germany shows the greatest increase
in electric buses, with a 652683 increase in 22880.

Table5 - Summary of the absolute growth of number of EVs by Collection and Propiargll countries

20252030 | 20302035 | 20352040 | 20402045 | 20452050

Passenger
cars and
vans

Heavy duty
trucks

Buses
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BEV

PHEV

BEV

PHEV

BEV

PHEV

Total
increase
Highest
difference
Lowest
difference
Total
increase
Highest
difference
Lowest
difference
Total
increase
Highest
difference
Lowest
difference
Total
increase
Highest
difference
Lowest
difference
Total
increase
Highest
difference
Lowest
difference
Total
increase
Highest
difference
Lowest
difference

24.76 million
Germany
5.07 million
Malta 29
484

4.81 million
Germany
779556
Luxembourg
4328

210051
Germany
50792
Malta 122
5621
Germany
711

Malta 5
128880
Germany
18940
Cyprus 92
3968
Germany

503

Malta 4

83.35 million
Italy

13.43 million
Luxembourg
85007

10.11 million
Italy

1.80 million
Luxembourg
6904

1.40 million
Italy
203099

Malta 1625

79397
Germany
12603

Malta 86

505430
Germany
81862
Luxembourg
263

56722
Germany
8913

Malta 62

107.02
million

Italy

17.87 million
Luxembourg
104651

12.92 million
Italy

2.36 million
Luxembourg
10372

1.85 million
Italy
274736

Malta 2195

107675
Germany
17245

Malta 117

652683
Germany
106174
Luxembourg
364

78083
Germany
12470

Malta 85

43.65
million
Germany
8.68 million
Malta
51146

9.36 million
Germany
1.55 million
Malta
10932

378120
Germany
89529
Malta 228
10557
Germany
1360
Malta 9
229537
Germany
34211
Cyprus 177
7579
Germany

1006

Malta 7

14.27 million
Germany
3.46 million
Cyprus
6173

6.27 million
Germany
1.52 million
Cyprus
2047
51790
Germany
16740
Malta 11
1152
Norway 477
Malta O
52189
United Kingdom
9913
Cyprus 8
823

Belgium 412

Malta O
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In continuation,the static plots for the number of vehiclegse shown In the tool, tleseplots are
generated with the tool Plotlyso theyare dynamic and interactiveenabing a more detailed
visualization of the data.
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1er Combined lagistic estimations in EU27+UK for nurnber of vehicles. Passenger cars and vans.
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The bounds provided for the interpolation in the caselofrging stationsause a different behaviour

than the one observed in the vehicles case.

In all scenarios, a high peak growth raen be observeih the first years of the period20252030),

which steadily fades away in the following yeak&e observan average growth rate of 67%nd 86.7%
in AC and DC, respectively absolute numbershere are877084 AC and 26362 DChew charging
stationsin this period Netherlands and Germany present the greatest increase, withd68Inew AC
charging stationand59 807 new DQharging stationsrespectively.

Table6 - Summary of percentual growth ofharging stationsestimates.

20252030 20302035 20352040 20402045 20452050
AC

Average
growth = 68%
Peak Luxembourg
growth  126%
Lowest = Latvia
growth = 18%

DC Average
growth  87%
Peak Netherlands
growth | 117%
Lowest

growth  Malta 14%

Flay
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Table7 - Summary ofabsolutegrowth of charging stationestimates.

20252030 20302035 20352040 20402045 20452050
AC

Total

increase = 877084 183779 30710 5150 911

Highest United United

difference Netherlands  Netherlands  France Kingdom Kingdom

191466 46682 8180 1612 334

Lowest

difference = Malta 117 Latvia O Latvia O Croatia 0 Austria 0
DC Total

increase 269362 24648 2495 334 51

Highest Germany Norway Norway Norway Norway

difference = 59807 6284 1382 248 43

Lowest Malta Malta Malta Malta Lithuania

difference 2 0 0 0 0

Regarding the electricity demand, the PCVs fleet concentratehof the demand over the total fleet
(starts with an 85.0% and decreases to 62.5%). The buses fleatwgittwra slighty highe amount of
associated demand than HDTSs but is gradually overtaReses participate in a 10.4% in 2025 and in
a 16.4% in 2050, while HDTs increase from 4.6% in 2025 to a 21.1% in 2050.

vehicle Type
— Buses
— HOTS
- PCVS

2025 2030 2035

2040 2045 2050

Figure6 - Electricity demand (GWh) percentaghstribution by year andtype of vehiclein base scenaripS0

In terms of absolute numbers, the demand reaches absolute valub308f TWhor PCVs340 TWh
for HDTs an@66 TWhfor buses in 2050.
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Figure7 - Absolute electricity demand (GWh) byehicle typein base scenaripS0

When looking at the distribution by country, Germany, France bMdshow the greatest percentage

of demand across Europealemand with a 19.8%, a 13.2% and a 12.6% respectively. These three
countries, while remaining the biggest parties in terms of demand until 2050, see their values a little
bit decreased, to 9.8%, 8.5% and 7% respectively. In 2050, Italy joins with 8.3% détikeoand.
Spain and Poland are close with values around B86.more detail,Table8 contains the annual
demand by country and year @&\h.

Table8. AnnualEV electricitydemand bycountry and year in GWh in base scenario SO.

2025 2030 2035 2040 2045 2050

Austria 1179 3807 11527 21326 25903 27532
Belgium 2 091 5122 13 953 25234 30 856 33 308
Bulgaria 112 896 6 420 13 743 15 161 15 334
Croatia 77 590 4080 8694 9618 9744
Cyprus 20 176 1445 3139 3425 3452
Czech Republic 273 2045 14 017 29 864 33086 33480
Denmark 1823 3403 6 430 10 261 13 255 15 340
Estonia 43 309 1954 4124 4 604 4 667
Finland 1092 2913 8 299 15 166 18 457 19 806
France 8513 28 521 92 437 174 079 209 177 220 779
Germany 13 125 38030 105 592 191 004 234 843 252 167
flay Funded by
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Greece 256 1943 13 401 28 552 31604 32 008

Hungary 443 2015 9 385 19 022 21788 22 416
Ireland 512 1692 5616 10 664 12 751 13 414
Italy 2 693 14 385 89 854 190 090 211722 214 616
Latvia 54 313 1700 3521 3988 4061
Lithuania 220 832 3511 7 007 8113 8 386
Luxembourg 272 492 997 1648 2 080 2376
Malta 49 194 722 1 400 1653 1725
Netherlands 3700 8 752 20 217 34617 43 690 48 253
Norway 3512 4794 7312 10 749 14 105 17 438
Poland 976 8 025 60 066 129 171 142 055 143 467
Portugal 1230 4209 14 345 27 328 32 539 34 258
Romania 499 2758 17 668 37 460 41551 42 201
Slovakia 126 893 5 749 12 155 13538 13732
Slovenia 89 507 2638 5424 6173 6 300
Spain 2187 11 008 58 892 121 908 137 968 140 663
Sweden 2 800 5517 11 454 18 991 24 164 27 328
Switzerland 1470 4161 10 633 18 761 23 460 25 395
United Kingdom 8 958 27 550 75 638 136 023 168 351 180 646

Section6.4 - Assumptiongxplairs that in terms of the sizing of the charging power, HDTs and Buses
have been left out of the analysis due to the lack of sensible parameters to associate each HDT or Bus
to a charging power to be met. For this reason, in this section onlynitalled charging capacity
numbersfor the different countriesis presented

The same problem happened ftihe demand analysis. Germany, Italy ad& are the countries
requiring greater charging power to feed their fleet of EVs.

The demand and charging power results are not necessarily meant to be similar in trend, as the power
capacity per vehicle depends the share of EVs over the total fleet and this depends on each country
penetration over the years, and the total number of vehiclBse country with the highest charging
capacity required is Germany witt8 930 MW in 205Q while the country with the least charging
capacity required in 2050 is Malta with 88N.

In Table9 are showrthe values for each countm terms of absolute numlye for charging capacity.

Table9. Charging capacity{W) required by year and country in base scenario SO.

2025 2030 2035 2040 2045 2050

Austria 512 1043 2 254 3876 4900 5342

Belgium 744 1316 2729 4 620 5 855 6 463

Bulgaria 59 307 1256 2 565 2926 2975

Croatia 41 203 798 1622 1856 1891
£ Lﬂ—&’ KM Funded by
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2025 2030 2035 2040 2045 2050
57 283 593 662 670

Cyprus 9

Czech Republic 127 636 2741 5 660 6 400 6 496
Denmark 479 771 1258 1889 2 493 2977
Estonia 20 920 382 788 892 906
Finland 351 724 1623 2838 3542 3843
France 3544 7786 18 077 31798 39733 42 839
Germany 4962 9885 20 650 35172 44 557 48 930
Greece 101 627 2621 5 481 6128 6211
Hungary 187 595 1835 3449 4170 4 350
Ireland 203 450 1098 1968 2 435 2 603
Italy 1112 3775 17572 36 718 41102 41643
Latvia 19 78 332 687 777 788
Lithuania 62 213 687 1345 1580 1627
Luxembourg 67 108 195 306 399 461
Malta 18 50 141 262 318 335
Netherlands 1169 2050 3954 6 368 8 244 9 363
Norway 935 1125 1431 1902 2 550 3383
Poland 347 2580 11 746 24 939 27 562 27 838
Portugal 484 1129 2805 5037 6 220 6 647
Romania 142 767 3455 7 356 8115 8189
Slovakia 61 281 1124 2 280 2614 2 665
Slovenia 51 172 516 1001 1186 1223
Spain 830 2 684 11517 23 790 26 822 27 294
Sweden 820 1253 2 240 3476 4568 5 303
Switzerland 441 1014 2079 3519 4474 4928
United Kingdom 3242 6823 14 792 25 480 32150 35052

Regarding thgreenhousegas emissions, the positiyeaxis of the following ploshowsthe balance

between the emissions generated by the manufacturing and usage of the electrical vehicles from 2025

to 205Q by country. On the other hand, the negatiyeaxis shows the emissions that would be
produced if all this EV fleet were conventional petrol, diesel, CNG or LPG fuelled véhielgglar

trend can be observedshowing that theavoided emissionspresented aNomEVF  SSG ¢ @I f dzSa
higher than the generatedmissionsepresented asi K S & 9 Refet tosBcfidng. 4dAssumptions

for the methodology used for choosing tlggid power mixvalues.
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Figure8 - Avoided (NoRnEV fleet) and generated (EV fleéBHG emissions in base scenario SO.

Figure9 showsthe collection of vehicles with the highest impact in terms of GHG emissions is PCVs,
surpassing the mark of 1 thousand millif®O2 irall EU27+United Kingdom from 2035 onwartise

j But p@rl £ dzS a

T QRS

a9+

iKS

vehicle In the period from 2022040 the emissions rise due toahmanufacturing costs of the new

numbers shown irFigure9, are the equivalent value® ¥

EVs that enter thenarket butthen starts droppings there are less new ones. This shows that once

the fleet of vehicleseaches 100% EV share, the GHG emissions drop

In terms of emission by country, the countries with higinamber of vehicles show the greatest

amount of emissions as well.

* o

£]

Page360f 126

Funded by

*

the European Union

*



Deliverable B.1 - Emobility scenarios: EV
penetrations, charging infrastructure deployments
and grid impacts
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Figure9 - GeneratedGHG emissions by type of vehidlebase scenario, SO
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FigurelO- GeneratedGHG emissionby countryin base scenaripS0.
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Thetool is ready to accept different parameter values for countrsesthat the useris ableto obtain
more realistic results by country.

3.3.2 Scenarios comparison

Table 10 containsthe differences in the growtlof EV stocksThe differences are obtained by
subtracting the growth percentage of all scenarios with the base one.

TabIelO Difference in growthbetween scenariosusing the logistic growth model

20252030 | 20302035 | 20352040 | 20402045 | 20452050

Passenger cars and BE SIS0 (%)
vans S2S0 (%) -85 -31 25 14 7
S3S0 (%) -171 -81 50 40 24
PHEV SESO0 (%) 19 5 -5 -5 -4
S2S0 (%) -45 -18 12 15 15
S3S0 (%) 91 -44 21 40 38
HeavyDuty Trucks BEV SIS0 (%) 119 3 -16 -2 0
S2S0 (%) -282 -45 50 8 2
S3S0 (%) -562 -151 123 26 6
PHEV SESO0 (%) 165 -8 -17 -1 0
S2S0 (%) -394 -29 59 5 1
S3S0 (%) -791 -147 156 17 4
Buses BEV S1S0 (%) 36 9 -11 -4 -1
S2S0 (%) -85 -39 30 13 6
S3S0 (%) -172 -110 87 50 27
PHEV SESO0 (%) 114 4 -18 -1 0
S2S0 (%) -270 -55 60 5 1
S3S0 (%) -629 -237 208 25

The results show that, in the optimistic scenario S1, the percentage of growth is higher in the early
years 2030 and 2035, and smaller in the latter years. This can be expected, considering that there will
be an intense increase of EVs, to reach the 1®&v@policy goals expected for 2035. This intensity is
lower after that, as the EVs would comprise most of the total number of vehicles.

The exact opposite happens in the scenario S2 and S3, with different magnitudes. Since the EV diffusion
is lower before 2035, the ratio of EVs to other types of vehisléower so a higher substitution can be
expected in the years after 2035.

Floy
Page38o0f 126

Funded by
the European Union




Deliverable B.1 - Emobility scenarios: EV
penetrations, charging infrastructure deployments
and grid impacts
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Figurell- Comparison ofll considered netrics, number of vehicles and chargers, energy demand, charging
infrastructure capacity and GHG emissiomsrossall scenarios S0-S3
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Figure 11 captures andsummarizes the tends and behaviors of the different metrics evaluated
through the different scenarios: energy demand for the estimated number of EVs, charging
infrastructure necessary to cover the energy demand and the GHG emidaitiris.case, the numbers

for the end year of the considered periods are presentedthe& numbers for 2025, 2030, 2035, 2040,
2045 and 2050.

The energy demand and the charging capacity increase proportionally to the number of EVs for all
casesln terms of the GHG emissions, in the cases wherestifustitution rate is higher in the years
before 2040(S0 and S1), an increase of emissions can be seen due to the manufacturing costs for the
new EVghat later decreases. The opposite happens for cases S2 and S3, since the substation rate is
slowerbefore 2040 and higher after that.
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4 LocalSystemImpact Assessmenflool

The Local System Impatbol (LSITwas developed to provide an insight into the capacity of the
electricity grid to handle the massive EV diffusjogpecificallyin the medium and low voltage
distribution grids.The results of this tool give the user information abeutether the current grid
infrastructure can sustain the integration of EVs without investments in the grid infrastructure.

The main objective behind the development of the tool is to simplify the application of grid modelling
tools and allow fordza Sdudtomization based on their needs. The reason behind this is that the
impacts on the grid are highly dependable on the grid itself, as well as the generation, load and
charging profiles for the chosen time of the analysis. This makes the results veificdfpethe case

in question. Developing a tool where the inputs can be easily adjusted has the potential to expand the
number of users able to implement this kind of analysis and streamline the process, thus accelerating
and reducing the cost.

This section provides a detailed description of the ttioé data and thescenarios with which the tool
was testedthe assumptions that were made for the tested scenariostardesults from the analysis.

The tool is developed in Python, so that it candmen source For the analysis of the grids, the
pandapowermpackage was used.

TheLSITis consists of two partseach containing three modules. The two parts refer to the two types
of analysis that LSIT can perform

1. Hosting capacityanalysis(HCA) This part of the tool determines the amount of additional
capacity that can be installed before the grid becomes congested, for all points in the grid that
can have a load connectiofhe results also give the number and type of chargers that can be
installedat each available connection pointhe additional capacity is determined for two
cases, an optimistic and pessimistic cdsach of these cases are explained in detail.

2. Congestion analysi¢CA) This part of the tool determines whether the grid can handle a
specific case of EV diffusionhe user can input the grighcluding grid parameter limitshe
load and generation profileandthe EV charging profiles they want to analy$be results
showthe condition of the voltage, line and transformer parameters, indicating if there are
violations in any of th@arameter limits.

Eachpart of the tool includsthree modules:

5. Input data preparation module The input data preparation moduleads the grid data and
profiles and prepares them for the analysis. The grid data should be in apaxidapower
format andthis module creates a grid modf&bm it. It also reads the load, generation and
charging profiles.

6. Calculationsmodule: Depending on the type of analysis, this module calculates the hosting
capacity of the grid and analgs the congestions for specific profile data.

7. Output and graphicsnodule: The output and graphics module exports the results in both .xIsx
files and shows it graphically (in the case of congestion analysis).
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A simplified representation of LSIT is provide&igurel2.
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Figurel2- Local System Impact Assessment Tool, simplified representation

4.1.1 Hosting capacity analysis

TheHCAdeterminesthe potential for EV charger installatiortsoth fast and slowThe capacity of the
chargers to put in the grid can be determined by the uskne approach uses power flow analysis to
iteratively determine the maximum allowable loads at different buses while ensuring system
constraints such as voltage limits and line loading are not violatedtobhsupports both lowvoltage

(LV) and mediunvoltage (MV) networks.

The hosting capacity calculation aims to determine the maximum additional load that can be applied
to each bus in the network before violating operational limit®nsidering gpessimisticand an
optimistic scenario

Thepessimistic scenaritakes into account the interaction between the loads in the grid. It runs the
HCAby increasinghe load in all load points at oncby a determined step (input from the usemntil
congestion of the grid is reached.

Theoptimistic scenariotakes into account thenaximum capacity that the load point can take without
the consideration of other load pointdt runs theHCADy increasing the loath each load point
individually, by a determined step (input from the user), until congestion of the grid is reached.

This method iteratively increases the load at all valid buses simultaneously in small increments until
the first of the following constraints is violated:

1 Voltage limits Maximum voltage deviation must remain within 0.90 to 1.10 per unit (p.u.)
[11].
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Line loading No line should exceed 100% of its rated capdtliky maximum allowed current)

The algorithm follows these steps:

1.
2.

S L

8.

Identify valid buses where loads can be applied.

Add missing loads to buses that do not have any assigned (optisnal, can be used if the
capacity of all nodes in the grid should be analysed)

Read he step size fothe loadsincreasg(determined by the user in the input)

Iteratively increase the load all valid buses at onday the step size.

Run a power flow analysis usipgndapowe da L2 6 SNJ Ft 246 Fdzy Ol A2y
Check voltage and line loading constraints.

When the firstconstraintis exceeded(bus voltage or line loadingyeduce the load at the
affected bugsto the previous safe levednd remove the congested buses from thext
iteration.

Repeatfrom step 4 onwards,ntil allpointsreach their hosting capacity limit.

The result is a dictionary mapping each bus to its maximum allowable |&&d. in

This method applies the same principles as above but evaluates buses individually. The process
includes:

1.

2.
3.
4.

Iteratively increasing load at a single bus while keeping others unchanged.
Running power flow analysis and checking constraints.
Determining the maximum load for that bus before exceeding system limits.

Repeating the process for each bus in gnil.

The result is a dictionary mapping each bus to its maximum allowable I&&d. in

Once the hosting capacity of the grid is established, the next step is to determine how many EV
chargers can be installed at each bus.

Given a list of charger capacitias input from the usete.g., 3.7 kW, 7.4 kW, 22 kW for LV grids, and
50 kW, 150 kW, 350 kW for MV grids)istpart of the tool does the faiving

1.
2.

Flow

Ensureghat the hosting capacitis given irkW.

Computes the maximum number of each charger type that can be installed.
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3. Uses combinatorial analysis to find valid charger configurations that do not exceed the
available hosting capacity.

4. Stores valid combinations in a dictionary

This part of the LSIT cqmocess multiple grid files in parallel using multiprocessing. The steps include:
1. Reading grid data frorthe pandapowemmodel .xlIsXile.

2. Selecting the appropriate power flow tool (grid_pf_Iv for LV networks, grid_pf_mv for MV
networks).

3. Running hosting capacity calculations using both methods.
4. Computing EV charger installation potenfal both methods
5. Exportingall results to anxlsxfile.

The results in the .xlIsx file contain the hosting capdoitypoth scenarios, the number of chargers of
each type and the combinations of their installatidine results are given for each of the considered
grid points.

4.1.2 Congestion analysis

The increasing integration &Vdnto the power grid introduces additional load dynamics that can lead
to congestion in particulardistribution networkswhere the charging stations are installethe CA
employspandapowerto perform a timeseries simulation that assesses grid congestion by evaluating
transformer loading, line currents, bus voltages, and external grid power extraciom the
introduction of elevated EV load

In comparisonto the HCAthe CA provides aadditional detail abouwhether a grid-specific EVSE
installation with grid-specific EV profilegan be supported by the gridn this way, they are
complementary and can based both individually and together. The HCA gives an indication of how
much additional capacitythe grid can support without the exact EV profjleghereas the CA can
provide further detaibf the grid conditionsvhen these profiles are available

To testthe CA part of LSIT, it was used the lowvoltage gridprovided by the Italiardistribution

system operator (DSQOAreti. The cases were customized for tispecificrequirements of the DSé@nd

the details are provided igection4.3.2Congestion analysis resultdowever, he tool can be used for

YIye RAFTFSNBYG OFaSa RSLWSYRAYy3I 2y (KS dzaSNDa ySS

TheCA involves ime-series simulatiothat works ina structuredway through the following steps

1. Preparation of thegrid model - A predefinedpandapowemetwork model serves as the base
simulation environment. Tdimodelstructure and elements depend on the giidroduced by
the userof the tool
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2. Preparation ofoad and EVrofiles.

o Load demand data (load_profile.csv) is imported to represent theCgéid O a S
consumption.

o EV charging demand data (ev_profile.csv) is imported.

o The total demand at each time step is obtained by summing the base load and EV load
profiles.

3. Settingup time-seriescontrol - The combined load profile is linked to tB@nstContrdiunction
of the time series simulation irpandapower which dynamically adjusts the power
consumption of loads throughout the simulation.

4. Configuringoutput variables(subjected to user preferencecan be modifiel- To assess
congestion effects, th®utputWriterin LJ- Y R | LfindeSeNi# simulatiologs key network
parameters, including:

o Bus voltage magnitudeges_bus.vm_pu)

o Load power consumptiorfres_load.p_mw)

o Line loading percentagées_line.loading_percent)

o Line current magnitudegres_line.i_ka)

o Power extraction from the external gridres_ext_grid.p_mw)

o Transformer loading percentag@es_trafo.loading_percent)
5. Runningof the simulation:

o Thetimeseries.run_timeseriesfiinction executes the simulation over a predefined
time period.

o The results are saved as an .lkxin the specified results folder.

6. Results andisualizationsubjected to user preference, can be modifie@nce the simulation
is complete, the saved results can be used for further analysis, including:

o Voltage profilesat different buses to check voltage stability.

o Transformer loadingrends to assess overloading risks.

o Line loading and currentto identify congestiorprone areas.

o Power extraction trends from the external grisshowing the impact of EV charging.

These results provide valuable insights for grid operators to design strategies such as dsteand
management, load shifting, or network reinforcements to mitigate congestion caused by EV
integration.
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In this section, the input and the assumptions used to test the LSIT are explairethputincludes

grid data that was provided by two partners of the project, two distribution system operators (DSOSs).
The MV gricand loaddata was provided bfdistribucionandit is arepresentation of arurban MV

grid in Spain. fle LVgrid and loaddata was provided by Aretind it isa real residential LV grid in Italy.
The EV charging profiles were provided by RSE for the LV grid and by DTU for the MV grid.

Due to confidentiality reasonghe grid data cannot be provided, but their characteristics are
described.

4.2.1 Medium-voltage grid characteristics

The MV grid data included tHellowingparameters of the grithuses, linestransformers, generators,
loads and switcheddourly bad profiles from 2023 asalso providedlater by request.The grid was
already inpandapowerformat when receivedso no previous remodelling was necessary

The MV grichas 7 feedersyith mainly radial structure, with weak mash for cases when rerouting of
supply is necessary. In this case, thafiguration of normal operation was us€themainvoltageof
the gridis 20kV with 65 secondary substatiarf<20kV/0.4 transformers.

In Tablell, the main characteristics are givehhe characteristics include thmltage levels and the
maximum power that was extracted from the external grid connect{omximum load). fie
generationpower was not included in the data, i.e. it is set to 0.

Tablell- Characteristics of the MV grid

Characteristics

Busgdnodes A total 0f693 nodeoriginally. Howeverthe grid was simplified and given witho
the switches that are not necessary for the analysis. In the simplified versio
grid has 211 nodes.

Lines A total of 144 underground cable lines with maximum loading current in the ri
of 0.2450.32 kA.

Transformers = A total of 65 transformers that represent the secondary substatibastransform
the voltage from 20kV to 0.4kV

Generators A total of 12 static generators. No generation was included in the analysis,
values were set to 0.

Switches The original grid contains a lot sfvitcheshowever, the version that was used fc
the analysis was a simplified version where the unnecessary switches
removed.

Loads A total of 85 loads connected to 0.4kV voltage level.

External grid  One external grid connection with slack voltage set to 1.027 per units.
Voltage levels The voltage of the grid is mainly 20kV, with load connections at 0.4 kV volta(

level.
Maximum External grid extraction. Active power maximum of 26.8 MW and reactive po
total load of 4.6 Mvar.
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To visualise the grid, two of the available plotting optionpafidapowermnwere used matplotlib and

plotly. These options are use the original packages but integrated within pandapower specifically for
plotting grids.Since, the coordinates were not provided, the pandapower plotting tools generated
generic coordinates to draw the grid.

Figurel3shows the graphical representation of the MV grid created withrttaplotlib option. Since

GKS 3ANAR RARYQl KI @S O22NRAYyIGSa | @FAfLasbSy 3ISy
available irpandapower

Figurel4 shows the graphical representation using tiletly option. This option has one disadvantage,

it does not draw the switches in the grid. However, this option was used as well because it is better for
representing power flow results, including voltage and line loading levels.
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Figurel3- MV grid plot with generic coordinates, pandapower's matplotlib
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Figureld- MV grid with generic coordinates, pandapower's plotly

4.2.2 Lowvoltage grid characteristics

The LV grid data included the following parameters of the grid: buses, lines, loads and switches. Load
profiles from 2024 were providefbr both winter and summer9 days in which the loads are at its
peaks The grid wagiven in QGIS and a remodelling was necessary to transf@aibdapowerformat.

ThelV gridhas11 feederswith radial structure. The are twovoltagelevels, 0.22 and 0.38 k\he
feeders are therefore connected with the external grid of 20 kV through two transformers (adieed
modelling inpandapowey.

In Table12, the main characteristics are given. The characteristics include the voltage levels and the
maximum power that was extracted from the external grid connection (maximum load). The
generation power was not included in the data, i.e. it is set to 0.

Tablel2 - Characteristics of the LV grid

Characteristics

Buses/nodes @ A total of220nodes 1 (externa grid) at 20kV, 155 at Ok®2and 67 at 0.38kV.

Lines A total of51 underground cable lines with maximum loading current in the ra
of 0002-0.308 kA.

Transformers  Thereis 1 threewinding transformerthat represens the secondary substatiol
that transfornmsthe voltage from 20kV to 22 and to 0.38V.

Generators There are no generators present in the grid.

Switches There isa total of 173 budus switches.
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Characteristics

Loads A total of51loads connected to 0.4kV voltage levEthese loads refer to the
number of aggregated load point connections, not the total number of
customers.

External grid  One external grid connection with slack voltage set t®p€r units.

Voltage levels The voltage of the gritlas three levels, 20kV, 0.22kV and 0.38kV.

Maximum External grid extraction. Active power maximunm0dd45MW (45 kW)and

total load reactive power 00.011Mvar (11 kW)

To visualise the grid, two of the available plotting optionparidapowemvere usedas well matplotlib
and plotly. Since, the coordinates were provided, the pandapower plotting tased those
coordinates to draw the grid.

Figurel5 shows the graphical representation of the grid created with thenatplotlib option, with
the original coordinates

Figurel5- LV grid with original coordinates, pandapower's matplotlib

Figurel6 shows the graphical representation using thletly option. This option the disadvantage of

not drawing the switches in the grid. However, this option was used as well because as previously
explained it is better for representing power flow results. Also, the original coordinates for the nodes
where the bies are so close to each other that the switches are not very visible.
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Figurel6- LV grid with original coordinates, pandapower's plotly

An additional figureKigurel?) is available to plot with generic coordinates for a clearer visualisation
of the feeders, although the original coordinates are used for the main representétitims case the
plotly option was not used, due to the high visibility of the switches.
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Figurel7-LV grid with generic coordinates, pandapower's matplotlib

This section shows the results from both tHE Aand theCA The result$or HCAnclude boththe MV
andthe LV grid The results for CA include the LV gridy since this is a case specifically required by
the ltalian DSO, Areti

4.3.1 Hosting capacity analysis results

TheHCAresults include theavailable power per load point connection, the number of chargers that
can be installed given the available power and the possible combinations of chargers. The results
include both optimistic ad pessimistic scenarios for the MV and LV grids.

For theMV grid, three types of chargers were considered based on the types of chargers that are used
in the MV grid inSpain These types of chargers incluidest DCchargers with capacity &0 kW, 150
kW and350kW.

The results for the MV grid are presented in the following tableble13 shows the total hosting
capacity per load point connection, considering the pessimistic scenario, when all loads are increased
simultaneously. The step size that was used in this case is provided at the beginning of the table
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followed by the capacities per node expressed in RWhough thestep size is increadén all buses at

the same time, the congestion fall buses does not happen at the same time. The buses that get
congestedare removed in the following steps and their hosting capacity is recortteglrest of the
buses are still tested until they reach congestipneforming the analysis considering the hosting
capacity of the previously congested buses

Table13- MV grid, HCA total power resultpessimistic scenario

Step size= 10 kW
Bus Hosting Capacity (kW) Hosting Capacity (kW)

0 136.2822 113 160.2242

6 107.3323 114 368.0048

7 40 115 349.6707
11 901.4307 120 244.134
12 188.9905 123 40
14 618.781 127 52.188
16 173.7095 129 376.5241
17 440.2135 130 217.249
18 367.8697 131 74.46263
24 40 133 1274.191
28 87.75338 134 232.992
32 156.3272 138 437.7583
37 480.6079 140 576.6031
39 1002.733 142 498.6747
41 384.1712 147 99.15913
42 294.802 151 481.2251
49 90.60853 152 548.4047
52 486.3081 153 464.0353
53 587.1632 154 133.2203
57 83.27964 155 207.3779
60 80.25359 162 350.7344
63 184.748 169 415.2079
64 561.9897 171 150.3532
65 350.2059 173 506.5447
66 152.5974 174 180.7768
67 392.2993 176 215.8273
68 87.03456 178 724.7396
69 428.8583 181 137.4653
74 40 183 824.0557
80 279.4435 188 130.7063
81 136.0631 189 873.1454
82 295.8722 193 275.6936
85 118.4304 194 212.4499
89 226.3908 195 108.948
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Step size= 10 kW
Bus Hosting Capacity (kW) Hosting Capacity (kW)

95 213.732 196 272.0658

97 215.3088 197 216.8328
100 86.83075 200 245.6989
103 85.3898 201 133.5666
108 392.6747 204 373.2122
109 379.8484 206 478.7168
110 321.667 207 204.6322
111 88.97637 208 307.4693
112 381.3399

Table 14 shows the total hosting capacity per load point connection, considering the optimistic
scenario, when all loads are increased individually. The step size that was used in this case is provided
at the beginning of the table followed by the capacities pedaexpressed in kW. The hosting capacity

in comparison with the pessimistic scenario is quite higher, given the fact that it takes longer to reach
congestion in the grid by increasing only one load at a time. That is why a larger step size is used.

Tablel4- MV grid, HCA total power results, optimistic scenario

Step size= 100kW

Hosting Capacity (kW) Hosting Capacity (kW)

0 7700 113 3900
6 1000 114 3800
7 1000 115 3800
11 1000 120 4400
12 1000 123 4400
14 900 127 1500
16 1000 129 3800
17 900 130 2400
18 1000 131 3900
24 1000 133 5000
28 1000 134 2400
32 1000 138 2000
37 1000 140 1800
39 900 142 3700
41 1000 147 2500
42 1000 151 3700
49 1000 152 3600
52 1000 153 3800
53 1000 154 10300
57 1000 155 4200
60 1000 162 7900
63 1000 169 3800
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Step size= 100kW
Bus Hosting Capacity (kW) Hosting Capacity (kW)

64 1000 171 2500
65 1000 173 3700
66 1000 174 3900
67 900 176 4400
68 900 178 3300
69 2900 181 4400
74 6900 183 3100
80 4000 188 3900
81 4400 189 3000
82 4400 193 3800
85 4000 194 3800
89 3900 195 3900
95 2300 196 3800
97 3800 197 3800
100 4400 200 1200
103 3900 201 7400
108 3900 204 3900
109 3700 206 3700
110 2100 207 2400
111 3900 208 4000
112 2100 113 3900

Tablel5gives the possible number of chargers given the hosting capacities for each node, considering
the total power of the installed chargers, for both the pessimistic and optimistic cases. Given the
nature of the MV grid and the fact that it is considerablodimensioned, even in the pessimistic
case there are many possibilities for installing different chargers.

Table15- MV grid, HCA maximum number of chargers per capacity, pessimistic and optimistic scenario
HCA N° of 50 kW N° of 150 kW N° of 350 kW
Pessimistic scenariall nodes 482 132 40
Optimistic scenarie single node 5086 1665 678

For the LV grid, three types of chargers were considered based on the types of chargers that are used
in the LV grid in ItalyThese types of chargemsclude slow and medium AC chargers with capacity of
3.7 kW, 7.4 KW and 22kW.

The results for theV grid arepresented in the following tabledlable 16 shows the total hosting
capacity per load poindf connection(POC)considering the pessimistic scenario, wherlaals are

Lo w REN Funded by
Pageb4 of 126 LRI the European Union



increased simultaneously. The step size that was used in this case is provided at the beginning of the
table followed by the capacities pbusexpressed in kW.

As previously mentioned, although the step size is increased in all buses at the same time, the
congestion for all buses does not happen at the same time. The buses that get congested are removed
in the following steps and their hosting capacity is recardene rest of the buses are still tested until

they reach congestion, preforming the analysis considering the hosting capacity of the previously

congested buses.

Table16- LV grid, HCA total power results, pessimistic scenario

Step size= 0.1 kW

Bus Hosting Capacity (kW) Hosting Capacity (kW)

132 4.80 175 3.80
134 3.97 53 4.46
13 3.82 55 10.11
19 5.32 61 5.63
147 6.85 63 4.26
21 3.88 69 3.81
149 5.82 75 4.27
23 4.94 81 7.74
25 3.94 87 3.80
158 3.80 98 3.80
159 3.80 104 4.17
160 4.21 106 3.80
31 7.36 108 5.16
164 5.63 110 3.83
39 6.23 122 471
45 4.43 126 3.80
47 3.80

Table17 shows the total hosting capacity per load powftconnection, considering theptimistic
scenario, when all loads are increasadividually The step size that was used in this case is provided
at the beginning of the table followed by the capacities per node expressed ifiHaWosting capacity

in comparison with the pessimistic scenario is quite higher, given the facit ttaéies longer to reach
congestion in the grid by increasing only one load at a time. That is why a larger step size is used.

Tablel7-LV grid, HCA total power results, optimistic scenario

Step size= 1 kKW

Bus Hosting Capacity (kW) Hosting Capacity (kW)

132 81 175 404
134 167 53 46
13 118 55 58
19 62 61 48
147 113 63 61
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Step size= 1 kW
Bus Hosting Capacity (kW) Hosting Capacity (kW)

21 149 69 32
149 284 75 59
23 66 81 62
25 51 87 161
158 170 98 167
159 82 104 63
160 87 106 84
31 48 108 49
164 74 110 127
39 04 122 116
45 66 126 165
47 50

Tablel8gives the possible number of chargers given the hosting capacities for each node, considering
the total power of the installed chargers, for both the pessimistic and optimistic cases. Given the
nature of theLV grid,in the pessimistic case there desspossibilities for installing different chargers.

Table18- LV grid, HCA maximum number of chargers per capacity, pessimistic and optimistic scenario

HCA N° of 3.7 kW N° of 7.4 kW N° of 22 kW
chargers chargers chargers
35 2

Pessimistic scenariall nodes
Optimistic scenariesingle node 3464 918 450

4.3.2Congestion analysis results

The CAs implemented on the LV grid from the Italian DSO, Arktie cases thaare tested were
designed together with Areti to provide them with results they can use in the Rome demonstration.

The analysis inclues several cases that investigate the effectiveness of the Flexibility Contract
Agreement(FCA)n dealing withhigh penetration of EVs in the griflhe details of each casee
explained in the following subsection.

The main objective of the cases is to investigateitimglicationsof EV penetration on the grignd the
effectiveness of a mechanism for congestion managenretie maximumgrid loadscenarios The
mechanism shouldbe able tomitigate the congestios and postponethe need forinvestment in
structural grid reinforcementThis is done by comparing what happens wB&SEs are in place, with
no mechanismgor congestion managemepandwhen the FCA is implemented to mitigate problems
in the grid.
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Together with the grid, two different load profilegere made available from the DS®om 2024data.
These profiles are consideredlzgase caseand included days in botlwinter andsummereach,when
the load in the grid ithe highest.The data is provided in 15min time unftetal of 864 for 9 daydpr
both the initial load and the EV penetration

There are 10 cases in total, 2 base load cases and 8 cases with EV penetration, with andhéthout
implementation of FCAThe EV penetration is defined as the charging capacity that is being used at
each time unit from the charging stations.

Therefore, the cases are definbdsed on the followingategories

1. Seasonwinter and summer

2. EV penetrationEVSIEharging capacity installed on @fPoint of Connection (POC) aBWSE
charging capacity installed on five PQ&srequested by the DSO, but customizabde the
user of the tog). The locations for this analysise chosen using the results from the HGCA,
the 5load connectiongPOCsvith hosting capacityground 100kWbusesl122 (used for the
one POC case)41, 39, 160 and 106). In this way, if congestion appearsthese POCs, then
the effects of the FCA can be evaluated

3. Mechanism:uncontrolled charging (no FCa)d controlled charging (with FCA)

FCA Profiles for the Considered Months
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Figurel8- Flexibility Contract Agreement profiles for the months considered in the congestion analysis

The maximum capacity of the installed charging stations is set to 100kW. This is the average maximum
capacity that the DSO expects to have for a charging station in their LV grid. This capacity is considered
fully used in all the cases without FCA, fortetime unit. The reason behind this is that the DSO wants

to check the conditions of the grid in all time units (all load levels) with the charging being at maximum
value. The cases with FCA consider limiting this capacity to a predefined one that ranyé890%

of the maximum capacity of the installed charging station for certain time units of the day. These
profiles are also provided by the DSKe profiles for the months of January, July and August that are
included in the congestion analysis are giveRigurel8.
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The results are saved in botkisxfiles and plotted usinghe Plotlypackage The figuregan besaved
in a specified folder or can also be shown in the web browsdntinl format.

In continuation, the results for the line loading and currdmiis voltage, external grid power infeed
and transformer loadingre shown fothe summer casestarting with the base on&.he winter cases
are includedn Appendix?.

The results are presented in the unit that is usedandapowerThe figures with line and transformer
loading, as well as the node voltagelude the limits for save grid operation, as used by the DSO.

Basecase

Both base cases show the data for the 9 most critical days of 2024 for each respective season, when
the load in the grid is the highest. The summer base case includes the dates betwWesnal and

4™ of August 2024. The winter base case includes the dates betwéearzD28" of January 2024. The
summer base case shows a more increased load then the winter base case. Widtséfead of the

grid, even in the worst cases, the grid is not close to congestion.

Summer, base case
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Figurel9- Line and bugparameters summer base case

Figurel9 and Figure20 present the conditions of the grid of the base case for summer. The first one
shows the line and bus parameters, and the second one shows the external grid and transformer
parameters. The line loading is below 50% and the bus voltage is stable ovevitinoeit considerable
oscillations. The power fed from the external grid accounts for all the load, since this portion of the
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grid has no generation present. The thheading transformer present in the secondary substation is
over dimensioned and with the base load its loading is around 20%. The transformer has voltage levels
of 20kv/0.38kV/0. An important point to mention ikdt this voltage level is not common, it is specific

for the Italian LV grid.

Summer, base case

Secondary Substation Load (MW) Over Time
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Figure20- External grid and transformeparameters summer, base case
In continuation, the summer cases are shown for one and five installed EVSES, both in conditions of
uncontrolled charging (maximum capacity, without FCA in place) and charging under the FCA
mechanism. The cases with and without FCA are comparezhtdr ofthe two configurations oEVSE
installation.

Summergchargingcapacity installed on one POC, withand withFCA

Figure21 and Figure22 show the grid parameters for the case when one EVS$Eagfmum capacity
of 100kW is installed on bus 122s it can be seen in the figuresjen when the FCA is not in place,
no congestion appears in the gridoweverthe lines that areearthe installed EVSE show significant
increase in the loadingndthe direct line where the EVSE is conneatealches lindoading around
90% The voltagdor all buses is within limits witmmconsiderablechange even for thebuses in the
closest proximity of the POC. The transformer loading is bé@%

Even though no congestion occurstmthe FCA in pladhe loading of themost critical line decreases
in the specified time periods when the mechanism is activated. This can prevent overheating of the
cable, which is put unddrighthermal stress when running at 90%hanges can be observed in the
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infeed of power from the external grid too, when the FCA is activaled.transformeis quite over
dimensioned and with loading belo#0% so nocriticalitiescan be observed.

Summer, EVSE on one POC, without FCA Summer, EVSE on one POC, with FCA
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Figure21- Lineand bus parameterssummer case, EVSE installed on one P@@ and without FCA

Summer, EVSE on one POC, without FCA Summer, EVSE on one POC, with FCA
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Figure22 - External grid and transformer parametersummer caseEVSE installed on one POC, with and
without FCA

Summergchargingcapacity installed ofive POCwithout and withFCA

Figure23 and Figure24 show the grid parameters for the case when five EVSE of maximum capacity
of 100kW are installed on buses 12217, 39, 160 and 108n this casecongestion appears on three
lines that aredirectly connected to thé&eVSEswith line loading above 10Q%dditionallines that are
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near the installed EVSE show significant increase in the loadimng, than70%. The voltage for all
buses isstill within limits withmore pronounced changes ftine buses in the closest proximity of the
POCwhere the values drop below 0.95 per unithe transformer loading nowwell above 100%

Summer, EVSE on five POCs, without FCA Summer, EVSE on five POCs, with FCA
Line Loading Percentage Over Time Line Loading Percentage Over Time
L E= B B . = . Mexloading:(100%)

Line Maximum Current Over Time Line Maximum Current Over Time

Bus Voltage Over Time (p.u.) Bus Voltage Over Time (p.u.)
Upper Limit (1.10 p.u.)
e
" o TR A VRS P W i LOWer LR (0:90/570) S IR (N N L ] Lower Limit (0.90 p.u.)
Figure23- Line and bus parameters, summer case, EVSE installed on five POC, with and without FCA
Summer, EVSE on five POCs, without FCA Summer, EVSE on five POCs, with FCA
Secondary Substation Load (MW) Over Time Secondary Substation Load (MW) Over Time
Time Step Time Step
Transformer Loading Percentage Over Time Transformer Loading Percentage Over Time
, N i e D) meBsformer toading t100%)
= K WY
1: " 1 A
'f r ) | ')

Figure24 - External grid and transformer parametersummer caseEVSE installed on five POC, with and
without FCA

This case shows that when several EVSEs are present in the grid with maximum capacitéf 100
each, congestions can be expected and a mechanism for managing it is needed. With the FCA in place,
the loadings of the most critical lines are contained below 100% in the specified time periods when the
mechanism is activated. This can prevent potdnfigalts in the grid. Considerable changes can be
observed in the infeed of power from the external grid too. The transformesrloading is also

relieved with the mechanism
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5 Conclusions

D5.1 documents the thorough impact assessment anafy@is task 5.1 on both energy system and
local distribution system level. This is done by developing two highly customizabldsoetgy system
impact assessmentool (ESITandLocalsystemimpact assessmentool (LSIT) The first ondocuses
on theoverallenergy requirements for largscale EV adoption at the paturopean levelThe second
one focuses orthe effects of EV diffusion on distribution networi@ distribution grids from the
demonstration areas.

This work definesseveralscenariosthat are tested withthe developed tools. Thaim is to guide
policymakers, grid operators, and industry stakeholders in developing effective strategies for a resilient
and sustainable energy systemspecially with high levels of EVs integration

The analysis of the impacts on energy system level was dondawmitlscenarios:

SO (baseline)with APS values as a 2035 bound.

S1 (optimistic} with APS values +10% as a 2035 bound.
S2 (pessimistic)with APS valuef25% as a 2035 bound

S3 (very pessimistiewith APS value$0% as a 2035 bound

PwnNpE

The analysis covers the estimated number of vehicles, electricity demand, required charging
infrastructure, and GHG emissions from 2025 to 2050 across EU+27 and the UK.

The results show that, in the optimistic scenario S1, the percentage of growth is higher in the early
years 2030 and 2035, and smaller in the latter years. This can be expected, considering that there will
be an intense increase of EVs, to reach the 1®8vapolicy goals expected for 2035. This intensity is
lower after that, as the EVs would comprise most of the total number of vehicles.

The exact opposite happens in tlseenariosS2 and S3, with different magnitudes. Since the EV
diffusion is lower before 2035, the ratio of EVs to other types of vehicles is lower so a higher
substitution can be expected in the years after 2035.

The energy demand and the charging capacity increase proportionally to the number of EVs for all
cases. In terms of the GHG emissions, in the cases where the substitution rate is higher in the years
before 2040 (SO and S1), an increase of emissions caeemedue to the manufacturing costs for the

new EVs that later decreases. The opposite happens for cases S2 and S3, since the substation rate is
slower before 2040 and higher after that.

Theimpact assessment on locgfstem levewas performed tgrovide an insight into the capacity of

the electricity grid to handle the massive EV diffusion, specifically in the medium and low voltage
distribution grids. The resultgan give the user information about whether the current grid
infrastructure can sustain the integration of EVs without investments in the grid infrastructure.
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Themain objective behind the developmentlo§lTis to simplify the application of grid modelling tools

and allow fordz& ScMso@ization based on their needs. The impacts on the grid are highly dependable
on the grid itselfand all the input data This makes the results very specific for the case in question.
Developing a tool where the inputs can be easily adjusted has the potential to expand the number of
users able to implement this kind of analysis and streamline the process, thus accelenading
reducing the cost.

The tool includes two types of analydsting capacityanalysis and congestion analysishe HCA
determinesthe potential for EV charger installatigisoth fast and slowThe capacity of the chargers

to put in the grid can be determined by the uséihe CA ia time-series simulation that assesses grid
congestion by evaluating transformer loading, line currents, bus voltages, and external grid power
extraction upon the introduction of elevated EV loadihe HCA gives an indication of how much
additional capacity the grid can support without the exact EV profiles, whereas the CA can provide
further detail of the grid conditions when these profiles are available.

The resultdrom the local impact assessmesitow thatthe currentover dimensionednfrastructure

of the grids can suppothe initial EVintegration without additional investmentiowever,as the ESIT
scenarios showthe increaseof EVs andcharging infrastructurein the future would meana
considerable load increase ithe system, which will directly affect the distribution grid whehese

will be integrated @ngestions will start tawccur,and DSOs will have to implement new mechanisms
to postponecostly investments in the grid infrastructurd/ith the performed analsis on the LV grid,
evenin cases when a mechanism like the FCA is in place, the congestions will still occuharigéry
infrastructureis used at higher capacities throughout the grid.
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6 Appendix1l ¢ Energy System Impact Assessment Tool
Additional Information

¢KS (22t O2yaratamahp | 6 OEQPHENKEALBAKEY FREZPOKSR A
G2 adimihpt CRBERE FTSSRa 2y RAFFSNBy ok 5l bz L F BRIz a k £
- configuration_settings.jsonjson file that contains different parameters that control the flow
of the algorithm, and the outputs obtained.
- demand_parameters.csesv file that contains the parameters of the annual demand per EV.
- Bounds {scenarioksv: cs¥ile with bounds for number of vehicles in future years. Different
scenarios have been described in our study.
- EAFO_Bound_Chargers:asw files with bounds for number of chargers in future years.
- emissions_iea.xIsxxcel file containing many sheets with all the information and parameters
regarding GHG emissions.
- gizing_parameters.csesvy file containing the parameters for power capacity sizing.
- year_distance.xlIsyexcel file with assumptions on yearly covered distance by type of vehicle.

6.1.1 Tool launching settings

The tool is programmed in Python 3.9, and uses librgsies, itertools, time, io, os, shutil, fnmatch,
openpyxl, matpotlib, pandas, numpy, skleamdscipy.

The tool is divided in different modular parts. In each execution of the tool, the user can decide which
parts of the tool need to be executed with Boolean variables described in the
configuration_settings.jsofile.

First, there is thescraping module This scraping tool downloads the required data from the EAFO
website. In the code, this first tool is implemented in tiet_eafo_data(f dzy OG A2y ® { SS &S O
GKS TEft3I2NAGKYE F2NJ Y2NB RSGlFIAfa Ayid2 GKS R2gyf 2
a@/®l G k RI (The Bobldag varable controlling this step is named BOOL_GET_EAFO_DATA.

Then, there is thadata formatting section of the tool, which consists of merging together all the
R2gyft 2 RSR RIFI(GlF&asSia FTNRY 9 !0z2Zhy oMyWisR YINBdrgHtdfidizdp ER 13 |
step, this dataset is divided and formatted in two different datasét© 2 YO A Y SRYNB a dz GapdS
and 402 Y0 AY SRYNS & dzf (ThegeO KatdéEsS Nake d (sdvedE §n  the  directory

G dk 5 0 k hdzi LIz & k Th® BgoleanAvariakie® $htl chidird Yhés steps are called
BOOL_COMBINED_RESULTS, BOOL_COMESIEDIR VEHICLES, and
BOOL_COMBINED_RESULTS_CHARGERS.

Next step is the estimations and metrics computation (annual demand, sizing capacity required, and
ghg emissions). These steps of the code are controlled by the Boolean variables

- BOOL_CALC_ESTIMATION_VEHICLES
- BOOL_CALC_ESTIMATICHARGERS

Flay
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BOOL_CALC_ANNUAL_DEMAND
BOOL_CALC_SIZING
BOOL_CALC_GHG

Finally, there is the graphical representation section which computes the metrics to plot, and plots
them, the Boolean values that contritleseprocesses are:

BOOLPLOTESTIMATION_VEHICLES
BOOLPLOTESTIMATIOICHARGERS
BOOL_PLOT_ANNUAL_DEMAND
BOOL_PLOT_SIZING
BOOLPLOTGHG

6.1.2 Setting the algorithm

We are going to delve with detail intbe configuration_settings.jsofile.

This JSON file defines the configuration settioigghe pythonmodule that computes estimations and
other features related to electric vehicles (EVs) ahdrging stationsThe configuration is structured
into several key sections:

1. FLOW_CONTROL

This section contains Boolean flags that control various computational and plotting functiorslitles
as dta retrieval (e.g., BOOL _GET_EAFO_DAdrA)atting calculations for vehicles and chargers
estimation calculations and plots for vehicles and chargamsual demand and greenhouse gas (GHG)
emissions calculations and ploisfrastructure sizing calculations and visualizations

With more detail, the parameters inside FLOW_CONTROL are the following:

Flow

BOOL_GET_EAFO_DATA: Ayutne web scraping is performed
BOOL_GET_COMBINED_RESULTS$,: theescraped data is combined into a unique datasets
G6O02YOAYSRYNB&dA (A DET & EE

BOOL_CALC_FORMAT_VEHICLES: trug the vehicle data from

Ghdzii Lddzii 8k O2 YO AYSRyYNBadz (& PEf AEE A& F2NXYI
Ghdzii Lddzli 8k O2 YO AYSRYNBadzA G AaPpPdSKAOt SAPEE &EE @
BOOL_CALC_FORMAT CHARGERS; fiu€ S OKI NASNJ RI Gl FNRY a02VYc«
F2NXYIFGOSR Ayid2 | dzyAljdzS RFEGFASO ahdziLddzi ak O2 Y
BOOL_CALC _ESTIMATION_VEHICLE®; the estimation for vehicles is computed and

Al @SR AyG2 a5FGFkhdziLddzi ak SAGAYFISAPBSKAOE Sa Y+
BOOL_CALC_ESTIMATION_CHARGERS theiestimation for chargers is computed saved

AyiG2 a5 GFkhdzi LIz ak SAGAYIFGSapOKEF NBSNARYS/ h[ [ 9/
BOOL_PLOT_ESTIMATES_VEHICLES: ptoe vehicle estimates. The plots are saved into

0KS a5FGFkhdziLdziakt f2Gaké F2f RSN
BOOL_PLOT_ESTIMATES_ CHARGERSpIniecharger estimatesThe plots are saved into

0KS a5FGFkhdziLdziakt f2Gaké F2f RSN
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- BOOL_CALC_ANNUAL_DEMANIE A the annual demand for EVs is computed and saved
AyiG2 ahdziLlzi 8k RSYFYRYS/ h[[ 9/ ¢LhbYDPEf &EE @
- BOOL_PLOT_ANNUAL_DEMAND:Aruglot annual demandThe plots are saved into the
G5FGFkhdziLddziakt f 2iake T2t RSN
- BOOL_CALC_SIZING: tAgethe sizing for charging capacity required (from the vehicles
SadAYlFGSau Aa O2YLMziSRE FyR &l @SR Ayd2 a5 Gl
- BOOL_PLOT_SlIZIN®gie A plot sizing for charging capacity required (from vehicles
estimates)¢ KS LJX 23a& | NB ar @SR Ayd2 GKS a5 G «khdziLd
- BOOL_CALC_GHG: tyethe Greenhouse Gas (GHG) emissiarns computed from the
GSKAOf Sa SadAyYlridSaz FyR &l @SR AydG2 a5 GF khdzil
- BOOL_PLOT_GH@ue A plot the ghg emissions. The plots are saved into the
G5FGFkhdzi Lddziakt f 2iake F2t RSN

2. arterpolation_settingse

Defines how data is interpolated for future years, specifying the interpolation method for both vehicles
andcharging stations

HOMD a BRUsEctdf & dehides.
Homdmd aO2ft SOGAZ2YyasyY
- ataaSy3asSNI OBod@an \‘ayfeRthatdndigades if the fitting/plotting is done for
Gt aaSy3aSNI OFNB YR Glyaéod
- OHeavyduty truckgY . 22t Sy @FtdzS GGKIFIG AyRAOFGS&a AT
5dzii e ¢ NHzO1 &aé¢ o
- OBuses: Boolean value that indicates if the fitting/plotting is done ot dzi S & ¢ ®

2.12. dyears_to_interpolatet: A list of integer values containing the targggarsof the estimates
computation.

2.1.3.6 f 2 3 Migtionar £€ontains different keys:

- G T:ABoatean value that indicates if the logistic fitting features (number of vehicles, annual
demand, sizing, ghg emissions) have to be computed.

- & LJ:Bdotean value that indicates if the logistic features (number of vehicles, annual
demand, sizing, ghg emissions) have to be plotted.

- @& @ S N& yliFthfintedeyvaldes containing the years used for the logistic fitting.

- G F dzi dzNB yp & SlisthiBinpelgeR \RISeR €ontaining the future years of the years used for
the logistic fitting. These values acts as bounds for the interpolation.

This same structure is repeated for secti@b4.a f 22802.1.5.4 L2 f &€ ¢
2.2. Chargers

The same structure of subsectiend m ® & & fepeaté@iiinSubsectidh2. ChargersThecollection
item has two levels, in this case:

HOMOMP aO2ffSOlA2yasy
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- GACCharging stations Y

0o a{t26. 228Xy OItdS GKIG AYRAOI dharghg ( KS

statonsc{ t 26 !/ ¢ ®
o0 daSRAdzY & BEBaR valué that indicates if the fitting/plotting is done for
GACCharging statonsa SRA dzY &aLISSR !/ ¢ ®

0o G4CFHald 212/(68% y O £ dzS GKIF G AYyRAOI (ASCharding § K S

statonscCl &l !/ ¢ ®
- GACCharging stations Y

0o a{t26. BFEYY Ol tdS GKIG AYRAOI O&harghng ( KS

stationsc{ ft 26 5/ € @

o [ M !'fGNI2FE QY 5HENdS GKIG AYRAOL(DEE AT
Charging stationg[ m ! t G N} Fl &ad 5/ ¢ o

0 [ H !'fTGaGNI2Ft &y 50KtydzS GKI G AYyRAOI (DEa AT
Charging stationg[ H | t G NI Fl ad 5/ ¢ ®

0 GCL &l 25/t y Ot dz§ GKEdG AyRAOI D6Gharging @ KS

stationscCl &G 5/ ¢ ®
- 06Charging stations Y

'..l:

o 4! /.22t Sty @I tdzS GKFG AYRAOI ClagingisitiotsKk S F A

¢/ €O

0 a45/.622t Sty @l tdzS GKIF{d AYRAOI Claaing\sitiotsKk S T A

c5/ €@
302Y0AYSRyYNBadA GapyaSidayaas
There are two different sections:
0oPMP @ 2 diiN tidzsedtisnine §pécify the names of the columns of the output file:
-a O 2 hadnés of the columns of the output file.

o0 ®H ® 4 A yThisis@aioh Aefiresitie dtructure of input files for different datasets extracted from
EAFO that are used in the analysis. Each dataset specifies the following items:

- G T At S giing. $@me of the csv that has to be read.
- & f | pS8ingé future identification for the values of this dataset.
- A NB Yy | Y SRoQenf @lge that indicates if a certain value has to be renamed. In our case

S 2yvte asSdi AdG G2 ¢NMZS F2NJ GaNBIAAGNI GAz2ypid2l

LI N} YSGSNI aySogypO2f aé¢ gAff 0SS FAEf{SROD

- ay S g y.Ditiodaky containing keyalue. Thekeyis the original name of the column; and
valueis the new name of the column.

- & NB 2 NR SINttpe€) thé éokumns areeordered. In our case we only set it to True for
GNBIAAGNI dA2ypa2LymnypY2RSt av0aged Ly OIF &S
be filled.

- Ay S g 2 NRWtNItrings of the new order of the columns.

4. a lal_settingse 8ection for the settings of the plots, including size for figure, legends and labels.
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5. a dbstitution_rate¢ Defines a specific parameter (substitution_rate: 0.196), which represents the
annual fleet replacement rate for electric vehicles.

[221 G GKS @FNARIFOfS aOKINBSNWp2LIiA2yaég FyR FAfE
charger datasets. The current configuration of charger_options follows the classification of the
chargers given by EAFO as of date January 2025. TheBwoalee (True, or False) tells the code if the
estimation has to be performed for each Property.

6.0 S T 2 ySetingd far dafo_data obtaingtrough scraping.

-odata_elementg Y 5AO0U0A2YFNE 6AGK RAFTFSNByd StSySyida Kl
datasetwilbeR2 6y f 2 RSR | yR al @SR Ayi2 a5F 4 kSl F2YRE G K

7.4 O 2 dzy (NefheS aféh® countries that are required to be considered in the computations,
following the EAFO naming.

B.ARAOQUAZ2YI AP YOGA i G B & AR  Othay drd desirddytdbe tis€dSin afl lth¥ S &
O2YLMzii I GA2ya R2yS Ay -l0K/S3I ORYRESs FONEERE tyhéfrédtamediadzy A ( S R
Aa!' YyAUGSR YAY3IAR2Y£0D

6.1.3 Data scraping

The code currently obtains the data from EAFO website. This data is obtained through a scraping
function get_eafo_data() which iterates over the datasets labelled in the parameters
wenfo_datd 6detd elements &  AcynfiglirétiBn_settings.jsofile, and downloads the associated
dataset from EAFO through thequestdibrary. This set of datasets labelleddata_elementsnclude
numbers in:

- Total numbers and new registrationsBfise¥ fleét_m2_m3_total_number
- ForPassenger cars and vans
o ¢20Fft ydzYo Stkalhdmbe DK Pdsseriget cars_and_vans mE_al
0 New electric registrations:
Gy SepSt SOGINROYLI 2aSYyaISNYOlF NAyYlF YRYGEFYyaypyYymy
o Gl FYPLIF aaSYaISNWYOFrNAEYF YRYGFyapyYmpympoe gielLlsS
o DNZ g gréwth_oft passenger_cars_and_vans_vehicle_fleet_mié n
- ForHeavy Duty Trucks
o ¢20F t ytord dleetN® Y13 _af _heavy duty trucks
0 DNR2GHNRSGAOKY2FYKSI g gRdzii & g NHzOl aYpPSKAOE SyT
- Charging stationfAC/DC),
0 C2ONBOKENBAYIPYLRAY(aAQ
0 DNZE ¢ gréiwh_of recharging_poings
o DCCharging stationé dcapublic_recharging_points_air
0 ACCharging stationé cdpliblic_recharging_points_ afir
- Infrastructure:
o ¢20F t yiaay dudbeél of @&f infrastructuré
0 DNR2GOKY GINRBGUKYEL2TFYF FYPAY TFNI &0 NUzOG dzNB
- Registration of top 10 models of vehic@B I3 A a G N> GA2yaypid2LIymnPpY2RSTE &
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These datasets am@ownloaded for all these countries:

6 0 YO "Y'Y'0O0"D O 6 OE AGE Ol Chh O E MO QAR AAD OB BRE A RO ThT E A

&ET 1InRAG Al RO T A TOR K DA Ch\ @ B H AJ A ADRSADOEAAEORT OOAET
, EOE A A DIGQAOE A @l TAQ #GUI BT OODCARBEA CPAEEA

31T OBPEBEIAARIEOUMAOBIAEOERCAT I
These datasets are saved into a specific fofdap k 5 d #dr &aéh countngoy 6 0 YO "Y'Y '00"Y

6.1.4 Data processing

The following step is to preprocess all downloaded datasets. The scattered data obtained at the
country level is merged into a unified dataset nande®2 Y 6 A Y S R ¢ NB & dh thesfupdiéh& A Of S a d
écalc_format_vehiclds FayQR £ Oy T 2 NI lthé ywailklé pul ®dener all the data which is

scattered around the different datasets for each country, into two different datasets: one for vehicles

and one for chargers. These two new databases are called:

- combined_results_vehicles.xIsx

Collection | Properties | Year Austria | Belgium | Bulgaria | Croatia | Cyprus ll
Buses BEV 2008 o 19 o o o
Buses BEV 2009 o 4 o o o
Buses BEW 2010 113 o o o
Buses BEW 2011 116 3 o o o
Buses BEW 2012 126 3 o o o
Buses BEW 2013 139 3 1 o o
Buses BEW 2014 131 7 2 2 o
Buses BEW 2015 138 7 2 2 o
Buses BEW 2016 149 7 3 3 o
Buses BEWY 2017 143 7 3 3 o
Buses BEWY 2018 154 19 23 3 o
Buses BEWY 2019 161 44 34 3 o
Buses BEWY 2020 172 72 37 3 1
Buses BEWY 2021 174 90 67 6 1
Buses BEWY 2022 200 132 72 7 1
Buses BEWY 2023 260 337 72 8 20
Buses BEWY 2024 301 437 72 8 21
Buses PHEV 2008 ] 0 ] ] o
Buses PHEV 2009 ] 0 ] ] o
Buses PHEV 2010 o o ] ] o

Figure25. Slice of "combined_results_vehicles.xIsx"

- combined_results_chargers.xIsx.

Collection | Properties Year Austria | Belgium | Bulgaria | Croatia
AC Recharging points Fast AC 2020 907 86 1 61
AC Recharging points Fast AC 2021 324 120 5 30
AC Recharging points Fast AC 2022 888 242 15 39
AC Recharging points Fast AC 2023 188 151 44 37
AC Recharging points Fast AC 2024 187 193 39 36
AC Recharging points Medium-speed AC 2020 5682 7125 122 183
AC Recharging points Medium-speed AC 2021 9427 11449 416 474
AC Recharging points Medium-speed AC 2022 13693 22102 729 705
AC Recharging points Medium-speed AC 2023 14610 40528 1066 636
AC Recharging points Medium-speed AC 2024 21590 64956 1536 1040

Figure26. Slice of "combined_results_chargers"
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These two datasets are stored in the directargpk 5 I (i | k h dzii LJdz(i & kiffa GsBryvanédio2 9 4 OS Y
provide data which does not come from EAFO website, then two files following the same structure
(filename, columngjatatypeg as these two excels will work equally well.

6.1.5 Vehicles and Recharging Points Estimations

The functionst OF £ OYPS &G A Yiantd @y O§ Ba DX B il batk/tije ®vo dabBaSa¥ B ¢
combined_resultsvehicles.xlsx and combined_resultxcharges.xlsx respectively, and proceeds to
perform up to three differentypesof estimations for the numbers of vehicles/chargers:

- 2nd degree polynomial,
- Logarithmic,
- Logistic.

In our study, we are going to just look at tlogjisticregression numbers.

The estimation numbers are obtained for each country. The inputs of the function are the following
variables, which can be modified to meet the requirements of the user:

Inputs forcalc_estimation_vehicles

- dfoLI yRIF& 5F0GFFNIYSOY GK RFEGlFlorasS aO02Y0AYSRy!
format.
- output_path(string): the directory and the name of the output file. Set to
GSAUAYFHUSAYPOBSKAOE Savdage o
- type_interpolation(string): Value imbd LJ2 f @ ¢ = af 236> af 23Aa0A0€8
- filter_vehicle possible values:
o False (Boolean value): in this case, the code will group the Buses, Passenger Cars and
ans, andHeavyDutytrucks values.
0 G.dzaSa¢ o0alGNRAy3IOLY
o atlaaSyasSNI /I Na |
/' NAR FYR zlya¢o
o al S @& 5dzié & KBz
¢ NHzO1 a¢ @
- years_fitting(list). A list with two values.
0 The first value tells the codehich is the initial year to be considered for the input
data in the fitting.
0 The second value tells the cadehich is the final year to be considered for the input
data in the fitting.
- future_years_addedist): a list of integers, with the future years that will be added to the
interpolation data. These values act as bounds to follow.
- years_to_interpolatélist). List of length N (the user decides). This list contains the values to
be interpolated by the polynomial, logarithmic, and logistic models.

AGAYFGAZY GATT S
€

6aGNAY3IOY GKS S

O
“»

ABAYRBRGNRYIpgNEE 0SS LISNF 2N
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- degree(positive int).Used forli & LIS Yy A y (i S N1J2Dledrde bf 2hg polynordidl Bting ¢
By default, set to 2. Be aware of the number of samples that the polynomial fitting must have
in order to obtain the parameters of a polynomial of deghte
N O E O 00 0¢ QRQpi GanREXD'QQO 6 Q¢ Q
- save_params_tocsv(bool). For debugging purposes. By default, set to False. Set to True to
extract the parameters of the polynomial fitting.

Inputs forcalc_estimation_chargers

- dfoLd yRFa S5FGFFNIYSOY (K RFGFolFasS aO02YO0AYSRUYI
format.

- output_path(string): the directory and the name of the output figet to
GSaidAYFiSapyOKI NBESNE®OA D¢

- filter_charger list (of length two) of strings. It specifies the Collection and Property of the
OKIF NBHSNJ (i2 0S5 ¥TAChafghdpsiationsy @I H I2¥WLI! 3 ¥ 8! /

- years_fitting(list). A list with two values.

0 The first value tells the codevhich is the initial year to be considered for the input
data in the fitting.

0 The second value tells the cadehich is the final year to be considered for the input
data in the fitting.

- future_years_addedist): a list of integers, with the future years that will be added to the
interpolation data. These values act as bounds to follow.

- years_to_interpolatélist). List of length N (the user decides). This list contains the values to
be interpolated by the polynomial, logarithmic, and logistic models.

- degree(positive int). Degree of the polynomial fitting. By default, set to 2. Be aware of the
number of samples that the polynomial fitting must have in order to obtain the parameters
of a polynomial of degrehn.

N G E O ©dO° 08 QRQpi GanREXI'QQO 6 Q¢ Q

- save_params_tacsv pool). For debugging purposes. By default, set to False. Set to True to

extract the parameters of the polynomial fitting.

Now, we are going to describe tlileree types of fittingthat the code has been incorporated with.
Polynomial fitting

The polynomial fitting is performed by means of the functimmpy.polynomiafrom the Numpy
library. The logarithmic and logistic fitting are performed using scipy.optimize.curve_fit.

In our tests, thepreferred polynomial fitting is of degree 2, so the parameters to be determined
are hid o for the polynomial

nNw 0w 0w ©8
Logarithmic fitting
The parameters to be determined in the logarithmic fitting éfe

o o1 ld 8
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Logistic fitting

Finally, in the logistic fitting, we have defined the most general logistic function:

p & A@b %)
Qo  © 5
p ¢ Aob ¥
The fitting has to determine the parametecgt Fe fitNand so at least 4 data pointaust be

provided

o

, 2 4 6 8 10

Figure27 - Shape of the fitting functions: polynomial of degree 2 (blue), logarithmic (green), logistic (red).

6.1.6 EV Demand computation

From the estimation for the number of vehicles, a direct computation is performed in order to estimate
the electrical demand required to feed the future fleet of EVs.

The computation is performed as follows. The dem&nf & &g for yearwand country® is given
by:

Jo gl 3

000 8@, D QlAx EA®AS OB '0O0AT dv 0 8 i "YROO AT A
h

h 1 O AIA@A E EIAERBHEE U A HAT AT 01O OU

o e

3

Qfh AAT AAGOT AEEAGRRE BUARBE UA HOT AT OTOOU

¢

The parameterg j are computed incalc_estimation_vehicleShe parameters’QE used for this
computations can be modified, and set to meet the user requirements in the file
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demand_parameters.csu the pathd ®k 5 | { | SdedcliniiAssurhptions for more details on the
data used in our use case.

Inputsfor the functioncalc_demand()which computes the annual EV demand.

- dfo LI YyREFEA& 51 (I FNlewtiates véhiK@ERIAEIK O RS LI yRIF & REGH
- output_path(string): the directory and the name of the output file. Set to
GRSYI yRyS @S kbrumths b & BOCTHES | Qi
- Cdf_demandp LJ- NJ Y Salafiaxi® with the parameters obtained from
Gk LY Lz Ak RSYFYRYLI NI YSGSNARD®OA D¢
- type_interpolation string that determines the interpolation to follow. Option&:{ 2 3A a4 G A O¢ =
aLRteécz af 23y

6.1.7 Power capacity sizing computation (from EVS)

From the estimation for the number of vehicles, a direct computation which follows the methodology
described in deliverable D.1.2 is performed in order to estimate the power capacity required to feed
the future fleet of EVs.

The computation is performed as follows. [éty ¢ ‘O 'O0@ndw 0 6 wlLet) be the total
number of vehicles of type (the total fleet of Passenger Cars and Vans). This computation is only
done ford 6 és we did not find reliable data to size the associated power capacity required for Heavy
Duty Trucks and Buses.

First, the annual share has to be computed:

Y@ i 22 eU_ p T

o e 23

And then, through the step functici®given in deliverable D.1.2, compute
i D ovai bR h
Function F can be described by tablavailablein [12].

Tablel9- kW per vehicle depending on the EV share penetration for both BEV and PHEV.

Yol R cb 2.1 0.95
ch Yhi b uvp 16 0.75
vb YHI B pnb 13 0.65
pmib Y& R pub 11 0.6

pub YHI h 1 0.55

~
X e Y

hx EAQRA"YGAT v obAT A

T3¢

"Y'OW @m0 3
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h1Oi AIA@AE EIAGEARAE DA LHOT AT OTOOU

(e2]
e X4

i "R DT x ASDAAIBS E & AUDB
The parameterg ﬂ are computed ircalc_estimation_vehicle3he parametersised in the previous
Tablecan be modified, and set to meet the user requirements in thesfidang share parameters.csv

in the pathad ®k 5 | | Skeysedtdai Assuingtions for more details on the data used in our use
case.

Inputs for the functioncalc sizind), which computes the power capacity required depending on the
number of vehicles for each year and country.

- dfo LI YRE A 51 it T Nlevtifates véhiERBEK 0 A¥S LI y R & RE G

- output_path(string): the directory and the name of the output file. Set to
6sizing {vehicle}.xlsx & TGN ‘D 6 OO 6 | Qi

- @& AT Ay 3y Lidistionarg with thé pardmeters obtained from
G k L ydidewp Bk NI YSGSNER ®POa O¢

z

- type_interpolation string that determines the interpolation to follow. Optioné& { 2 3A & G A O¢ =

aLRRteczr af 23y

Thissection describgwith full detail the methodology for computing the GHG emissions estimations.
Themethodology consts of two cases.

On one hand, thavoided GH@missionsare computed This computation arises from calculating the
emissions that would happen if all the EVs that we are assuming to be EVs until 2050, were, in fact,
non EVs vehicle following the current distribution of vehicles amongst the different types of fuels.

On the other hand, the emissions associated with this exact estimation for EVs untilaP®50
computed

The comparison of these two valugives an overview dhe GHG emissions associated with the EV
transition.

6.2.1Distribution of vehicles in different fuels

We will define Avoided Emissionsas the total Emissions that would be generated from car
manufacturing and usage, if all the EWelPHEVs estimated to be produced and used until 205@
not EVs and PHEVs but instead kept following the sdistabution of vehicleamong the following
different type offueled vehiclesin each countryThese types of fuels are the following:

- Petrol - Diesel
- EV -PHEV
- Hybrid - Compressed Natural Gas (CNG)

- Liquified Petroleum Gas (LPG)

Let
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6 £ o6& oh QQi

® 0 6[BOOM "Y' (Recall thaPCV = Passenger Cars and Vans, HDT= Heavy Duty Trucks.)
Yo 6 O 00

'O 0 O"YYHD DO "Hdh 'O0iw 6 YOO O 0 B

O I QI i

And Ietﬁif « be thenumber of vehiclegjiven by the estimations ipear « in country{'ffor vehicle

type L8
We computethe number of vehicles using fu<IN 3, of typeO ™ o N "Yain country{'fand year
8
v~ #~ N
- S O] OLNN e
6o &} ho (i ORPGE8
p T
Thedistribution [ : 3'N h , Which is yeasstatic, gives the percentage of vehiclethat are

s Aar
fueled by typ€Qin country® They are static values for all years.

<3¢

Theestimations¢ ; have been previously computed by the functicedc_estimation_vehicles@nd

provide the number of EVs and PHEVs for EU+27 countries until 2050. The following detailed
computations are performed separately for the cateigsti t | a4 Sy IS NI [ INFF @&y RS dziil&y
¢ NHzOy®RE . dzaSaé o

For example, folPassenger cars and vams Austria in 2020 we havethe following percentage

distribution:

Table20- Percentage distribution of cars in Austria.

o Tvpe Petrol Diesel | EV | PHEV | Hybrid Natural LPG | Other | Unknown Total
Yo TYPE | (g (%) @) | %) | @) gas (%) | (%) | %) | (%)

Austria

And using this distribution, we obtain:

J B erl:r‘" |!=l JTJL":i E. J-II—J .

2020 | 32140 @ 13691.64 16552.1 674.94 1189.18 32.14

See sectiorb.4 - Assumptiondor details onthe origin of the distribution dataset with more detail
(ACEA).
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6.2.2Manufacturing emissions

Table21- Input files required by the algorithm to compute manufacturing emissions.

Input File

Output from 1.1. Contains the number of
vehicles distributed by type
of fuel.
emissions_iea.xlgsheet: Contains the emissions https://www.iea.org/data-
emission_manufacture) produced by vehicle and and-statistics/data
battery manufacture in kg tools/ev-life-cycle
CO2. assessmentalculator,

(Passenger Cars)

ScanigTrucks, Figure 4)
Scanialife-cycle
assessmenbf-distribution-
vehicles

Now, we compute the emissions generated by vehicle and battery manufacturing. For this, first we
have to compute the new vehiclé’sE "h that have been produced every year. We ussraple
approximation, given by the difference of vehicles between yearsd adding the previous number of
vehicles times a substitution rat¢Y 8

hh

"F] 4 "nﬁﬁ I F] I F]l »n ”n
(VI I A@D j O "y 0Oy i HQO

Note. We use max function in case the number of vehicles decreases.

The substitution rateé can be set in theonfiguration_settings.jsofile.

Example
Category Country Year Value PETROL_Vehicles PETROL_Difference
BEV Austria 2020  32140.00 13691.64 0.00
BEV Austria 2023  90999.69 358765.57 25074.23
BEV Austria 2025 181802.10 77447.69 386581.83
BEV Austria 2030 B830254.05 353688.22 276240.53
BEV Austria 2035 1893026.91 B06429.47 452741.24
BEV Austria 2040 2364574.61 1007308.78 200879.32
BEV Austria 2045 2459882.36 1047909.89 40601.10
BEV Austria 2050 2475397.53 1054519.35 6609.46

Figure28. Slice of the output for the distribution othe number of new vehites for each typeof fuel.
9EI YL S aK2ga Ol f dzdetwedn2020 ai208& = Ay ! dza i NR |

In Figure28, tKk S O2f dzYy azxI f dzS¢ &LISOAFTFASA GKS ydzyoSNI 271
200FAYSR F2ft26Ay3 GKS RAAGNROdZIAR2Y 3IAPSY o068 RAA
is computed by the differences Petrol_Vehicles(y?*é&drol_Vehicles(y).

Fla w

w
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https://www.iea.org/data-and-statistics/data-tools/ev-life-cycle-assessment-calculator
https://www.iea.org/data-and-statistics/data-tools/ev-life-cycle-assessment-calculator
https://www.iea.org/data-and-statistics/data-tools/ev-life-cycle-assessment-calculator
https://www.iea.org/data-and-statistics/data-tools/ev-life-cycle-assessment-calculator
https://irecedu.sharepoint.com/sites/Internal/ECOS/Projectes/FLOW/WP5/Tools/Energy%20System%20Impact%20Tool/MarketScenariosTool/Methodology/SCANIA_2_Scania-Life-cycle-assessment-of-distribution-vehicles.pdf
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Fromhttps://www.statista.com/statistics/250351/replacemesate-for-carsin-the-us/: 19.6%

This statistic represents the replacement rate for cars inUhéed Statesbetween the model years o
2020 and 2023, by manufacturer. The industry average replacement rate is expected to be 19.6 p
The replacement rate indicates the volume that is replaced annually with new models as a share
volume.

Next, we will compute the emissions generated by battery manufacture and vehicle manufacture, for
each0 ﬂ "h Aoy "0 For this, we need th&®'@{ produced bythe manufactureof both battery
and vehicleFor the assumption of these values, we will use values from different sources, but the user

will be able to input their own values to the tool.
Let us define:

1) Emissions by manufacture @€hicle of fuelQas
Qp A "G N 8
2) Emissions by manufacture Battery of fuel"Qas
Qf FQ "o N @8
See sectiomssumptionsto see the values given for these parameters.

Now, to compute the yearly emissions produced by vehicle and battery manufacturing, we use the
following formulasLetd ;5 be the Avoided emissions bilanufacturein yeara countryoand
vehicle typed (0 . Then,

| dufold DO fp 0

N

=
¢
0«
o]
3¢
@)
¢
(03]

6.2.3Usage emissions (combustion)
On the one hand, we need the values for emission produced by combustion for each type of fuel.
Let us use the following notation,

- $'V1"QN "Q the unit for fuel'Q

- Wil “Aor "3 Q@G |, the Emissions produced bgomhustion ofUnit of fuel'Q

- " — RQ¥ "Qfuel consumption byehicled and fuel'®The units depend on the fuel.
Find more detail in section Assumptions.

In order to compute theAvoided combustion emission® given by vehicles from different fuel
types, assuming a yearly distancé®f ¥ @ 8Given that we are looking at the data points scattered
through a 5 years span, we multiply by 5 the distance covered by the vehicle.

| GFefdfd D6 fir ¢y o d, o
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https://www.statista.com/statistics/250351/replacement-rate-for-cars-in-the-us/

m
C
O
3,
O

VI
08 QAN 7z v

6.2.4Usage emissions (production)

Similarly, on the one hand, we need the values for emission produced by fuel production, for each type
of fuel. Let us use the following notation,
- fiﬁ"Q‘ "Q the unit for fuel'Q
oM o : : N
- IT;; AQY " 'Q"Q0 |, the Bmissions produced biyroduction of Unit of fuel'Q
- |H ¥ Fpower mix values for countripand yearc
We use the same computations for the fuel consumption as in previous section (combustion

emissions). In order to compute th&voided production emission given by vehicles from
different fuel types, assuming a yearly distance®fv ¥ wh

LA D o AR 3 E h v o & i O
N h
g hR v o & 00
g 0h vo 4% . O ¢} T
S & Qi Yo Q0b 00k 8
0t QN e v

In this case, we do the same computations but without distributing the estimated vehicles across the
different fuels. We have the exact numbers for PHEVs and BEVs given by the estimations computations,
and we are going to compute the emissions associatitd these numbers.

6.3.1Manufacture emissions (production)

In this case, using thfellowing computations:

A I EODQOI | ¢ 1 e dron dum dert duTt oot tut v T

3'(§£

o F F fA@RD  &h .

TR 1 AT
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o) " oy O:h

Leads to the final computation for manufacturing emissiéns andO
5 o
h

"o § O

In the previous section, the avoided emissions were computed for either 6 OB 00 gi.e, the
BEV estimates, or the PHEV estimates. For a fair comparison, we have to add these two values and

obtain:
Oii  Ofk Ok 8
6.3.2Usage emissionombustion)
Let us remember the notation from previous section,

- Q' "Qthe unit for fuerQ
- Wf “Aor "@1'Q"@0G | the Emissions produced bgomtustion of Unit of fuel"Q
T

And so, the combustion emissions
Oki  Ofs " Ofs "
where the first termO .
Computation
Oni h mth
Oth h éE vo & s © h

6 ¢ qQdia Yo 00 Qb
Qa Y
Fuel consumption oBE\& and PHE¥does not generate emissions. In the casé&bf 0 "OQ avhat
8 8

we really do is:
o 8

6.3.3Usage emissions (production)

Let us remember the notation from previous section,

- ?'71‘@ "Q the unit for fuel'Q
- f;’”ﬁ‘-Q' "M'Q@A0 |, the Emissions produced byroduction ofUnit of fuel’Q

IJL . . . . o ’
IH 7, power mix emissions in count@yand year

: R i
Okk Ok h

And so, the combustion emissioXs; j
Funded by
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08 QAN 7z v
6.4.1Demand

Basically, it is asvwith 3 classification columng&ollection, Properties, Yeavhich allow us to identify
the demand associated to the vehicle per country.

Collection Properties Year Austria Belgium  Bulgaria

Passengercars andvans BEV 2025  3.03 3.03 3.03
Passengercarsandvans PHEV 2025 3.03 3.03 3.03
Heavy duty trucks BEV 2025 825 82.5 82.5
Heavy duty trucks PHEV 2025 825 82.5 82.5
Buses BEV 2025 151.2 151.2 151.2
Buses PHEV 2025 151.2 151.2 151.2

Figure29. Slice of the database "demand_parameters.csv".

¢ KS FANXolleco# f dg¥ya di KS RS & ONR LI Avehitles2eansiderédS In 8uk T F S NS
Fylrfearazr ¢S INB R2Ay3 Ad F2NJ atlaaSy3aSNI OF Na |y
L yProperties we have the classification ineithér. 9+ ¢ 2NJ at | 9xé d® ¢KSYy 4SS TFA\
each country, with the expectetWh required to fuel an electrical vehicle for a full year. This is
replicated for every year in the colunin, S, linN&se the user wants to increase/decrease the yearly
associated demand. In our analysis, we have used static values for eaerggentry, and Property.

The parameter$ are averaged values, and the final results for the demand are highly sensitive and
directly proportional to the parameter® E chosen.

The parameters chosen for our study are:

- for PCVs3.03 MWhl/yearfor both BEV and PHEXssuming the same value for both follows
the same approach as D1.2. The annual consumption value is obtained by the product of
annual distance and consumption by kiithe values chosen for these two parameters have
been: distancel5.000 km/yearand consumption).2020 kW/km[13]

- for HDT9s82.5 MWh/yearfor both BEV and PHEXSsuming the same value for both follows
the same approach as D1.2. The annual consumption value is obtained by the product of
annual distance and consumption by kithe values chosen for these two parameters have
been: distance75.000 km/year; and consumptiod,15kW/km [14].
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- for Busess151.2 MWh/yeaffor both BEV and PHEAssuming the same value for both follows
the same approach as ID1.2. The annual consumption value is obtained by the product of
annualdistance and consumption by krithe values chosen for these two parameters have
been: distance, 120.000 km/year; and consumptio@6kW/km [15].

6.4.2Sizing

For the sizing capacity required to cover the fleet of EVs, we are following the methodology described
in reference[12], which is also followed in deliverable D.1.2 of the FLOW project.

Basically, depending on the EV penetration through the total fleet of vehicles, a different parameter is
considered for the required charging capacity required per vehicle.

In our analysis, we are not considering the collections Heavy Duty Trucks (HDT) and Buses given that
we have not found any reliable source to give weight to the required charging capacity for this kind of
vehicle.Also, arguablyfor HDTs and Buses, the installed capacity will be placdtadn the bus or

truck depots, andso it might not beconsidered in the publicly available charging infrastructure
capacity For passenger cars and vans, the values given are the following:

Table22- This table presents the kW/vehicle chosen for BEV and PHEV Passenger Cars and Vans depending
on the BEV/PHEV penetration in the publ|c fleet.

EV share_ DOW EV share_UP VaIue(kW/vehche

Passenger cars and va

2 5 1.6
BEV 5 10 1.3
10 15 1.1
15 100 1
0 2 0.95
2 5 0.75
PHEV 5 10 0.65
10 15 0.6
15 100 0.55

¢tKAa GFofS Oly 0SS HARAVHIR KA WNE jardhhsioydiidhedric © 50 &
G ok 51 (I hisyatidrséould b expanded to HDTs and Buses by adding the subsequent rows
and values.

This table implies the following. If the BEV share is between 0% and 2%, then the required charging
capacity is 2.1 kW/vehicle. If the BEV share is between 2% and 5%, then the required charging capacity
is 1.6 kW/vehicle. This value stabilizes when thereslsurpasses the 15%. The same happens for
PHEVs, with different values. The decrease in the value for power capacity per vehicle as the EV share
goes up, is explained by assumthgt charge point utilization will become more efficient over time
(smarterand more user friendly charging services; more efficient use by EV owners, and others).

To compute the BEV/PHEV share, the dataset used for the values of the total fleet per country is
current_number_vehicles.xIskhis dataset can be modified to meet user needs, or updated values of
the vehicle fleet in the future.
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6.4.3GHG Manufacture parameters

In this section, we are going to describe all the parameter values that have been used to compute the
GHG emissions.

First, when it comes to the vehicle distribution amongst the different fuels, we have used the values
IABSY o6& (GKS 9dzNRBLISIEyY ! dzii 2 Y2 0 A[165 Thayl diswittite é dzNB NE ¢
BSKAOf Sa 0SGoSSYy at SGUNRf£Y a5ASaStésy a9+£> atl 9+
theOF 6 STA2NASE& GhGKSNE YR d!'yly26yés 6KAOK NBLINBA
assumed them to be either Petrol or Diesel vehicles (depending on the type of vehicle) as they are the

most representative samples.

Table23- Manufacture parameters input files, description and references.
| InputFile . |Descripon __ __ Reference |
distribution_vehicles.xlsx Contains the distribution of vehicles [16]
amongst the different fueling types fc
country in 2023 (ACEA), foars,
trucks, vans and buses
estimates_Heavy Duty Trucks.xlsx ContainstheéSs & G A YI G A 2y a
5dzie ¢ NHzO1.a¢ dzy i
estimates_Passenger_Cars_Vans.xl: Contains the estimations for
Gt FaaSyasSNI /I N& . I
estimates_BsesxIsx I 2y il Aya (KS BSesi ./
until 205Q

Next, regarding the manufacture emission parameters, the values are igitles following table:

Table24 - Manufacturing emissiors for both the vehicle and battery for all types of vehicles considered.

Passenger cars 3.700 3.700  3.300 4.400 4.400 3.700 3.700

and vans

Heavy duty 27.500 27.500 33.300 44.400 44.400 27.500 27.500

trucks

Buses 70.000 70.000 54.248 70.561 76.594 70000 70000
e o fdedd Ld s Ll

Passenger cars 1.300 1.300

and vans

Heavy duty 0 0 22.200 6.413 6.413 0 0

trucks

Buses 0 0 25652 7439.5 1406 0 0
Regardingx t | Sy 3 SNJ Gor N&h thle yhdhufadturg” &f ¢he vehicle and the battery, we

KI @S dz

aas
AaSR GKS @I fdzSa 3IAGBSYy o6& (GUKS LYGSNYyFridiazylf
l 4a8aaYS8yd

J[47] Odzt | G2 NE G22¢

Flow
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Ford | S § @ & R dza'a’ttériesrj wWetrYé used the SCANIA st[]dij where they provide the value

ggggg

assumed a battery af 1T RaQ To obtain the values for PHEV and Hybrid trucks, we have used the

same scaling between BEV and (PHEV, Hybrid) given by 2} for a & Sy 3 S NJ .(Regddlingl y R G|
the emissions produced by the manufacture of the vehicle itself, we have used the following SCANIA
study[19] for diesel trucks. We have used the same scaling between Diesel and (Petrol, EV, PHEV, CNG
and LPG) givenby [2]fart  3a Sy aSNJ.OF N&E | YR @I yasé

For the bus manufacturing values, we have used referg2@e Regarding bus battery manufacturing
Ay G KS | S @& 5dzie ¢ NuzO1a Ol as dPadseEtgedarp‘indvané SKIF@ NI dza
which case we had all the values, to extrapolate the values for the other types of buses.

The values given byable24 can be configured in the excel fileS YA & & A 2 Y ¢ LI-folhd¥hS G S NE O E
GOK5 I G ikshgeldGYASER A2 Y WY Y dzF | O dzNB ¢

Table25- Usage combustion emissionsnput files, description and references.

Input File

Output fromsection 3.1.1.7.1. Contains the number of

vehicles distributed by type ol

fuel.
emissions_iea.xlssheet: Contains the emissions The sources for each dat
emissionfactor_fuel) produced byfuel combustion entry are shown in the

following tables

emissions_iea.xlgsheet: Contains thduel consumption The sources for each dat
consumption_km) by kmtravelled entry are shown in the

following tables
In the following table, we present the values chosen for the emissions of fuel combustion. These values
can be found in the following referen¢22].

Table26 Emissions produced by combustion for each type of f{&2)].

D I

0 0O"YYOD Table An[22
B v X [22]
000YO a Q Qo)
o000 QQ & QQb
KX PToq
000 a
pP®H P a
0w QQ QQb Assumed to be (
~ ~ i/ [3Y ks Qd')’Q v, o, ey
0 00w QWQ o Q" Qo 0 Q" Qo Assumed to use Petrc
Qo P L X & combustion
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"0M6 YO g Assumed to use Petrc
P X combustion

For the values for PHEV and Hylmasnbustion emissions, we have decided to follow Petrol values.
On the other hand, for the computations we also need values for:

A) Average yearly driving distanc®4 F2 NJ at / +€ ¥ &1 5¢¢é |yR &. dzaSaé

In section 2.3 of referend@3] they provide a value of 15.000 km per year. So we have used,

0 pun@il & @8SIFNI& RAAGIFYOS (NI @SttSR o6& atl aasSys:
0 x@nmenlra 8SINIe RAaGHyOS GNIXr@SttSR o0& al SI ge

0 pcaunme & &8SFNIe& RAadlIyOS (NI @SttSR o0& a.dzaSa

B) Average consumption of fuel— for PCV, HDT and Buses

Regarding the average consumptith;, = 6S KI @S dzaSR G(KS F2fft26Ay3 O

Table27 - Parameter values for PCV consumption.

PASSENGER CARS

O Units B Reference
0 0"YYU( o a [24]
T8I ¢ Qa
0"00°YO a a 25
8 ¢ e [25]
6 0 "0 Q0 Q0 Described below table
T8t O Ppr—
. Qa
INVING) a a [26]
Ow Qw0 Q0 [13]
~ N RG]
L 00w QuWQ a Qo [13]
0 00 T Y UTQ('X
0 "0 a
8P @ g
VI ; B
Owo YO a ——— [27]
Qa
Computation of the parametef®® for CNG(PCV)
In paper{28], in Table 4there is the averagenission ob0 in —— . More particularly, they show that

inltaly, the averagesx & y9— 1 X Y e+ But to follow the same structure as with the other

Lo w REN Funded by
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fuels, the value that we want first, is@i@® "0 O "@&quired fofQad travelled Then, we know that 1 kg
CNG emitd.61 kg h H {SOGAZ2Y oin[FNI yALRNIE ¢l ofS !

And so, we have that:

EC#/ ¢c EC#/ CE@ . "

El  Ee@.' EI
Q@ 0 ™ X U0 Y QQ8 b "0
o " §
T X YO P—ge— PHP d i Y TE P T Xz 8

So this is the value that we will use for the paramétkr

Next, the values used for heavy duty trucke presented

Table28 - Parameter vdues for HDT consumption. In average, diesel trucks represent > 95 % of trucks in
Europe. For this reason, only diesel and EV/PHEYV tracksconsidered

TRUCKS

B Units | SR Reference
000Y I L _6( [29]https://irecedu.sharepoint.com/sites/Interr
Qa al/[ECOS/Projectes/FLOW/WP5/Tools/Ene
System Impac
Tool/MarketScenariosTool/Methodology/TRU(
IMPORTANT _héebo2-emissionseu-2020
reporting-2-jul23.pdf
06 0d0 , Qo0 [14]
p@ TQ(’X
0 00® QdQ QuQ [29]
000 PBLT X5
0 00 a
81 O Tb—d

Next, we present the values used for buses.

Table29 - Parameter alues for Busesonsumption.

BUSES

| Units B Reference
3, e, [ o ¢ ”n b ‘a
0"00"YOD & & o [15]
~ Qa
0 O"YYOU O a a We use same value as in DIE!
8 ws—
. L4
06 Q0 Qa0 [15]
T
0 "00mwL "00 0 00 QQ QaQ We use the same reduction
& PP Vg the values in DIESEL and EV
u the ones provided in cai
T T Qa4
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https://irecedu.sharepoint.com/sites/Internal/ECOS/Projectes/FLOW/WP5/Tools/Energy%20System%20Impact%20Tool/MarketScenariosTool/Methodology/TRUCK_IMPORTANT_hdv-co2-emissions-eu-2020-reporting-2-jul23.pdf
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https://irecedu.sharepoint.com/sites/Internal/ECOS/Projectes/FLOW/WP5/Tools/Energy%20System%20Impact%20Tool/MarketScenariosTool/Methodology/TRUCK_IMPORTANT_hdv-co2-emissions-eu-2020-reporting-2-jul23.pdf
https://irecedu.sharepoint.com/sites/Internal/ECOS/Projectes/FLOW/WP5/Tools/Energy%20System%20Impact%20Tool/MarketScenariosTool/Methodology/TRUCK_IMPORTANT_hdv-co2-emissions-eu-2020-reporting-2-jul23.pdf

(14 LYY ~, N, Q Q -
o0 0O QQ wbd Described below table
"0OM6 YOO a a Described below table
000 Q a We use same value as in DIE!
™ B4

BusesCNG consumptionin page 11 of referendé5], we can find the consumption for CNG buses to

be 52.63 litres of diesel equivalent (LDE) over 100 kms. So we have to convert this into kilograms of
CNG. For this, we need to consider the energy equivalence between diesel and CNG. First, hote that
liter of diesel contains approximateB§5.8 MJ (megajoulesdf energy and 1 kg of CNG contains
approximately50 MJ of energyThen,

i VU o . | RN o) NilNe)
p QN &£ DAIOE oﬁeeAleAq)EOAlUE;JTl 0% P 9551

Now, we can use this equivalenfaetor, obtaininghe conversion to kg of CNG:

L@ d 00 QQOUO

Table30- Production emissions input files, description and references.

Input File

Output from 1.1. Contains the number of
vehicles distributed by type ol
fuel.

emissions_iea.xlgsheet: Contains the emissions

emission factor_fuel) produced byfuel production

emissions_iea.xl{sheet: Contains thduel consumption
consumption_km) by kmtravelled
emissions_iea.xlgsheet: Contains the power mix factoi
power_mix_factor) for each country ——

Find below the assumptions taken for emissions produced by production of each type of fuel.

Table31 Emissions produced by production for each type of fuel.

_— »
L N - Reference

Ly Qb :
0 O"YYOU ( ® Y1 [30], look for exceghgconversion
(o a factors

2024 full_set for_advanced_users .xl
AY AKSFESdzuec | yR
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B g el

rrrrr

0"00"YOI «a [30], look for exceyhgconversion
a factors
2024 fuII_ et for_advanced users_.xl
Ay aKSSWzSdaec | yR

5 0 ° Ko} Qb low the tabl
ou 0O QQ & 0o Rt See below the table
n 5 e \ ‘?'Qngﬁj
L O a o - See below the table
0w QR 55 QQb . See below the table
_ N 6 £ 0¢& ONDNADI
0 00w s .. QO Assumed to use Power Mix Electricity, a
L 00 a vo Q. . Petrol combustion
0 "O'Q"@cb"Q '

QQo .
T[$)llJ]TOO—TG—h
ON O € 6 & NG

"O®Mo YO «a QQb Assumed to use Petrc
™ Y1 m{T

For the emissions for electricity, we take the values given by the electrical power mix. We have used
different sources in order to complete our database for all the countries that we are considering. First,
we have used the values given[Byt]for 2023. From there, we hawee assume a decrement of 0.05%
each year, for each European country. Soooeintries had to be found in other sourcefhose
countries were:

f Norway[32],

1 Iceland[33],

1 Switzerland32],

9 United Kingdom[34], source that cite§30].

Andwith this,we have a differenPower Mix chtor for every country and vear,
00 H wN OH WN W8

For the emissions from LPG production, we have used the reference value gié&i: by

1) 00 8
"HB o
For consistency with previous sectiore want to convert this towalue to—, followingsection 2.1. of
[36] gives density of PG ofi@® uv—, and so,

o o Q0B ™ U0 G0 080
T—Z(ZQUOp(XUUO TED T 4 N%
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Lastly, for the emissions coming from CNG production, we have used the wetljpagtq,.

For the CNG parameteegain, the webpaggimatiq[37], whichprovideshe value:

T8t W Qi
‘®TO
In our methodology, we want to conved kKgCO2/kgin the web servi@vailable af38], searching by
mBAYAGI Ut BT HUGqel ¢GHNEY wH3 IJH6 ¢ 2WHEHAY U211+ RYUHN ¢
@ g pmiOT o a
o, X o, T~ X&ﬁ%
pma pma pQQ Q
Then using both valuesie have

!O T[8I ’?'Qnﬂaj Xaﬂ ’?'andj 8
“®oomn ™ HETD

6.5.1Scenario S1: optimistic scenar{e10%)

This trend will repeat over the scenariobettotal number of battery electric vehicles (BEV) and plug

in hybrid electric vehicles (PHEV) grows significantly over the years, but at different rates depending
on the scenarioPoland and Romaniaften exhibit the highest growth rates, particularly in the early
years (2025820302035 to meet the policies numbers in 203&hile Norway consistently shows the
lowest growth due to its already high penetration of EVs.

In contrast to the base scenario, the optimistic scenario shows a greater growth in the early years, and
F £t26SN)I 2yS Ay (GKS TFAYyFf &-GdtiNdied(SOj K2gAy3I GKS QI fd

- PERIOD 2028030 presents an increase of +35.32% (PCBEV), +18.63% (PCGVBHEYV),
119.31% (HDTs BEV), +165.34% (HD3$HEV), +35.64% (Buse8EV), and +113.91%
(Buseg; PHEV).

- PERIOD ZD-203: presents an increase of +7.67% (PGBEV), +5.14% (PCYPHEV),
2.84% (HDTg BEV)-8.02% (HDTg PHEV), +8.61% (Buse8EV), and +3.83% (Buses
PHEV).

- PERIOD Zb-2040: presents an increase €9.39% (PCUsBEV);5.18% (PC\UsPHEV),
-15.57% (HDTsBEV);17.4% (HDTs PHEV);10.54% (BusesBEV), andl7.73% (Buses
PHEV).

- PERIOD 2®-2045: presents an increase 63.87% (PCUsBEV);4.58% (PC\UsPHEV),
-2.02% (HDTg BEV),-1.33% (HDTg PHEV);3.55% (Buseg BEV), and1.27% (Buseg
PHEV).

- PERIOD 25-2050: presents an increase 61.5% (PCVsBEV);3% (PCVs PHEV);0.5%
(HDTg; BEV);0.36% (HDTs PHEV);1.5% (Buses BEV), and0.20% (Buses PHEV).
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The full table for these presented values is given in the last subsection of the Results section
a{ OSYy I NR2a&

Table32- Summary of the percentual growth of number of EVs by Collection and Property (S1).

20252030 20302035 20352040 20402045 | 20452050
rty

Passenger BEV
cars and
vans

PHEV
Heavy duty BEV
trucks

PHEV
Buses BEV

PHEV

Average
growth
Peak
growth
Lowest
growth
Average
growth
Peak
growth
Lowest
growth
Average
growth
Peak
growth
Lowest
growth
Average
growth
Peak
growth
Lowest
growth
Average
growth
Peak
growth
Lowest
growth
Average
growth
Peak
growth
Lowest
growth

] 2YLI NRA2YE D

459%
Poland
1 060%
Norway
30%

221%
Latvia
555%
Sweden
6%

1688%
Bulgaria
3071%
Norway
301%

2577%
Luxembourg
3076%
Norway
57%

447%
Croatia
1861%
Luxembourg
40%

1735%
Malta
3077%
Luxembourg
19%

325%
Poland
714%
Norway
32%

154%
Cyprus
386%
Sweden
12%

1004%
Estonia
1700%
Norway
194%

1472%
Cyprus
1700%
Norway
49%

473%
Croatia
1666%
Luxembourg
37%

1286%
Cyprus
1701%
Belgium
90%

79%
Romania
101%
Norway
32%

60%
Cyprus
91%
Sweden
21%

100%
Estonia
110%
Norway
74%

105%
Cyprus
110%
Norway
39%

84%

Croatia
110%
Luxembourg
34%

106%
Cyprus
110%
Belgium
54%

17%
Norway
30%
Romania
8%

23%
Norway
31%
Cyprus
12%

8%
Norway
20%
Bulgaria
3%

5%

Norway
29%
Luxembourg
3%

15%
Luxembourg
29%

Croatia

3%

5%
Belgium
27%
Malta
3%

5%
Norway
26%
Romania
1%

12%
Sweden
36%
Cyprus
1%

1%
Norway
4%
Bulgaria
1%

1%

Norway
20%
Luxembourg
1%

4%
Luxembourg
24%

Croatia

1%

1%
Belgium
12%
Malta
1%

In terms of absolute numbers, the absolute growth of the EV fleet peaks in theZBBb period,
although with a lesser difference to the 263035 period. Similarly, as in the base scenario, the
countries with major absolute growth in all scenarios repelly is Germany, with Italy and France

tailing behind.

Table33- Summary of the absolute growth of number of EVs by Collection and Property (S1).

20252030 | 20302035 | 20352040 | 20402045 | 20452050

Passenger BEV Total 10518 37.07

cars and increase 27.42million = 9237 million = million million 10.82 million

vans Highest Germany Italy 1483 Italy 1714 Germany Germany 562
difference 5.64 million  million million 7.54 million = million

-y A Funded by
Page89of 126 LRI the European Union



Lowest Malta Luxembourg = Luxembourg Malta Cyprus
difference 32608 95382 108065 43088 4524
PHEV Total 1323
increase 5.47 million 1140 million  million 8.35 million  4.91 million
Highest Germany Italy Italy Germany Germany
difference 908999 2.02 million 2.37 million = 1.46 million = 1.19 million
Lowest Luxembourg Luxembourg Luxembourg
difference 5761 8073 10718 Malta 9813 Cyprus 455
Heavy BEV Total
duty increase 231351 1.54 million 1.77 million = 308830 38228
trucks Highest Germany Italy Germany Germany
difference 56045 Italy 223465 258761 74236 12396
Lowest
difference Malta 134 Malta 1787 Malta 2069 = Malta 181 Malta 8
PHEV Total
increase 6227 87375 101376 8542 867
Highest Germany Germany Germany Germany
difference 790 13867 16188 1086 Norway 377
Lowest
difference Malta 5 Malta 94 Malta 109 Malta 7 Malta O
Buses BEV Total
increase 141530 559565 638165 190517 38426
Highest United United
difference Kingdom Germany Germany Germany 27 Kingdom 7
20973 90716 103694 789 437
Lowest Luxembourg = Luxembourg
difference Cyprus 100 298 369 Cyprus 139 = Cyprus 5
PHEV Total
increase 4413 62493 73486 6148 623
Highest Germany Germany Germany Germany
difference 559 93830 11710 802 Belgium 318
Lowest
difference Malta 4 Malta 69 Malta 80 Malta 5 Malta 0

Find below the static plots for the number of vehicles. In the toasdiplots are generated with the
tool Plotly and are dynamic and interactive enable an easier access and more detailed visualization of
the data.
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Figure30- Aggregated PHEV & BEV logistic estimations for HDTs, by year and country, in S1.
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Combined legistic estimations in EU27 +UK for number of vehicles. Buses
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Figure32 - Aggregated PHEV & BEV logistic estimations for Buses, by year and country, in S1.

The bounds provided for the interpolation in the case of charging stations cause a different behaviour

than the one observed in the vehicles caSee sectior8.3.where the bounds given for the different

scenarios arexplained and presented.

Table34 - Electric vehicles and charging stations types of values.

Lirt‘tﬁ’g;Years formodel |\ oar 2023 Year 2024 | Year 2035

SO

S1

S2

S3

S1

Flay
Paged2of 126

2023,2024,2035,2050 Market
value
2023,2024,2035,2050 Market
value
2023,2024,2035,2050 Market
value
2023,2024,2035,2050 Market
value

Charging Stations

LEE:;YearS eI (ot Year 202 | Year 203 | Year 2@4 Year 235

2022,20032024,2035  Market
value
2022,20032024,2035  Market
value

Electrical Vehicles

UEILEE oo ers i
value

Market ) bs 2035 value+10%
value

Market ) bq 5035 values%
value

Market APS 2035 valu0%
value

MELGE! Market value
value
Market Market value
value

*

*

x*

Year 2050

100% E\Penetration
with Current number of
Vehicles

100% EV Penetration
with Current number of
Vehicles

100% E\Penetration
with Current number of
Vehicles

100% EV Penetration
with Current number of
Vehicles

APS 2035 value

APS 2035 value+10%
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Market Market

52 2022,2023,2024,2035 Market value APS 2035alue25%
value value

s3 2022,20232024,2035  Market  Market Market value APS 2035 valuB0%
value value

As in base scenario, we observe a high peak growth rate in the first years of the perioe2(B025
which steadily fades away in the following years. We areaverage growth rate of 79.59% and
100.47% in AC and DC, respectively. In absolute numbers, 1.02 million AC 468 BT3new charging
stations in this period. Netherlands and Germany present the greatest increase, wig#2Xtew AC
chargingstations and 6835 new DC charging stations, respectively.

Table35- Summary of percentual growth ofharging stationsestimates (S1).

20252030 20302035 20352040 20402045 20452050

Average

80% 6% 1% 0.26% 0.06%

growth

AC Peak Luxembourg Ireland Ireland Ireland Ireland
growth 148% 32% 10% 3% 1%
Lowest Latvia Latvia Latvia Latvia Austria
growth 21% 0% 0% 0% 0%
Average g9, 3% 0.33% 0.05% 0.01%
growth

DC Peak United Kingdom = Norway Norway Norway Norway
growth 132% 28% 5% 1% 0.18%
Lowest Malta Malta Malta Malta Lithuania
growth 16% 0% 0% 0% 0%

Table36 - Summary of absolute growth ofharging stationsstimates (S1).

20252030 20302035 20352040 20402045 20452050

Total

. 1.02 million 252741 47695 8737 1667
increase

AC Highest Netherlands Netherlands  France United United Kingdom
difference 216945 66587 12385 Kingdom 2676 600
Lowest Malta Latvia Latvia Latvia Austria
difference 143 0 0 0 0
Total 313455 32984 3589 510 82
increase

DC Highest Germany Germany Norway Norway Norway
difference 68935 8423 1959 376 69
Lowest Malta Malta Malta Malta Lithuania
difference 2 0 0 0 0

-y A Funded by
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Deliverable B.1 - Emobility scenarios: EV
penetrations, charging infrastructure deployments
and grid impacts

In terms of distribution, the electricity demand in the optimigt@enario S1 showan almost identical
behaviour to the base scenarjgiven that the increase in the numbers of vehicles in 2035 is constant
across the different countries and collections (constant +10%). The demand is a linear computation to
the number of vehicles, and because of this the distribution in terms of pergeritathe same as in

the base scenario (not entirely linear cause there are different parameters for each type of kehicle

Vehicle Type

2025 2030 2035

2040 2045 2050

Figure33- Electricity demand (GWh) percentaghstribution by year and country in base scenarifil.

In absolute numbers, in 2030, there isianreaseof approximately 11.000 GWh for PCVs, 1.500 GWh
for HDTs, and 2.100 GWh for Buses. ificiase tendso disappearnwhenapproaching the final years

of the study. In the final year 2050, the demand reaches $aene absolute values as in the base
scenarioof 1.009 TWh for PCVs, 340 TWh for HDTs and 266 TWh for Buses in 2050.
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51lb: Absalute Demand by Vehicle Type
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Figure34 - Absoluteelectricity demand (GWh)oy vehicle type SlL.
While looking at the distribution by country, it @most identical to the base scenario due to the

reasons explained abové-or more detail, find below a table with the annual demand by country and
year inGWh

Table37 - Annual demand by country and year in GWh in optimistic scenario S1.

2025 2030 2035 2040 2045 2050

Austria 1202 4117 12 680 22 382 26 303 27 532
Belgium 2131 5 542 15 349 26 525 31379 33 308
Bulgaria 114 979 7 062 14 050 15 207 15 334
Croatia 79 645 4488 8 895 9651 9744
Cyprus 21 191 1590 3202 3432 3452
CzecfRepublic 276 2211 15 419 30 595 33195 33480
Denmark 1 860 3667 7071 10 995 13 694 15 340
Estonia 44 334 2149 4232 4621 4667
Finland 1117 3161 9130 15 909 18 742 19 806
France 8 675 30 866 101 680 182 114 212 017 220779
Germany 13380 41114 116 148 201 187 238 972 252 167
Greece 259 2101 14 741 29 247 31718 32008
Hungary 452 2188 10 324 19 635 21 947 22 416
Ireland 517 1811 6178 11 170 12 930 13414
: La_y Funded by
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2025 2030 2035 2040 2045 2050

Italy 2711 15 487 98 839 195 044 212 538 214 616
Latvia 55 338 1870 3627 4008 4061
Lithuania 222 891 3862 7271 8 189 8 386
Luxembourg 278 532 1 096 1751 2136 2376
Malta 50 211 794 1456 1671 1725
Netherlands 3778 9 454 22 239 36 751 44 686 48 252
Norway 3582 5 160 8043 11573 14 641 17 437
Poland 986 8 680 66 072 132 089 142 447 143 467
Portugal 1255 4 564 15 779 28 512 32 956 34 258
Romania 503 2970 19 435 38 403 41731 42 201
Slovakia 128 975 6 324 12 457 13 588 13732
Slovenia 89 544 2902 5 600 6 210 6 300
Spain 2202 11836 64 781 125 635 138 724 140 663
Sweden 2 841 5908 12 596 20 301 24 898 27 328
Switzerland 1485 4442 11 696 19 934 23973 25 395
United

Kingdom 9141 29 844 83 200 143 422 171 308 180 646

In sectionAssumptions it has been explained that in terms of the sizing of the charging power, HDTs
and Buses have been left out of the analysis due to the lack of sensible parameters to associate each
HDT or Bus to a charging power to be met. For this reason, in this seetionly present the numbers

in terms of the country distribution.

In this case, in contrast to the demand case, the function that gives the sizing of the charging power in
terms of the number of vehicles is not strictly linear. In fact, it is a step function that depends on the
EV share over the total fleet of vehiclézor this reason, the distribution of the charging power per
country can changslightly when compared to the base scenario; although, in a quick overview, the
distribution can look pretty similar. Germany, Italy and United Kingdom are the countries negairi
greater charging power to feed their fleet of EVs.

At the end of the horizon, the charging capacities required are the same as in the base scenario. But,
as mentioned below, there is an increase of the charging capacities required in the early years 2030
and 2035. In the table below, find the values forckeacountry m terms of absolute numtre for
charging capacity.

Table38- Charging capacity (MW) required by year and country in optimistic scenario S1.

Austria 522 1039 2 480 4091 5008 5342

Belgium 759 1315 3002 4915 5988 6 463

Bulgaria 60 336 1381 2 644 2939 2975

Croatia 42 214 878 1674 1865 1891

Cyprus 9 62 311 609 664 670
-F La_y Funded by
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2025 2030 2035 2040 2045 2050

Czech Republic 686 3015 5 830 6 427 6 496
Denmark 489 814 1384 2045 2594 2977
Estonia 20 97 420 812 896 906
Finland 358 764 1786 3003 3607 3843
France 3614 8 429 19 884 33 449 40 490 42 839
Germany 5063 9874 22714 37 432 45 591 48 930
Greece 101 569 2883 5631 6 151 6211
Hungary 191 647 2019 3609 4215 4350
Ireland 205 479 1208 2074 2 482 2603
Italy 1116 4044 19329 37 739 41 259 41 643
Latvia 20 84 366 708 780 788
Lithuania 63 228 755 1 400 1593 1627
Luxembourg 68 114 214 329 413 461
Malta 19 55 155 273 322 335
Netherlands 1195 2218 4349 6 823 8 485 9363
Norway 955 1211 1574 2066 2 669 3383
Poland 351 2790 12921 25535 27 639 27838
Portugal 465 1224 3086 5 280 6 324 6 647
Romania 142 825 3801 7530 8136 8189
Slovakia 62 307 1237 2353 2 627 2 665
Slovenia 51 184 567 1045 1196 1223
Spain 833 2873 12 669 24504 26 957 27 294
Sweden 834 1345 2 464 3754 4712 5303
Switzerland 444 996 2 287 3774 4597 4928
United Kingdom 3308 6 814 16 271 26 887 32845 35 052

Regarding the greenhouse gas emissions, in the pogitasas of the following plot we can see the

balance between the emissions generated by the manufacturing and usage of the electrical vehicles

from 2025 to 2050 by country. On the other hand, the negayiagis shows the emissions that would

be produced if all this EV fleet were conventional petrol, diesel, CNG or LPG fuelled vehicles. We see a
NB3IdzZ  NJ NSBYR aK2gAy3a GKIFIG GKS 9YAaaAiazya ! g2ARSK
Emissiond SY SN} §SR o0& GKS a9+ CfSSié¢o

Next, we can see that given the collection of vehicles with the highest impact in terms of GHG emissions

is again PCVs, surpassing the mark of 1 thousand million tCO2 in all EU27+United Kingdom from 2035
onwards. The actual, real, and measurable emisdigrthe EV penetration would be a little bit higher

in the early years in response to the faster adoption of the EVs.

In terms of emission by country, the countries with higher number of vehicles show the greatest
amount of emissions as well.
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Figure37 - GeneratedGHG emissions by countr§1.

6.5.2Scenario S2: pessimistic scenargg%)

This trend will repeat over the scenariobettotal number of battery electric vehicles (BEV) and plug

in hybrid electric vehicles (PHEV) grow significantly over the years, but at different rates depending on

the scenario In contrast to the base scenario, the pessimistic scenario S2 shows a smaller growth in

the early years, and a greater one in the final years. The exact values for these differences are
LINBEASYGSR Ay GKS flFald 4doaSORPNAF NABE2VKS® WP a dzfS i
percertual and absolute growth of the number of vehicles in the scenario S2, we can look at the two
following tables.

Table39- Summary of the percentual growth of number of EVs by Collection and Property (S2).

20252030 20302035 20352040 | 20402045 | 20452050

Passenger BEV Average 339% 286% 113% 35% 13%

cars and growth

vans Peak Poland Poland Romania Norway Norway
growth  79%6% 635% 163% 52% 57%
Lowest = Norway Norway Norway Poland Romania2%
growth | 7% 16% 33% 19%

PHEV Average 157% 131% 77% 43% 30%

growth
Peak Latvia Cyprus Cyprus Luxembourg = Norway
growth = 413% 325% 135% 52% 78%
Lowest Sweden Sweden Sweden Cyprus Cyprus
growth  0.65% 3% 11% 29% 5%

: - Funded by
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20252030 20302035 20352040 20402045 20452050

Heavy BEV
duty
trucks
PHEV
Buses BEV
PHEV

Average 1286% 956% 166%
growth

Peak Estonia Estonia Cyprus
growth  2415% 1686% 193%
Lowest = Norway Norway Norway
growth | 219% 173% 100%
Average 2018% 1451% 181%
growth

Peak Luxembourg 2 Luxembourg 1 Malta
growth = 422% 687% 194%
Lowest  Norway Norway Norway
growth  26% 38% 48%
Average 327% 425% 124%
growth

Peak Croatia Croatia Croatia
growth  1354% 1635% 193%
Lowest = Luxembourg Luxembourg Luxembourg
growth = 13% 25% 40%
Average 1352% 1227% 184%
growth

Peak Malta Malta Latvia 19%
growth = 2425% 1688%

Lowest Luxembourg Belgium Belgium
growth  12% 2% 61%

18%

Norway
41%
Estonia
8%
12%

Norway
50%
Luxembourg
8%

31%

Luxembourg
51%

Croatia

8%

11%

Belgium
47%
Malta
8%

3%

Norway
13%
Estonia
0.32%
3%

Norway
43%
Luxembourg
0.32%

11%

Luxembourg
49%

Croatia
0.32%

2%

Belgium
34%
Malta 031%

In terms of absolute numbers, in this pessimistic scenario the growth is shifted to the latest years.

Table40- Summary of the absolute growth of number of EVs by Collection and Property (S2).

20252030 | 20302035 | 20352040 | 20402045 | 20452050

Passenger BEV
cars and
vans

PHEV

Heavy duty BEV
trucks

PHEV

Floy
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Total
increase
Highest
difference

Lowest
difference
Total
increase
Highest
difference
Lowest
difference
Total
increase
Highest
difference
Lowest
difference
Total
increase
Highest
difference
Lowest
difference

18.6 million

Germany
3.71 million

Malta 22214

3.20 million
France
524900
Norway
1228

160845
Germany
38657

Malta

94

4233
Germany 537

Malta 4

60.47 million

Italy 989
million
Luxembourg
58467

6.96 million
Italy
1.25 million

Luxembourg
3131

1.04 million
Italy
151853
Malta
1215

59344
Germany
9422

Malta 64

10321
million

Italy 1852
million
Luxembourg
85835

11.20 million
Italy
2.06 million

Luxembourg
7497

1.95million
Italy
305989
Malta
2437

120446
Germany
19466

Malta 132

62.58
million
Germany
11.45
million
Malta
74713
11.65
million
Germany
1.79 million
Malta
12869

618355
Germany
138351
Malta
409

18205
Germany
2440

Malta 16

28.85 million

Germany
6.97 million

Cyprus
14008

10.76 million
Germany
2.25 million
Cyprus 944
114106
Germany
36560
Malta

24

2224
Norway 670

Malta 1
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Buses

BEV

PHEV

Total

increase = 98880 368685 637489 351264 113891

Highest United

difference  Germany Germany Germany Germany Kingdom
15092 59482 103003 55571 20634

Lowest Luxembourg = Luxembourg Luxembourg

difference = 69 149 300 Cyprus 331 Cyprus 19

Total

increase 2967 42189 87401 12980 1674

Highest Germany Germany Germany

difference = Germany 377 6607 14043 1822 Belgium 772

Lowest Luxembourg Luxembourg

difference 3 43 Malta 96 Malta 12 Malta O

Find below the static plots for the number of vehicles. In the tool, these plotgemerated with the
tool Plotly and are dynamic and interactive enable an easier access and more detailed visualization of

the data.
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Figure38- Aggregated PHEV & BEV logistic estimations for HDTs, by year and country, in S2.

Floy
Pagel0lof 126

R Funded by
the European Union



1eT Combined logistic estimations in EUZ7 4+ UK for number of vehicles. Fassenger cars and vans

cuniey
— Austria Garmany Narway i
— Belglum Greece Foland g
5| — Bulgaria Hungary Portugal
Croatia Ireland Romania
—— Cyprus Tty —— Slovakia
— Czrch Republic Latvia — Slovenia
—— Denmark Lithuania —— Spain } P
~—— Estonia Luxembourg  —— Sweden -
—— Finland Malta — swizzerand P -~
—— France Metherlands ~ —— United Kingdom #
P
w3
i
=
£
2
B
H
E
]
2
2
1
o
2025 2030 2035 2040 2045 2050
Year

Figure39- Aggregated PHEV & BEV logistic estimations for PCVs, by year and country, in S2.
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The bounds provided for the interpolation in the case of charging stations cause a different behaviour
than the one observed in the vehicles case.

As inbase scenario, we see observe a high peak growth rate in the first years of the period (2025
2030), which steadily fades away in the following years. We see an average growth rate of 37.83% and
51.89% in AC and DC, respectively. In absolute numbersnilliod AC and 313.455 DC new charging
stations in this period. Netherlands and Germany present the greatest increase, with 114.743 new AC
charging stations and 368.276 new DC charging stations, respectively.

Table41- Summary of percentual growth ofharging stationsestimates ().

20252030 20302035 20352040 20402045 20452050

AC

DC

Table42 - Summary of absolute growth ofharging stationsestimates ().

Average
growth

Peak
growth

Lowest
growth

Average
growth

Peak
growth

Lowest
growth

38%

Luxembourg
70%

Latvia 9%

51.89%

Netherlands
80%

Malta 811%

2%

Ireland10%

Latvia 00%

1.12%

Norway 2%

Malta 0%

0.2%

Switzerland2%

Latvia 00%

0.09%

Norway2%

Malta 0%

0.03%

Switzerland
0.29%

Austria 00%

0.01%

Norway 023%

Malta 0%

0%

Switzerland ®M5%

Austria 00%

0%

Norway 003%

Greece 0%

20252030 20302035 20352040 20402045 20452050

AC

DC

-FLD_y
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Total
increase

Highest
difference

Lowest
difference

Total
increase

Highest
difference

Lowest
difference

499307

Netherlands
114743

Malta 54

158301

Germany
36276

Malta 1

54730

France 1244

Latvia O

8847

Norway 2640

Malta O

5896

France 1743

Latvia O

679

Norway 410

Malta O

United Kingdom United Kingdom

239

Austria 0

72

Norway 57

Malta O

*

*

35

Austria 0

Norway 8

Greece 0
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Deliverable B.1 - Emobility scenarios: EV
penetrations, charging infrastructure deployments
and grid impacts

In terms of distribution, the electricity demand in the optimigt@enario 8 showsan almost identical
behaviour to the base scenarj@iven that the decrease in the numbers of vehicles in 2035 is constant
across the different countries and collections (const@%%). The demand is a linear computation to

the number of vehicles, and because of this the distribution in terms of percentage is the same as in
the base scenario.

Vehicle Type
mmm Buses
mm HDTs
mmm PCVs

2025 2030 2035

2040 2045 2050

Figure41 - Electricity demand (GWh) percentaghstribution by year andtype of vehicle S2.

In terms of absolute numbers, they change. In 2030, theredescaeaseof approximately 27 TWh for
PCVs, 4 TWh for HDTs, and 5 TWh for Buseslddn=saseiendsto disappearwhenapproaching the
final years of the study In the final year 2050, the demand reaches shene absolute values as in
the base scenariof 1.009 TWh for PCVs, 340 TWh for HDTs and 266 TWh for Buses in 2050.
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Figure4?2 - Absolute electricity demand (GWh) byehicle type,S2.

While looking at the distribution by country, it @most identical to the base scenario due to the
reasons explained abovéd-or more detail, find below a table with the annual demand by country and
year inGWh

Table43- Annual demand by country and year in GWh in pessimistic scenario S2.

2025 2030 2035 2040 2045 2050

Austria 1119 3066 8 646 17 889 24 233 27 532
Belgium 2003 4165 10 463 20 985 28 594 33 309
Bulgaria 106 704 4815 12614 14 951 15 334
Croatia 73 464 3060 7962 9 467 9744
Cyprus 20 140 1084 2901 3389 3452
Czech Republic 266 1664 10 513 27 097 32552 33 480
Denmark 1721 2766 4836 8 105 11 644 15 339
Estonia 42 249 1465 3721 4521 4667
Finland 1038 2342 6 224 12 744 17 280 19 807
France 8083 22944 69 331 147 523 197 230 220779
Germany 12372 30 482 79 212 158 742 219 148 252 165
Greece 246 1561 10 051 25996 31090 32008
Hungary 421 1 609 7039 16 901 21084 22 416
Ireland 495 1396 4213 8992 11 975 13 414
Italy 2645 11 819 67 391 171524 207 692 214 616
Latvia 53 255 1275 3130 3896 4061
flay Funded by
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2025 2030 2035 2040 2045 2050

Lithuania 694 2633 6 075 7749 8 386
Luxembourg 259 402 747 1331 1867 2376
Malta 47 155 542 1210 1577 1725
Netherlands 3512 7074 15 163 27 983 39 733 48 254
Norway 3358 4017 5547 8329 12 203 17 438
Poland 950 6 506 45 049 118 043 140 138 143 467
Portugal 1159 3363 10 762 23 447 30832 34 258
Romania 480 2229 13 251 34 067 40 767 42 201
Slovakia 119 706 4312 11 056 13 306 13 732
Slovenia 87 418 1978 4790 5 996 6 300
Spain 2131 9001 44 169 108 420 134 485 140 663
Sweden 2640 4586 8734 15 271 21 687 27 326
Switzerland 1389 3341 7976 15 345 21 639 25 395
UnitedKingdom 8 448 22032 56 740 112 472 156 461 180 644

In sectionAssumptions it has been explained that in terms of the sizing of the charging power, HDTs
and Buses have been left out of the analysis due to the lack of sensible parameters to associate each
HDT or Bus to a charging power to be met. For this reason, in this seetionly present the numbers

in terms of the country distribution.

In the case of the charging power sizing, in contrast to the demand case, the function that gives the
sizing of the charging power in terms of the number of vehicles is not strictly linear. In fact, it is a step
function that depends on the EV share oviee total fleet of vehicles. For this reason, the distribution

of the charging power per country can chargjghtly when compared to the base scenario; although,

in a quick overview, the distribution can look pretty similar. Germany, Italy and Unitedafinga

the countries requiring a greater charging power to feed their fleet of EVs.

At the end of the horizon, the charging capacities required are the same as in the base scenario. But,
as mentioned below, there is a decrease of the charging capacities required in the early years 2030
and 2035. In the table below, find the values for each coumiryeims of absolute numtre for
charging capacity.

Table44 - Charging capacity (MW) required by year and country in pessimistic scenario S2.

2025 2030 2035 2040 2045 2050

Austria 484382 838310 1717167 3108759 4460254 5342373
Belgium 709374 1099786 2078411 3680316 5318543 6463271
Bulgaria 55545 242056 956304 2280131 2865848 2975455
Croatia 38768 160683 607703 1448025 1814514 1890800
Cyprus 8 759 53927 215281 536610 652808 669843
Czech Republic 124404 617720 2087934 5059189 6266524 6496453
Denmark 451558 628183 962288 1448716 2144220 2976069
'I'—Lﬂ—y Funded by
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2025 2030 2035 2040 2045 2050

Estonia 19496 87887 291065 698665 873680 905636
Finland 332721 582406 1236259 2310613 3292315 3843356
France 3354778 6248329 13769763 25810490 36580620 42839219
Germany 4675231 7910017 15733614 28275365 40615497 48929297
Greece 98120 532836 1996117 4954766 6016698 6210805
Hungary 222107 565889 1398001 2929689 3967400 4349629
Ireland 197256 373761 836646 1579114 2232584 2603087
Italy 1101642 3894622 13383920 33037516 40302950 41643327
Latvia 19197 64461 253254 608784 760842 787990
Lithuania 60871 175459 523055 1154986 1517970 1627409
Luxembourg 63465 94788 148324 236757 350126 461197
Malta 17410 46149 107604 218679 299762 334781
Netherlands 1107445 1795132 3011941 4988138 7344389 9363139
Norway 897177 950474 1086573 1418894 2147179 3383598
Poland 338585 2094356 8946957 22654769 27185982 27837934
Portugal 455931 1038142 2137525 4141167 5791901 6647236
Romania 139667 630063 2631767 6685 997 8009707 8188602
Slovakia 57350 231297 856385 2031044 2552375 2664578
Slovenia 50136 142068 392949 846502 1134855 1222641
Spain 817531 2633407 8772113 21261631 26178234 27293881
Sweden 771408 1120661 1711082 2715658 3984724 5302397
Switzerland 492746 815528 1584109 2809802 4051189 4927633
United Kingdom 3204500 5468 997 11269551 20522890 29364205 35051663

Regarding the green house gas emissions, in the positixés of the following plot we can see the

balance between the emissions generated by the manufacturing and usage of the electrical vehicles

from 2025 to 2050 by country. On the other hand, the negayiagis shows the emissions that would

be produced if all this EV fleet were conventional petrol, diesel, CNG or LPG fuelled vehicles. We see a
NE3Jdz F NJ NBYR aK2gAy3a GKIFIG GKS 9YAdaaAizya ! @2ARSFK
EmissiodA ISYSNI SR o6& (GKS a9+ CftSSt¢od

Next, we can see that given the collection of vehicles with the highest impact in terms of GHG emissions

is again PCVs, surpassing the mark of 1 thousand million TCO2 in all EU27+United King@0d0from

onwards (this happens later in this scenario, as in scenario SO and S1 happened in 2035). The actual,

real, and measurable emissions by the EV penetration would grow slower in this scenario in response
to the slower adoption of the EVs.

In terms of emission by country, the countries with higher amount of vehicles show the greatest
amount of emissions as well. The distribution is almost identical across the different scenarios.
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Year 2030

Year 2025
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Figure45- GeneratedGHG emissions by countr$2.

6.5.3 Scenario S3: pessimistic scenarib{%o)

Thistrend will repeat over the scenarioshé total number of battery electric vehicles (BEV) and plug

in hybrid electric vehicles (PHEV) grow significantly over the years, but at different rates depending on
the scenario In contrast to the base scenario, the pessimistic one, S3, shows a smaller growth in the
early years, and a greater one in the final years. This behavior is similar to what has been seen in
scenario S2, but in this case it is exaggerated in its trenel.eXact values for these differencesear
LINBASYGSR Ay GKS frad adzomaSOtAzy 2F GKS wSad
percentual and absolute growth of the number of vehicles in the scenario S2, we can look at the two
following tables.

Table45- Summary of thepercentualgrowth of number of EVs by Collection and Property (S3).

20252030 20302035 20352040 20402045 20452050

Passenger BEV Average

cars and growth | 253% 237% 139% 60% 30%

vans Peak Poland Poland Poland Denmark Norway
growth  615% 526% 222% 74% 107%
Lowest = Norway Norway Norway Poland Poland
growth = 0.87% 4% 18% 41% 6%

PHEV Average

growth  111% 105% 86% 67% 53%
Peak Bulgaria Bulgaria Bulgaria Finland Netherlands
growth = 312% 264% 159% 91% 116%

-F - Funded by
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Heavy

duty
trucks

Buses

In terms of absolut@umbers, in this pessimistic scenario the growth is shifted to the latest years. For
example, the growth in PCYEBEV 2050 changes from 14.27 million in scenario SO, to 59.89 million

BEV

PHEV

BEV

PHEV

Lowest
growth
Average
growth
Peak
growth
Lowest
growth
Average
growth
Peak
growth
Lowest
growth
Average
growth
Peak
growth
Lowest
growth
Average
growth
Peak
growth
Lowest
growth

Sweden
0.7%

1006%
Estonia
1947%
Norway
158%

1621%
Malta
1959%
Norway
5%

240%
Croatia
1020%
Luxembourg
1%

992%
Cyprus
1778%
Luxembourg
8%

Sweden
3%

849%
Estonia
1559%
Norway
141%

1334%
Malta
1564%
Norway
16%

354%
Croatia
1424%
Luxembourg
5%

1045%
Cyprus
1485%
Belgium
66%

Sweden
13%

239%
Romania
304%
Norway
110%

278%
Luxembourg
304%
Norway
42%

181%
Croatia
363%
Luxembourg
26%

332%
Latvia
365%
Belgium
86%

Sweden
44%

36%
Norway
69%
Estonia
17%

24%
Norway
80%
Malta
17%

68%
Luxembourg
90%

Croatia

24%

31%
Belgium
86%
Cyprus
23%

Cyprus
16%

7%

Norway 34%
Estonia
0.84%

6%
Norway
86%
Malta
0.81%

33%
Luxembourg
124%
Croatia

1%

5%
Belgium
67%
Cyprus
1%

in scenario S3. See the table below in order to be able to accuagipare the desired values.

Table46 - Summary of the absolute growth of number of EVs by Collection and Property (S3).

(o [ Property | Item | 20252030 20302035 20352040 20402045 | 20452050

Passenger BEV

cars and

vans

Heavy

duty
trucks

-FLa_y
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PHEV

BEV

PHEV

Total
increase
Highest
difference

Lowest
difference
Total
increase
Highest
difference
Lowest
difference
Total
growth
Highest
difference
Lowest
difference
Total
increase

12.35 million

Germany
2.40 million
Norway
6222

1.65 million
Italy

335076
Luxembourg
145

114592
Germany
27154
Malta 68

2964

37.69 million

Italy

6.33 million
Norway
29972

3.97 million
Italy

703833
Luxembourg
693

677592
Italy
100370
Malta 803

39166

83.11 million
Italy

16.17 million
Luxembourg
67686

8.23 million
Italy

1.29 million
Luxembourg
3228

1.83 million
Italy
310966
Luxembourg
2360
124314

81.23
million
Germany
12.38
million
Malta
95932
1324
million
Germany
1.93 million
Luxembourg
13472

990398
Germany
196173
Malta 779

33111

59.89 million

Germany
14.34 million
Cyprus
36558

17.06 million
Germany 30
million
Cyprus
14300

280831
Germany
88113
Malta 66

4943
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Buses

Find below the static plots for the number of vehicles. In the tool, these plots are generated with the
tool Plotly and are dynamic and interactive enablesasier access and more detailed visualization of

Highest
difference
Lowest
difference
Total
increase
Highest
difference

BEV

Lowest
difference
Total
increase
Highest
difference
Lowest
difference

PHEV

the data.

-FLD_y

Germany 380
Malta 3
68132
Germany 11
158
Luxembourg
5

2093
Germany 277

Luxembourg
2

Germany
6222

Malta 43
233443

Germany
37203
Luxembourg
27

27540
Germany
4276
Luxembourg
22

Germany
20363

Malta 138
577261
Germany
88004
Luxembourg
139

107250
Germany

17315

Malta 119

Combined logistic estimations in EU27+UK for number of vehicles. Heavy duty trucks.
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Figure46 - Aggregated PHEV & BEV logistic estimations for HDTs, by year and country, in S3.
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Figure47 - Aggregated PHEV & BEV logistic estimations for PCVs, by year and country, in S3.
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The bounds provided for the interpolation in the case of charging stations cause a different behaviour
than the one observed in the vehicles case.

As in base scenario, we see observe a high peak growth rate in the first years of the peried (2025
2030), which steadily fades away in the following years. We see an average growth rate of 37.83% and
51.89% in AC and DC, respectively. In absolute nunih8&million AC and 313.455 DC new charging
stations in this period. Netherlands and Germany present the greatest increase, with 114.743 new AC
charging stations and 368.276 new DC charging stations, respectively.

Table47 Summary of percentual growth atharging stationestimates (S).

20252030 20302035 20352040 20402045 20452050

Average
growth 8% 0.07% 0% 0% 0%
Peak Luxembourg  Switzerland Switzerland Switzerland
growth  16% 0.78% 0.04% 0% Switzerland 0%
Lowest Malta Malta Malta Austria Austria
growth | 0.15% 0% 0% 0% 0%

DC Average
growth  18% 0.17% 0.01% 0% 0%
Peak Norway Norway Norway Norway Norway
growth = 36% 3% 0.19% 0.01% 0%
Lowest Malta Malta Malta Greece Bulgaria
growth 3% 0% 0% 0% 0%

Table48 Summary of absolute growth ofharging stationsestimates (S).

20252030 20302035 20352040 20402045 growth 2045
2050

Total
increase 499307 54730 5896
Highest Netherlands  France France Unlted Unlted
difference 114743 14244 1743 Kingdom 239 Kingdom 35
Lowest Malta Latvia Latvia Austria Austria
difference 54 0 0 0 0

DC Total
increase 158301 8847 679 72 9
Highest Germany Norway Norway Norway Norway
difference = 36276 2640 410 57 8
Lowest Malta Malta Malta Malta Greece
difference 1 0 0 0 0

In terms of distribution, the electricity demand in the pessimisti@nario 8 shows an almost
identical behaviour to the base scenarja@jiven that the decrease in the numbers of vehicles in 2035
is constant across the different countries aadllections (constant50%). The demand is a linear
computation to the number of vehicles, and because of this the distribution in terms of percentage is
the same as in the base scenario.
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Deliverable B.1 - Emobility scenarios: EV
penetrations, charging infrastructure deployments
and grid impacts

Vehicle Type
= Buses
= HDTS
- PCVs

2025 2030 2035
2040 2045 2050

Figure49 - Electricity demand GWh) percentagdlistribution by year andtype of vehicle,S3.
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In terms of absolute numbers, they change. In 2030, therediscaeaseof approximately 50 TWh for
PCVs, 8 TWh for HDTs, and 10 TWh for Buseslebheasaendsto disappearwhenapproaching the
final years of the study In the final year 2050, the demand reaches shene absolute values as in
the base scenariof 1.009 TWh for PCVs, 340 TWh for HDTs and 266 TWh for Buses in 2050.

While looking at the distribution by country, it @most identical to the base scenario due to the
reasons explained abové-or more detail, find below a table with the annual demand by country and
year inGWh

Table49 - Annual demand (GWh) by country and year in pessimistic scenario S3.

2025 2030 2035 2040 2045 2050

Austria 1 039 2 301 5765 13 279 21 498 28 505
Belgium 1828 3250 7171 15 647 25 356 34 484
Bulgaria 99 526 3210 10 897 14 897 15 876
Croatia 68 346 2040 6 865 9397 10 088
Cyprus 19 106 723 2514 3399 3574
Czech Republic 258 1297 7009 22 360 31963 34 664
Denmark 1564 2 053 3295 6 026 10 269 15 882
Estonia 40 192 977 3038 4395 4831
Finland 964 1 806 4201 9 491 15 330 20 504
France 7503 17 230 46 230 111 134 178 819 228 579
Germany 11 629 23242 52 813 114 634 191 392 261 077
Greece 231 1172 6 701 21784 30615 33140
Hungary 396 1219 4 693 13 930 20 137 23208
Ireland 459 1046 2809 6 797 10 815 13 889
Italy 2586 9307 44 927 139 538 201 108 222 199
Latvia 51 198 850 2 462 3710 4 205
Lithuania 200 517 1756 4791 7178 8 682
Luxembourg 238 310 512 978 1609 2 460
Malta 43 115 361 940 1450 1786
Netherlands 3240 5 300 10 167 19 920 33727 49 959
Norway 3071 3371 4 165 6 127 10 215 18 048
Poland 919 5038 30033 98 232 138 128 148 537
Portugal 1074 2513 7175 18 030 28 055 35 468
Romania 457 1710 8 834 28174 39 403 43 692
Slovakia 112 529 2875 9393 13 161 14 218
Slovenia 82 317 1319 3864 5753 6 523
Spain 2022 6 916 29 448 86 234 129 196 145 633
Sweden 2384 3469 6 054 11 382 19 063 28 289
Switzerland 1299 2 529 5318 10 855 18 429 26 293
UnitedKingdom 7 856 16 536 37 832 81103 135 555 187 028

-y Funded by
Pagell50f 126 LRI the European Union



In sectionAssumptions it has been explained that in terms of the sizing of the charging power, HDTs
and Buses have been left out of the analysis due to the lack of sensible parameters to associate each
HDT or Bus to a charging power to be met. For this reason, in this seetionly present the numbers

in terms of the country distribution.

In the case of the charging power sizing, in contrast to the demand case, the function that gives the
sizing of the charging power in terms of the number of vehicles is not strictly linear. In fact, it is a step
function that depends on the EV share oviee total fleet of vehicles. For this reason, the distribution

of the charging power per country can chargljghtly when compared to the base scenario; although,

in a quick overview, the distribution can look pretty similar. Germany, Italy and Unitedafingc

the countries requiring a greater charging power to feed their fleet of EVs.

At the end of the horizon, the charging capacities required are the same as in the base scenario. But,
as mentioned below, there is a decrease of the charging capacities required in the early years 2030
and 2035. In the table below, find the values for each counmiryeims of absolute numlre for
charging capacity.

Table50- Charging capacity (MW) required by year and country in pessimistic scenario S3.

2025 2030 2035 2040 2045 2050

Austria 449586 750792 1145113 2122710 3619576 5342359
Belgium 651653 980667 1434038 2578724 4309150 6462766
Bulgaria 51719 216134 637545 1802492 2700090 2975455
Croatia 36217 142782 405146 1131454 1701960 1890800
Cyprus 8295 40627 143522 436043 624704 669843
Czech Republic 120977 483788 1391967 3907459 5865546 6496453
Denmark 469347 504511 658988 1068034 1823656 2976369
Estonia 19062 69240 194044 541038 816578 905636
Finland 309921 514952 836751 1630043 2759881 3842884
France 3109323 5402226 9182166 17928335 30524116 42839109
Germany 4373382 6923557 10490656 19442880 32826991 48929778
Greece 93115 405072 1330754 3963989 5716759 6210805
Hungary 207455 425620 932059 2119645 3478979 4349630
Ireland 182882 334037 557863 1099836 1870904 2603081
Italy 1089148 3135353 8922613 25796116 37828623 41643327
Latvia 18849 61263 168837 471133 711425 787990
Lithuania 57139 137630 348719 858364 1377210 1627410
Luxembourg 57350 69894 100968 171075 289887 461163
Malta 16086 35736 71750 157388 262474 334780
Netherlands 1013936 1331752 2022817 3499800 5932709 9362904
Norway 838787 845902 879890 1018733 1662655 3381853
Poland 328159 1627256 5964650 18417509 26045706 27837934
Portugal 423111 777686 1425177 2918584 4940061 6647311

-y Funded by
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2025 2030 2035 2040 2045 2050

Romania 137038 496910 1754514 5434551 7685112 8188602
Slovakia 53613 205379 570931 1582713 2388533 2664578
Slovenia 47102 107523 261969 625362 1012674 1222641
Spain 789807 2173937 5848417 16543850 24661947 27293851
Sweden 721550 863643 1218988 1990580 3370471 5301705
Switzerland 460180 713245 1056238 1926824 3247957 4927655
United Kingdom 2982137 4755421 7514381 14065756 24016458 35051901

Regarding the green house gas emissions, in the positixés of the following plot we can see the

balance between the emissions generated by the manufacturing and usage of the electrical vehicles

from 2025 to 2050 by country. On the other hand, the negayia&is shows the emissions that would

be produced if all this EV fleet were conventional petrol, diesel, CNG or LPG fuelled vehicles. We see a
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Deliverable B.1 - Emobility scenarios: EV

penetrations, charging infrastructure deployments
and grid impacts
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Figure52 - GeneratedGHG emissions by vehicle typ®3.

Figure53- Generated GHG emissioty country, S3.
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