
   
 

 

     
 

 

 

Grant Agreement Nº: 101056730 

Deliverable 5.1 

E-mobility scenarios: EV penetrations, charging 

infrastructure deployments and grid impacts 

 
 

Author(s): Anzhelika Ivanova [IREC], Roger Valdés [IREC], Josh Eichman [IREC] 

 

 

 
Website FLOW 

https://www.theflowproject.eu/


 

Deliverable D5.1 - E-mobility scenarios: EV 

penetrations, charging infrastructure deployments 

and grid impacts 

  

 

 
Page 2 of 126 

 
 

   

Document Information Table 
Project Data 

Project Acronym  FLOW 

Project Title  Flexible energy system Leveraging the Optimal integration of EVs 

deployment Wave 

Grant Agreement n. 101056730 

Topic identifier  HORIZON-CL5-2021-D5-01-03 

Funding Scheme  RIA 

Project duration  48 months 

Coordinator  Catalonia Institute for Energy Research 

Website  https://www.theflowproject.eu/ 

Deliverable Document Sheet 

Deliverable No. D5.1 

Deliverable title  E-mobility scenarios: EV penetrations, charging infrastructure deployments 

and grid impacts 

Description  This report serves to document and present the efforts done in task 5.1 - 

Digital Twin for scenarios development and grid impact assessment. The 

objective of task 5.1 is to investigate different scenarios that show the 

impact of massive EV diffusion on both energy system and local grid level.    

WP No. WP5 

Related task  T5.1 - Digital Twin for scenarios development and grid impact assessment 

Lead beneficiary IREC 

Author(s)  Anzhelika Ivanova (IREC), 

Roger Valdés (IREC) 

Josh Eichman (IREC) 

Contributor(s)  Miguel Pardo (e-Distribución), 

Gabriele Fedele (Areti), 

Fabio Di Zazzo (Areti), 

Lorenzo Centini (Areti), 

Stefano Spina (Areti), 

Francesco Schirripa (Areti) 

Type Report 

https://www.theflowproject.eu/


 

Deliverable D5.1 - E-mobility scenarios: EV 

penetrations, charging infrastructure deployments 

and grid impacts 

  

 

 
Page 3 of 126 

 
 

   

Dissemination L. PU 

Due Date 31/12/2024 Submission Date 05/05/2025 

  



 

Deliverable D5.1 - E-mobility scenarios: EV 

penetrations, charging infrastructure deployments 

and grid impacts 

  

 

 
Page 4 of 126 

 
 

   

Version Date Author(s) Organisation(s) Comments 

V0.1 30/09/2024 Anzhelika Ivanova, 

Josh Eichman 

IREC First draft 

V0.2 30/11/2024 Anzhelika Ivanova IREC Introduction and scenarios 

description 

V0.3 31/12/2024 Roger Valdés, 

Anzhelika Ivanova, 

Josh Eichman 

IREC Description and results of 

Energy System Impact Tool and 

Local System Impact Tool. 

V0.4 17/03/2025 Anzhelika Ivanova, 

Roger Valdés 

IREC First draft for review. 

V0.5 25/03/2025 Mattia Secchi, 

Görkem Türer 

DTU, 

E-mobility 

Europe 

(previously 

AVERE) 

Comments and suggestions for 

improvement of the 

deliverable.  

V0.6 30/03/2025 Roger Valdés, 

Anzhelika Ivanova 

Josh Eichman 

IREC Updated document, according 

to suggestions from the 

reviewers. 

V0.7 07/04/2025 Anzhelika Ivanova, 

Roger Valdés, 

Josh Eichman 

IREC Update of result section from 

Local System Impact Tool and 

Energy System Impact Tool.  

Second draft for review. 

V0.8 20/04/2025 Miguel Pardo, 
Gabriele Fedele, 
Fabio Di Zazzo, 
Lorenzo Centini, 
Stefano Spina, 
Francesco Schirripa 

e-Distribución, 

Areti 

Review of final version. 

Confirmation that the grid 

data is correctly represented 

according to the 

confidentiality agreements.  

V0.9 29/04/2025 Anzhelika Ivanova, 

Josh Eichman 

IREC Introduction of changes 

according to final review 

comments (updates in the grid 

data and the simulation 

results) 

V1.0 30/04/2025 Anzhelika Ivanova, 

Josh Eichman 

IREC Final check and version for 

submission. 

 

 

  



 

Deliverable D5.1 - E-mobility scenarios: EV 

penetrations, charging infrastructure deployments 

and grid impacts 

  

 

 
Page 5 of 126 

 
 

   

DISCLAIMER 
Funded by the European Union. Views and opinions expressed are however those of the author(s) only 
and do not necessarily reflect those of the European Union or CINEA. Neither the European Union nor 
the granting authority can be held responsible for them. 

This document and all information contained here is in the sole property of the FLOW Consortium. It 
may contain information subject to Intellectual Property Rights. No Intellectual Property Rights are 
granted by the delivery of this document or the disclosure of its content. Reproduction or circulation 
of this document to any third party is prohibited without the written consent of the author(s).  
The dissemination and confidentiality rules as defined in the Consortium agreement apply to this 
document. All rights reserved. 

  



 

Deliverable D5.1 - E-mobility scenarios: EV 

penetrations, charging infrastructure deployments 

and grid impacts 

  

 

 
Page 6 of 126 

 
 

   

Contents 
Document Information Table .................................................................................................................. 2 

DISCLAIMER ............................................................................................................................................. 5 

Contents .................................................................................................................................................. 6 

List of Tables ............................................................................................................................................ 9 

List of Figures ......................................................................................................................................... 11 

List of Acronyms .................................................................................................................................... 13 

Executive summary ............................................................................................................................... 14 

1 Introduction ................................................................................................................................... 15 

2 EV Mass Diffusion Scenarios General Description ........................................................................ 16 

2.1 Policy-based scenarios .......................................................................................................... 16 

2.1.1 Stated Policies Scenario (STEPS).................................................................................. 16 

2.1.2 Announced Pledges Scenario (APS) ............................................................................. 17 

2.1.3 Country specific breakdown and common challenges ............................................... 17 

2.2 Market-based scenario .......................................................................................................... 20 

2.2.1 Types and categories of EVs ........................................................................................ 20 

2.2.2 Charging infrastructure data ....................................................................................... 21 

3 Energy System Impact Assessment Tool ....................................................................................... 24 

3.1 Tool description ..................................................................................................................... 24 

3.2 Description of input and output data .................................................................................... 25 

3.3 Results ................................................................................................................................... 26 

3.3.1 Scenario S0: base scenario .......................................................................................... 28 

3.3.2 Scenarios comparison ................................................................................................. 38 

4 Local System Impact Assessment Tool .......................................................................................... 41 

4.1 Tool description ..................................................................................................................... 41 

4.1.1 Hosting capacity analysis ............................................................................................. 42 

4.1.2 Congestion analysis ..................................................................................................... 44 

4.2 Description of input data ....................................................................................................... 46 

4.2.1 Medium-voltage grid characteristics ........................................................................... 46 

4.2.2 Low-voltage grid characteristics .................................................................................. 48 

4.3 Results ................................................................................................................................... 51 

4.3.1 Hosting capacity analysis results ................................................................................. 51 



 

Deliverable D5.1 - E-mobility scenarios: EV 

penetrations, charging infrastructure deployments 

and grid impacts 

  

 

 
Page 7 of 126 

 
 

   

4.3.2 Congestion analysis results ......................................................................................... 56 

5 Conclusions .................................................................................................................................... 62 

5.1 Energy System Impact Assessment Conclusions ................................................................... 62 

5.2 Local System Impact Assessment Conclusions ...................................................................... 62 

6 Appendix 1 ς Energy System Impact Assessment Tool Additional Information ........................... 64 

6.1 Additional tool description .................................................................................................... 64 

6.1.1 Tool launching settings ................................................................................................ 64 

6.1.2 Setting the algorithm .................................................................................................. 65 

6.1.3 Data scraping ............................................................................................................... 68 

6.1.4 Data processing ........................................................................................................... 69 

6.1.5 Vehicles and Recharging Points Estimations ............................................................... 70 

6.1.6 EV Demand computation ............................................................................................ 72 

6.1.7 Power capacity sizing computation (from EVs) ........................................................... 73 

6.2 Methodology for GHG emission computation ...................................................................... 74 

6.2.1 Distribution of vehicles in different fuels .................................................................... 74 

6.2.2 Manufacturing emissions ............................................................................................ 76 

6.2.3 Usage emissions (combustion) .................................................................................... 77 

6.2.4 Usage emissions (production) ..................................................................................... 78 

6.3 Methodology for Estimated GHG Emissions (in EV/PHEV scenario) ..................................... 78 

6.3.1 Manufacture emissions (production) .......................................................................... 78 

6.3.2 Usage emissions (combustion) .................................................................................... 79 

6.3.3 Usage emissions (production) ..................................................................................... 79 

6.4 Assumptions .......................................................................................................................... 80 

6.4.1 Demand ....................................................................................................................... 80 

6.4.2 Sizing ............................................................................................................................ 81 

6.4.3 GHG: Manufacture parameters ................................................................................... 82 

6.5 Results from additional scenarios S1-S3 ............................................................................... 88 

6.5.1 Scenario S1: optimistic scenario (+10%) ..................................................................... 88 

6.5.2 Scenario S2: pessimistic scenario (-25%) .................................................................... 99 

6.5.3 Scenario S3: pessimistic scenario (-50%) .................................................................. 109 

7 Appendix 2 ς Local Systems Impact Assessment Tool, Congestion Analysis Additional Scenarios

 119 

References ........................................................................................................................................... 123 



 

Deliverable D5.1 - E-mobility scenarios: EV 

penetrations, charging infrastructure deployments 

and grid impacts 

  

 

 
Page 8 of 126 

 
 

   

 

 



 

Deliverable D5.1 - E-mobility scenarios: EV 

penetrations, charging infrastructure deployments 

and grid impacts 

  

 

 
Page 9 of 126 

 
 

   

List of Tables 
Table 1 - Summary of STEPS and APS differences ................................................................................. 17 
Table 2 - Country specific breakdown of STEPS and APS ...................................................................... 18 
Table 3 - Scenarios description for both Electrical vehicles and charging stations............................... 27 
Table 4 - Summary of the percentual growth of number of EVs by Collection and Property (S0). ...... 28 
Table 5 - Summary of the absolute growth of number of EVs by Collection and Property in all countries.

 ............................................................................................................................................................... 29 
Table 6 - Summary of percentual growth of charging stations estimates. ........................................... 31 
Table 7 - Summary of absolute growth of charging stations estimates. ............................................... 32 
Table 8. Annual EV electricity demand by country and year in GWh in base scenario S0. ................... 33 
Table 9. Charging capacity (MW) required by year and country in base scenario S0. .......................... 34 
Table 10 - Difference in growth between scenarios using the logistic growth model. ......................... 38 
Table 11 - Characteristics of the MV grid. ............................................................................................. 46 
Table 12 - Characteristics of the LV grid. ............................................................................................... 48 
Table 13 - MV grid, HCA total power results, pessimistic scenario. ...................................................... 52 
Table 14 - MV grid, HCA total power results, optimistic scenario. ....................................................... 53 
Table 15 - MV grid, HCA maximum number of chargers per capacity, pessimistic and optimistic 

scenario. ................................................................................................................................................ 54 
Table 16 - LV grid, HCA total power results, pessimistic scenario. ....................................................... 55 
Table 17 - LV grid, HCA total power results, optimistic scenario. ......................................................... 55 
Table 18 - LV grid, HCA maximum number of chargers per capacity, pessimistic and optimistic scenario.

 ............................................................................................................................................................... 56 
Table 19 - kW per vehicle depending on the EV share penetration for both BEV and PHEV. .............. 73 
Table 20 - Percentage distribution of cars in Austria. ........................................................................... 75 
Table 21 - Input files required by the algorithm to compute manufacturing emissions. ..................... 76 
Table 22 - This table presents the kW/vehicle chosen for BEV and PHEV Passenger Cars and Vans 

depending on the BEV/PHEV penetration in the public fleet. .............................................................. 81 
Table 23 - Manufacture parameters - input files, description and references. .................................... 82 
Table 24 - Manufacturing emissions for both the vehicle and battery for all types of vehicles considered.

 ............................................................................................................................................................... 82 
Table 25 - Usage combustion emissions - input files, description and references. .............................. 83 
Table 26 - Emissions produced by combustion for each type of fuel [22]. ........................................... 83 
Table 27 - Parameter values for PCV consumption. .............................................................................. 84 
Table 28 - Parameter values for HDT consumption. In average, diesel trucks represent > 95 % of trucks 

in Europe. For this reason, only diesel and EV/PHEV trucks are considered. ....................................... 85 
Table 29 - Parameter values for Buses consumption. ........................................................................... 85 
Table 30 - Production emissions - input files, description and references. .......................................... 86 
Table 31 - Emissions produced by production for each type of fuel. .................................................... 86 
Table 32 - Summary of the percentual growth of number of EVs by Collection and Property (S1). .... 89 
Table 33 - Summary of the absolute growth of number of EVs by Collection and Property (S1). ........ 89 
Table 34 - Electric vehicles and charging stations types of values. ....................................................... 92 
Table 35 - Summary of percentual growth of charging stations estimates (S1). .................................. 93 
Table 36 - Summary of absolute growth of charging stations estimates (S1)....................................... 93 



 

Deliverable D5.1 - E-mobility scenarios: EV 

penetrations, charging infrastructure deployments 

and grid impacts 

  

 

 
Page 10 of 126 

 
 

   

Table 37 - Annual demand by country and year in GWh in optimistic scenario S1. ............................. 95 
Table 38 - Charging capacity (MW) required by year and country in optimistic scenario S1. .............. 96 
Table 39 - Summary of the percentual growth of number of EVs by Collection and Property (S2). .... 99 
Table 40 - Summary of the absolute growth of number of EVs by Collection and Property (S2). ...... 100 
Table 41 - Summary of percentual growth of charging stations estimates (S2). ................................ 103 
Table 42 - Summary of absolute growth of charging stations estimates (S2)..................................... 103 
Table 43 - Annual demand by country and year in GWh in pessimistic scenario S2. ......................... 105 
Table 44 - Charging capacity (MW) required by year and country in pessimistic scenario S2. .......... 106 
Table 45 - Summary of the percentual growth of number of EVs by Collection and Property (S3). .. 109 
Table 46 - Summary of the absolute growth of number of EVs by Collection and Property (S3). ...... 110 
Table 47 - Summary of percentual growth of charging stations estimates (S3). ................................ 113 
Table 48 - Summary of absolute growth of charging stations estimates (S3)..................................... 113 
Table 49 - Annual demand (GWh) by country and year in pessimistic scenario S3. ........................... 115 
Table 50 - Charging capacity (MW) required by year and country in pessimistic scenario S3. .......... 116 
 



 

Deliverable D5.1 - E-mobility scenarios: EV 

penetrations, charging infrastructure deployments 

and grid impacts 

  

 

 
Page 11 of 126 

 
 

   

List of Figures 
Figure 1 - Energy System Impact Assessment Tool, simplified modules structure ............................... 24 
Figure 2 - Energy System Impact Assessment Tool, additional features............................................... 25 
Figure 3 - Aggregated PHEV & BEV logistic estimations for Buses, by year and country, in S0. ........... 30 
Figure 4 - Aggregated PHEV & BEV logistic estimations for HDTs, by year and country, in S0. ............ 30 
Figure 5 - Aggregated PHEV & BEV logistic estimations for Passenger Cars and Vans, by year and 

country, in S0. ........................................................................................................................................ 31 
Figure 6 - Electricity demand (GWh) percentage distribution by year and type of vehicle in base 

scenario, S0. .......................................................................................................................................... 32 
Figure 7 - Absolute electricity demand (GWh) by vehicle type in base scenario, S0. ........................... 33 
Figure 8 - Avoided (Non-EV fleet) and generated (EV fleet) GHG emissions in base scenario S0. ....... 36 
Figure 9 - Generated GHG emissions by type of vehicle in base scenario, S0. ..................................... 37 
Figure 10 - Generated GHG emissions by country in base scenario, S0................................................ 37 
Figure 11 - Comparison of all considered metrics, number of vehicles and chargers, energy demand, 

charging infrastructure capacity and GHG emissions, across all scenarios, S0-S3. ............................... 39 
Figure 12 - Local System Impact Assessment Tool, simplified representation. .................................... 42 
Figure 13 - MV grid plot with generic coordinates, pandapower's matplotlib. .................................... 47 
Figure 14 - MV grid with generic coordinates, pandapower's plotly. ................................................... 48 
Figure 15 - LV grid with original coordinates, pandapower's matplotlib. ............................................. 49 
Figure 16 - LV grid with original coordinates, pandapower's plotly. ..................................................... 50 
Figure 17 - LV grid with generic coordinates, pandapower's matplotlib. ............................................. 51 
Figure 18 - Flexibility Contract Agreement profiles for the months considered in the congestion 

analysis. ................................................................................................................................................. 57 
Figure 19 - Line and bus parameters, summer, base case. ................................................................... 58 
Figure 20 - External grid and transformer parameters, summer, base case. ....................................... 59 
Figure 21 - Line and bus parameters, summer case, EVSE installed on one POC, with and without FCA.

 ............................................................................................................................................................... 60 
Figure 22 - External grid and transformer parameters, summer case, EVSE installed on one POC, with 

and without FCA. ................................................................................................................................... 60 
Figure 23 - Line and bus parameters, summer case, EVSE installed on five POC, with and without FCA.

 ............................................................................................................................................................... 61 
Figure 24 - External grid and transformer parameters, summer case, EVSE installed on five POC, with 

and without FCA. ................................................................................................................................... 61 
Figure 25. Slice of "combined_results_vehicles.xlsx" ........................................................................... 69 
Figure 26. Slice of "combined_results_chargers" ................................................................................. 69 
Figure 27 - Shape of the fitting functions: polynomial of degree 2 (blue), logarithmic (green), logistic 

(red). ...................................................................................................................................................... 72 
Figure 28. Slice of the output for the distribution of the number of new vehicles for each type of fuel. 

9ȄŀƳǇƭŜ ǎƘƻǿǎ ǾŀƭǳŜǎ ŦƻǊ .9±ΩǎΣ ƛƴ !ǳǎǘǊƛŀΣ ōŜǘǿŜŜƴ нлнл  ŀƴŘ нлрлΦ ............................................... 76 
Figure 29. Slice of the database "demand_parameters.csv". ............................................................... 80 
Figure 30 - Aggregated PHEV & BEV logistic estimations for HDTs, by year and country, in S1. .......... 91 
Figure 31 - Aggregated PHEV & BEV logistic estimations for PCVs, by year and country, in S1. .......... 91 
Figure 32 - Aggregated PHEV & BEV logistic estimations for Buses, by year and country, in S1. ......... 92 



 

Deliverable D5.1 - E-mobility scenarios: EV 

penetrations, charging infrastructure deployments 

and grid impacts 

  

 

 
Page 12 of 126 

 
 

   

Figure 33 - Electricity demand (GWh) percentage distribution by year and country in base scenario, S1.

 ............................................................................................................................................................... 94 
Figure 34 - Absolute electricity demand (GWh)  by vehicle type, S1. ................................................... 95 
Figure 35 - Avoided (Non-EV fleet) and generated (EV fleet) GHG emissions, S1. ............................... 98 
Figure 36 - Generated GHG emissions by vehicle type, S1. .................................................................. 98 
Figure 37 - Generated GHG emissions by country, S1. ......................................................................... 99 
Figure 38 - Aggregated PHEV & BEV logistic estimations for HDTs, by year and country, in S2. ........ 101 
Figure 39 - Aggregated PHEV & BEV logistic estimations for PCVs, by year and country, in S2. ........ 102 
Figure 40 - Aggregated PHEV & BEV logistic estimations for HDTs, by year and country, in S2. ........ 102 
Figure 41 - Electricity demand (GWh) percentage distribution by year and type of vehicle, S2. ....... 104 
Figure 42 - Absolute electricity demand (GWh) by vehicle type, S2. .................................................. 105 
Figure 43 - Avoided (Non-EV fleet) and generated (EV fleet) GHG emissions, S2. ............................. 108 
Figure 44 - Generated GHG emissions by vehicle type, S2. ................................................................ 108 
Figure 45 - Generated GHG emissions by country, S2. ....................................................................... 109 
Figure 46 - Aggregated PHEV & BEV logistic estimations for HDTs, by year and country, in S3. ........ 111 
Figure 47 - Aggregated PHEV & BEV logistic estimations for PCVs, by year and country, in S3. ........ 112 
Figure 48 - Aggregated PHEV & BEV logistic estimations for Buses, by year and country, in S3. ....... 112 
Figure 49 - Electricity demand (GWh) percentage distribution by year and type of vehicle, S3. ....... 114 
Figure 50 - Absolute electricity demand (GWh) by vehicle type, S3. .................................................. 114 
Figure 51 - Avoided (Non-EV fleet) and generated (EV fleet) GHG emissions, S3. ............................. 117 
Figure 52 - Generated GHG emissions by vehicle type, S3. ................................................................ 118 
Figure 53 - Generated GHG emissions by country, S3. ....................................................................... 118 
Figure 54 - Line and bus parameters, winter, base case. .................................................................... 119 
Figure 55 - External grid and transformer parameters, winter, base case. ........................................ 120 
Figure 56 - Line and bus parameters, winter case, EVSE installed on one POC, with and without FCA.

 ............................................................................................................................................................. 120 
Figure 57 - External grid and transformer parameters, winter case, EVSE installed on one POC, with and 

without FCA. ........................................................................................................................................ 121 
Figure 58 - Line and bus parameters, winter case, EVSE installed on five POC, with and without FCA.

 ............................................................................................................................................................. 121 
Figure 59 - External grid and transformer parameters, winter case, EVSE installed on five POC, with and 

without FCA. ........................................................................................................................................ 122 
 

 

 



 

Deliverable D5.1 - E-mobility scenarios: EV 

penetrations, charging infrastructure deployments 

and grid impacts 

  

 

 
Page 13 of 126 

 
 

   

List of Acronyms 

Acronym Meaning 

AC Alternating Current 

AEV All-Electric Vehicle 

APS Announced Pledges Scenario 

BEV Battery Electric Vehicle 

CPO Charging Point Operator 

DC Direct Current 

DSO Distribution System Operator 

EAFO European Alternative Fuels Observatory 

EV Electric Vehicle 

EV Electric Vehicle 

EVSE Electric Vehicle Supply Equipment 

FCEV Fuel-Cell Electric Vehicle 

FHEV Full-Hybrid Electric Vehicle 

GHG Greenhouse gas 

HDT Heavy Duty Truck 

HEV Hybrid Electric Vehicle 

ICEV Internal Combustion Engine Vehicle 

IEA International Energy Agency 

MHEV Mild Hybrid Electric Vehicle 

PHEV Plug-in Hybrid Vehicle 

POC Point of Connection (Load Point Connection) 

STEPS Stated Policies Scenario 

TSO Transmission System Operator 

V1G/CC Grid-to-vehicle / Unidirectional Controlled Charging 

V2G Vehicle-to-Grid 

 

  



 

Deliverable D5.1 - E-mobility scenarios: EV 

penetrations, charging infrastructure deployments 

and grid impacts 

  

 

 
Page 14 of 126 

 
 

   

Executive summary 
Deliverable 5.1 (D5.1) showcases the results from task 5.1. This work explores future EV mass diffusion 

scenarios and assesses their consequences and benefits on the energy system across the EU-27 and 

the UK, as well as the local system involving the distribution networks of two of the demonstration 

countries in the FLOW project, Spain and Italy. 

To develop a comprehensive outlook, both market-driven and policy-driven scenarios are considered, 

integrating projections for EV adoption and charging infrastructure deployment. These scenarios 

account for the number, type, and distribution of charging points, enabling a detailed evaluation of 

energy system impacts.  

To perform the impact assessment on the energy system level, the 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 short-to-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 other key 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 done with the development of the Local System Impact 

Tool (LSIT), which determines the 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 integration of EVs without 

investments in the grid infrastructure.  

The main objective behind the development of both tools is that they can be customized based on the 

needs of the user. The reason behind this is that the impacts are highly dependent on the input 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 defines several scenarios that are tested with the developed tools. The aim is to guide 

policymakers, grid operators, and industry stakeholders in developing effective strategies for a resilient 

and sustainable energy system, especially with high levels of EVs integration. 
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1 Introduction 
¢ƘŜ ǘǊŀƴǎƛǘƛƻƴ ǘƻ ŜƭŜŎǘǊƛŎ ǾŜƘƛŎƭŜǎ ό9±ǎύ ƛǎ ŀ ƪŜȅ ǇƛƭƭŀǊ ƻŦ ǘƘŜ 9ǳǊƻǇŜŀƴ ¦ƴƛƻƴΩǎ ǎǘǊŀǘŜƎȅ ŦƻǊ ŘŜŎŀǊōƻƴƛȊƛƴƎ 

transport and achieving climate neutrality. Large-scale EV adoption presents significant challenges and 

opportunities for the energy system. D5.1 explores future EV mass diffusion scenarios and assesses 

their consequences and benefits on the energy system across the EU-27 and the UK, with a focus on 

national impacts. 

Another key 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 done by analysing two important aspects, the hosting 

capacity of the grid and its ability to handle congestions due to the impacts on loads caused by the 

addition of EVs. The analysis also includes a comparison of different charging strategies, specifically 

testing a new solution that will be implemented in the C[h² ǇǊƻƧŜŎǘΩǎ Italian demonstration. The 

impact assessment is performed on two real grids, a medium-voltage (MV) grid and a low-voltage (LV) 

grid.  

To perform the impact assessment on both energy system level and local grid level, task 5.1 focuses 

on developing two toolsΣ ōƻǘƘ ƻŦ ǿƘƛŎƘ ŀǊŜ ŘŜǎƛƎƴŜŘ ǘƻ ōŜ ŎǳǎǘƻƳƛȊŜŘ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ǳǎŜǊΩǎ ƴŜŜŘǎΦ 

These tools include: 

¶ Energy system impact assessment tool (ESIT) ς Assessing overall energy requirements for 

large-scale EV adoption at the pan-European level. 

¶ Local system impact assessment tool (LSIT) ς Analysing the effects of EV diffusion on 

distribution networks for distribution grids from the demonstration areas. 

These tools are geared towards policymakers, grid operators, and industry stakeholders, so they are 

better informed about the challenges and opportunities of EV mass diffusion.  

D5.1 is structured in two parts. The main part of the document gives the most important results and 

outcomes of the analysis from both tools. The supplementary part includes two appendices with 

additional information and detailed results for all investigated scenarios.  

The main part contains four sections. The first section gives a general description of the EV diffusion 

scenarios that are considered in the assessment of the energy system impacts. The second part is 

dedicated to the description of ESIT and the results from the defined scenarios. The third part is 

focused on the description of LSIT and the results from the assessment of the local system impacts. 

Finally, the most important outcomes are summarized in the Conclusions section.  
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2 EV Mass Diffusion Scenarios General Description  
For the implementation of the Energy System Impact Tool (ESIT) for EU27 countries and the UK, three 

main scenarios are considered: i) Stated Policies Scenario (STEPS) and ii) Announced Pledges Scenario 

(APS) (as defined by the International Energy Agency (IEA)) and iii) market-based scenario (using the 

data available from the European Alternative Fuels Observatory (EAFO)).  

This section provides a detailed description of all considered scenarios.   

2.1 Policy-based scenarios 

The IEA has developed different scenarios to project future energy trends, including the STEPS and the 

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 reducing transportation emissions and achieving 

climate targets. 

The numbers available in the IEA website, specifically in the Global EV Outlook Data Explorer [1], are 

used to showcase the future EV diffusion based on the policies of the countries in question.  

2.1.1 Stated Policies Scenario (STEPS) 

The STEPS scenario reflects a business-as-usual approach, assuming that only currently adopted or 

announced policies with clear implementation measures are executed. It provides a realistic outlook 

on future energy consumption and emissions based on present commitments [2]. 

Based on the performed research, these are some of the factors that were identified as important to 

be considered in relation to the STEPS EV adoption: 

¶ Moderate EV growth: EV adoption continues to rise, but internal combustion engine vehicles 

(ICEVs) still dominate a significant share of the market due to policy and infrastructure 

constraints [3]. 

¶ Charging infrastructure development: While investments in charging networks expand, 

progress remains uneven across Member States, limiting widespread EV accessibility. Also, 

charging station expansion may not keep pace with EV sales [3]. 

¶ Battery production and supply chains: Dependence on imported battery materials remains a 

challenge, with only gradual advancements in local production capabilities [2]. 

¶ Consumer incentives and affordability : Government incentives help drive EV adoption but 

cost parity with ICEVs is not yet fully achieved [3]. 

¶ Electricity demand and grid impact: The increased demand for electricity from EVs requires 

improvements in grid capacity and smart charging solutions to prevent grid congestions [2]. 
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2.1.2 Announced Pledges Scenario (APS) 

The APS scenario considers all climate pledges and net-zero commitments made by governments, 

assuming that they are fully implemented on schedule [2]. 

Based on the performed research, these are some of the factors that were identified as important to 

be considered in relation to the APS EV adoption: 

¶ Accelerated EV Market Expansion: EV sales increase significantly, aligning with 100% zero-

emission vehicle targets set by major economies [4]. 

¶ Phase-Out of ICEVs: Many EU-27 countries and the UK implement strict bans on new (ICEV) 

sales by 2035, accelerating fleet electrification [3]. 

¶ Advanced Charging Infrastructure: Widespread deployment of fast and ultra-fast chargers 

ensures seamless EV travel, reducing problems with range [2]. 

¶ Battery Supply Chain Development: Enhanced investment in domestic battery production, 

recycling, and circular economy initiatives reduces reliance on external sources [4]. 

¶ Vehicle-to-Grid Integration: Smart charging and bidirectional energy flow technologies help 

EVs contribute to grid stability and peak demand management [2]. 

¶ Public Transport Electrification: Increased investment in electric buses, trams, and shared 

mobility services supports urban decarbonization goals [4]. 

The main difference between the STEPS and APS scenarios are summarized in Table 1. 

Table 1 - Summary of STEPS and APS differences 

Factors STEPS APS 

EV market 
growth 

Gradual increase, ICEVs still present Rapid shift to EVs, nearing full adoption 
by 2035 

Charging 
infrastructure 

Expansion, but uneven across regions Large-scale rollout of fast-charging 
networks 

ICEV phase-
out 

No full ban, gradual restrictions Bans on new ICEV sales by 2035 in most 
countries 

Battery supply 
chain 

Dependence on imports, slow 
development 

Strong domestic battery production & 
recycling 

Grid impact Higher demand, but managed with 
existing grid 

Smart charging, V2G technology for grid 
support 

 

2.1.3 Country specific breakdown and common challenges 

Table 2 gives a summary of the country specifics considering the STEPS and APS scenarios.  
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Table 2 - Country specific breakdown of STEPS and APS 

Country STEPS  APS 
Denmark High EV penetration due to early policy 

support, rapid growth but challenges in 
infrastructure, especially in rural areas. 

Near full electrification, ambitious 
policy support, and strong incentives. 
The government's strong push towards 
a green transition aligns well with the 
EU's climate goals [4] 

Spain Moderate growth with regional 
disparities in adoption rates 

Rapid adoption and government-
backed production shift, strong 
charging infrastructure rollout [5] 

Italy Slow adoption, hindered by 
infrastructure gaps and a reliance on 
ICEVs, particularly in rural regions 

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

Germany Gradual phase-out of ICEV, strong 
industry presence 

Major domestic EV production increase, 
full EV transition by 2030 [7] 

France Steady growth, nuclear energy 
influencing grid decarbonization 

Full EV transition [7] 

Netherlands High EV adoption, minor policy shifts Full electrification, major tax incentives, 
heavy investment in charging 
infrastructure [7] 

Sweden High EV adoption through Volvo, rapid 
shift 

Full EV transition by 2035, robust 
industry shift, charging network 
expansion [7] 

Poland Limited EV adoption, reliance on fossil 
fuels 

State-driven push, battery production 
expansion, increased EV policy targets 
[7] 

Belgium Moderate growth, solid incentives for 
EV purchases 

Full electrification, expansion of EV 
manufacturing [4]  

Austria Steady adoption, incentives increasing Aggressive EV targets, high market 
penetration, expansion of charging 
networks [7] 

Portugal Growing adoption, incentives 
supporting sales 

Rapid transition with strong EU-backed 
funding, government targets [7] 

Finland Steady growth, strong environmental 
policies 

Near full transition by 2035, 
government-led green initiatives [8] 

Ireland Moderate growth, rural adoption 
challenges 

Accelerated transition with incentives 
and EV manufacturing push [7] 
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Country STEPS  APS 
Slovakia Slow adoption, higher reliance on fossil 

fuels 
Government initiatives push EV 
adoption with major incentives [7] 

Hungary Limited adoption, slow infrastructure 
expansion 

Increased state support, battery 
production expansion [7] 

Romania Low EV adoption, infrastructure gaps Gradual policy implementation, state 
support for EV production [7] 

Bulgaria Slow growth, fossil fuel dependence Limited but growing government 
initiatives, EU funding for infrastructure 
[7] 

Greece Moderate growth, some urban 
concentration in EV adoption 

Strong growth via EU initiatives, 
government-backed charging incentives 
[5] 

Croatia Low adoption, slower transition Regional funding and EU initiatives 
driving EV adoption [7] 

Slovenia Moderate growth, charging 
infrastructure development 

Aggressive adoption with EU-backed 
funding, high EV market share by 2030 
[7] 

Estonia High growth, early adoption due to 
supportive policies 

Fully electrified by 2030, extensive 
charging infrastructure [4] 

Latvia Moderate growth, EU incentives driving 
adoption 

Strong EV adoption supported by EU 
funding and national initiatives [7] 

Lithuania Moderate growth, EU-backed policy 
initiatives 

Rapid adoption, strong local policies, 
government and EU investment [7] 

Luxembourg High adoption, early transition to EVs Full electrification by 2030, aggressive 
incentives [4] 

Malta Steady growth, high potential for 
adoption 

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

United 
Kingdom 

Strong growth, rural areas face 
charging challenges 

Full ICE ban by 2030, nationwide 
charging rollout, strong domestic EV 
manufacturing [9] 

 

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

consideration, since they pose barriers for the EV market growth: 
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1. Infrastructure gaps: Expanding charging networks in urban and rural areas remains a 

challenge, requiring coordinated policy support. 

2. Cost and incentives: EV affordability is still a concern, necessitating stronger incentives and 

support for lower-income consumers. 

3. Battery sustainability: Recycling and reducing environmental impact from battery production 

must be prioritized for long-term viability. 

4. Energy grid adaptation: Investment in smart grids and renewable integration is essential to 

accommodate growing EV demand. 

5. Consumer awareness and adoption: Public education campaigns and incentives can 

accelerate EV uptake by addressing misconceptions and range concerns. 

2.2 Market-based scenario 

The market scenarios use EV market sales data from the European Alternative Fuels Observatory 

(EAFO) to estimate future diffusion of EVs [10]. Since the market data is historical, assumptions were 

made about the future market potential for EV diffusion. The structure of the data that is retrieved 

from EAFO is described in this section. 

¢ƘŜ ǎǘƻŎƪ ƻŦ 9±ǎ ƛƴ нлрл ƛǎ ŀǎǎǳƳŜŘ ǘƻ ōŜ млл҈ ƻŦ ŜŀŎƘ ŎƻǳƴǘǊȅΩǎ ǾŜƘƛŎƭŜ ǎǘƻŎƪ ōŀǎŜŘ ƻƴ ǘƘŜ ǎǘƻŎƪ ƛƴ 

2023. Assuming the number of cars will not change in the future, it is reasonable to limit the market 

growth to avoid unrealistic values for 2050. 

The EAFO collects, analyses, and shares data on the adoption of alternative fuels, including electricity, 

and their infrastructure. This section provides an overview of the specific types of data available for 

EVs and the charging infrastructure (vehicle categories and charging options) 

2.2.1 Types and categories of EVs  

The data provided by the EAFO includes detailed information on the different types of EVs and their 

adoption rates across the EU. The data distinguishes between various vehicle categories and 

technologies. In continuation, a description of the data that is used in the ESIT is provided. The details 

on how this data is used is given in the next section, in the description of ESIT.  

2.2.1.1  Vehicle types  

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 and incentives due to their ability to reduce carbon 

emissions during operation. 

¶ EAFO data: The EAFO tracks the number of BEVs registered in EU countries, as well as some 

non-EU countries (e.g., UK, Norway, Iceland, Switzerland, Turkey, Liechtenstein), breaking 
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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. 

¶ Key statistics: 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 the considered markets. 

 Plug-in Hybrid Electric Vehicles (PHEVs) 
 
Plug-in 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, offering flexibility for consumers who are hesitant to adopt 

BEVs. 

¶ EAFO Data: PHEVs are tracked separately from BEVs, 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. 

¶ Key Statistics: The 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. 

2.2.1.2  Vehicle Categories 

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: 

¶ Passenger Cars: Data 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. 

¶ Vans: Light commercial vehicles (vans) are tracked separately, offering insights into the 

electrification of last-mile delivery and other commercial uses. 

¶ 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. 

¶ Trucks: Heavy-duty trucks and long-haul 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  Charging infrastructure data 

The EAFO also tracks data on EV charging 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. 
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2.2.2.1  Types of Charging Stations 

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. 

¶ 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 or charging during long stays (e.g., at shopping 

malls or offices). 

o EAFO Data: The 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 slow-charging infrastructure. 

¶ 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 Data: The number of fast chargers is reported, providing insights into the 

availability of fast-charging 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 EV travel. 

¶ Ultra-Fast Charging (DC): 

o Ultra-fast chargers (typically 150 kW to 350 kW) allow for very short charging times, 

typically 20-30 minutes to charge a vehicle to 80% capacity. They are essential for long-

haul travel and have become increasingly common along major highways and 

transport corridors. 

o EAFO Data: The EAFO tracks ultra-fast charging infrastructure, focusing on the number 

of ultra-fast charging points available across Europe, particularly along high-traffic 

routes. 

¶ Inductive Charging (Wireless Charging): 

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

charging without a physical connection.  

o EAFO Data: Data on inductive charging stations is still emerging but provides insights 

into the potential for future innovation in the charging infrastructure landscape. 

2.2.2.2  Public and private charging infrastructure 

The EAFO also distinguishes between public and private charging points, providing a clearer 

understanding of how EV owners access charging: 
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¶ Public charging points: 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. 

¶ Private charging points: 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. 
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3 Energy System Impact Assessment Tool  
The Energy System Impact Tool (ESIT) is a modular tool that estimates the number of electrical vehicles 

and charging stations in a determined short-to-midterm future, together with some additional features 

and computations: 

4. Annual electrical demand estimations. 

5. Sizing of the charging power required. 

6. Greenhouse gas (GHG) emissions comparison analysis. 

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

adjusted and the modules are customizable, so that it Ŏŀƴ ǇǊƻǾƛŘŜ ōŜǘǘŜǊ ǊŜǎǳƭǘǎ ōŀǎŜŘ ƻƴ ǘƘŜ ǳǎŜǊΩǎ 

needs. The reason behind this is that the results are inevitably dependent on certain conditions that 

are set as input. Additionally, this allows for a constant update of the input, 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 

is tested, the assumptions that were made for the tested scenarios and the results from the analysis.  

 
Figure 1 - Energy System Impact Assessment Tool, simplified modules structure 

3.1 Tool description 

The tool is developed in Python, so that it can be open source. Each part of the tool includes four main 

modules:  

1. Scraping module: This module retrieves necessary data from IEA [1]  and EAFO [10]. 

2. Input data preparation module (data formatting): The input data preparation module reads 

the input data and prepares them for the analysis.   
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3. Calculations module: This module estimates the EV diffusion numbers for both policy and 

market scenarios, the charging station numbers and calculates the additional features ς annual 

electrical demand, sizing of charging power and greenhouse gas emissions.  

4. Output and graphics module: The output and graphics module exports the results in both .xlsx 

files and shows it graphically (in the case of congestion analysis).  

The tool uses several methodologies in the calculations module. The details for each of the calculations 

are provided in Appendix 6. 

A representation of the tool with all modules can be seen in  Figure 1 (representation of the modules) 

and Figure 2 (the additional features).  

 

 
Figure 2 - Energy System Impact Assessment Tool, additional features 

 
 

3.2 Description of input and output data 

The tool consists of a central python file that runs all modules. This file feeds on different input files: 

¶ Configuration .csv file that contains different parameters that control the flow of the 

algorithm, and the outputs obtained. 

¶ Demand parameters .csv file that contains the parameters of the annual demand per EV. 

¶ Bounds .csv file with bounds for number of vehicles in future years. Different scenarios have 

been described in our study. 

¶ Charger bounds .csv files with bounds for number of chargers in future years. 

¶ Emissions form IEA .xlsx file containing many sheets with all the information and parameters 

regarding GHG emissions. 

¶ Sizing parameters .csv file containing the parameters for power capacity sizing. 

¶ Year distance .xlsx file with assumptions on yearly covered distance by type of vehicle. 

The tool is programmed in Python 3.9, and uses libraries json, itertools, time, io, os, shutil, fnmatch, 

openpyxl, matpotlib, pandas, numpy, sklearn and scipy. 
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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 in the configuration file.  

First, since there is no API or master download file for the data from the EAFO website, the scraping 

module was developed.  This scraping module downloads the required data from the EAFO website 

[10]. In the code, this first tool is implemented in the get_eafo_data() function (see section 6.1.2 for 

more details into the downloaded datasets). The data is saved in a specified directory. The Boolean 

variable controlling this step is named BOOL_GET_EAFO_DATA. 

Then, there is the input data preparation module of the tool, which consists of merging all the 

downloaded datasets from EAFO into a unique database (άŎƻƳōƛƴŜŘψǊŜǎǳƭǘǎΦȄƭǎȄέ). In a second step, 

this dataset is divided and formatted in two different datasets, άŎƻƳōƛƴŜŘψǊŜǎǳƭǘǎψǾŜƘƛŎƭŜǎΦȄƭǎȄέ and 

άŎƻƳōƛƴŜŘψǊŜǎǳƭǘǎψŎƘŀǊƎŜǊǎΦȄƭǎȄέ. These datasets are saved in a specified directory. The Boolean 

variables that control these three steps are called BOOL_COMBINED_RESULTS, 

BOOL_COMBINED_RESULTS_VEHICLES, and BOOL_COMBINED_RESULTS_CHARGERS. 

Next step is the estimations and metrics computation (EV numbers, charger numbers, 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_ESTIMATION_CHARGERS 

- 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 control these processes are: 

- BOOL_PLOT_ESTIMATION_VEHICLES 

- BOOL_PLOT_ESTIMATION_CHARGERS 

- BOOL_PLOT_ANNUAL_DEMAND 

- BOOL_PLOT_SIZING 

- BOOL_PLOT_GHG 

3.3 Results 

This section presents an analysis of the key metrics evaluated with the ESIT. The analysis was done 

with four scenarios: 

1. S0 (baseline) - with APS values as a 2035 bound. 

2. S1 (optimistic) - with APS values +10% as a 2035 bound. 

3. S2 (pessimistic) - with APS values -25% as a 2035 bound 

4. S3 (very pessimistic) - with APS values -50% as a 2035 bound 

The scenarios are determined in a way to showcase both optimistic and pessimistic outcomes for the 

EV diffusion, as well as the planned APS policy influenced numbers. Given the limited and heavily 

conditioned input data, having these scenarios gives a range of possible outcomes and more 
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information on what can be expected in the future. Since the APS policy numbers already assume  high 

penetration of EVs, the optimistic case only considers a 10% increase. For the pessimistic scenarios, it 

is important to check what might happen if policies are not met, since the market usually reacts slower 

that what the policies state. Hence, they include both 25% and 50% lower numbers than those stated 

in the APS policies for 2035.  

For easier comprehension and to better showcase the results, S0 is presented in this section as well as 

the comparison of all scenarios. The details of scenarios S1-S3 are available in Appendix 6. 

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 2035, impacting all subsequent 

calculations. 

Table 3 - Scenarios description for both Electrical vehicles and charging stations. 
 Electrical Vehicles 

Scenario Input Years for model 
fitting  

Year 2023 Year 2024 Year 2035 Year 2050 

S0 2023,2024,2035,2050 Market 
value 

Market 
value 

APS 2035 value 100% EV Penetration with 
Current number of Vehicles 

S1 2023,2024,2035,2050 Market 
value 

Market 
value 

APS 2035 
value+10% 

100% EV Penetration with 
Current number of Vehicles 

S2 2023,2024,2035,2050 Market 
value 

Market 
value 

APS 2035 value-
25% 

100% EV Penetration with 
Current number of Vehicles 

S3 2023,2024,2035,2050 Market 
value 

Market 
value 

APS 2035 value-
50% 

100% EV Penetration with 
Current number of Vehicles 

Charging Stations 

Scenario Input Years for model 
fitting  

Year 2022 Year 2023 Year 2024 Year 2035 

S0 2022, 2023,2024,2035 Market 
value 

Market 
value 

Market value APS 2035 value 

S1 2022, 2023,2024,2035 Market 
value 

Market 
value 

Market value APS 2035 value+10% 

S2 2022, 2023,2024,2035 Market 
value 

Market 
value 

Market value APS 2035 value-25% 

S3 2022, 2023,2024,2035 Market 
value 

Market 
value 

Market value APS 2035 value-50% 

 

The logistic fitting requires 4 input values to be determined. Aside from the policies values in 2035, 3 

more entry data points should be provided for the fitting to work correctly. In the case of the EVs, the 

values chosen for it have been the market values in years 2023, and 2024, the policies values in year 

2035, and finally, for the year 2050, the assumption is that 100% of the current total number of vehicles 

shifts to EVs.  

In the case of the number of charging stations, there 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 

(2025,2030,2035,2040,2045,2050), Country (EU+27 + UK), Collection όάtŀǎǎŜƴƎŜǊ ŎŀǊǎ ŀƴŘ ǾŀƴǎέΣ 

άIŜŀǾȅ Řǳǘȅ ǘǊǳŎƪǎέΣ ά.ǳǎŜǎέύ ŀƴŘ Properties όά.9±έ ƻǊ άtI9±έύΦ These metrics include: 
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1. Number of vehicles. 

2. Electricity annual demand. 

3. Sizing of the charging power required. 

4. GHG emissions. 

All parameter values chosen in the analysis for electricity annual demand, sizing and GHG emissions 

computation are given in Appendix 6, section 6.4 Assumptions.  

3.3.1  Scenario S0: base scenario 

3.3.1.1  Estimates 

The total 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 scenario. Scenario S0 follows APS 

policy guidelines and shows steady adoption. Table 4 and Table 5 summarise and extract the important 

metrics for S0, in percentage growth and absolute growth respectively. Peak growth rates vary greatly 

by country. Countries with low penetration of EVs, often exhibit the highest growth rates, particularly 

in the early years (2025-2030-2035) to meet the policies numbers in 2035, while Norway consistently 

shows the lowest growth due to its already high penetration of EVs. 

Table 4 - Summary of the percentual growth of number of EVs by Collection and Property (S0). 
Collection Property Item 2025-2030 2030-2035 2035-2040 2040-2045 2045-2050 

Passenger 
cars and 
vans 

BEV Average 
growth 424% 318% 89% 20% 6% 

Peak 
growth 

Poland  
980% 

Poland  
699% 

Romania 
116% 

Norway  
35% 

Norway  
32% 

Lowest 
growth 

Norway  
23% 

Norway  
29% 

Norway  
34% 

Romania  
10% 

Romania  
1% 

PHEV Average 
growth 202% 149% 65% 27% 16% 

Peak 
growth 

Latvia  
514% 

Cyprus  
373% 

Cyprus  
103% 

Norway  
36% 

Sweden  
51% 

Lowest 
growth 

Sweden  
2% 

Sweden  
6% 

Sweden  
16% 

Cyprus  
15% 

Cyprus  
2% 

Heavy 
duty 
trucks 

BEV Average 
growth 1 568% 1 001% 116% 10% 1% 

Peak 
growth 

Bulgaria  
2 877% 

Estonia  
1 712% 

Cyprus  
128% 

Norway  
24% 

Norway  
6% 

Lowest 
growth Norway 277% Norway 190% 

Norway  
82% 

Bulgaria  
4% 

Bulgaria  
0% 

PHEV Average 
growth 2 412% 1 480% 122% 67% 1% 

Peak 
growth 

Malta  
2 880% 

Croatia  
1 712% 

Croatia  
129% 

Norway  
34% 

Norway  
27% 

Lowest 
growth 

Norway  
49% 

Norway  
45% 

Norway  
40% 

Malta  
4% 

Malta  
0% 

Buses BEV Average 
growth 412% 465% 94% 18% 5% 

Peak 
growth 

Croatia  
1 709% 

Croatia  
1 673% 

Croatia  
128% 

Luxembourg 
34% 

Luxembourg  
29% 

Lowest 
growth 

Luxembourg 
32% 

Luxembourg 
36% 

Luxembourg 
36% 

Croatia  
4% 

Croatia  
1% 
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PHEV Average 
growth 1 622% 1 282% 124% 6% 0.1% 

Peak 
growth 

Slovenia  
2 879% 

Malta  
1 712% 

Malta  
129% 

Belgium  
32% 

Belgium  
15% 

Lowest 
growth 

Luxembourg 
17% 

Belgium  
86% 

Belgium  
57% 

Slovenia  
4% 

Slovenia  
0% 

 

In terms of absolute numbers, the absolute growth of the EV fleet peaks in the 2035-2040 5-year 

period, having a decreased growth in the latest years, accordingly with the nature of a logistic fitting. 

The countries with major absolute growth in all scenarios repeatedly are Germany, with Italy and 

France tailing behind. Italy shows a peak increase of 17.87 million passenger cars and vans (PCVs), 

274.736 heavy duty trucks (HDT) in the 2035-2040 period, while Germany shows the greatest increase 

in electric buses, with a 652683 increase in 2035-2040.  

Table 5 - Summary of the absolute growth of number of EVs by Collection and Property in all countries. 
Collection Property Item 2025-2030 2030-2035 2035-2040 2040-2045 2045-2050 

Passenger 
cars and 
vans 

BEV 
 

Total 
increase 24.76 million 83.35 million 

107.02 
million 

43.65 
million 14.27 million 

Highest 
difference 

Germany 
5.07 million 

Italy  
13.43 million 

Italy  
17.87 million 

Germany 
8.68 million 

Germany 
3.46 million 

Lowest 
difference 

Malta 29 
484 

Luxembourg 
85 007 

Luxembourg 
104 651 

Malta  
51 146 

Cyprus  
6 173 

PHEV 
 

Total 
increase 4.81 million 10.11 million 12.92 million 9.36 million 6.27 million 

Highest 
difference 

Germany 
779 556 

Italy  
1.80 million 

Italy  
2.36 million 

Germany 
1.55 million 

Germany  
1.52 million 

Lowest 
difference 

Luxembourg 
4 328 

Luxembourg 
6 904 

Luxembourg 
10 372 

Malta  
10 932 

Cyprus  
2 047 

Heavy duty 
trucks 

BEV 
 

Total 
increase 210 051 1.40 million 1.85 million 378 120 51 790 

Highest 
difference 

Germany  
50 792 

Italy  
203 099 

Italy  
274 736 

Germany 
89 529 

Germany  
16 740 

Lowest 
difference Malta 122 Malta 1 625 Malta 2 195 Malta 228 Malta 11 

PHEV Total 
increase 5 621 79 397 107 675 10 557 1 152 

Highest 
difference 

Germany 
711 

Germany  
12 603 

Germany  
17 245 

Germany  
1 360 Norway 477 

Lowest 
difference Malta 5 Malta 86 Malta 117 Malta 9 Malta 0 

Buses 
 

BEV Total 
increase 128 880 505 430 652 683 229 537 52 189 

Highest 
difference 

Germany  
18 940 

Germany  
81 862 

Germany 
106 174 

Germany 
34 211 

United Kingdom 
9 913 

Lowest 
difference Cyprus 92 

Luxembourg 
263 

Luxembourg 
364 Cyprus 177 Cyprus 8 

PHEV Total 
increase 3 968 56 722 78 083 7 579 823 

Highest 
difference 

Germany 
503 

Germany  
8 913 

Germany  
12 470 

Germany  
1 006 Belgium 412 

Lowest 
difference Malta 4 Malta 62 Malta 85 Malta 7 Malta 0 
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In continuation, the static plots for the number of vehicles are shown. In the tool, these plots are 

generated with the tool Plotly, so they are dynamic and interactive, enabling a more detailed 

visualization of the data. 

 

Figure 3 - Aggregated PHEV & BEV logistic estimations for Buses, by year and country, in S0. 

 

Figure 4 - Aggregated PHEV & BEV logistic estimations for HDTs, by year and country, in S0. 
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Figure 5 - Aggregated PHEV & BEV logistic estimations for Passenger Cars and Vans, by year and country, in 
S0. 

3.3.1.2  Charging stations estimates 

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

than the one observed in the vehicles case.  

In all scenarios, a high peak growth rate can be observed in the first years of the period (2025-2030), 

which steadily fades away in the following years. We observe an average growth rate of 67% and 86.7% 

in AC and DC, respectively.  In absolute numbers, there are 877 084 AC and 269 362 DC new charging 

stations in this period. Netherlands and Germany present the greatest increase, with 191 466 new AC 

charging stations and 59 807 new DC charging stations, respectively. 

Table 6 - Summary of percentual growth of charging stations estimates. 
Collection Item 2025-2030 2030-2035 2035-2040 2040-2045 2045-2050 

AC Average 
growth 68% 5% 1% 0% 0% 

Peak 
growth 

Luxembourg 
126% 

Ireland  
26% 

Ireland  
8% 

Ireland  
2% 

Ireland  
0.61% 

Lowest 
growth 

Latvia  
18% 

Latvia  
0% 

Latvia  
0% 

Croatia  
0% 

Austria  
0% 

DC Average 
growth 87% 3% 0.5% 0.03% 0.01% 

Peak 
growth 

Netherlands 
117% 

Norway  
24% 

Norway  
4% 

Norway  
0.72% 

Norway  
0.12% 

Lowest 
growth Malta 14% Malta 0% Malta 0% Malta 0% Lithuania 0% 
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Table 7 - Summary of absolute growth of charging stations estimates. 
Collection Item 2025-2030 2030-2035 2035-2040 2040-2045 2045-2050 

AC Total 
increase 877 084 183 779 30 710 5 150 911 

Highest 
difference Netherlands 

191 466 
Netherlands 
46 682 

France  
8 180 

United 
Kingdom  
1 612 

United 
Kingdom  
334 

Lowest 
difference Malta 117 Latvia 0 Latvia 0 Croatia 0 Austria 0 

DC Total 
increase 269 362 24 648 2 495 334 51 

Highest 
difference 

Germany  
59 807 

Norway  
6 284 

Norway  
1 382 

Norway  
248 

Norway  
43 

Lowest 
difference 

Malta  
2 

Malta  
0 

Malta  
0 

Malta  
0 

Lithuania  
0 

 

3.3.1.3  Annual Demand 

Regarding the electricity demand, the PCVs fleet concentrates much of the demand over the total fleet 

(starts with an 85.0% and decreases to 62.5%). The buses fleet starts with a slightly higher amount of 

associated demand than HDTs but is gradually overtaken. Buses 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. 

  

Figure 6 - Electricity demand (GWh) percentage distribution by year and type of vehicle in base scenario, S0. 

 

In terms of absolute numbers, the demand reaches absolute values of 1009 TWh for PCVs, 340 TWh 

for HDTs and 266 TWh for buses in 2050. 
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Figure 7 - Absolute electricity demand (GWh) by vehicle type in base scenario, S0. 

 

When looking at the distribution by country, Germany, France and UK show the greatest percentage 

of demand across European demand, 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% of the total demand. 

Spain and Poland are close with values around 5%. For more detail, Table 8 contains the annual 

demand by country and year in GWh. 

Table 8. Annual EV electricity demand by country and year in GWh in base scenario S0. 
Country 2025 2030 2035 2040 2045 2050 

Austria 1 179 3 807 11 527 21 326 25 903 27 532 

Belgium 2 091 5 122 13 953 25 234 30 856 33 308 

Bulgaria  112  896 6 420 13 743 15 161 15 334 

Croatia  77  590 4 080 8 694 9 618 9 744 

Cyprus  20  176 1 445 3 139 3 425 3 452 

Czech Republic  273 2 045 14 017 29 864 33 086 33 480 

Denmark 1 823 3 403 6 430 10 261 13 255 15 340 

Estonia  43  309 1 954 4 124 4 604 4 667 

Finland 1 092 2 913 8 299 15 166 18 457 19 806 

France 8 513 28 521 92 437 174 079 209 177 220 779 

Germany 13 125 38 030 105 592 191 004 234 843 252 167 
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Greece  256 1 943 13 401 28 552 31 604 32 008 

Hungary  443 2 015 9 385 19 022 21 788 22 416 

Ireland  512 1 692 5 616 10 664 12 751 13 414 

Italy 2 693 14 385 89 854 190 090 211 722 214 616 

Latvia  54  313 1 700 3 521 3 988 4 061 

Lithuania  220  832 3 511 7 007 8 113 8 386 

Luxembourg  272  492  997 1 648 2 080 2 376 

Malta  49  194  722 1 400 1 653 1 725 

Netherlands 3 700 8 752 20 217 34 617 43 690 48 253 

Norway 3 512 4 794 7 312 10 749 14 105 17 438 

Poland  976 8 025 60 066 129 171 142 055 143 467 

Portugal 1 230 4 209 14 345 27 328 32 539 34 258 

Romania  499 2 758 17 668 37 460 41 551 42 201 

Slovakia  126  893 5 749 12 155 13 538 13 732 

Slovenia  89  507 2 638 5 424 6 173 6 300 

Spain 2 187 11 008 58 892 121 908 137 968 140 663 

Sweden 2 800 5 517 11 454 18 991 24 164 27 328 

Switzerland 1 470 4 161 10 633 18 761 23 460 25 395 

United Kingdom 8 958 27 550 75 638 136 023 168 351 180 646 

 

3.3.1.4  Sizing of the charging power  

Section 6.4 - Assumptions explains 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 only the installed charging capacity 

numbers for the different countries is presented.  

The same problem happened for the demand analysis. Germany, Italy and UK 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 on the share of EVs over the total fleet and this depends on each country 

penetration over the years, and the total number of vehicles. The country with the highest charging 

capacity required is Germany with 48 930 MW in 2050, while the country with the least charging 

capacity required in 2050 is Malta with 33 MW. 

In Table 9 are shown the values for each country in terms of absolute numbers for charging capacity. 

Table 9. Charging capacity (MW) required by year and country in base scenario S0. 
Country 2025 2030 2035 2040 2045 2050 

Austria  512 1 043 2 254 3 876 4 900 5 342 

Belgium  744 1 316 2 729 4 620 5 855 6 463 

Bulgaria  59  307 1 256 2 565 2 926 2 975 

Croatia  41  203  798 1 622 1 856 1 891 
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Country 2025 2030 2035 2040 2045 2050 

Cyprus  9  57  283  593  662  670 

Czech Republic  127  636 2 741 5 660 6 400 6 496 

Denmark  479  771 1 258 1 889 2 493 2 977 

Estonia  20  90  382  788  892  906 

Finland  351  724 1 623 2 838 3 542 3 843 

France 3 544 7 786 18 077 31 798 39 733 42 839 

Germany 4 962 9 885 20 650 35 172 44 557 48 930 

Greece  101  627 2 621 5 481 6 128 6 211 

Hungary  187  595 1 835 3 449 4 170 4 350 

Ireland  203  450 1 098 1 968 2 435 2 603 

Italy 1 112 3 775 17 572 36 718 41 102 41 643 

Latvia  19  78  332  687  777  788 

Lithuania  62  213  687 1 345 1 580 1 627 

Luxembourg  67  108  195  306  399  461 

Malta  18  50  141  262  318  335 

Netherlands 1 169 2 050 3 954 6 368 8 244 9 363 

Norway  935 1 125 1 431 1 902 2 550 3 383 

Poland  347 2 580 11 746 24 939 27 562 27 838 

Portugal  484 1 129 2 805 5 037 6 220 6 647 

Romania  142  767 3 455 7 356 8 115 8 189 

Slovakia  61  281 1 124 2 280 2 614 2 665 

Slovenia  51  172  516 1 001 1 186 1 223 

Spain  830 2 684 11 517 23 790 26 822 27 294 

Sweden  820 1 253 2 240 3 476 4 568 5 303 

Switzerland  441 1 014 2 079 3 519 4 474 4 928 

United Kingdom 3 242 6 823 14 792 25 480 32 150 35 052 

 

3.3.1.5 GHG emissions 

Regarding the greenhouse gas emissions, the positive y axis of the following plot shows 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 negative y axis shows the emissions that would be 

produced if all this EV fleet were conventional petrol, diesel, CNG or LPG fuelled vehicles. A regular 

trend can be observed, showing that the avoided emissions presented ŀǎ άNon-EV ŦƭŜŜǘέ ǾŀƭǳŜǎ ŀǊŜ 

higher than the generated emissions represented as ǘƘŜ ά9± CƭŜŜǘέΦ Refer to section 6.4 - Assumptions 

for the methodology used for choosing the grid power mix values. 
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Figure 8 - Avoided (Non-EV fleet) and generated (EV fleet) GHG emissions in base scenario S0. 
 

Figure 9 shows the collection of vehicles with the highest impact in terms of GHG emissions is PCVs, 

surpassing the mark of 1 thousand million tCO2 in all EU27+United Kingdom from 2035 onwards. The 

numbers shown in Figure 9, are the equivalent values ƻŦ ǘƘŜ ά9± ŦƭŜŜǘέ ǾŀƭǳŜǎ ŦǊƻƳ Figure 8, but per 

vehicle. In the period from 2025-2040, the emissions rise due to the manufacturing costs of the new 

EVs that enter the market but then starts dropping as there are less new ones. This shows that once 

the fleet of vehicles reaches 100% EV share, the GHG emissions drop.  

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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Figure 9 - Generated GHG emissions by type of vehicle in base scenario, S0. 

 

 

Figure 10 - Generated GHG emissions by country in base scenario, S0. 
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The tool is ready to accept different parameter values for countries, so that the user is able to obtain 

more realistic results by country. 

3.3.2  Scenarios comparison 

Table 10 contains the differences in the growth of EV stocks. The differences are obtained by 

subtracting the growth percentage of all scenarios with the base one.  

Table 10 - Difference in growth between scenarios using the logistic growth model. 
Collection Properties Scenarios 2025-2030 2030-2035 2035-2040 2040-2045 2045-2050 

Passenger cars and 
vans 

BEV S1-S0 (%) 35 8 -9 -4 -2 

S2-S0 (%) -85 -31 25 14 7 

S3-S0 (%) -171 -81 50 40 24 

PHEV S1-S0 (%) 19 5 -5 -5 -4 

S2-S0 (%) -45 -18 12 15 15 

S3-S0 (%) -91 -44 21 40 38 

Heavy Duty Trucks BEV S1-S0 (%) 119 3 -16 -2 0 

S2-S0 (%) -282 -45 50 8 2 

S3-S0 (%) -562 -151 123 26 6 

PHEV S1-S0 (%) 165 -8 -17 -1 0 

S2-S0 (%) -394 -29 59 5 1 

S3-S0 (%) -791 -147 156 17 4 

Buses BEV S1-S0 (%) 36 9 -11 -4 -1 

S2-S0 (%) -85 -39 30 13 6 

S3-S0 (%) -172 -110 87 50 27 

PHEV S1-S0 (%) 114 4 -18 -1 0 

S2-S0 (%) -270 -55 60 5 1 

S3-S0 (%) -629 -237 208 25 4 

 

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 10 % above 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 vehicles is lower so a higher substitution can be 

expected in the years after 2035.  
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Figure 11 - Comparison of all considered metrics, number of vehicles and chargers, energy demand, charging 
infrastructure capacity and GHG emissions, across all scenarios, S0-S3. 
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Figure 11 captures and summarizes the trends 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 emissions. In this case, the numbers 

for the end year of the considered periods are presented, i.e. the 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 

cases. In terms of the GHG emissions, in the cases where the substitution 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 EVs that later decreases. The opposite happens for cases S2 and S3, since the substation rate is 

slower before 2040 and higher after that.  
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4 Local System Impact Assessment Tool 
The Local System Impact Tool (LSIT) was developed to provide 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 results of this tool give the user information about whether 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 for ǳǎŜǊǎΩ customization 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 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 accelerating 

and reducing the cost.   

This section provides a detailed description of the tool, the data and the scenarios with which the tool 

was tested, the assumptions that were made for the tested scenarios and the results from the analysis.  

4.1 Tool description 

The tool is developed in Python, so that it can be open source. For the analysis of the grids, the 

pandapower package was used.  

The LSIT is consists of two parts, each containing three modules. The two parts refer to the two types 

of analysis that LSIT can perform:  

1. Hosting capacity analysis (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 connection. The results also give the number and type of chargers that can be 

installed at each available connection point. The additional capacity is determined for two 

cases, an optimistic and pessimistic case. Each of these cases are explained in detail.  

2. Congestion analysis (CA): This part of the tool determines whether the grid can handle a 

specific case of EV diffusion. The user can input the grid, including grid parameter limits, the 

load and generation profiles and the EV charging profiles they want to analyse. The results 

show the condition of the voltage, line and transformer parameters, indicating if there are 

violations in any of the parameter limits. 

Each part of the tool includes three modules:  

5. Input data preparation module: The input data preparation module reads the grid data and 

profiles and prepares them for the analysis. The grid data should be in an .xlsx pandapower 

format and this module creates a grid model from it. It also reads the load, generation and 

charging profiles.   

6. Calculations module: Depending on the type of analysis, this module calculates the hosting 

capacity of the grid and analyses the congestions for specific profile data.  

7. Output and graphics module: The output and graphics module exports the results in both .xlsx 

files and shows it graphically (in the case of congestion analysis).  
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A simplified representation of LSIT is provided in Figure 12. 

 

Figure 12 - Local System Impact Assessment Tool, simplified representation. 

 

4.1.1  Hosting capacity analysis 

The HCA determines the potential for EV charger installations, both fast and slow. The capacity of the 

chargers to put in the grid can be determined by the user.  The 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 violated. The tool supports both low-voltage 

(LV) and medium-voltage (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 limits, considering a pessimistic and an 

optimistic scenario.  

The pessimistic scenario takes into account the interaction between the loads in the grid. It runs the 

HCA by increasing the load in all load points at once, by a determined step (input from the user), until 

congestion of the grid is reached.  

The optimistic scenario takes into account the maximum capacity that the load point can take without 

the consideration of other load points. It runs the HCA by increasing the load in each load point 

individually, by a determined step (input from the user), until congestion of the grid is reached.  

4.1.1.1 Hosting capacity methodology for all nodes 

This method iteratively increases the load at all valid buses simultaneously in small increments until 

the first of the following constraints is violated: 

¶ Voltage limits: Maximum voltage deviation must remain within 0.90 to 1.10 per unit (p.u.) 

[11]. 



 

Deliverable D5.1 - E-mobility scenarios: EV 

penetrations, charging infrastructure deployments 

and grid impacts 

  

 

 
Page 43 of 126 

 
 

   

¶ Line loading: No line should exceed 100% of its rated capacity (the maximum allowed current). 

The algorithm follows these steps: 

1. Identify valid buses where loads can be applied. 

2. Add missing loads to buses that do not have any assigned loads (optional, can be used if the 

capacity of all nodes in the grid should be analysed). 

3. Read the step size for the loads increase (determined by the user in the input). 

4. Iteratively increase the load at all valid buses at once by the step size. 

5. Run a power flow analysis using pandapowerΩǎ ǇƻǿŜǊ Ŧƭƻǿ ŦǳƴŎǘƛƻƴ. 

6. Check voltage and line loading constraints. 

7. When the first constraint is exceeded (bus voltage or line loading), reduce the load at the 

affected buses to the previous safe level and remove the congested buses from the next 

iteration. 

8. Repeat from step 4 onwards, until all points reach their hosting capacity limit. 

The result is a dictionary mapping each bus to its maximum allowable load in kW. 

4.1.1.2 Hosting capacity calculation for a single node 

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

includes: 

1. Iteratively increasing load at a single bus while keeping others unchanged. 

2. Running power flow analysis and checking constraints. 

3. Determining the maximum load for that bus before exceeding system limits. 

4. Repeating the process for each bus in the grid. 

The result is a dictionary mapping each bus to its maximum allowable load in kW. 

4.1.1.3 Calculation of EV charger hosting potential 

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 capacities as input from the user (e.g., 3.7 kW, 7.4 kW, 22 kW for LV grids, and 

50 kW, 150 kW, 350 kW for MV grids), this part of the tool does the following: 

1. Ensures that the hosting capacity is given in kW. 

2. 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. 

4.1.1.4  Implementation and execution 

This part of the LSIT can process multiple grid files in parallel using multiprocessing. The steps include: 

1. Reading grid data from the pandapower model .xlsx file. 

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

networks). 

3. Running hosting capacity calculations using both methods. 

4. Computing EV charger installation potential for both methods. 

5. Exporting all results to an .xlsx file. 

The results in the .xlsx file contain the hosting capacity for both scenarios, the number of chargers of 

each type and the combinations of their installation. The results are given for each of the considered 

grid points.  

4.1.2  Congestion analysis 

The increasing integration of EVs into the power grid introduces additional load dynamics that can lead 

to congestion, in particular distribution networks where the charging stations are installed. The CA 

employs pandapower to perform a 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 load.  

In comparison to the HCA, the CA provides an additional detail about whether a grid-specific EVSE 

installation with grid-specific EV profiles can be supported by the grid. In this way, they are 

complementary and can be used both individually and together. The 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.  

To test the CA part of LSIT, it was used on the low-voltage grid provided by the Italian distribution 

system operator (DSO), Areti. The cases were customized for the specific requirements of the DSO and 

the details are provided in section 4.3.2 Congestion analysis results. However, the tool can be used for 

Ƴŀƴȅ ŘƛŦŦŜǊŜƴǘ ŎŀǎŜǎ ŘŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ ǳǎŜǊΩǎ ƴŜŜŘs.  

4.1.2.1 Congestion Analysis Methodology 

The CA involves a time-series simulation that works in a structured way through the following steps: 

1. Preparation of the grid model - A predefined pandapower network model serves as the base 

simulation environment. The model structure and elements depend on the grid introduced by 

the user of the tool.  
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2. Preparation of load and EV profiles: 

o Load demand data (load_profile.csv) is imported to represent the gridΩǎ ōŀǎŜ 

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. Setting up time-series control - The combined load profile is linked to the ConstControl function 

of the time series simulation in pandapower, which dynamically adjusts the power 

consumption of loads throughout the simulation. 

4. Configuring output variables (subjected to user preference, can be modified) - To assess 

congestion effects, the OutputWriter in ǇŀƴŘŀǇƻǿŜǊΩs time series simulation logs key network 

parameters, including: 

o Bus voltage magnitudes (res_bus.vm_pu) 

o Load power consumption (res_load.p_mw) 

o Line loading percentage (res_line.loading_percent) 

o Line current magnitudes (res_line.i_ka) 

o Power extraction from the external grid (res_ext_grid.p_mw) 

o Transformer loading percentage (res_trafo.loading_percent) 

5. Running of the simulation: 

o The timeseries.run_timeseries() function executes the simulation over a predefined 

time period. 

o The results are saved as an .xlsx file in the specified results folder. 

6. Results and visualization (subjected to user preference, can be modified) - Once the simulation 

is complete, the saved results can be used for further analysis, including: 

o Voltage profiles at different buses to check voltage stability. 

o Transformer loading trends to assess overloading risks. 

o Line loading and currents to identify congestion-prone areas. 

o Power extraction trends from the external grid, showing the impact of EV charging. 

These results provide valuable insights for grid operators to design strategies such as demand-side 

management, load shifting, or network reinforcements to mitigate congestion caused by EV 

integration. 
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4.2 Description of input data  

In this section, the input and the assumptions used to test the LSIT are explained. The input includes 

grid data that was provided by two partners of the project, two distribution system operators (DSOs). 

The MV grid and load data was provided by E-distribución and it is a representation of an urban MV 

grid in Spain. The LV grid and load data was provided by Areti and it is a 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 reasons, the grid data cannot be provided, but their characteristics are 

described.  

4.2.1  Medium-voltage grid characteristics 

The MV grid data included the following parameters of the grid: buses, lines, transformers, generators, 

loads and switches. Hourly load profiles from 2023 was also provided, later by request. The grid was 

already in pandapower format when received, so no previous remodelling was necessary.   

The MV grid has 7 feeders, with mainly radial structure, with weak mash for cases when rerouting of 

supply is necessary. In this case, the configuration of normal operation was used. The main voltage of 

the grid is 20kV with 65 secondary substations of 20kV/0.4 transformers.  

In Table 11, 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.  

Table 11 - Characteristics of the MV grid. 

Parameter Characteristics 
Buses/nodes A total of 693 nodes originally. However, the grid was simplified and given without 

the switches that are not necessary for the analysis. In the simplified version the 
grid has 211 nodes.  

Lines A total of 144 underground cable lines with maximum loading current in the range 
of 0.245-0.32 kA.  

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

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

Switches The original grid contains a lot of switches; however, the version that was used for 
the analysis was a simplified version where the unnecessary switches were 
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 voltage 
level. 

Maximum 
total load 

External grid extraction. Active power maximum of 26.8 MW and reactive power 
of 4.6 Mvar.  
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To visualise the grid, two of the available plotting options of pandapower were 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.  

Figure 13 shows the graphical representation of the MV grid created with the matplotlib option. Since 

ǘƘŜ ƎǊƛŘ ŘƛŘƴΩǘ ƘŀǾŜ ŎƻƻǊŘƛƴŀǘŜǎ ŀǾŀƛƭŀōƭŜΣ ƎŜƴŜǊƛŎ ŎƻƻǊŘƛƴŀǘŜǎ ǿŜǊŜ ŎǊŜŀǘŜŘ ǿƛǘƘ ŀ ŦǳƴŎǘƛƻƴ, also 

available in pandapower.   

Figure 14 shows the graphical representation using the plotly 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.  

 

 

Figure 13 - MV grid plot with generic coordinates, pandapower's matplotlib. 
 

 

 



 

Deliverable D5.1 - E-mobility scenarios: EV 

penetrations, charging infrastructure deployments 

and grid impacts 

  

 

 
Page 48 of 126 

 
 

   

 

Figure 14 - MV grid with generic coordinates, pandapower's plotly. 
 

4.2.2  Low-voltage grid characteristics 

The LV grid data included the following parameters of the grid: buses, lines, loads and switches. Load 

profiles from 2024 were provided for both winter and summer, 9 days in which the loads are at its 

peaks. The grid was given in QGIS and a remodelling was necessary to transfer it in pandapower format.   

The LV grid has 11 feeders with radial structure. There are two voltage levels, 0.22 and 0.38 kV. The 

feeders are therefore connected with the external grid of 20 kV through two transformers (added after 

modelling in pandapower).  

In Table 12, 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.  

Table 12 - Characteristics of the LV grid. 

Parameter Characteristics 
Buses/nodes A total of 220 nodes, 1 (externa grid) at 20kV, 155 at 0.22kV and 67 at 0.38kV. 

Lines A total of 51 underground cable lines with maximum loading current in the range 
of 0.002-0.308 kA.  

Transformers There is 1 three-winding transformer that represents the secondary substation 
that transforms the voltage from 20kV to 0.22 and to 0.38kV. 

Generators There are no generators present in the grid.   

Switches There is a total of 173 bus-bus switches. 
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Parameter Characteristics 
Loads A total of 51 loads connected to 0.4kV voltage level. These 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 to 1.00 per units.  

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

Maximum 
total load 

External grid extraction. Active power maximum of 0.045 MW (45 kW) and 
reactive power of 0.011 Mvar (11 kW).  

 

To visualise the grid, two of the available plotting options of pandapower were used as well, matplotlib 

and plotly. Since, the coordinates were provided, the pandapower plotting tools used those 

coordinates to draw the grid.  

Figure 15 shows the graphical representation of the LV grid created with the matplotlib option, with 

the original coordinates. 

 

Figure 15 - LV grid with original coordinates, pandapower's matplotlib. 
 

Figure 16 shows the graphical representation using the plotly 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 buses are so close to each other that the switches are not very visible.  
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Figure 16 - LV grid with original coordinates, pandapower's plotly. 
 

An additional figure (Figure 17) is available to plot with generic coordinates for a clearer visualisation 

of the feeders, although the original coordinates are used for the main representation. In this case the 

plotly option was not used, due to the high visibility of the switches.  
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Figure 17 - LV grid with generic coordinates, pandapower's matplotlib. 
 

4.3 Results 

This section shows the results from both the HCA and the CA. The results for HCA include both the MV 

and the LV grid. The results for CA include the LV grid only since this is a case specifically required by 

the Italian DSO, Areti.  

4.3.1  Hosting capacity analysis results 

The HCA results include the available 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 and pessimistic scenarios for the MV and LV grids.  

4.3.1.1 MV grid  

For the MV grid, three types of chargers were considered based on the types of chargers that are used 

in the MV grid in Spain. These types of chargers include fast DC chargers with capacity of 50 kW, 150 

kW and 350kW.  

The results for the MV grid are presented in the following tables. Table 13 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 kW. 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 recorded. The rest of the 

buses are still tested until they reach congestion, preforming the analysis considering the hosting 

capacity of the previously congested buses.  

Table 13 - MV grid, HCA total power results, pessimistic scenario. 

Step size = 10 kW 

Bus Hosting Capacity (kW) Bus 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) Bus 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 per node expressed 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.  

Table 14 - MV grid, HCA total power results, optimistic scenario. 

Step size = 100 kW 

Bus Hosting Capacity (kW) Bus 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 = 100 kW 

Bus Hosting Capacity (kW) Bus 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 

 

Table 15 gives 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 considerably over dimensioned, even in the pessimistic 

case there are many possibilities for installing different chargers.  

Table 15 - MV grid, HCA maximum number of chargers per capacity, pessimistic and optimistic scenario. 

HCA Nº of 50 kW 
chargers 

Nº of 150 kW 
chargers 

Nº of 350 kW 
chargers 

Pessimistic scenario - all nodes 482 132 40 

Optimistic scenario - single node 5086 1665 678 

 

4.3.1.2  LV grid 

For the LV grid, three types of chargers were considered based on the types of chargers that are used 

in the LV grid in Italy. These types of chargers include slow and medium AC chargers with capacity of 

3.7 kW, 7.4 kW and 22kW.  

The results for the LV grid are presented in the following tables. Table 16 shows the total hosting 

capacity per load point of connection (POC), considering the pessimistic scenario, when all loads are 
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increased simultaneously. The step size that was used in this case is provided at the beginning of the 

table followed by the capacities per bus expressed 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 recorded. The rest of the buses are still tested until 

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

congested buses.  

Table 16 - LV grid, HCA total power results, pessimistic scenario. 

Step size = 0.1 kW 

Bus Hosting Capacity (kW) Bus 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 4.71 

45 4.43 126 3.80 

47 3.80   

 

Table 17 shows the total hosting capacity per load point of 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 per node expressed 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.  

Table 17 - LV grid, HCA total power results, optimistic scenario. 

Step size = 1 kW 

Bus Hosting Capacity (kW) Bus 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) Bus 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 94 122 116 

45 66 126 165 

47 50    

 

Table 18 gives 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 LV grid, in the pessimistic case there are less possibilities for installing different chargers.  

Table 18 - LV grid, HCA maximum number of chargers per capacity, pessimistic and optimistic scenario. 

HCA Nº of 3.7 kW 
chargers 

Nº of 7.4 kW 
chargers 

Nº of 22 kW 
chargers 

Pessimistic scenario - all nodes 35 2 0 

Optimistic scenario - single node 3464 918 450 

 

4.3.2 Congestion analysis results 

The CA is implemented on the LV grid from the Italian DSO, Areti. The cases that are tested were 

designed together with Areti to provide them with results they can use in the Rome demonstration.  

The analysis includes several cases that investigate the effectiveness of the Flexibility Contract 

Agreement (FCA) in dealing with high penetration of EVs in the grid. The details of each case are 

explained in the following subsection.  

4.3.2.1 Description of cases 

The main objective of the cases is to investigate the implications of EV penetration on the grid and the 

effectiveness of a mechanism for congestion management in the maximum grid load scenarios. The 

mechanism should be able to mitigate the congestions and postpone the need for investment in 

structural grid reinforcement. This is done by comparing what happens when EVSEs are in place, with 

no mechanisms for congestion management, and when the FCA is implemented to mitigate problems 

in the grid.  
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Together with the grid, two different load profiles were made available from the DSO, from 2024 data. 

These profiles are considered as base cases and include 9 days in both winter and summer each, when 

the load in the grid is the highest. The data is provided in 15min time units (total of 864 for 9 days) for 

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 and without the 

implementation of FCA. The EV penetration is defined as the charging capacity that is being used at 

each time unit from the charging stations.  

Therefore, the cases are defined based on the following categories: 

1. Season: winter and summer 

2. EV penetration: EVSE charging capacity installed on one Point of Connection (POC) and EVSE 

charging capacity installed on five POCs (as requested by the DSO, but customizable for the 

user of the tool). The locations for this analysis are chosen using the results from the HCA, i.e. 

the 5 load connections (POCs) with hosting capacity around 100kW (buses 122 (used for the 

one POC case), 147, 39, 160 and 106). In this way, if congestion appears in these POCs, then 

the effects of the FCA can be evaluated.  

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

 

Figure 18 - 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, for each time 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 ranges from 60-90% 

of the maximum capacity of the installed charging station for certain time units of the day. These 

profiles are also provided by the DSO. The profiles for the months of January, July and August that are 

included in the congestion analysis are given in Figure 18. 
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4.3.2.2  Results for cases 

The results are saved in both .xlsx files and plotted using the Plotly package. The figures can be saved 

in a specified folder or can also be shown in the web browser in .html format.  

In continuation, the results for the line loading and current, bus voltage, external grid power infeed 

and transformer loading are shown for the summer case, starting with the base one. The winter cases 

are included in Appendix 7. 

The results are presented in the unit that is used in pandapower. The figures with line and transformer 

loading, as well as the node voltage include the limits for save grid operation, as used by the DSO.  

Base case 

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 between 27th of July and 

4th of August 2024. The winter base case includes the dates between 20th and 28th of January 2024. The 

summer base case shows a more increased load then the winter base case. With the base load of the 

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

 

Figure 19 - Line and bus parameters, summer, base case. 
 

Figure 19 and Figure 20 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 over time, without 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 three-winding 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 is that this voltage level is not common, it is specific 

for the Italian LV grid.   

 

 

Figure 20 - External grid and transformer parameters, 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 compared for each of the two configurations of EVSE 

installation.   

Summer, charging capacity installed on one POC, without and with FCA 

Figure 21 and Figure 22 show the grid parameters for the case when one EVSE of maximum capacity 

of 100kW is installed on bus 122.  As it can be seen in the figures, even when the FCA is not in place, 

no congestion appears in the grid. However, the lines that are near the installed EVSE show significant 

increase in the loading, and the direct line where the EVSE is connected reaches line loading around 

90%. The voltage for all buses is within limits with inconsiderable change, even for the buses in the 

closest proximity of the POC. The transformer loading is below 40%.  

Even though no congestion occurs, with the FCA in place the loading of the most critical line decreases 

in the specified time periods when the mechanism is activated. This can prevent overheating of the 

cable, which is put under high thermal stress when running at 90%. Changes can be observed in the 
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infeed of power from the external grid too, when the FCA is activated. The transformer is quite over 

dimensioned and with loading below 40%, so no criticalities can be observed.  

 

 

Figure 21 - Line and bus parameters, summer case, EVSE installed on one POC, with and without FCA. 

 

 

Figure 22 - External grid and transformer parameters, summer case, EVSE installed on one POC, with and 
without FCA. 

 

Summer, charging capacity installed on five POC, without and with FCA 

Figure 23 and Figure 24 show the grid parameters for the case when five EVSE of maximum capacity 

of 100kW are installed on buses 122, 147, 39, 160 and 106.  In this case, congestion appears on three 

lines that are directly connected to the EVSEs, with line loading above 100%. Additional lines that are 
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near the installed EVSE show significant increase in the loading, more than 70%. The voltage for all 

buses is still within limits with more pronounced changes for the buses in the closest proximity of the 

POC, where the values drop below 0.95 per units. The transformer loading is now well above 100% .   

 

Figure 23 - Line and bus parameters, summer case, EVSE installed on five POC, with and without FCA. 

 

 

Figure 24 - External grid and transformer parameters, summer case, EVSE installed on five POC, with and 
without FCA. 

 

This case shows that when several EVSEs are present in the grid with maximum capacity of 100 kW 

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 potential faults in the grid. Considerable changes can be 

observed in the infeed of power from the external grid too. The transformer overloading is also 

relieved with the mechanism.  
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5 Conclusions 
D5.1 documents the thorough impact assessment analysis from task 5.1 on both energy system and 

local distribution system level. This is done by developing two highly customizable tools: Energy system 

impact assessment tool (ESIT) and Local system impact assessment tool (LSIT). The first one focuses 

on the overall energy requirements for large-scale EV adoption at the pan-European level. The second 

one focuses on the effects of EV diffusion on distribution networks for distribution grids from the 

demonstration areas. 

This work defines several scenarios that are tested with the developed tools. The aim is to guide 

policymakers, grid operators, and industry stakeholders in developing effective strategies for a resilient 

and sustainable energy system, especially with high levels of EVs integration. 

5.1 Energy System Impact Assessment Conclusions 

The analysis of the impacts on energy system level was done with four scenarios: 

1. S0 (baseline) - with APS values as a 2035 bound. 

2. S1 (optimistic) - with APS values +10% as a 2035 bound. 

3. S2 (pessimistic) - with APS values -25% as a 2035 bound 

4. S3 (very pessimistic) - with APS values -50% as a 2035 bound 

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 10 % above 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 scenarios S2 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 (S0 and S1), an increase of emissions can be seen due 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.  

5.2 Local System Impact Assessment Conclusions 

The impact assessment on local system level was performed to provide 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 results can 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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The main objective behind the development of LSIT is to simplify the application of grid modelling tools 

and allow for ǳǎŜǊǎΩ customization based on their needs. The impacts on the grid are highly dependable 

on the grid itself and 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 accelerating and 

reducing the cost.   

The tool includes two types of analysis: hosting capacity analysis and congestion analysis. The HCA 

determines the potential for EV charger installations, both fast and slow. The capacity of the chargers 

to put in the grid can be determined by the user.  The CA is a 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 load. The 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 results from the local impact assessment show that the current over dimensioned infrastructure 

of the grids can support the initial EV integration without additional investment. However, as the ESIT 

scenarios show, the increase of EVs and charging infrastructure in the future would mean a 

considerable load increase in the system, which will directly affect the distribution grid where these 

will be integrated. Congestions will start to occur, and DSOs will have to implement new mechanisms 

to postpone costly investments in the grid infrastructure. With the performed analysis on the LV grid, 

even in cases when a mechanism like the FCA is in place, the congestions will still occur when charging 

infrastructure is used at higher capacities throughout the grid.  
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6 Appendix 1 ς Energy System Impact Assessment Tool 
Additional Information 

6.1 Additional tool description 

¢ƘŜ ǘƻƻƭ Ŏƻƴǎƛǎǘǎ ƻŦ ŀ ŎŜƴǘǊŀƭ ǇȅǘƘƻƴ ŦƛƭŜ άmain.pyέ ǿƘƛŎƘ Ƙŀǎ ǘƻ ōŜ ƭŀǳƴŎƘŜŘ ƛƴ ƻǊŘŜǊ ŦƻǊ ǘƘŜ ŀƭƎƻǊƛǘƘƳ 

ǘƻ ǎǘŀǊǘΦ ¢ƘŜ άmain.pyέ ŎƻŘŜ ŦŜŜŘǎ ƻƴ ŘƛŦŦŜǊŜƴǘ ƛƴǇǳǘ ŦƛƭŜǎ ƭƻŎŀǘŜŘ ƛƴ ǘƘŜ ŘƛǊŜŎǘƻǊȅ ά.κ5ŀǘŀκLƴǇǳǘǎκέΦ 

- configuration_settings.json : json file that contains different parameters that control the flow 

of the algorithm, and the outputs obtained. 

- demand_parameters.csv: csv file that contains the parameters of the annual demand per EV. 

- Bounds_{scenario}.csv: csv file with bounds for number of vehicles in future years. Different 

scenarios have been described in our study. 

- EAFO_Bound_Chargers.csv: csv files with bounds for number of chargers in future years. 

- emissions_iea.xlsx: excel file containing many sheets with all the information and parameters 

regarding GHG emissions. 

- sizing_parameters.csv: csv file containing the parameters for power capacity sizing. 

- year_distance.xlsx: excel 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 libraries json, itertools, time, io, os, shutil, fnmatch, 

openpyxl, matpotlib, pandas, numpy, sklearn and scipy. 

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.json file.  

First, there is the scraping module.  This scraping tool downloads the required data from the EAFO 

website. In the code, this first tool is implemented in the get_eafo_data() ŦǳƴŎǘƛƻƴΦ {ŜŜ ǎŜŎǘƛƻƴ ά{ŜǘǘƛƴƎ 

ǘƘŜ ŀƭƎƻǊƛǘƘƳέ ŦƻǊ ƳƻǊŜ ŘŜǘŀƛƭǎ ƛƴǘƻ ǘƘŜ ŘƻǿƴƭƻŀŘŜŘ ŘŀǘŀǎŜǘǎΦ ¢ƘŜ Řŀǘŀ ƛǎ ǎŀǾŜŘ ƛƴ ǘƘŜ ŘƛǊŜŎǘƻǊȅ 

άΦ/5ŀǘŀκŘŀǘŀψŜŀŦƻκέ. The Boolean variable controlling this step is named BOOL_GET_EAFO_DATA. 

Then, there is the data formatting section of the tool, which consists of merging together all the 

ŘƻǿƴƭƻŀŘŜŘ ŘŀǘŀǎŜǘǎ ŦǊƻƳ 9!Ch ƛƴǘƻ ŀ ǳƴƛǉǳŜ ŘŀǘŀōŀǎŜ ŎŀƭƭŜŘ άŎƻƳōƛƴŜŘψǊŜǎǳƭǘǎΦȄƭǎȄέΦ In a second 

step, this dataset is divided and formatted in two different datasets, άŎƻƳōƛƴŜŘψǊŜǎǳƭǘǎψǾŜƘƛŎƭŜǎΦȄƭǎȄέ 

and άŎƻƳōƛƴŜŘψǊŜǎǳƭǘǎψŎƘŀǊƎŜǊǎΦȄƭǎȄέ. These datasets are saved in the directory 

άΦκ5ŀǘŀκhǳǘǇǳǘǎκ{ŎŜƴŀǊƛƻϑǎŎŜƴŀǊƛƻϒέ. The Boolean variables that control this steps are called 

BOOL_COMBINED_RESULTS, BOOL_COMBINED_RESULTS_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_ESTIMATION_CHARGERS 
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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 control these processes are: 

- BOOL_PLOT_ESTIMATION_VEHICLES 

- BOOL_PLOT_ESTIMATION_CHARGERS 

- BOOL_PLOT_ANNUAL_DEMAND 

- BOOL_PLOT_SIZING 

- BOOL_PLOT_GHG 

6.1.2  Setting the algorithm 

We are going to delve with detail into the configuration_settings.json file. 

This JSON file defines the configuration settings of the python module that computes estimations and 

other features related to electric vehicles (EVs) and charging stations. The configuration is structured 

into several key sections: 

1. FLOW_CONTROL 

This section contains Boolean flags that control various computational and plotting functionalities such 

as data retrieval (e.g., BOOL_GET_EAFO_DATA), formatting calculations for vehicles and chargers, 

estimation calculations and plots for vehicles and chargers, annual demand and greenhouse gas (GHG) 

emissions calculations and plots, infrastructure sizing calculations and visualizations.  

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

- BOOL_GET_EAFO_DATA: true Ą the web scraping is performed 

- BOOL_GET_COMBINED_RESULTS : true Ą the scraped data is combined into a unique datasets 

άŎƻƳōƛƴŜŘψǊŜǎǳƭǘǎΦȄƭǎȄέ 

- BOOL_CALC_FORMAT_VEHICLES: true Ą the vehicle data from 

άhǳǘǇǳǘǎκŎƻƳōƛƴŜŘψǊŜǎǳƭǘǎΦȄƭǎȄέ ƛǎ ŦƻǊƳŀǘǘŜŘ ƛƴǘƻ ŀ ǳƴƛǉǳŜ ŘŀǘŀǎŜǘ 

άhǳǘǇǳǘǎκŎƻƳōƛƴŜŘψǊŜǎǳƭǘǎψǾŜƘƛŎƭŜǎΦȄƭǎȄέΦ  

- BOOL_CALC_FORMAT_CHARGERS: true Ą ǘƘŜ ŎƘŀǊƎŜǊ Řŀǘŀ ŦǊƻƳ άŎƻƳōƛƴŜŘψǊŜǎǳƭǘǎΦȄƭǎȄέ ƛǎ 

ŦƻǊƳŀǘǘŜŘ ƛƴǘƻ ŀ ǳƴƛǉǳŜ ŘŀǘŀǎŜǘ άhǳǘǇǳǘǎκŎƻƳōƛƴŜŘψǊŜǎǳƭǘǎψŎƘŀǊƎŜǊǎΦȄƭǎȄέ 

- BOOL_CALC_ESTIMATION_VEHICLES: true Ą the estimation for vehicles is computed and 

ǎŀǾŜŘ ƛƴǘƻ ά5ŀǘŀκhǳǘǇǳǘǎκŜǎǘƛƳŀǘŜǎψǾŜƘƛŎƭŜǎψϑ/h[[9/¢Lhbϒψϑtwht9w¢¸ϒΦȄƭǎȄέ 

- BOOL_CALC_ESTIMATION_CHARGERS: true Ą the estimation for chargers is computed saved 

ƛƴǘƻ ά5ŀǘŀκhǳǘǇǳǘǎκŜǎǘƛƳŀǘŜǎψŎƘŀǊƎŜǊǎψϑ/h[[9/¢Lhbϒψϑtwht9w¢¸ϒΦȄƭǎȄέ 

- BOOL_PLOT_ESTIMATES_VEHICLES: true Ą plot vehicle estimates. The plots are saved into 

ǘƘŜ ά5ŀǘŀκhǳǘǇǳǘǎκtƭƻǘǎκέ ŦƻƭŘŜǊΦ 

- BOOL_PLOT_ESTIMATES_CHARGERS: true Ą plot charger estimates. The plots are saved into 

ǘƘŜ ά5ŀǘŀκhǳǘǇǳǘǎκtƭƻǘǎκέ ŦƻƭŘŜǊΦ 
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- BOOL_CALC_ANNUAL_DEMAND: true Ą the annual demand for EVs is computed and saved 

ƛƴǘƻ άhǳǘǇǳǘǎκŘŜƳŀƴŘψϑ/h[[9/¢LhbϒΦȄƭǎȄέΦ 

- BOOL_PLOT_ANNUAL_DEMAND: true Ą plot annual demand. The plots are saved into the 

ά5ŀǘŀκhǳǘǇǳǘǎκtƭƻǘǎκέ ŦƻƭŘŜǊΦ 

- BOOL_CALC_SIZING: true Ą the sizing for charging capacity required (from the vehicles 

ŜǎǘƛƳŀǘŜǎύ ƛǎ ŎƻƳǇǳǘŜŘΣ ŀƴŘ ǎŀǾŜŘ ƛƴǘƻ ά5ŀǘŀκhǳǘǇǳǘǎκǎƛȊƛƴƎψϑ/h[[9/¢LhbϒΦȄƭǎȄέΦ 

- BOOL_PLOT_SIZING: true Ą plot sizing for charging capacity required (from vehicles 

estimates). ¢ƘŜ Ǉƭƻǘǎ ŀǊŜ ǎŀǾŜŘ ƛƴǘƻ ǘƘŜ ά5ŀǘŀκhǳǘǇǳǘǎκtƭƻǘǎκέ ŦƻƭŘŜǊΦ 

- BOOL_CALC_GHG: true Ą the Greenhouse Gas (GHG) emissions are computed from the 

ǾŜƘƛŎƭŜǎ ŜǎǘƛƳŀǘŜǎΣ ŀƴŘ ǎŀǾŜŘ ƛƴǘƻ ά5ŀǘŀκhǳǘǇǳǘǎκƎƘƎψϑ/h[[9/¢LhbϒΦȄƭǎȄέΦ 

- BOOL_PLOT_GHG: true Ą plot the ghg emissions. The plots are saved into the 

ά5ŀǘŀκhǳǘǇǳǘǎκtƭƻǘǎκέ ŦƻƭŘŜǊΦ 

2. άƛnterpolation_settingsέ 

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

and charging stations: 

нΦмΦ άǾŜƘƛŎƭŜǎέΦ Subsection for vehicles. 

нΦмΦмΦ άŎƻƭƭŜŎǘƛƻƴǎέΥ 

- άtŀǎǎŜƴƎŜǊ ŎŀǊǎ ŀƴŘ Ǿŀƴǎέ: Boolean value that indicates if the fitting/plotting is done for 

άtŀǎǎŜƴƎŜǊ ŎŀǊǎ ŀƴŘ ǾŀƴǎέΦ 

- άHeavy-duty trucksέΥ .ƻƻƭŜŀƴ ǾŀƭǳŜ ǘƘŀǘ ƛƴŘƛŎŀǘŜǎ ƛŦ ǘƘŜ ŦƛǘǘƛƴƎκǇƭƻǘǘƛƴƎ ƛǎ ŘƻƴŜ ŦƻǊ άIŜŀǾȅ 

5ǳǘȅ ¢ǊǳŎƪǎέΦ 

- άBusesέ: Boolean value that indicates if the fitting/plotting is done for ά.ǳǎŜǎέΦ 

2.1.2. άyears_to_interpolateέ: A list of integer values containing the target years of the estimates 

computation. 

2.1.3. άƭƻƎƛǎǘƛŎέΥ dictionary. Contains different keys: 

- άŦƛǘέ: Boolean value that indicates if the logistic fitting features (number of vehicles, annual 

demand, sizing, ghg emissions) have to be computed. 

- άǇƭƻǘέ: Boolean value that indicates if the logistic features (number of vehicles, annual 

demand, sizing, ghg emissions) have to be plotted. 

- άȅŜŀǊǎψŦƛǘǘƛƴƎέ: list of integer values containing the years used for the logistic fitting. 

- άŦǳǘǳǊŜψȅŜŀǊǎψŀŘŘŜŘέ: list of integer values containing 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 sections 2.1.4. άƭƻƎέ and 2.1.5. άǇƻƭȅέΦ 

2.2. Chargers 

The same structure of subsection нΦмΦ άǾŜƘƛŎƭŜǎέ is repeated in subsection 2.2. Chargers. The collection 

item has two levels, in this case: 

нΦмΦмΦ άŎƻƭƭŜŎǘƛƻƴǎέΥ 
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- άAC Charging stationsέΥ 

o ά{ƭƻǿ !/έΥ .ƻƻƭŜŀƴ ǾŀƭǳŜ ǘƘŀǘ ƛƴŘƛŎŀǘŜǎ ƛŦ ǘƘŜ ŦƛǘǘƛƴƎκǇƭƻǘǘƛƴƎ ƛǎ ŘƻƴŜ ŦƻǊ άAC Charging 

stations ς {ƭƻǿ !/έΦ 

o άaŜŘƛǳƳ ǎǇŜŜŘ !/έΥ Boolean value that indicates if the fitting/plotting is done for 

άAC Charging stations ς aŜŘƛǳƳ ǎǇŜŜŘ !/έΦ 

o άCŀǎǘ !/έΥ .ƻƻƭŜŀƴ ǾŀƭǳŜ ǘƘŀǘ ƛƴŘƛŎŀǘŜǎ ƛŦ ǘƘŜ ŦƛǘǘƛƴƎκǇƭƻǘǘƛƴƎ ƛǎ ŘƻƴŜ ŦƻǊ άAC Charging 

stations ς Cŀǎǘ !/έΦ 

- άAC Charging stationsέΥ 

o ά{ƭƻǿ 5/έΥ .ƻƻƭŜŀƴ ǾŀƭǳŜ ǘƘŀǘ ƛƴŘƛŎŀǘŜǎ ƛŦ ǘƘŜ ŦƛǘǘƛƴƎκǇƭƻǘǘƛƴƎ ƛǎ ŘƻƴŜ ŦƻǊ άDC Charging 

stations ς {ƭƻǿ 5/έΦ 

o ά[м ¦ƭǘǊŀ Ŧŀǎǘ 5/έΥ .ƻƻƭŜŀƴ ǾŀƭǳŜ ǘƘŀǘ ƛƴŘƛŎŀǘŜǎ ƛŦ ǘƘŜ ŦƛǘǘƛƴƎκǇƭƻǘǘƛƴƎ ƛǎ ŘƻƴŜ ŦƻǊ άDC 

Charging stations ς [м ¦ƭǘǊŀ Ŧŀǎǘ 5/έΦ 

o ά[н ¦ƭǘǊŀ Ŧŀǎǘ 5/έΥ .ƻƻƭŜŀƴ ǾŀƭǳŜ ǘƘŀǘ ƛƴŘƛŎŀǘŜǎ ƛŦ ǘƘŜ ŦƛǘǘƛƴƎκǇƭƻǘǘƛƴƎ ƛǎ ŘƻƴŜ ŦƻǊ άDC 

Charging stations ς [н ¦ƭǘǊŀ Ŧŀǎǘ 5/έΦ 

o άCŀǎǘ 5/έΥ .ƻƻƭŜŀƴ ǾŀƭǳŜ ǘƘŀǘ ƛƴŘƛŎŀǘŜǎ ƛŦ ǘƘŜ ŦƛǘǘƛƴƎκǇƭƻǘǘƛƴƎ ƛǎ ŘƻƴŜ ŦƻǊ άDC Charging 

stations ς Cŀǎǘ 5/έΦ 

- άCharging stationsέΥ 

o ά!/έΥ .ƻƻƭŜŀƴ ǾŀƭǳŜ ǘƘŀǘ ƛƴŘƛŎŀǘŜǎ ƛŦ ǘƘŜ ŦƛǘǘƛƴƎκǇƭƻǘǘƛƴƎ ƛǎ ŘƻƴŜ ŦƻǊ άCharging stations 

ς!/έΦ 

o ά5/έΥ .ƻƻƭŜŀƴ ǾŀƭǳŜ ǘƘŀǘ ƛƴŘƛŎŀǘŜǎ ƛŦ ǘƘŜ ŦƛǘǘƛƴƎκǇƭƻǘǘƛƴƎ ƛǎ ŘƻƴŜ ŦƻǊ άCharging stations 

ς 5/έΦ 

3. άŎƻƳōƛƴŜŘψǊŜǎǳƭǘǎψǎŜǘǘƛƴƎǎέ 

There are two different sections: 

оΦмΦ άƻǳǘǇǳǘψŦƛƭŜέ. IN this section we specify the names of the columns of the output file: 

- άŎƻƭǎέ: names of the columns of the output file. 

оΦнΦ άƛƴǇǳǘψŦƛƭŜǎέΦ This section defines the structure of input files for different datasets extracted from 

EAFO that are used in the analysis. Each dataset specifies the following items: 

- άŦƛƭŜƴŀƳŜέ: String. name of the csv that has to be read. 

- άƭŀōŜƭέ: String. future identification for the values of this dataset. 

- άǊŜƴŀƳŜψŎƻƭǎέ: Boolean value that indicates if a certain value has to be renamed. In our case 

ǿŜ ƻƴƭȅ ǎŜǘ ƛǘ ǘƻ ¢ǊǳŜ ŦƻǊ άǊŜƎƛǎǘǊŀǘƛƻƴψǘƻǇψмлψƳƻŘŜƭǎΦŎǎǾέΦ Lƴ ŎŀǎŜ ƻŦ ǘǊǳŜΣ ǘƘŜ ŦƻƭƭƻǿƛƴƎ 

ǇŀǊŀƳŜǘŜǊ άƴŜǿψŎƻƭǎέ ǿƛƭƭ ōŜ ŦƛƭƭŜŘΦ 

- άƴŜǿψŎƻƭǎέ. Dictionary containing key-value. The key is the original name of the column; and 

value is the new name of the column. 

- άǊŜƻǊŘŜǊψŎƻƭǎέ. If true, the columns are reordered. In our case we only set it to True for 

άǊŜƎƛǎǘǊŀǘƛƻƴψǘƻǇψмлψƳƻŘŜƭǎΦŎǎǾέΦ Lƴ ŎŀǎŜ ƻŦ ǘǊǳŜΣ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǇŀǊŀƳŜǘŜǊ άƴŜǿψƻǊŘŜǊέ ǿƛƭƭ 

be filled. 

- άƴŜǿψƻǊŘŜǊέ. List with strings of the new order of the columns. 

4. άǇlot_settingsέΦ Section for the settings of the plots, including size for figure, legends and labels. 
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5. άǎubstitution_rateέΦ Defines a specific parameter (substitution_rate: 0.196), which represents the 

annual fleet replacement rate for electric vehicles. 

[ƻƻƪ ŀǘ ǘƘŜ ǾŀǊƛŀōƭŜ άŎƘŀǊƎŜǊψƻǇǘƛƻƴǎέ ŀƴŘ Ŧƛƭƭ ǘƘŜ ŘƛŦŦŜǊŜƴǘ ŎŀǘŜƎƻǊƛŜǎ ŀƴŘ ǇǊƻǇŜǊǘƛŜǎ ŦǊƻƳ ȅƻǳǊ ƻǿƴ 

charger datasets. The current configuration of charger_options follows the classification of the 

chargers given by EAFO as of date January 2025. The Boolean value (True, or False) tells the code if the 

estimation has to be performed for each Property. 

6. άŜŀŦƻψŘŀǘŀέΦ Settings for eafo_data obtained through scraping.  

- άdata_elementsέΥ 5ƛŎǘƛƻƴŀǊȅ ǿƛǘƘ ŘƛŦŦŜǊŜƴǘ ŜƭŜƳŜƴǘǎ ǘƘŀǘ ƘŀǾŜ ǘƻ ōŜ ǎŜǘ ǘƻ ǘǊǳŜ ƻŦ ŦŀƭǎŜΦ LŦ ǘǊǳŜΣ ǘƘŜ 

dataset will be ŘƻǿƴƭƻŀŘŜŘ ŀƴŘ ǎŀǾŜŘ ƛƴǘƻ ά5ŀǘŀκŜŀŦƻψŘŀǘŀκϑŎƻǳƴǘǊȅϒέ ŦƻǊ ŜŀŎƘ ŎƻǳƴǘǊȅΦ 

7. άŎƻǳƴǘǊƛŜǎέΦ Names of the countries that are required to be considered in the computations, 

following the EAFO naming. 

8. άŘƛŎǘƛƻƴŀǊȅψŎƻǳƴǘǊƛŜǎέΦ 5ƛŎǘƛƻƴŀǊȅ ŎƻƴǘŀƛƴƛƴƎ ǘƘŜ ƴŀƳŜǎ that are desired to be used in all the 

ŎƻƳǇǳǘŀǘƛƻƴǎ ŘƻƴŜ ƛƴ ǘƘŜ ŎƻŘŜ όŜȄŀƳǇƭŜΥ άǳƴƛǘŜŘ-ƪƛƴƎŘƻƳέόŦǊƻƳ 9!ChύĄ wants to be renamed as 

Ą ά¦ƴƛǘŜŘ YƛƴƎŘƻƳέύ 

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 

ώάeafo_dataέϐώάdata_elementsέϐ ƛƴ ǘƘŜ configuration_settings.json file, and downloads the associated 

dataset from EAFO through the requests library. This set of datasets labelled in data_elements include 

numbers in: 

- Total numbers and new registrations of BusesΥ άfleet_m2_m3_total_numberέ 

- For Passenger cars and vans:  

o ¢ƻǘŀƭ ƴǳƳōŜǊ ƻŦ ǾŜƘƛŎƭŜǎΥ άtotal_number_of_af_passenger_cars_and_vans_m1_n1έΣ 

o New electric registrations: 

άƴŜǿψŜƭŜŎǘǊƛŎψǇŀǎǎŜƴƎŜǊψŎŀǊǎψŀƴŘψǾŀƴǎψƳмψƴмψǊŜƎƛǎǘǊŀǘƛƻƴǎέ 

o  άŀŦψǇŀǎǎŜƴƎŜǊψŎŀǊǎψŀƴŘψǾŀƴǎψƳмψƴмψōȅψǘȅǇŜέ 

o DǊƻǿǘƘΥ άgrowth_of_passenger_cars_and_vans_vehicle_fleet_m1_nмέ 

- For Heavy Duty Trucks, 

o ¢ƻǘŀƭ ƴǳƳōŜǊǎΥ άtotal_fleet_n2_n3_af_heavy_duty_trucksέ 

o DǊƻǿǘƘΥ άƎǊƻǿǘƘψƻŦψƘŜŀǾȅψŘǳǘȅψǘǊǳŎƪǎψǾŜƘƛŎƭŜψŦƭŜŜǘψƴнψƴоά 

- Charging stations (AC/DC), 

o ¢ƻǘŀƭΥ άǊŜŎƘŀǊƎƛƴƎψǇƻƛƴǘǎά 

o DǊƻǿǘƘΥ άgrowth_of_recharging_pointsέ 

o DC Charging stationsΥ άdc_public_recharging_points_afirέ 

o AC Charging stationsΥ άŀc_public_recharging_points_afirέ 

- Infrastructure:  

o ¢ƻǘŀƭ ƴǳƳōŜǊΥ άtotal_number_of_af_infrastructureέ 

o DǊƻǿǘƘΥ άƎǊƻǿǘƘψƻŦψŀŦψƛƴŦǊŀǎǘǊǳŎǘǳǊŜέ 

- Registration of top 10 models of vehicles άǊŜƎƛǎǘǊŀǘƛƻƴǎψǘƻǇψмлψƳƻŘŜƭǎέ 
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These datasets are downloaded for all these countries: 

ὅὕὟὔὝὙὍὉὛ !ÕÓÔÒÉÁȟ"ÅÌÇÉÕÍȟ"ÕÌÇÁÒÉÁȟ#ÒÏÁÔÉÁȟ#ÙÐÒÕÓȟ#ÚÅÃÈ 2ÅÐÕÂÌÉÃȟ$ÅÎÍÁÒËȟ%ÓÔÏÎÉÁȟ   

&ÉÎÌÁÎÄȟ&ÒÁÎÃÅȟ'ÅÒÍÁÎÙȟ'ÒÅÅÃÅȟ(ÕÎÇÁÒÙȟ)ÃÅÌÁÎÄȟ)ÒÅÌÁÎÄȟ)ÔÁÌÙȟ,ÁÔÖÉÁȟ,ÉÅÃÈÔÅÎÓÔÅÉÎȟ   

 ,ÉÔÈÕÁÎÉÁȟ,ÕØÅÍÂÏÕÒÇȟ-ÁÌÔÁȟ.ÅÔÈÅÒÌÁÎÄÓȟ.ÏÒ×ÁÙȟ0ÏÌÁÎÄȟ0ÏÒÔÕÇÁÌȟ2ÏÍÁÎÉÁȟ3ÌÏÖÁËÉÁȟ   

3ÌÏÖÅÎÉÁȟ3ÐÁÉÎȟ3×ÅÄÅÎȟ3×ÉÔÚÅÒÌÁÎÄȟ4ÕÒËÅÙȟ5ÎÉÔÅÄ +ÉÎÇÄÏÍȢ  

These datasets are saved into a specific folder άΦκ5ŀǘŀκϑὧϒέ  for each country ὧɴ ὅὕὟὔὝὙὍὉὛ. 

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 named άŎƻƳōƛƴŜŘψǊŜǎǳƭǘǎψǾŜƘƛŎƭŜǎΦȄƭǎȄέ. In the functions 

άcalc_format_vehiclesέ ŀƴŘ άŎŀƭŎψŦƻǊƳŀǘψŎƘŀǊƎŜǊǎέ, the module puts together 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.xlsx 

 

Figure 25. Slice of "combined_results_vehicles.xlsx" 

 

- combined_results_chargers.xlsx.  

 

Figure 26. Slice of "combined_results_chargers" 
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These two datasets are stored in the directory άΦκ5ŀǘŀκhǳǘǇǳǘǎκ{ŎŜƴŀǊƛƻϑǎŎŜƴŀǊƛƻϒέ. If a user wants to 

provide data which does not come from EAFO website, then two files following the same structure 

(filename, columns, datatypes) as these two excels will work equally well. 

6.1.5  Vehicles and Recharging Points Estimations 

The functions άŎŀƭŎψŜǎǘƛƳŀǘƛƻƴψǾŜƘƛŎƭŜǎέ and άŎŀƭŎψŜǎǘƛƳŀǘƛƻƴψŎƘŀǊƎŜǊǎέ call back the two databases 

combined_results_vehicles.xlsx and combined_results_chargers.xlsx, respectively, and proceeds to 

perform up to three different types of estimations for the numbers of vehicles/chargers: 

- 2nd degree polynomial,  

- Logarithmic, 

- Logistic. 

In our study, we are going to just look at the logistic regression 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 for calc_estimation_vehicles  

- df όǇŀƴŘŀǎ 5ŀǘŀŦǊŀƳŜύΥ ǘƘŜ ŘŀǘŀōŀǎŜ άŎƻƳōƛƴŜŘψǊŜǎǳƭǘǎψǾŜƘƛŎƭŜǎΦȄƭǎȄέ ƛƴ ǇŀƴŘŀǎ ŘŀǘŀŦǊŀƳŜ 

format. 

- output_path (string): the directory and the name of the output file. Set to 

άŜǎǘƛƳŀǘŜǎψǾŜƘƛŎƭŜǎΦŎǎǾέΦ 

- type_interpolation (string): Value in ώάǇƻƭȅέΣ άƭƻƎέΣ άƭƻƎƛǎǘƛŎέϐ. 

- filter_vehicle: possible values: 

o False (Boolean value): in this case, the code will group the Buses, Passenger Cars and 

ans, and Heavy-Duty trucks values.  

o ά.ǳǎŜǎέ όǎǘǊƛƴƎύΥ ǘƘŜ ŜǎǘƛƳŀǘƛƻƴ ǿƛƭƭ ōŜ ǇŜǊŦƻǊƳŜŘ ŦƻǊ ά.ǳǎŜǎέΦ 

o άtŀǎǎŜƴƎŜǊ /ŀǊǎ ŀƴŘ ±ŀƴǎέ όǎǘǊƛƴƎύΥ ǘƘŜ ŜǎǘƛƳŀǘƛƻƴ ǿƛƭƭ ōŜ ǇŜǊŦƻǊƳŜŘ ŦƻǊ άtŀǎǎŜƴƎŜǊ 

/ŀǊǎ ŀƴŘ ±ŀƴǎέΦ 

o άIŜŀǾȅ 5ǳǘȅ ¢ǊǳŎƪǎέ όǎǘǊƛƴƎύΥ ǘƘŜ ŜǎǘƛƳŀǘƛƻƴ ǿƛƭƭ ōŜ ǇŜǊŦƻǊƳŜŘ ŦƻǊ άIŜŀǾȅ 5ǳǘȅ 

¢ǊǳŎƪǎέΦ 

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

o The first value tells the code, which is the initial year to be considered for the input 

data in the fitting.  

o The second value tells the code, which is the final year to be considered for the input 

data in the fitting. 

- future_years_added (list): 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_interpolate (list). List of length N (the user decides). This list contains the values to 

be interpolated by the polynomial, logarithmic, and logistic models. 
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- degree (positive int). Used for ǘȅǇŜψƛƴǘŜǊǇƻƭŀǘƛƻƴ Ґ άǇƻƭȅέ. 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 degree N. 

ὴὼ ὥὼ Ễ ὥὼ ὥᴼύὩ ὲὩὩὨ ὲ ρ ίὥάὴὰὩί Ὥὲ ὸὬὩ ὪὭὸὸὭὲὫ 

- save_params_to_csv (bool). For debugging purposes. By default, set to False. Set to True to 

extract the parameters of the polynomial fitting. 

Inputs for calc_estimation_chargers 

- df όǇŀƴŘŀǎ 5ŀǘŀŦǊŀƳŜύΥ ǘƘŜ ŘŀǘŀōŀǎŜ άŎƻƳōƛƴŜŘψǊŜǎǳƭǘǎψŎƘŀǊƎŜǊǎΦȄƭǎȄέ ƛƴ ǇŀƴŘŀǎ ŘŀǘŀŦǊŀƳŜ 

format. 

- output_path (string): the directory and the name of the output file. Set to 

άŜǎǘƛƳŀǘŜǎψŎƘŀǊƎŜǊǎΦŎǎǾέ 

- filter_charger: list (of length two) of strings. It specifies the Collection and Property of the 

ŎƘŀǊƎŜǊ ǘƻ ōŜ ŦƛƭǘŜǊŜŘ ōȅ όŜȄŀƳǇƭŜΥ ώά!/ Charging stationsέΣ ά{ƭƻǿ !/έϐύ 

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

o The first value tells the code, which is the initial year to be considered for the input 

data in the fitting.  

o The second value tells the code, which is the final year to be considered for the input 

data in the fitting. 

- future_years_added (list): 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_interpolate (list). 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 degree N. 

ὴὼ ὥὼ Ễ ὥὼ ὥᴼύὩ ὲὩὩὨ ὲ ρ ίὥάὴὰὩί Ὥὲ ὸὬὩ ὪὭὸὸὭὲὫ 

- save_params_to_csv (bool). 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 the three types of fitting that the code has been incorporated with. 

Polynomial fitting 

The polynomial fitting is performed by means of the function numpy.polynomial from the Numpy 

library. The logarithmic and logistic fitting are performed using scipy.optimize.curve_fit.  

In our tests, the preferred polynomial fitting is of degree 2, so the parameters to be determined 

are ὥȟὥȟὥ for the polynomial  

ὴὼ ὥὼ ὥὼ ὥȢ 

Logarithmic fitting 

The parameters to be determined in the logarithmic fitting are ὥȟὦ: 

Ὢὼ ὥÌÎὼ ὦȢ 
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Logistic fitting 

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

Ὢὼ ὥ
ρ ά ÅØÐ

ὼ
†

ρ ὲ ÅØÐ
ὼ
†

 ȟ 

The fitting has to determine the parameters ὥȟάȟὲȟ†Ƞ and so at least 4 data points must be 

provided. 

 

Figure 27 - 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 demand ὈὩάὥὲὨȟ for year ώ and country ὧ  is given 

by: 

ὈὉὓὃὔὈȟ  ὲȟ
ȟ Ὠȟ

ȟ

ȟ

ȟ   ×ÈÅÒÅ ὸɴ ὄὉὠȟὖὌὉὠ ÁÎÄ ὺɴ ὖὅὠȟὄὟὛȟὌὈὝȟÁÎÄ 

ὲȟ
ȟḧÎÕÍÂÅÒ ÏÆ ÖÅÈÉÃÌÅÓ ÏÆ ÔÙÐÅ ὺȟὸȟÉÎ ÙÅÁÒ ώ ÁÎÄ ÃÏÕÎÔÒÙ ὧ 

Ὠȟ
ȟḧÄÅÍÁÎÄ ÁÓÓÏÃÉÁÔÅÄ ×ÉÔÈ ÖÅÈÉÃÌÅ ÏÆ ÔÙÐÅ ὺȟὸ ÉÎ ÙÅÁÒ ώ ÁÎÄ ÃÏÕÎÔÒÙ ὧ 

The parameters ὲȟ
ȟ are computed in calc_estimation_vehicles. The parameters Ὠȟ

ȟ used for this 

computations can be modified, and set to meet the user requirements in the file 



 

Deliverable D5.1 - E-mobility scenarios: EV 

penetrations, charging infrastructure deployments 

and grid impacts 

  

 

 
Page 73 of 126 

 
 

   

demand_parameters.csv in the path άΦκ5ŀǘŀκLƴǇǳǘǎκέΦ See section Assumptions for more details on the 

data used in our use case.  

Inputs for the function calc_demand(), which computes the annual EV demand. 

- df όǇŀƴŘŀǎ 5ŀǘŀŦǊŀƳŜύΥ ǘƘŜ ŘŀǘŀōŀǎŜ άestimates_vehiclesΦȄƭǎȄέ ƛƴ ǇŀƴŘŀǎ ŘŀǘŀŦǊŀƳŜ ŦƻǊƳŀǘΦ 

- output_path (string): the directory and the name of the output file. Set to 

άŘŜƳŀƴŘψϑǾŜƘƛŎƭŜϒΦȄƭǎȄέ ŦƻǊ ὺὩὬὭὧὰὩᶰὖὅὠȟὌὈὝȟὄόίὩί. 

- άdf_demandψǇŀǊŀƳŜǘŜǊǎέΥ dataframe with the parameters obtained from 

άκLƴǇǳǘǎκŘŜƳŀƴŘψǇŀǊŀƳŜǘŜǊǎΦŎǎǾέ. 

- type_interpolation: string that determines the interpolation to follow. Options: {άƭƻƎƛǎǘƛŎέΣ 

άǇƻƭȅέΣ άƭƻƎέϒ. 

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. Let Ὕὠ ὄὉὠȟὖὌὉὠ and ὠ ὖὅὠ.  Let ὔ  be the total 

number of vehicles of type ὺ (the total fleet of Passenger Cars and Vans). This computation is only 

done for ὖὅὠ as 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: 

ὛὬὥὶὩȟ
ȟ ὲȟ

ȟ

ὔ
ρππȟ 

And then, through the step function Ὂ given in deliverable D.1.2, compute 

ίȟ
ȟ

ὊὛὬὥὶὩȟ
ȟ
ȟὸ ȟ 

Function F can be described by table 3 available in [12]. 

Table 19 - kW per vehicle depending on the EV share penetration for both BEV and PHEV. 

EV Share (%) ▼◐ȟ╬
○ȟ║╔╥ ▼◐ȟ╬

○ȟ╟╗╔╥ 

ὛὬὥὶὩȟ
ȟ

ςϷ 2.1 0.95 

ςϷ ὛὬὥὶὩȟ
ȟ

υϷ 1.6 0.75 

υϷ ὛὬὥὶὩȟ
ȟ

ρπϷ 1.3 0.65 

ρπϷὛὬὥὶὩȟ
ȟ

ρυϷ 1.1 0.6 

ρυϷὛὬὥὶὩȟ
ȟ

 1 0.55 

 

ὛὍὤὍὔὋȟ  ὲȟ
ȟ
ίȟ
ȟ

ȟ

ȟ   ×ÈÅÒÅ ὸᶰὝὠ ÁÎÄ ὺɴ ὠȟÁÎÄ 
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ὲȟ
ȟ
ḧÎÕÍÂÅÒ ÏÆ ÖÅÈÉÃÌÅÓ ÏÆ ÔÙÐÅ ὺȟὸȟÉÎ ÙÅÁÒ ώ ÁÎÄ ÃÏÕÎÔÒÙ ὧ 

ίȟḧÐÏ×ÅÒ ÃÁÐÁÃÉÔÙ ÆÏÒ ÖÅÈÉÃÌÅ ÏÆ ÔÙÐÅ ὺȟὸ 

The parameters ὲȟ
ȟ are computed in calc_estimation_vehicles. The parameters used in the previous 

Table can be modified, and set to meet the user requirements in the file sizing_share_parameters.csv 

in the path άΦκ5ŀǘŀκLƴǇǳǘǎκέΦ See section Assumptions for more details on the data used in our use 

case.  

Inputs for the function calc_sizing(), which computes the power capacity required depending on the 

number of vehicles for each year and country. 

- df όǇŀƴŘŀǎ 5ŀǘŀŦǊŀƳŜύΥ ǘƘŜ ŘŀǘŀōŀǎŜ άestimates_vehiclesΦȄƭǎȄέ ƛƴ ǇŀƴŘŀǎ ŘŀǘŀŦǊŀƳŜ ŦƻǊƳŀǘΦ 

- output_path (string): the directory and the name of the output file. Set to 

άsizing_{vehicle}.xlsxέ ŦƻǊ ὺὩὬὭὧὰὩᶰὖὅὠȟὌὈὝȟὄόίὩί. 

- άǎƛȊƛƴƎψǇŀǊŀƳŜǘŜǊǎέΥ dictionary with the parameters obtained from 

άκLƴǇǳǘǎκsizingψǇŀǊŀƳŜǘŜǊǎΦŎǎǾέ. 

- type_interpolation: string that determines the interpolation to follow. Options: {άƭƻƎƛǎǘƛŎέΣ 

άǇƻƭȅέΣ άƭƻƎέϒ. 

6.2  Methodology for GHG emission computation 

This section describes with full detail the methodology for computing the GHG emissions estimations. 

The methodology consists of two cases. 

On one hand, the avoided GHG emissions are 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 until 2050 are 

computed.  

The comparison of these two values gives an overview of the GHG emissions associated with the EV 

transition. 

6.2.1 Distribution of vehicles in different fuels 

We will define Avoided Emissions, as the total Emissions that would be generated from car 

manufacturing and usage, if all the EVs and PHEVs estimated to be produced and used until 2050 were 

not EVs and PHEVs but instead kept following the same distribution of vehicles among the following 

different type of fueled vehicles, in each country. These types of fuels are the following: 

- Petrol      - Diesel 

- EV       - PHEV 

- Hybrid      - Compressed Natural Gas (CNG) 

- Liquified Petroleum Gas (LPG)    

Let  
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ὅ ὧέόὲὸὶὭὩίȟ    

ὠ ὖὅὠȟὌὈὝȟὄὟὛȟ   (Recall that PCV = Passenger Cars and Vans, HDT= Heavy Duty Trucks.) 

Ὕὠ ὄὉὠȟὖὌὉὠȟ  

Ὂ ὖὉὝὙὕὒȟὈὍὉὛὉὒȟὉὠȟὖὌὉὠȟὌὣὄὙὍὈȟὅὔὋȟὒὖὋȟ  

ὣ ίὩὸ έὪ ώὩὥὶί.  

And let ╝○
╬◐ be the number of vehicles given by the estimations in year ◐  in country ╬ for vehicle 

type ὺȢ 

We compute the number of vehicles using fuel █ɴ ╕ , of type ὺɴ ὠȟὸᶰὝὠ  in country ╬ and year 

◐Ȣ 

ὔȟ
ȟȟ

ὲȟ
ȟ ὈὭί

ȟ

ρππ
ȟ        ᶅὪȟᶅὺȟὸȟώȟὧȢ 

The distribution ╓░▼◄╬
○ȟ█
ᶰ ȟ  , which is year-static, gives the percentage of vehicles ὺ that are 

fueled by type Ὢ in country ὧ. They are static values for all years. 

The estimations ὲȟ
ȟ
 have been previously computed by the function calc_estimation_vehicles(), and  

provide the number of EVs and PHEVs for EU+27 countries until 2050. The following detailed 

computations are performed separately for the categories άtŀǎǎŜƴƎŜǊ /ŀǊǎ ŀƴŘ ±ŀƴǎέ, άIŜŀǾȅ 5ǳǘȅ 

¢ǊǳŎƪǎέ ŀƴŘ ά.ǳǎŜǎέΦ 

For example, for Passenger cars and vans in Austria in 2020, we have the following percentage 

distribution: 

Table 20 - Percentage distribution of cars in Austria. 

Country Type 
Petrol 
(%) 

Diesel 
(%) 

EV 
(%) 

PHEV 
(%) 

Hybrid  
(%) 

Natural 
gas (%) 

LPG 
(%) 

Other 
(%) 

Unknown 
(%) 

Total 

Austria Car 42.6 51.5 2.1 0 3.7 0 0.1 0 0 100 

 

And using this distribution, we obtain: 

year ╝╬◐ ╝╟╔╣╡╞╛
╬ ◐ ╝╓╘╔╢╔╛

╬ ◐ ╝╔╥
╬ ◐ ╝╟╗╔╥

╬ ◐ ╝╗╨║╡╘╓
╬ ◐ ╝╒╝╖

╬ ◐ ╝╛╟╖
╬ ◐ 

2020 32140 13691.64 16552.1 674.94 0 1189.18 0 32.14 

 

See section 6.4 - Assumptions for details on the origin of the distribution dataset with more detail 

(ACEA). 
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6.2.2 Manufacturing emissions  

Table 21 - Input files required by the algorithm to compute manufacturing emissions. 

Input File Description Link reference 
Output from 1.1.  Contains the number of 

vehicles distributed by type 
of fuel. 

 

emissions_iea.xlsx (sheet: 
emission_manufacture) 

Contains the emissions 
produced by vehicle and 
battery manufacture in kg 
CO2. 

https://www.iea.org/data-
and-statistics/data-
tools/ev-life-cycle-
assessment-calculator , 
(Passenger Cars) 
 
Scania (Trucks, Figure 4) 
Scania-Life-cycle-
assessment-of-distribution-
vehicles 

 

Now, we compute the emissions generated by vehicle and battery manufacturing. For this, first we 

have to compute the new vehicles ὔȟ
ȟȟȟ

 that have been produced every year. We use a simple 

approximation, given by the difference of vehicles between years, and adding the previous number of 

vehicles times a substitution rate Ὓ Ȣ 

ὔȟ
ȟȟȟ

ÍÁØπȟὔȟ
ȟȟ

ὔ ȟ
ȟȟ

ὔ ȟ
ȟȟ

ί ȟᶅὪɴ Ὂ 

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

The substitution rate ί  can be set in the configuration_settings.json file. 

Example:  

 

Figure 28. Slice of the output for the distribution of the number of new vehicles for each type of fuel. 
9ȄŀƳǇƭŜ ǎƘƻǿǎ ǾŀƭǳŜǎ ŦƻǊ .9±ΩǎΣ ƛƴ !ǳǎǘǊƛŀ, between 2020  and 2050.  

 

In Figure 28, tƘŜ ŎƻƭǳƳƴ ά±ŀƭǳŜέ ǎǇŜŎƛŦƛŜǎ ǘƘŜ ƴǳƳōŜǊ ƻŦ .9±ǎΦ ¢ƘŜ ŎƻƭǳƳƴ άtŜǘǊƻƭψ±ŜƘƛŎƭŜǎέ ƛǎ 

ƻōǘŀƛƴŜŘ ŦƻƭƭƻǿƛƴƎ ǘƘŜ ŘƛǎǘǊƛōǳǘƛƻƴ ƎƛǾŜƴ ōȅ ŘƛǎǘǊƛōǳǘƛƻƴψǾŜƘƛŎƭŜǎΦŎǎǾΦ ¢ƘŜ ŎƻƭǳƳƴ άtŜǘǊƻƭψ5ƛŦŦŜǊŜƴŎŜέ 

is computed by the differences Petrol_Vehicles(y+1)-Petrol_Vehicles(y). 

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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Next, we will compute the emissions generated by battery manufacture and vehicle manufacture, for 

each ὔȟ
ȟȟȟ

ȟὪᶰὊ. For this, we need the ὯὫ ὅὕ  produced by the manufacture of both battery 

and vehicle. For 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 of Vehicle of fuel Ὢ as  

ὩȟȟὪɴ Ὂȟὺɴ ὠȢ 

2) Emissions by manufacture of Battery of fuel Ὢ as  

ὩȟȟὪɴ Ὂȟὺɴ ὠȢ 

See section Assumptions to see the values given for these parameters. 

Now, to compute the yearly emissions produced by vehicle and battery manufacturing, we use the 

following formulas. Let ὃȟȟȢ  be the Avoided emissions by Manufacture in year ώ, country ὧ and 

vehicle type ὺ (ὃ . Then,  

ὧᶅȟώȟὺȟὸḊ  ὃȟȟȟ ὔȟ
ȟȟȟ

Ὡȟ Ὡȟ Ȣ

ᶰ

 

6.2.3 Usage 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, 

- ╤█ȟὪᶰὊ, the unit for fuel Ὢ, 

- ╔╤█
╬▫□╫ȟὪᶰὊȟὯὫ ὅὕ , the Emissions produced by Combustion of Unit of fuel Ὢ. 

- ὪӶȟ ȟὪɴ Ὂ, fuel consumption by vehicle ὺ and fuel ὪȢ The units depend on the fuel. 

Find more detail in section Assumptions. 

In order to compute the Avoided combustion emissions ὃ  given by vehicles from different fuel 

types, assuming a yearly distance of Ὀȟὺɴ ὠ Ȣ Given that we are looking at the data points scattered 

through a 5 years span, we  multiply by 5 the distance covered by the vehicle.  

ὧᶅȟώȟὺȟὸḊ  ὃȟȟȟ ὲȟ
ȟȟ

υὈ ὪӶȟ  Ὁ

ᶰ͵  

 

From https://www.statista.com/statistics/250351/replacement-rate-for-cars-in-the-us/: 19.6% 

This statistic represents the replacement rate for cars in the United States between the model years of 

2020 and 2023, by manufacturer. The industry average replacement rate is expected to be 19.6 percent. 

The replacement rate indicates the volume that is replaced annually with new models as a share of total 

volume. 

https://www.statista.com/statistics/250351/replacement-rate-for-cars-in-the-us/
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ὲȟ
ȟȟ

υὈ ὪӶ
ȟ
 Ὁ  

όὲὭὸίȡ Ὧά
Ὗ

Ὧά

ὯὫὅὕ

Ὗ
ὯὫὅὕ  

6.2.4 Usage 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, 

- ╤█ȟὪᶰὊ, the unit for fuel Ὢ, 

- ╔╤█
▬►▫▀
ȟὪᶰὊȟὯὫ ὅὕ , the Emissions produced by Production of Unit of fuel Ὢ. 

- ╟╜◐
╬ ȟ power mix values for country ὧ and year ώ. 

We use the same computations for the fuel consumption as in previous section (combustion 

emissions). In order to compute the Avoided production emissions ὃ  given by vehicles from 

different fuel types, assuming a yearly distance of  Ὀȟὺɴ ὠȟ   

ὧᶅȟώȟὺḊ    ὃȟȟ ὲȟ
ȟȟ

υὈ ὪӶȟ  Ὁ

ᶰ͵ ȟ

 

ὲȟ
ȟȟ

υὈ ὪӶȟ  ὖὓ  

ὲȟ
ȟȟ

υὈ ὪӶ
ȟ
 Ὁ  ὪӶ

ȟ
 ὖὓ  

  όὲὭὸίȡ Ὧά
Ὗ

Ὧά

ὯὫὅὕ

Ὗ
ὯὫὅὕ Ȣ 

 

6.3  Methodology for Estimated GHG Emissions (in EV/PHEV 

scenario) 

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 associated with these numbers. 

6.3.1 Manufacture emissions (production) 

In this case, using the following computations: 

ὣ ίὩὸ έὪ ώὩὥὶί  ςπςπȟςπςσȟςπςυȟςπσπȟςπσυȟςπτπȟςπτυȟςπυπ 

ὔȟ
ȟȟ ȟ ÍÁØπȟὲȟ

ȟ ὲ ȟ
ȟ ȟ  

ὔȟ
ȟ ȟ ÍÁØπȟὲȟ

ȟ ὲ ȟ
ȟ ȟ  
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Leads to the final computation for manufacturing emissions Ὁ  and Ὁ : 

Ὁȟȟ
ȟ ὔȟ

ȟ ȟ Ὁ ȟ Ὁ ȟ ȟ 

Ὁȟȟ
ȟ ὔȟ

ȟ ȟ Ὁ ȟ Ὁ ȟ Ȣ 

In the previous section, the avoided emissions were computed for either ὸᶰὄὉὠȟὖὌὉὠ; i.e, the 

BEV estimates, or the PHEV estimates. For a fair comparison, we have to add these two values and 

obtain: 

Ὁȟȟ Ὁȟȟ
ȟ Ὁȟȟ

ȟ Ȣ 

6.3.2 Usage emissions (combustion) 

Let us remember the notation from previous section, 

- ╤█ȟὪᶰὊ, the unit for fuel Ὢ, 

- ╔╤█
╬▫□╫ȟὪᶰὊȟὯὫ ὅὕ , the Emissions produced by Combustion of Unit of fuel Ὢ 

And so, the combustion emissions 

Ὁȟȟ Ὁȟȟ
ȟ Ὁȟȟ

ȟ ȟ 

where the first term Ὁ π. 

Computation: 

Ὁȟȟ
ȟ π ȟ  

Ὁȟȟ
ȟ ὲȟ

ȟ υὈ ὪӶ ȟ  Ὁ ȟ 

όὲὭὸίȡ Ὧά
Ὗ

Ὧά

ὯὫὅὕ

Ὗ
ὯὫὅὕ  

Fuel consumption of BEVs and PHEVs does not generate emissions. In the case of Ὢ  ὖὌὉὠ, what 

we really do is: 

╓○ Ȣ Ȣ Ȣ  

6.3.3 Usage emissions (production) 

Let us remember the notation from previous section, 

- ╤█ȟὪᶰὊ, the unit for fuel Ὢ, 

- ╔╤█
▬►▫▀
ȟὪᶰὊȟὯὫ ὅὕ , the Emissions produced by Production of Unit of fuel Ὢ, 

-  ╟╜◐
╬, power mix emissions in country ὧ and year ώȢ 

And so, the combustion emissions Ὁȟȟ Ὁȟȟ
ȟ Ὁȟȟ

ȟ ȟ 

Computation 



 

Deliverable D5.1 - E-mobility scenarios: EV 

penetrations, charging infrastructure deployments 

and grid impacts 

  

 

 
Page 80 of 126 

 
 

   

Ὁȟȟ
ȟ ὲȟ

ȟ υὈ ὪӶȟ  ὖὓ ȟ 

Ὁȟȟ
ȟ ὲȟ

ȟ υὈ ὪӶ ȟ  Ὁ  ὪӶ ȟ  ὖὓ  

  όὲὭὸίȡ Ὧά
Ὗ

Ὧά

ὯὫὅὕ

Ὗ
ὯὫὅὕ Ȣ 

 

6.4 Assumptions 

6.4.1 Demand 

Basically, it is a csv with 3 classification columns: Collection, Properties, Year, which allow us to identify 

the demand associated to the vehicle per country. 

 

Figure 29. Slice of the database "demand_parameters.csv". 

 

¢ƘŜ ŦƛǊǎǘ ŎƻƭǳƳƴ άCollectionέ Ƙŀǎ ǘƘŜ ŘŜǎŎǊƛǇǘƛƻƴ ƻŦ ǘƘŜ ŘƛŦŦŜǊŜƴǘ ǘȅǇŜ ƻŦ vehicles considered. In our 

ŀƴŀƭȅǎƛǎΣ ǿŜ ŀǊŜ ŘƻƛƴƎ ƛǘ ŦƻǊ άtŀǎǎŜƴƎŜǊ ŎŀǊǎ ŀƴŘ Ǿŀƴǎέ όt/±ύΣ ά.ǳǎŜǎέ ŀƴŘ άIŜŀǾȅ Řǳǘȅ ǘǊǳŎƪǎέ όI5¢ύΦ 

Lƴ άPropertiesέ we have the classification in either ά.9±έ ƻǊ άtI9±έΦ ¢ƘŜƴ ǿŜ ŦƛƴŘ ǎǇŜŎƛŦƛŎ ŎƻƭǳƳƴǎ ŦƻǊ 

each country, with the expected MWh required to fuel an electrical vehicle for a full year. This is 

replicated for every year in the column ά¸ŜŀǊέ, in case the user wants to increase/decrease the yearly 

associated demand. In our analysis, we have used static values for every year, country, and Property. 

The parameters ὖ are averaged values, and the final results for the demand are highly sensitive and 

directly proportional to the parameters Ὠȟ
ȟ chosen. 

The parameters chosen for our study are: 

- for PCVs, 3.03 MWh/year for both BEV and PHEV. Assuming the same value for both follows 

the same approach as in D1.2. The annual consumption value is obtained by the product of 

annual distance and consumption by km. The values chosen for these two parameters have 

been: distance, 15.000 km/year; and consumption, 0.2020 kW/km. [13] 

- for HDTs is 82.5 MWh/year for both BEV and PHEV. Assuming the same value for both follows 

the same approach as in D1.2. The annual consumption value is obtained by the product of 

annual distance and consumption by km. The values chosen for these two parameters have 

been: distance, 75.000 km/year; and consumption, 1.15 kW/km [14]. 
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- for Buses is 151.2 MWh/year for both BEV and PHEV. Assuming the same value for both follows 

the same approach as in D1.2. The annual consumption value is obtained by the product of 

annual distance and consumption by km. The values chosen for these two parameters have 

been: distance, 120.000 km/year; and consumption, 1.26 kW/km [15].  

6.4.2 Sizing 

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, arguably, for HDTs and Buses, the installed capacity will be placed ad-hoc in the bus or 
truck depots, and so it might not be considered in the publicly available charging infrastructure 
capacity. For passenger cars and vans, the values given are the following: 

Table 22 - This table presents the kW/vehicle chosen for BEV and PHEV Passenger Cars and Vans depending 
on the BEV/PHEV penetration in the public fleet. 

Collection Properties EV_share_DOWN EV_share_UP Value (kW/vehicle) 

Passenger cars and vans  
 

BEV 

0 2 2.1 

2 5 1.6 

5 10 1.3 

10 15 1.1 

15 100 1 

 
 

PHEV 

0 2 0.95 

2 5 0.75 

5 10 0.65 

10 15 0.6 

15 100 0.55 

 

¢Ƙƛǎ ǘŀōƭŜ Ŏŀƴ ōŜ ƳƻŘƛŦƛŜŘ ƛƴ ǘƘŜ ƛƴǇǳǘ ŦƛƭŜ άǎƛȊƛƴƎψǎƘŀǊŜψǇŀǊŀƳŜǘŜǊǎΦŎǎǾέ and has to be located in 
άΦκ5ŀǘŀκLƴǇǳǘǎκέΦ This database could be 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 the share surpasses 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 assuming that charge point utilization will become more efficient over time 
(smarter and 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.xlsx. This dataset can be modified to meet user needs, or updated values of 
the vehicle fleet in the future. 
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6.4.3 GHG: 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 

ƎƛǾŜƴ ōȅ ǘƘŜ 9ǳǊƻǇŜŀƴ !ǳǘƻƳƻōƛƭŜ aŀƴǳŦŀŎǘǳǊŜǊǎΩ !ǎǎƻŎƛŀǘƛƻƴ ό!/9!ύ [16]. They distribute the 

ǾŜƘƛŎƭŜǎ ōŜǘǿŜŜƴ άtŜǘǊƻƭέΣ ά5ƛŜǎŜƭέΣ ά9±έΣ άtI9±έΣ άIȅōǊƛŘέΣ ά/bDέΣ ά[tDέΤ ŀƴŘ ƭŀǎǘƭȅΣ ǘƘŜȅ ŀƭǎƻ ƘŀǾŜ 

the ŎŀǘŜƎƻǊƛŜǎ άhǘƘŜǊέ ŀƴŘ ά¦ƴƪƴƻǿƴέΣ ǿƘƛŎƘ ǊŜǇǊŜǎŜƴǘ ŀ ǎƳŀƭƭ ǇŜǊŎŜƴǘŀƎŜ ƻŦ ǘƘŜ ǎŀƳǇƭŜǎΦ ²Ŝ ƘŀǾŜ 

assumed them to be either Petrol or Diesel vehicles (depending on the type of vehicle) as they are the 

most representative samples.  

Table 23 - Manufacture parameters - input files, description and references. 

Input File Description Reference 
distribution_vehicles.xlsx Contains the distribution of vehicles 

amongst the different fueling types for 
country in 2023 (ACEA), for cars, 
trucks, vans and buses. 

[16] 

estimates_Heavy_Duty_Trucks.xlsx Contains the ŜǎǘƛƳŀǘƛƻƴǎ ŦƻǊ άIŜŀǾȅ 
5ǳǘȅ ¢ǊǳŎƪǎέ ǳƴǘƛƭ нлрл. 

 

estimates_Passenger_Cars_Vans.xlsx Contains the estimations for 
άtŀǎǎŜƴƎŜǊ /ŀǊǎ ŀƴŘ ±ŀƴǎέ ǳƴǘƛƭ нлрл. 

 

estimates_Buses.xlsx /ƻƴǘŀƛƴǎ ǘƘŜ ŜǎǘƛƳŀǘƛƻƴǎ ŦƻǊ άBusesέ 
until 2050. 

 

 

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

 

Table 24 - Manufacturing emissions for both the vehicle and battery for all types of vehicles considered. 
Type ▄╟╔╣╡╞╛

╥  ▄╓╘╔╢╔╛
╥  ▄╔╥

╥  ▄╟╗╔╥
╥  ▄╗╨║╡╘╓

╥  ▄╒╝╖
╥  ▄╛╟╖

╥  

Passenger cars 
and vans 

3.700 3.700 3.300 4.400 4.400 3.700 3.700 

Heavy duty 
trucks 

27.500 27.500 33.300 44.400 44.400 27.500 27.500 

Buses 70.000 70.000 54.248 70.561 76.594 70000 70000 

Type ▄╟╔╣╡╞╛
║  ▄╓╘╔╢╔╛

║  ▄╔╥
║  ▄╟╗╔╥

║  ▄╗╨║╡╘╓
║  ▄╒╝╖

║  ▄╛╟╖
║  

Passenger cars 
and vans 

0 0 4.500 1.300 1.300 0 0 

Heavy duty 
trucks 

0 0 22.200 6.413 6.413 0 0 

Buses 0 0 25652 7439.5 1406 0 0 

 

Regarding άtŀǎǎŜƴƎŜǊ ŎŀǊǎ ŀƴŘ Ǿŀƴǎέ, for both the manufacture of the vehicle and the battery, we 

ƘŀǾŜ ǳǎŜŘ ǘƘŜ ǾŀƭǳŜǎ ƎƛǾŜƴ ōȅ ǘƘŜ LƴǘŜǊƴŀǘƛƻƴŀƭ 9ƴŜǊƎȅ !ƎŜƴŎȅ όL9!ύ ǘƘǊƻǳƎƘ ǘƘŜƛǊ ά9± [ƛŦŜ /ȅŎƭŜ 

!ǎǎŜǎǎƳŜƴǘ /ŀƭŎǳƭŀǘƻǊέ ǘƻƻƭ [17].  
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For άIŜŀǾȅ Řǳǘȅ ǘǊǳŎƪǎέ batteries, we have used the SCANIA study [18] where they provide the value 

χτ ὫὅὕȾὯὡὬ of capacity to estimate the manufacturing emissions for Li-Ion Batteries, and we have 

assumed a battery of σππ ὯὡὬ. To obtain the values for PHEV and Hybrid trucks, we have used the 

same scaling between BEV and (PHEV, Hybrid) given by [2] for άtŀǎǎŜƴƎŜǊ ŎŀǊǎ ŀƴŘ Ǿŀƴǎέ. Regarding 

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) given by [2] for άtŀǎǎŜƴƎŜǊ ŎŀǊǎ ŀƴŘ Ǿŀƴǎέ. 

For the bus manufacturing values, we have used reference [20]. Regarding bus battery manufacturing 

emissions, we have used the value 348 kWh given by [21] for BEV buses, and the χτ ὫὅὕȾὯὡὬ used 

ƛƴ ǘƘŜ IŜŀǾȅ 5ǳǘȅ ¢ǊǳŎƪǎ ŎŀǎŜΦ !ƎŀƛƴΣ ǿŜ ƘŀǾŜ ǳǎŜŘ ǘƘŜ ǎŎŀƭƛƴƎ ƎƛǾŜƴ ōȅ άPassenger cars and vansέΣ ŦƻǊ 

which case we had all the values, to extrapolate the values for the other types of buses.  

The values given by Table 24 can be configured in the excel file άŜƳƛǎǎƛƻƴψǇŀǊŀƳŜǘŜǊǎΦȄƭǎȄέ found in 
άΦκ5ŀǘŀκLƴǇǳǘǎέΣ in sheet άŜƳƛǎǎƛƻƴψƳŀƴǳŦŀŎǘǳǊŜέ. 
 

6.4.3.1  GHG: Usage combustion emissions 

Table 25 - Usage combustion emissions - input files, description and references. 

Input File Description Reference 
Output from section 3.1.1.7.1. Contains the number of 

vehicles distributed by type of 
fuel. 

 

emissions_iea.xlsx (sheet: 
emission_factor_fuel) 

Contains the emissions 
produced by fuel combustion. 

The sources for each data 
entry are shown in the 
following tables 

emissions_iea.xlsx (sheet: 
consumption_km) 

Contains the fuel consumption 
by km travelled 

The sources for each data 
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 reference [22]. 

Table 26 - Emissions produced by combustion for each type of fuel [22]. 

█ɴ ╕ ╤█ ╔╤█
╬▫□╫ Reference 

ὖὉὝὙὕὒ ὰ 
ςȢρυχ 

ὯὫὅὕ

ὰ
 

Table A in [22] 

ὈὍὉὛὉὒ ὰ 
ςȢτωσ

ὯὫὅὕ

ὰ
 

ὅὔὋ ὯὫ 
ςȢχρ 

ὯὫὅὕ

ὯὫ
 

ὒὖὋ ὰ 
ρȢφρ 

ὯὫὅὕ

ὰ
 

Ὁὠ ὯὡὬ 
π 
ὯὫὅὕ

ὯὡὬ
 

Assumed to be 0 

ὖὌὉὠ ὯὡὬ ὰ 
π 
ὯὫὅὕ

ὯὡὬ
ςȢρυχ 

ὯὫὅὕ

ὰ
 

Assumed to use Petrol 
combustion 



 

Deliverable D5.1 - E-mobility scenarios: EV 

penetrations, charging infrastructure deployments 

and grid impacts 

  

 

 
Page 84 of 126 

 
 

   

█ɴ ╕ ╤█ ╔╤█
╬▫□╫ Reference 

ὌὣὄὙὍὈ ὰ 
ςȢρυχ 

ὯὫὅὕ

ὰ
 

Assumed to use Petrol 
combustion 

 

For the values for PHEV and Hybrid combustion emissions, we have decided to follow Petrol values. 

On the other hand, for the computations we also need values for: 

A) Average yearly driving distance Ὧά ŦƻǊ άt/±έΣ άI5¢έ ŀƴŘ ά.ǳǎŜǎέΦ 

In section 2.3 of reference [23] they provide a value of 15.000 km per year. So we have used, 

Ὀ ρυπππ Ὧάȟ ŀǎ ȅŜŀǊƭȅ ŘƛǎǘŀƴŎŜ ǘǊŀǾŜƭƭŜŘ ōȅ άtŀǎǎŜƴƎŜǊ ŎŀǊǎ ŀƴŘ ǾŀƴǎέΦ  

Ὀ χυȢπππ Ὧάȟ  ŀǎ ȅŜŀǊƭȅ ŘƛǎǘŀƴŎŜ ǘǊŀǾŜƭƭŜŘ ōȅ άIŜŀǾȅ Řǳǘȅ ǘǊǳŎƪǎέΣ 

Ὀ ρςπȢπππ Ὧάȟ ŀǎ ȅŜŀǊƭȅ ŘƛǎǘŀƴŎŜ ǘǊŀǾŜƭƭŜŘ ōȅ ά.ǳǎŜǎέΦ 

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

Regarding the average consumption ὪӶȟ Σ ǿŜ ƘŀǾŜ ǳǎŜŘ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǾŀƭǳŜǎ ŦƻǊ άt/±έΣ 

Table 27 - Parameter values for PCV consumption.  

PASSENGER CARS 
█ɴ ╕ Units █╤█ȟ╟╒╥

╬▫▪▼ Reference 

ὖὉὝὙὕὒ ὰ 
πȢπφ 

ὰ 

Ὧά
 

[24]   

ὈὍὉὛὉὒ ὰ 
πȢπφρ 

ὰ

Ὧά
 

[25] 

ὅὔὋ ὯὫ 
πȢπσρ 

ὯὫ

Ὧά
 

Described below table 

ὒὖὋ ὰ 
πȢπφω 

ὰ

Ὧά
 

[26] 

Ὁὠ ὯὡὬ 
πȢςπς 

ὯὡὬ

Ὧά
 

[13] 

ὖὌὉὠ
ὖὌὉὠ
ὖὌὉὠ 

ὯὡὬ ὰ 
 πȢρψυ

ὯὡὬ

Ὧά

πȢπρφχ 
ὰ

Ὧά
 

[13] 

ὌὣὄὙὍὈ ὰ 
πȢπτ 

ὰ 

Ὧά
 

[27] 

 

Computation of the parameter ὪӶ for CNG (PCV).  

In paper [28], in Table 4, there is the average emission of ὅὕ  in . More particularly, they show that 

in Italy, the average is ρχψȢσψ   πȢρχψσψ . But to follow the same structure as with the other 
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fuels, the value that we want first, is the ὯὫ έὪ ὅὔὋ  required for Ὧά  travelled. Then, we know that 1 kg 

CNG emits 1.61 kg /hн   {ŜŎǘƛƻƴ о ά¢ǊŀƴǎǇƻǊǘέ ¢ŀōƭŜ ! in [22]).  

And so, we have that: 

ËÇ#/ς

ËÍ
 
ËÇ#/ς

ËÇ #.'

ËÇ #.'

ËÍ
 

πȢρχψσψ  
ὯὫ ὅὔὋ

Ὧά
ρȢφρ O ὪӶ ȟ

πȢρχψσψ

ρȢφρ
πȢρρπχ  

ὯὫὅὔὋ

Ὧά
Ȣ 

So this is the value that we will use for the parameter ὪӶ ȟ . 

Next, the values used for heavy duty trucks are presented. 

Table 28 - Parameter values for HDT consumption. In average, diesel trucks represent > 95 % of trucks in 
Europe. For this reason, only diesel and EV/PHEV trucks are considered. 

TRUCKS 
█ɴ ╕ Units █╤█ȟ◄►◊╬▓

╬▫▪▼   Reference 

ὈὍὉὛὉὒ Ì 
πȢσυ 

ὰ

Ὧά
 

[29]https://irecedu.sharepoint.com/sites/Intern
al/ECOS/Projectes/FLOW/WP5/Tools/Energy 

System Impact 
Tool/MarketScenariosTool/Methodology/TRUCK

_IMPORTANT_hdv-co2-emissions-eu-2020-
reporting-2-jul23.pdf 

Ὁὠ ὯὡὬ 
ρȢρυ 

ὯὡὬ

Ὧά
 

[14] 

ὖὌὉὠ
ὖὌὉὠ
ὖὌὉὠ 

ὯὡὬ
ὰ 

 ρȢππχ
ὯὡὬ

Ὧά

πȢπστ 
ὰ

Ὧά
 

[29] 

 

Next, we present the values used for buses. 

 

Table 29 - Parameter values for Buses consumption. 

BUSES 
█ɴ ╕ Units █╤█ȟ╫◊▼

╬▫▪▼  Reference 

ὈὍὉὛὉὒ ὰ 
πȢτω 

ὰ

Ὧά
 

[15] 

ὖὉὝὙὕὒ ὰ 
πȢτω 

ὰ

Ὧά
 

We use same value as in DIESEL  

Ὁὠ ὯὡὬ 
ρȢςφ 

ὯὡὬ

Ὧά
 

[15]  

ὖὌὉὠὖὌὉὠ ὖὌὉὠ ὯὡὬ
ὰ 

 ρȢρυ
ὯὡὬ

Ὧά

 πȢρτ
ὰ

Ὧά
 

We use the same reduction to 
the values in DIESEL and EV, as 

the ones provided in cars 

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
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
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
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BUSES 
ὅὔὋ ὯὫ 

πȢσψ 
ὯὫ

Ὧά
 

Described below table 

ὌὣὄὙὍὈ ὰ 
πȢτ 

ὰ

Ὧά
 

Described below table 

ὒὖὋ ὯὫ 
πȢτ 

ὰ

Ὧά
 

We use same value as in DIESEL  

 

Buses CNG consumption: In page 11 of reference [15], 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, note that 1 

liter of diesel contains approximately 35.8 MJ (megajoules) of energy, and 1 kg of CNG contains 

approximately 50 MJ of energy. Then,  

ρ ὯὫ ÏÆ ὅὔὋ ÐÅÒ ÌÉÔÅÒ ÏÆ ÄÉÅÓÅÌ ÅÑÕÉÖÁÌÅÎÔ 
συȢψ

υπ
 πȢχρφ 

ὯὫ ὅὔὋ

ὒὈὉ
 

Now, we can use this equivalence factor, obtaining the conversion to kg of CNG:  

υςȢφσ ὒὈὉ

ρππὯά
πȢχρφ 

ὯὫὅὔὋ

ὒὈὉ
 πȢσχχ ὯὫ ὅὔὋ ȾὯά 

6.4.3.2  GHG: Production emissions 

Table 30 - Production emissions - input files, description and references. 

Input File Description Reference 
Output from 1.1.  Contains the number of 

vehicles distributed by type of 
fuel. 

 

emissions_iea.xlsx (sheet: 
emission_factor_fuel) 

Contains the emissions 
produced by fuel production. 

 

emissions_iea.xlsx (sheet: 
consumption_km) 

Contains the fuel consumption 
by km travelled 

 

emissions_iea.xlsx (sheet: 
power_mix_factor) 

Contains the power mix factor 

for each country  

 

 

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

Table 31 - Emissions produced by production for each type of fuel. 

█ɴ ╕ ╤█ ╔╤█
▬►▫▀

 Reference 

ὖὉὝὙὕὒ ὰ 
πȢυψπωτ 

ὯὫὅὕ

ὰ
 

[30], look for excel ghg-conversion-
factors-
2024_full_set__for_advanced_users_.xlsx, 
 ƛƴ ǎƘŜŜǘ ά²¢¢- ŦǳŜƭǎέΣ ŀƴŘ ŎŜƭƭ άфр5έ 

 

file:///C:/Users/aivanova/Documents/IREC/Projects/FLOW/3.%20WPs/5.%20WP5/2.%20Task%205.1/2.%20Subtasks/2.%20T5.1.2%20-%20Energy%20System%20Impacts%20Tool/MarketScenariosTool/GHG%20Emissions/ghg-conversion-factors-2024_full_set__for_advanced_users_.xlsx
file:///C:/Users/aivanova/Documents/IREC/Projects/FLOW/3.%20WPs/5.%20WP5/2.%20Task%205.1/2.%20Subtasks/2.%20T5.1.2%20-%20Energy%20System%20Impacts%20Tool/MarketScenariosTool/GHG%20Emissions/ghg-conversion-factors-2024_full_set__for_advanced_users_.xlsx
file:///C:/Users/aivanova/Documents/IREC/Projects/FLOW/3.%20WPs/5.%20WP5/2.%20Task%205.1/2.%20Subtasks/2.%20T5.1.2%20-%20Energy%20System%20Impacts%20Tool/MarketScenariosTool/GHG%20Emissions/ghg-conversion-factors-2024_full_set__for_advanced_users_.xlsx
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█ɴ ╕ ╤█ ╔╤█
▬►▫▀

 Reference 

ὈὍὉὛὉὒ ὰ 
πȢφρρπρ

ὯὫὅὕ

ὰ
 

[30], look for excel ghg-conversion-
factors-
2024_full_set__for_advanced_users_.xlsx, 
 ƛƴ ǎƘŜŜǘ ά²¢¢- ŦǳŜƭǎέΣ ŀƴŘ ŎŜƭƭ άтм5έ 

 

ὅὔὋ ὯὫ 
πȢχσσωψ 

ὯὫὅὕ

ὯὫ
 

See below the table 

ὒὖὋ ὰ 
πȢρωπψυ 

ὯὫὅὕ

ὰ
 

See below the table 

Ὁὠ ὯὡὬ 
ὖὓ

ὯὫὅὕ

ὯὡὬ
ȟ  

ὧɴ ὅέόὲὸὶὭὩίȟώᶰὣ 

See below the table 
 

ὖὌὉὠ
ὖὌὉὠ
ὖὌὉᾠὯὡὬ 

ὯὡὬ
ὰ 

ὖὓ
ὯὫὅὕ

ὯὡὬ

πȢυψπωτ  
ὯὫὅὕ

ὰ
ȟ 

ὧɴ ὅέόὲὸὶὭὩίȟώᶰὣ 

Assumed to use Power Mix Electricity, and 
Petrol combustion 

ὌὣὄὙὍὈ ὰ 
πȢυψπωτ   

ὯὫὅὕ

ὰ
 

Assumed to use Petrol  

  

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 by [31] for 2023. From there, we have we assume a decrement of 0.05% 

each year, for each European country. Some countries had to be found in other sources. Those 

countries were: 

¶ Norway [32],  

¶ Iceland [33], 

¶ Switzerland [32],  

¶ United Kingdom: [34] , source that cites [30].  

 
And with this, we have a different Power Mix factor for every country and year, 

ὖὓ ȟᶅὧ ɴ ὅȟᶅώɴ ὣȢ 

For the emissions from LPG production, we have used the reference value given by [35]: 

πȢστχ
ὯὫὅὕ

ὯὫ ὒὖὋ
Ȣ 

For consistency with previous section, we want to convert this to value to , following section 2.1. of  

[36] gives density of LPG of πȢυυ  , and so, 

Ὁ πȢστχ
ὯὫὅὕ

ὯὫ ὒὖὋ

πȢυυ ὯὫ ὒὖὋ

ρ ὰ ὒὖὋ
 πȢρωπψυ 

ὯὫ ὅὕ

ὰ ὒὖὋ
Ȣ 

file:///C:/Users/aivanova/Documents/IREC/Projects/FLOW/3.%20WPs/5.%20WP5/2.%20Task%205.1/2.%20Subtasks/2.%20T5.1.2%20-%20Energy%20System%20Impacts%20Tool/MarketScenariosTool/GHG%20Emissions/ghg-conversion-factors-2024_full_set__for_advanced_users_.xlsx
file:///C:/Users/aivanova/Documents/IREC/Projects/FLOW/3.%20WPs/5.%20WP5/2.%20Task%205.1/2.%20Subtasks/2.%20T5.1.2%20-%20Energy%20System%20Impacts%20Tool/MarketScenariosTool/GHG%20Emissions/ghg-conversion-factors-2024_full_set__for_advanced_users_.xlsx
file:///C:/Users/aivanova/Documents/IREC/Projects/FLOW/3.%20WPs/5.%20WP5/2.%20Task%205.1/2.%20Subtasks/2.%20T5.1.2%20-%20Energy%20System%20Impacts%20Tool/MarketScenariosTool/GHG%20Emissions/ghg-conversion-factors-2024_full_set__for_advanced_users_.xlsx
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Lastly, for the emissions coming from CNG production, we have used the webpage climatiq. 

For the CNG parameter, again, the webpage climatiq [37], which provides the value: 

πȢπωτρ
ὯὫὅὕ

ὰ ὅὔὋ
Ȣ 

 
In our methodology, we want to convert it to kgCO2/kg. In the web service available at [38], searching by 
љĦŸůƓƖĲƚƚĲĬНŰċƣƨƖċũНŊċƚњНƽĲНőċƻĲНċНĦŸŰƻĲƖƚŔŸŰНŉċĦƣŸƖНŸŉНа 

πȢχψὰ

ρππὫ
ͯ
πȢχψὰ

ρππὫ

ρπππὫ

ρὯὫ
χȢψ
ὰ

ὯὫ
Ȣ 

Then, using both values, we have: 

Ὁ πȢπωτρ
ὯὫὅὕ

ὰ ὅὔὋ

χȢψὰ 

ὯὫ
  πȢχσσωψ

ὯὫὅὕ

ὯὫ ὅὔὋ
Ȣ 

 

6.5 Results from additional scenarios S1-S3 

6.5.1 Scenario S1: optimistic scenario (+10%) 

6.5.1.1 Vehicle estimates 

This trend will repeat over the scenarios: the total 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 scenario. Poland and Romania often exhibit the highest growth rates, particularly in the early 

years (2025-2030-2035) to meet the policies numbers in 2035, while 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 

ŀ ƭƻǿŜǊ ƻƴŜ ƛƴ ǘƘŜ Ŧƛƴŀƭ ȅŜŀǊǎΦ {ƘƻǿƛƴƎ ǘƘŜ ǾŀƭǳŜ ά9ǎǘƛƳŀǘŜǎό{мύ-Estimates(S0) 

- PERIOD 2025-2030: presents an increase of +35.32% (PCVs ς BEV), +18.63% (PCVs ς PHEV), 

119.31% (HDTs ς BEV), +165.34% (HDTs ς PHEV), +35.64% (Buses ς BEV), and +113.91% 

(Buses ς PHEV).  

- PERIOD 2030-2035: presents an increase of +7.67% (PCVs ς BEV), +5.14% (PCVs ς PHEV), 

2.84% (HDTs ς BEV), -8.02% (HDTs ς PHEV), +8.61% (Buses ς BEV), and +3.83% (Buses ς 

PHEV).  

- PERIOD 2035-2040: presents an increase of -9.39% (PCVs ς BEV), -5.18% (PCVs ς PHEV),      

-15.57% (HDTs ς BEV), -17.4% (HDTs ς PHEV), -10.54% (Buses ς BEV), and -17.73% (Buses ς 

PHEV).  

- PERIOD 2040-2045: presents an increase of -3.87% (PCVs ς BEV), -4.58% (PCVs ς PHEV),      

-2.02% (HDTs ς BEV), -1.33% (HDTs ς PHEV), -3.55% (Buses ς BEV), and -1.27% (Buses ς 

PHEV).  

- PERIOD 2045-2050: presents an increase of -1.5% (PCVs ς BEV), -3% (PCVs ς PHEV), -0.5% 

(HDTs ς BEV), -0.36% (HDTs ς PHEV), -1.5% (Buses ς BEV), and -0.20% (Buses ς PHEV).  
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The full table for these presented values is given in the last subsection of the Results section 

ά{ŎŜƴŀǊƛƻǎ /ƻƳǇŀǊƛǎƻƴέΦ 

Table 32 - Summary of the percentual growth of number of EVs by Collection and Property (S1). 
Collection Prope

rty 
Item 2025-2030 2030-2035 2035-2040 2040-2045 2045-2050 

Passenger 
cars and 
vans 

BEV 
 

Average 
growth 459% 325% 79% 17% 5% 

Peak 
growth 

Poland  
1 060% 

Poland  
714% 

Romania 
101% 

Norway  
30% 

Norway  
26% 

Lowest 
growth 

Norway  
30% 

Norway  
32% 

Norway  
32% 

Romania  
8% 

Romania  
1% 

PHEV 
 

Average 
growth 221% 154% 60% 23% 12% 

Peak 
growth 

Latvia  
555% 

Cyprus  
386% 

Cyprus  
91% 

Norway  
31% 

Sweden  
36% 

Lowest 
growth 

Sweden  
6% 

Sweden  
12% 

Sweden  
21% 

Cyprus  
12% 

Cyprus  
1% 

Heavy duty 
trucks 

BEV 
 

Average 
growth 1688% 1004% 100% 8% 1% 

Peak 
growth 

Bulgaria 
3071% 

Estonia 
1700% 

Estonia  
110% 

Norway  
20% 

Norway  
4% 

Lowest 
growth 

Norway  
301% 

Norway 
194% 

Norway  
74% 

Bulgaria  
3% 

Bulgaria  
1% 

PHEV Average 
growth 2577% 1472% 105% 5% 1% 

Peak 
growth 

Luxembourg 
3076% 

Cyprus  
1700% 

Cyprus  
110% 

Norway  
29% 

Norway  
20% 

Lowest 
growth 

Norway  
57% 

Norway  
49% 

Norway  
39% 

Luxembourg 
3% 

Luxembourg 
1% 

Buses BEV Average 
growth 447% 473% 84% 15% 4% 

Peak 
growth 

Croatia 
1861% 

Croatia 
1666% 

Croatia  
110% 

Luxembourg 
29% 

Luxembourg 
24% 

Lowest 
growth 

Luxembourg 
40% 

Luxembourg 
37% 

Luxembourg 
34% 

Croatia  
3% 

Croatia  
1% 

PHEV Average 
growth 1735% 1286% 106% 5% 1% 

Peak 
growth 

Malta  
3 077% 

Cyprus  
1 701% 

Cyprus  
110% 

Belgium  
27% 

Belgium  
12% 

Lowest 
growth 

Luxembourg 
19% 

Belgium  
90% 

Belgium  
54% 

Malta  
3% 

Malta  
1% 

 

In terms of absolute numbers, the absolute growth of the EV fleet peaks in the 2035-2040 period, 

although with a lesser difference to the 2030-2035 period. Similarly, as in the base scenario, the 

countries with major absolute growth in all scenarios repeatedly is Germany, with Italy and France 

tailing behind.  

Table 33 - Summary of the absolute growth of number of EVs by Collection and Property (S1). 
Collection Property Item 2025-2030 2030-2035 2035-2040 2040-2045 2045-2050 

Passenger 
cars and 
vans 

BEV 
 

Total 
increase 27.42 million  92.37 million 

105.18 
million  

37.07 
million 10.82 million 

Highest 
difference 

Germany 
5.64 million 

Italy 14.83 
million 

Italy 17.14 
million 

Germany 
7.54 million 

Germany 2.62 
million 
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Lowest 
difference 

Malta  
32 608 

Luxembourg 
95 382 

Luxembourg 
108 065 

Malta 
43 088 

Cyprus  
4 524 

PHEV 
 

Total 
increase 5.47 million 11.40 million 

13.23 
million 8.35 million 4.91 million 

Highest 
difference 

Germany 
908 999 

Italy  
2.02 million 

Italy  
2.37 million 

Germany 
1.46 million 

Germany  
1.19 million 

Lowest 
difference 

Luxembourg 
5 761 

Luxembourg 
8 073 

Luxembourg 
10 718 Malta 9 813 Cyprus 1 455 

Heavy 
duty 
trucks 

BEV 
 

Total 
increase 231 351 1.54 million 1.77 million 308 830 38 228 

Highest 
difference 

Germany  
56 045 Italy 223 465 

Italy  
258 761 

Germany  
74 236 

Germany  
12 396 

Lowest 
difference Malta 134 Malta 1 787 Malta 2 069 Malta 181 Malta 8 

PHEV Total 
increase 6 227 87 375 101 376 8 542 867 

Highest 
difference 

Germany 
790 

Germany  
13 867 

Germany  
16 188 

Germany  
1 086 Norway 377 

Lowest 
difference Malta 5 Malta 94 Malta 109 Malta 7 Malta 0 

Buses 
 

BEV Total 
increase 141 530 559 565 638 165 190 517 38 426 

Highest 
difference 

United 
Kingdom  
20 973 

Germany  
90 716 

Germany 
103 694 

Germany 27 
789 

United 
Kingdom 7 
437 

Lowest 
difference Cyprus 100 

Luxembourg 
298 

Luxembourg 
369 Cyprus 139 Cyprus 5 

PHEV Total 
increase 4 413 62 493 73 486 6 148 623 

Highest 
difference 

Germany 
559 

Germany  
9 830 

Germany  
11 710 

Germany 
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 tool, these plots 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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Figure 30 - Aggregated PHEV & BEV logistic estimations for HDTs, by year and country, in S1. 

 

 

Figure 31 - Aggregated PHEV & BEV logistic estimations for PCVs, by year and country, in S1. 
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Figure 32 - Aggregated PHEV & BEV logistic estimations for Buses, by year and country, in S1. 

6.5.1.2  Charging stations estimates 

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

than the one observed in the vehicles case. See section 3.3. where the bounds given for the different 

scenarios are explained and presented. 

Table 34 - Electric vehicles and charging stations types of values. 
 Electrical Vehicles 

Scenario 
Input Years for model 
fitting  

Year 2023 Year 2024 Year 2035 Year 2050 

S0 2023,2024,2035,2050 
Market 
value 

Market 
value 

APS 2035 value 
100% EV Penetration 
with Current number of 
Vehicles 

S1 2023,2024,2035,2050 
Market 
value 

Market 
value 

APS 2035 value+10% 
100% EV Penetration 
with Current number of 
Vehicles 

S2 2023,2024,2035,2050 
Market 
value 

Market 
value 

APS 2035 value-25% 
100% EV Penetration 
with Current number of 
Vehicles 

S3 2023,2024,2035,2050 
Market 
value 

Market 
value 

APS 2035 value-50% 
100% EV Penetration 
with Current number of 
Vehicles 

Charging Stations 

Scenario 
Input Years for model 
fitting  

Year 2022 Year 2023 Year 2024 Year 2035 

S0 2022, 2023,2024,2035 
Market 
value 

Market 
value 

Market value APS 2035 value 

S1 2022, 2023,2024,2035 
Market 
value 

Market 
value 

Market value APS 2035 value+10% 
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S2 2022, 2023,2024,2035 
Market 
value 

Market 
value 

Market value APS 2035 value-25% 

S3 2022, 2023,2024,2035 
Market 
value 

Market 
value 

Market value APS 2035 value-50% 

 

As in base scenario, we 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 79.59% and 

100.47% in AC and DC, respectively.  In absolute numbers, 1.02 million AC and 313 455 DC new charging 

stations in this period. Netherlands and Germany present the greatest increase, with 216 945 new AC 

charging stations and 68 935 new DC charging stations, respectively. 

Table 35 - Summary of percentual growth of charging stations estimates (S1). 

Collection Item 2025-2030 2030-2035 2035-2040 2040-2045 2045-2050 

AC 

Average 
growth 

80% 6% 1% 0.26% 0.06% 

Peak 
growth 

Luxembourg  
148% 

Ireland  
32% 

Ireland  
10% 

Ireland  
3% 

Ireland  
1% 

Lowest 
growth 

Latvia  
21% 

Latvia  
0% 

Latvia  
0% 

Latvia  
0% 

Austria  
0% 

DC 

Average 
growth 

100% 3% 0.33% 0.05% 0.01% 

Peak 
growth 

United Kingdom 
132% 

Norway  
28% 

Norway  
5% 

Norway  
1% 

Norway  
0.18% 

Lowest 
growth 

Malta  
16% 

Malta  
0% 

Malta  
0% 

Malta  
0% 

Lithuania  
0% 

 
Table 36 - Summary of absolute growth of charging stations estimates (S1). 

Collection Item 2025-2030 2030-2035 2035-2040 2040-2045 2045-2050 

AC 

Total 
increase 

1.02 million 252 741 47 695 8 737 1 667 

Highest 
difference 

Netherlands 
 216 945 

Netherlands 
66 587 

France  
12 385 

United 
Kingdom 2 676 

United Kingdom 
600 

Lowest 
difference 

Malta  
143 

Latvia  
0 

Latvia  
0 

Latvia  
0 

Austria  
0 

DC 

Total 
increase 

313 455 32 984 3 589 510 82 

Highest 
difference 

Germany  
68 935 

Germany  
8 423 

Norway  
1 959 

Norway  
376 

Norway  
69 

Lowest 
difference 

Malta  
2 

Malta  
0 

Malta  
0 

Malta  
0 

Lithuania  
0 
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6.5.1.3  Demand 

In terms of distribution, the electricity demand in the optimistic scenario S1 shows an almost identical 

behaviour to the base scenario, given 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 percentage is the same as in 

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

 

Figure 33 - Electricity demand (GWh) percentage distribution by year and country in base scenario, S1. 
 

In absolute numbers, in 2030, there is an increase of approximately 11.000 GWh for PCVs, 1.500 GWh 

for HDTs, and 2.100 GWh for Buses. This increase tends to disappear when approaching the final years 

of the study.  In the final year 2050, the demand reaches the same absolute values as in the base 

scenario of 1.009 TWh for PCVs, 340 TWh for HDTs and 266 TWh for Buses in 2050. 
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Figure 34 - Absolute electricity demand (GWh)  by vehicle type, S1. 

While looking at the distribution by country, it is almost identical to the base scenario due to the 

reasons explained above. For more detail, find below a table with the annual demand by country and 

year in GWh. 

Table 37 - Annual demand by country and year in GWh in optimistic scenario S1. 
Country 2025 2030 2035 2040 2045 2050 

Austria 1 202 4 117 12 680 22 382 26 303 27 532 

Belgium 2 131 5 542 15 349 26 525 31 379 33 308 

Bulgaria  114  979 7 062 14 050 15 207 15 334 

Croatia  79  645 4 488 8 895 9 651 9 744 

Cyprus  21  191 1 590 3 202 3 432 3 452 

Czech Republic  276 2 211 15 419 30 595 33 195 33 480 

Denmark 1 860 3 667 7 071 10 995 13 694 15 340 

Estonia  44  334 2 149 4 232 4 621 4 667 

Finland 1 117 3 161 9 130 15 909 18 742 19 806 

France 8 675 30 866 101 680 182 114 212 017 220 779 

Germany 13 380 41 114 116 148 201 187 238 972 252 167 

Greece  259 2 101 14 741 29 247 31 718 32 008 

Hungary  452 2 188 10 324 19 635 21 947 22 416 

Ireland  517 1 811 6 178 11 170 12 930 13 414 
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Country 2025 2030 2035 2040 2045 2050 

Italy 2 711 15 487 98 839 195 044 212 538 214 616 

Latvia  55  338 1 870 3 627 4 008 4 061 

Lithuania  222  891 3 862 7 271 8 189 8 386 

Luxembourg  278  532 1 096 1 751 2 136 2 376 

Malta  50  211  794 1 456 1 671 1 725 

Netherlands 3 778 9 454 22 239 36 751 44 686 48 252 

Norway 3 582 5 160 8 043 11 573 14 641 17 437 

Poland  986 8 680 66 072 132 089 142 447 143 467 

Portugal 1 255 4 564 15 779 28 512 32 956 34 258 

Romania  503 2 970 19 435 38 403 41 731 42 201 

Slovakia  128  975 6 324 12 457 13 588 13 732 

Slovenia  89  544 2 902 5 600 6 210 6 300 

Spain 2 202 11 836 64 781 125 635 138 724 140 663 

Sweden 2 841 5 908 12 596 20 301 24 898 27 328 

Switzerland 1 485 4 442 11 696 19 934 23 973 25 395 

United 
Kingdom 9 141 29 844 83 200 143 422 171 308 180 646 

 

6.5.1.4  Sizing of the charging power  

In section Assumptions, 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 section we only 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 vehicles. For this reason, the distribution of the charging power per 

country can change slightly 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 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 an increase of the charging capacities required in the early years 2030 

and 2035. In the table below, find the values for each country in terms of absolute numbers for 

charging capacity. 

Table 38 - Charging capacity (MW) required by year and country in optimistic scenario S1. 
Country 2025 2030 2035 2040 2045 2050 

Austria  522 1 039 2 480 4 091 5 008 5 342 

Belgium  759 1 315 3 002 4 915 5 988 6 463 

Bulgaria  60  336 1 381 2 644 2 939 2 975 

Croatia  42  214  878 1 674 1 865 1 891 

Cyprus  9  62  311  609  664  670 
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Country 2025 2030 2035 2040 2045 2050 

Czech Republic  128  686 3 015 5 830 6 427 6 496 

Denmark  489  814 1 384 2 045 2 594 2 977 

Estonia  20  97  420  812  896  906 

Finland  358  764 1 786 3 003 3 607 3 843 

France 3 614 8 429 19 884 33 449 40 490 42 839 

Germany 5 063 9 874 22 714 37 432 45 591 48 930 

Greece  101  569 2 883 5 631 6 151 6 211 

Hungary  191  647 2 019 3 609 4 215 4 350 

Ireland  205  479 1 208 2 074 2 482 2 603 

Italy 1 116 4 044 19 329 37 739 41 259 41 643 

Latvia  20  84  366  708  780  788 

Lithuania  63  228  755 1 400 1 593 1 627 

Luxembourg  68  114  214  329  413  461 

Malta  19  55  155  273  322  335 

Netherlands 1 195 2 218 4 349 6 823 8 485 9 363 

Norway  955 1 211 1 574 2 066 2 669 3 383 

Poland  351 2 790 12 921 25 535 27 639 27 838 

Portugal  465 1 224 3 086 5 280 6 324 6 647 

Romania  142  825 3 801 7 530 8 136 8 189 

Slovakia  62  307 1 237 2 353 2 627 2 665 

Slovenia  51  184  567 1 045 1 196 1 223 

Spain  833 2 873 12 669 24 504 26 957 27 294 

Sweden  834 1 345 2 464 3 754 4 712 5 303 

Switzerland  444  996 2 287 3 774 4 597 4 928 

United Kingdom 3 308 6 814 16 271 26 887 32 845 35 052 

 

6.5.1.5  GHG emissions 

Regarding the greenhouse gas emissions, in the positive y axis 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 negative y axis shows the emissions that would 

be produced if all this EV fleet were conventional petrol, diesel, CNG or LPG fuelled vehicles. We see a 

ǊŜƎǳƭŀǊ ǘǊŜƴŘ ǎƘƻǿƛƴƎ ǘƘŀǘ ǘƘŜ 9Ƴƛǎǎƛƻƴǎ !ǾƻƛŘŜŘ ǎƘƻǿƴ ŀǎ άbƻƴ 9± ŦƭŜŜǘέ ǾŀƭǳŜǎ ŀǊŜ ƘƛƎƘŜǊ ǘƘŀƴ ǘƘŜ 

Emissions ƎŜƴŜǊŀǘŜŘ ōȅ ǘƘŜ ά9± CƭŜŜǘέΦ 

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 emissions by the 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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Figure 35 - Avoided (Non-EV fleet) and generated (EV fleet) GHG emissions, S1. 
 

 

Figure 36 - Generated GHG emissions by vehicle type, S1. 
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Figure 37 - Generated GHG emissions by country, S1. 
 

6.5.2 Scenario S2: pessimistic scenario (-25%) 

6.5.2.1 Vehicles estimates 

This trend will repeat over the scenarios: the 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 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 

ǇǊŜǎŜƴǘŜŘ ƛƴ ǘƘŜ ƭŀǎǘ ǎǳōǎŜŎǘƛƻƴ ƻŦ ǘƘŜ wŜǎǳƭǘǎ ǎŜŎǘƛƻƴ ά{ŎŜƴŀǊƛƻǎ /ƻƳǇŀǊƛǎƻƴέΦ Lƴ ǘŜǊƳǎ ƻŦ ǘƘŜ 

percentual and absolute growth of the number of vehicles in the scenario S2, we can look at the two 

following tables. 

Table 39 - Summary of the percentual growth of number of EVs by Collection and Property (S2). 
Collection Property Item 2025-2030 2030-2035 2035-2040 2040-2045 2045-2050 

Passenger 
cars and 
vans 
 

BEV 
 

Average 
growth 

339% 286% 113% 35% 13% 

Peak 
growth 

Poland  
796% 

Poland  
635% 

Romania 
163% 

Norway  
52% 

Norway  
57% 

Lowest 
growth 

Norway  
7% 

Norway  
16% 

Norway  
33% 

Poland  
19% 

Romania 2% 

PHEV 
 

Average 
growth 

157% 131% 77% 43% 30% 

Peak 
growth 

Latvia  
413% 

Cyprus  
325% 

Cyprus  
135% 

Luxembourg 
52% 

Norway  
78% 

Lowest 
growth 

Sweden  
0.65% 

Sweden  
3% 

Sweden  
11% 

Cyprus  
29% 

Cyprus  
5% 
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Collection Property Item 2025-2030 2030-2035 2035-2040 2040-2045 2045-2050 

Heavy 
duty 
trucks 
 

BEV 
 

Average 
growth 

1 286% 956% 166% 18% 3% 

Peak 
growth 

Estonia  
2 415% 

Estonia  
1 686% 

Cyprus  
193% 

Norway  
41% 

Norway  
13% 

Lowest 
growth 

Norway  
219% 

Norway  
173% 

Norway  
100% 

Estonia  
8% 

Estonia  
0.32% 

PHEV Average 
growth 

2 018% 1 451% 181% 12% 3% 

Peak 
growth 

Luxembourg 2 
422% 

Luxembourg 1 
687% 

Malta  
194% 

Norway  
50% 

Norway  
43% 

Lowest 
growth 

Norway  
26% 

Norway  
38% 

Norway  
48% 

Luxembourg 
8% 

Luxembourg 
0.32% 

Buses BEV Average 
growth 

327% 425% 124% 31% 11% 

Peak 
growth 

Croatia  
1 354% 

Croatia  
1 635% 

Croatia  
193% 

Luxembourg 
51% 

Luxembourg 
49% 

Lowest 
growth 

Luxembourg 
13% 

Luxembourg 
25% 

Luxembourg 
40% 

Croatia  
8% 

Croatia  
0.32% 

PHEV Average 
growth 

1352% 1227% 184% 11% 2% 

Peak 
growth 

Malta  
2 425% 

Malta  
1 688% 

Latvia 194% Belgium  
47% 

Belgium  
34% 

Lowest 
growth 

Luxembourg 
12% 

Belgium  
72% 

Belgium  
61% 

Malta  
8% 

Malta 0.31% 

 

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

Table 40 - Summary of the absolute growth of number of EVs by Collection and Property (S2). 
Collection Property Item 2025-2030 2030-2035 2035-2040 2040-2045 2045-2050 

Passenger 
cars and 
vans 

BEV 
 

Total 
increase 18.6 million 60.47 million 

103.21 
million 

62.58 
million 28.85 million 

Highest 
difference Germany 

3.71 million 
Italy 9.89 
million 

Italy 18.52 
million 

Germany 
11.45 
million 

Germany 
6.97 million 

Lowest 
difference Malta 22 214 

Luxembourg 
58 467 

Luxembourg 
85 835 

Malta  
74 713 

Cyprus  
14 008 

PHEV 
 

Total 
increase 3.20 million 6.96 million 11.20 million 

11.65 
million 10.76 million 

Highest 
difference 

France  
524 900 

Italy  
1.25 million 

Italy  
2.06 million 

Germany 
1.79 million 

Germany 
2.25 million 

Lowest 
difference 

Norway  
1 228 

Luxembourg 
3 131 

Luxembourg 
7 497 

Malta  
12 869 Cyprus 5 044 

Heavy duty 
trucks 
 

BEV 
 

Total 
increase 160 845 1.04 million 1.95 million 618 355 114 106 

Highest 
difference 

Germany  
38 657 

Italy  
151 853 

Italy  
305 989 

Germany 
138 351 

Germany  
36 560 

Lowest 
difference 

Malta  
94 

Malta  
1 215 

Malta  
2 437 

Malta  
409 

Malta  
24 

PHEV Total 
increase 4 233 59 344 120 446 18 205 2 224 

Highest 
difference Germany 537 

Germany  
9 422 

Germany  
19 466 

Germany  
2 440 Norway 670 

Lowest 
difference Malta 4 Malta 64 Malta 132 Malta 16 Malta 1 
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Buses 
 

BEV Total 
increase 98 880 368 685 637 489 351 264 113 891 

Highest 
difference Germany  

15 092 
Germany  
59 482 

Germany  
103 003 

Germany  
55 571 

United 
Kingdom  
20 634 

Lowest 
difference 

Luxembourg 
69 

Luxembourg 
149 

Luxembourg 
300 Cyprus 331 Cyprus 19 

PHEV Total 
increase 2 967 42 189 87 401 12 980 1 674 

Highest 
difference Germany 377 

Germany  
6 607 

Germany  
14 043 

Germany  
1 822 Belgium 772 

Lowest 
difference 

Luxembourg 
3 

Luxembourg 
43 Malta 96 Malta 12 Malta 0 

 

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 enable an easier access and more detailed visualization of 

the data. 

 

Figure 38 - Aggregated PHEV & BEV logistic estimations for HDTs, by year and country, in S2. 
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Figure 39 - Aggregated PHEV & BEV logistic estimations for PCVs, by year and country, in S2. 

 

Figure 40 - Aggregated PHEV & BEV logistic estimations for HDTs, by year and country, in S2. 
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6.5.2.2  Charging stations estimates 

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 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 numbers, 1,02 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. 

Table 41 - Summary of percentual growth of charging stations estimates (S2). 

Collection Item 2025-2030 2030-2035 2035-2040 2040-2045 2045-2050 

AC 

Average 
growth 

38% 2% 0.2% 0.03% 0% 

Peak 
growth 

Luxembourg 
70% 

Ireland 10% Switzerland 2% 
Switzerland 
0.29% 

Switzerland 0.05% 

Lowest 
growth 

Latvia 9% Latvia 0.0% Latvia 0.0% Austria 0.0% Austria 0.0% 

DC 

Average 
growth 

51.89% 1.12% 0.09% 0.01% 0% 

Peak 
growth 

Netherlands 
80% 

Norway 12% Norway 2% Norway 0.23% Norway 0.03% 

Lowest 
growth 

Malta 8.11% Malta 0% Malta 0% Malta 0% Greece 0% 

 
Table 42 - Summary of absolute growth of charging stations estimates (S2). 

Collection Item 2025-2030 2030-2035 2035-2040 2040-2045 2045-2050 

AC 

Total 
increase 

499 307 54 730 5 896 695 88 

Highest 
difference 

Netherlands 
114 743 

France 14 244 France 1 743 
United Kingdom 
239 

United Kingdom 
35 

Lowest 
difference 

Malta 54 Latvia 0 Latvia 0 Austria 0 Austria 0 

DC 

Total 
increase 

158 301 8 847 679 72 9 

Highest 
difference 

Germany  
36 276 

Norway 2 640 Norway 410 Norway 57 Norway 8 

Lowest 
difference 

Malta 1 Malta 0 Malta 0 Malta 0 Greece 0 
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6.5.2.3  Demand 

In terms of distribution, the electricity demand in the optimistic scenario S2 shows an almost identical 

behaviour to the base scenario, given that the decrease in the numbers of vehicles in 2035 is constant 

across the different countries and collections (constant -25%). 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. 

 

Figure 41 - Electricity demand (GWh) percentage distribution by year and type of vehicle, S2. 

 

In terms of absolute numbers, they change. In 2030, there is a decrease of approximately 27 TWh for 

PCVs, 4 TWh for HDTs, and 5 TWh for Buses. This decrease tends to disappear when approaching the 

final years of the study.  In the final year 2050, the demand reaches the same absolute values as in 

the base scenario of 1.009 TWh for PCVs, 340 TWh for HDTs and 266 TWh for Buses in 2050. 
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Figure 42 - Absolute electricity demand (GWh) by vehicle type, S2. 
 

While looking at the distribution by country, it is almost identical to the base scenario due to the 

reasons explained above. For more detail, find below a table with the annual demand by country and 

year in GWh. 

Table 43 - Annual demand by country and year in GWh in pessimistic scenario S2. 
Country 2025 2030 2035 2040 2045 2050 

Austria 1 119 3 066 8 646 17 889 24 233 27 532 

Belgium 2 003 4 165 10 463 20 985 28 594 33 309 

Bulgaria  106  704 4 815 12 614 14 951 15 334 

Croatia  73  464 3 060 7 962 9 467 9 744 

Cyprus  20  140 1 084 2 901 3 389 3 452 

Czech Republic  266 1 664 10 513 27 097 32 552 33 480 

Denmark 1 721 2 766 4 836 8 105 11 644 15 339 

Estonia  42  249 1 465 3 721 4 521 4 667 

Finland 1 038 2 342 6 224 12 744 17 280 19 807 

France 8 083 22 944 69 331 147 523 197 230 220 779 

Germany 12 372 30 482 79 212 158 742 219 148 252 165 

Greece  246 1 561 10 051 25 996 31 090 32 008 

Hungary  421 1 609 7 039 16 901 21 084 22 416 

Ireland  495 1 396 4 213 8 992 11 975 13 414 

Italy 2 645 11 819 67 391 171 524 207 692 214 616 

Latvia  53  255 1 275 3 130 3 896 4 061 
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Country 2025 2030 2035 2040 2045 2050 

Lithuania  216  694 2 633 6 075 7 749 8 386 

Luxembourg  259  402  747 1 331 1 867 2 376 

Malta  47  155  542 1 210 1 577 1 725 

Netherlands 3 512 7 074 15 163 27 983 39 733 48 254 

Norway 3 358 4 017 5 547 8 329 12 203 17 438 

Poland  950 6 506 45 049 118 043 140 138 143 467 

Portugal 1 159 3 363 10 762 23 447 30 832 34 258 

Romania  480 2 229 13 251 34 067 40 767 42 201 

Slovakia  119  706 4 312 11 056 13 306 13 732 

Slovenia  87  418 1 978 4 790 5 996 6 300 

Spain 2 131 9 001 44 169 108 420 134 485 140 663 

Sweden 2 640 4 586 8 734 15 271 21 687 27 326 

Switzerland 1 389 3 341 7 976 15 345 21 639 25 395 

United Kingdom 8 448 22 032 56 740 112 472 156 461 180 644 

 

6.5.2.4  Sizing of the charging power 

In section Assumptions, 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 section we only 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 over the total fleet of vehicles. For this reason, the distribution 

of the charging power per country can change slightly 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 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 country in terms of absolute numbers for 

charging capacity. 

Table 44 - Charging capacity (MW) required by year and country in pessimistic scenario S2. 
Country 2025 2030 2035 2040 2045 2050 

Austria 484 382 838 310 1717 167 3108 759 4460 254 5342 373 

Belgium 709 374 1099 786 2078 411 3680 316 5318 543 6463 271 

Bulgaria 55 545 242 056 956 304 2280 131 2865 848 2975 455 

Croatia 38 768 160 683 607 703 1448 025 1814 514 1890 800 

Cyprus 8 759 53 927 215 281 536 610 652 808 669 843 

Czech Republic 124 404 617 720 2087 934 5059 189 6266 524 6496 453 

Denmark 451 558 628 183 962 288 1448 716 2144 220 2976 069 
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Country 2025 2030 2035 2040 2045 2050 

Estonia 19 496 87 887 291 065 698 665 873 680 905 636 

Finland 332 721 582 406 1236 259 2310 613 3292 315 3843 356 

France 3354 778 6248 329 13769 763 25810 490 36580 620 42839 219 

Germany 4675 231 7910 017 15733 614 28275 365 40615 497 48929 297 

Greece 98 120 532 836 1996 117 4954 766 6016 698 6210 805 

Hungary 222 107 565 889 1398 001 2929 689 3967 400 4349 629 

Ireland 197 256 373 761 836 646 1579 114 2232 584 2603 087 

Italy 1101 642 3894 622 13383 920 33037 516 40302 950 41643 327 

Latvia 19 197 64 461 253 254 608 784 760 842 787 990 

Lithuania 60 871 175 459 523 055 1154 986 1517 970 1627 409 

Luxembourg 63 465 94 788 148 324 236 757 350 126 461 197 

Malta 17 410 46 149 107 604 218 679 299 762 334 781 

Netherlands 1107 445 1795 132 3011 941 4988 138 7344 389 9363 139 

Norway 897 177 950 474 1086 573 1418 894 2147 179 3383 598 

Poland 338 585 2094 356 8946 957 22654 769 27185 982 27837 934 

Portugal 455 931 1038 142 2137 525 4141 167 5791 901 6647 236 

Romania 139 667 630 063 2631 767 6685 997 8009 707 8188 602 

Slovakia 57 350 231 297 856 385 2031 044 2552 375 2664 578 

Slovenia 50 136 142 068 392 949 846 502 1134 855 1222 641 

Spain 817 531 2633 407 8772 113 21261 631 26178 234 27293 881 

Sweden 771 408 1120 661 1711 082 2715 658 3984 724 5302 397 

Switzerland 492 746 815 528 1584 109 2809 802 4051 189 4927 633 

United Kingdom 3204 500 5468 997 11269 551 20522 890 29364 205 35051 663 

 

6.5.2.5  GHG emissions 

Regarding the green house gas emissions, in the positive y axis 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 negative y axis shows the emissions that would 

be produced if all this EV fleet were conventional petrol, diesel, CNG or LPG fuelled vehicles. We see a 

ǊŜƎǳƭŀǊ ǘǊŜƴŘ ǎƘƻǿƛƴƎ ǘƘŀǘ ǘƘŜ 9Ƴƛǎǎƛƻƴǎ !ǾƻƛŘŜŘ ǎƘƻǿƴ ŀǎ άbƻƴ 9± ŦƭŜŜǘέ ǾŀƭǳŜǎ ŀǊŜ ƘƛƎƘŜǊ ǘƘŀƴ ǘƘŜ 

Emissionǎ ƎŜƴŜǊŀǘŜŘ ōȅ ǘƘŜ ά9± CƭŜŜǘέΦ  

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 2040 

onwards (this happens later in this scenario, as in scenario S0 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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Figure 43 - Avoided (Non-EV fleet) and generated (EV fleet) GHG emissions, S2. 
 

 

Figure 44 - Generated GHG emissions by vehicle type, S2. 
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Figure 45 - Generated GHG emissions by country, S2. 
 

6.5.3  Scenario S3: pessimistic scenario (-50%) 

6.5.3.1  Vehicle estimates 

This trend will repeat over the scenarios: the 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 trend. The exact values for these differences are 

ǇǊŜǎŜƴǘŜŘ ƛƴ ǘƘŜ ƭŀǎǘ ǎǳōǎŜŎǘƛƻƴ ƻŦ ǘƘŜ wŜǎǳƭǘǎ ǎŜŎǘƛƻƴ ά{ŎŜƴŀǊƛƻǎ /ƻƳǇŀǊƛǎƻƴέΦ Lƴ ǘŜǊƳǎ ƻŦ ǘƘŜ 

percentual and absolute growth of the number of vehicles in the scenario S2, we can look at the two 

following tables. 

Table 45 - Summary of the percentual growth of number of EVs by Collection and Property (S3). 
Collection Property Item 2025-2030 2030-2035 2035-2040 2040-2045 2045-2050 

Passenger 
cars and 
vans 

BEV 
 

Average 
growth 253% 237% 139% 60% 30% 

Peak 
growth 

Poland  
615% 

Poland  
526% 

Poland  
222% 

Denmark  
74% 

Norway  
107% 

Lowest 
growth 

Norway  
0.87% 

Norway  
4% 

Norway  
18% 

Poland  
41% 

Poland  
6% 

PHEV 
 

Average 
growth 111% 105% 86% 67% 53% 

Peak 
growth 

Bulgaria  
312% 

Bulgaria  
264% 

Bulgaria  
159% 

Finland  
91% 

Netherlands 
116% 
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Lowest 
growth 

Sweden  
0.7% 

Sweden  
3% 

Sweden  
13% 

Sweden  
44% 

Cyprus  
16% 

Heavy 
duty 
trucks 
 

BEV 
 

Average 
growth 1006% 849% 239% 36% 7% 

Peak 
growth 

Estonia  
1 947% 

Estonia  
1 559% 

Romania 
304% 

Norway  
69% Norway 34% 

Lowest 
growth 

Norway  
158% 

Norway  
141% 

Norway  
110% 

Estonia  
17% 

Estonia  
0.84% 

PHEV Average 
growth 1 621% 1 334% 278% 24% 6% 

Peak 
growth 

Malta  
1 959% 

Malta  
1 564% 

Luxembourg 
304% 

Norway  
80% 

Norway  
86% 

Lowest 
growth 

Norway  
5% 

Norway  
16% 

Norway  
42% 

Malta  
17% 

Malta  
0.81% 

Buses 
 

BEV Average 
growth 240% 354% 181% 68% 33% 

Peak 
growth 

Croatia  
1 020% 

Croatia  
1 424% 

Croatia  
363% 

Luxembourg 
90% 

Luxembourg 
124% 

Lowest 
growth 

Luxembourg 
1% 

Luxembourg 
5% 

Luxembourg 
26% 

Croatia  
24% 

Croatia  
1% 

PHEV Average 
growth 992% 1045% 332% 31% 5% 

Peak 
growth 

Cyprus  
1 778% 

Cyprus  
1 485% 

Latvia  
365% 

Belgium  
86% 

Belgium  
67% 

Lowest 
growth 

Luxembourg 
8% 

Belgium  
66% 

Belgium  
86% 

Cyprus  
23% 

Cyprus  
1% 

 

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

example, the growth in PCVs ς BEV ς 2050 changes from 14.27 million in scenario S0, to 59.89 million 

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

Table 46 - Summary of the absolute growth of number of EVs by Collection and Property (S3). 
º Property Item 2025-2030 2030-2035 2035-2040 2040-2045 2045-2050 

Passenger 
cars and 
vans 

BEV 
 

Total 
increase 12.35 million 37.69 million 83.11 million 

81.23 
million 59.89 million 

Highest 
difference Germany  

2.40 million 
Italy  
6.33 million 

Italy  
16.17 million 

Germany 
12.38 
million 

Germany 
14.34 million 

Lowest 
difference 

Norway  
6 222 

Norway  
29 972 

Luxembourg  
67 686 

Malta  
95 932 

Cyprus  
36 558 

PHEV 
 

Total 
increase 1.65 million 3.97 million 8.23 million 

13.24 
million 17.06 million 

Highest 
difference 

Italy  
335 076 

Italy  
703 833 

Italy  
1.29 million 

Germany 
1.93 million 

Germany 3.30 
million 

Lowest 
difference 

Luxembourg 
145 

Luxembourg 
693 

Luxembourg 
3 228 

Luxembourg 
13 472 

Cyprus  
14 300 

Heavy 
duty 
trucks 

BEV 
 

Total 
growth 114 592 677 592 1.83 million 990 398 280 831 

Highest 
difference 

Germany  
27 154 

Italy  
100 370 

Italy  
310 966 

Germany  
196 173 

Germany  
88 113 

Lowest 
difference Malta 68 Malta 803 

Luxembourg 
2 360 Malta 779 Malta 66 

PHEV Total 
increase 2 964 39 166 124 314 33 111 4 943 
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Highest 
difference Germany 380 

Germany  
6 222 

Germany  
20 363 

Germany  
4 733 

Netherlands 1 
046 

Lowest 
difference Malta 3 Malta 43 Malta 138 Malta 31 Malta 2 

Buses 
 

BEV Total 
increase 68 132 233 443 577 261 643 724 395 177 

Highest 
difference Germany 11 

158 
Germany  
37 203 

Germany  
88 004 

Germany 
105 744 

United 
Kingdom  
66 756 

Lowest 
difference 

Luxembourg 
5 

Luxembourg 
27 

Luxembourg 
139 

Luxembourg 
609 Cyprus 91 

PHEV Total 
increase 2 093 27 540 107 250 36 987 5 347 

Highest 
difference Germany 277 

Germany  
4 276 

Germany  
17 315 

Germany  
5 662 

Belgium  
1 501 

Lowest 
difference 

Luxembourg 
2 

Luxembourg 
22 Malta 119 Malta 36 Malta 2 

 

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 enable an easier access and more detailed visualization of 

the data. 

 

Figure 46 - Aggregated PHEV & BEV logistic estimations for HDTs, by year and country, in S3. 
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Figure 47 - Aggregated PHEV & BEV logistic estimations for PCVs, by year and country, in S3. 

 

Figure 48 - Aggregated PHEV & BEV logistic estimations for Buses, by year and country, in S3. 
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6.5.3.2  Charging station estimates 

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 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 numbers, 1,02 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. 

Table 47 - Summary of percentual growth of charging stations estimates (S3). 
Collection Item 2025-2030 2030-2035 2035-2040 2040-2045 2045-2050 

AC Average 
growth 8% 0.07% 0% 0% 0% 

Peak 
growth 

Luxembourg 
16% 

Switzerland 
0.78% 

Switzerland 
0.04% 

Switzerland 
0% Switzerland 0% 

Lowest 
growth 

Malta  
0.15% 

Malta  
0% 

Malta  
0% 

Austria  
0% 

Austria  
0% 

DC Average 
growth 18% 0.17% 0.01% 0% 0% 

Peak 
growth 

Norway  
36% 

Norway  
3% 

Norway  
0.19% 

Norway  
0.01% 

Norway  
0% 

Lowest 
growth 

Malta  
3% 

Malta  
0% 

Malta  
0% 

Greece  
0% 

Bulgaria  
0% 

Table 48 - Summary of absolute growth of charging stations estimates (S3). 
Collection Item 2025-2030 2030-2035 2035-2040 2040-2045 growth 2045-

2050 

AC Total 
increase 499 307 54 730 5 896 695 88 

Highest 
difference 

Netherlands 
114 743 

France  
14 244 

France  
1 743 

United 
Kingdom 239 

United 
Kingdom 35 

Lowest 
difference 

Malta  
54 

Latvia  
0 

Latvia  
0 

Austria  
0 

Austria  
0 

DC Total 
increase 158 301 8 847 679 72 9 

Highest 
difference 

Germany  
36 276 

Norway  
2 640 

Norway  
410 

Norway  
57 

Norway  
8 

Lowest 
difference 

Malta  
1 

Malta  
0 

Malta  
0 

Malta  
0 

Greece  
0 

 

6.5.3.3  Demand 

In terms of distribution, the electricity demand in the pessimistic scenario S3 shows an almost 

identical behaviour to the base scenario, given that the decrease in the numbers of vehicles in 2035 

is constant across the different countries and collections (constant -50%). 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. 



 

Deliverable D5.1 - E-mobility scenarios: EV 

penetrations, charging infrastructure deployments 

and grid impacts 

  

 

 
Page 114 of 126 

 
 

   

 

Figure 49 - Electricity demand (GWh) percentage distribution by year and type of vehicle, S3. 
 

 

Figure 50 - Absolute electricity demand (GWh) by vehicle type, S3. 
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In terms of absolute numbers, they change. In 2030, there is a decrease of approximately 50 TWh for 

PCVs, 8 TWh for HDTs, and 10 TWh for Buses. This decrease tends to disappear when approaching the 

final years of the study.  In the final year 2050, the demand reaches the same absolute values as in 

the base scenario of 1.009 TWh for PCVs, 340 TWh for HDTs and 266 TWh for Buses in 2050. 

While looking at the distribution by country, it is almost identical to the base scenario due to the 

reasons explained above. For more detail, find below a table with the annual demand by country and 

year in GWh. 

Table 49 - Annual demand (GWh) by country and year in pessimistic scenario S3. 
Country 2025 2030 2035 2040 2045 2050 

Austria 1 039 2 301 5 765 13 279 21 498 28 505 

Belgium 1 828 3 250 7 171 15 647 25 356 34 484 

Bulgaria  99  526 3 210 10 897 14 897 15 876 

Croatia  68  346 2 040 6 865 9 397 10 088 

Cyprus  19  106  723 2 514 3 399 3 574 

Czech Republic  258 1 297 7 009 22 360 31 963 34 664 

Denmark 1 564 2 053 3 295 6 026 10 269 15 882 

Estonia  40  192  977 3 038 4 395 4 831 

Finland  964 1 806 4 201 9 491 15 330 20 504 

France 7 503 17 230 46 230 111 134 178 819 228 579 

Germany 11 629 23 242 52 813 114 634 191 392 261 077 

Greece  231 1 172 6 701 21 784 30 615 33 140 

Hungary  396 1 219 4 693 13 930 20 137 23 208 

Ireland  459 1 046 2 809 6 797 10 815 13 889 

Italy 2 586 9 307 44 927 139 538 201 108 222 199 

Latvia  51  198  850 2 462 3 710 4 205 

Lithuania  200  517 1 756 4 791 7 178 8 682 

Luxembourg  238  310  512  978 1 609 2 460 

Malta  43  115  361  940 1 450 1 786 

Netherlands 3 240 5 300 10 167 19 920 33 727 49 959 

Norway 3 071 3 371 4 165 6 127 10 215 18 048 

Poland  919 5 038 30 033 98 232 138 128 148 537 

Portugal 1 074 2 513 7 175 18 030 28 055 35 468 

Romania  457 1 710 8 834 28 174 39 403 43 692 

Slovakia  112  529 2 875 9 393 13 161 14 218 

Slovenia  82  317 1 319 3 864 5 753 6 523 

Spain 2 022 6 916 29 448 86 234 129 196 145 633 

Sweden 2 384 3 469 6 054 11 382 19 063 28 289 

Switzerland 1 299 2 529 5 318 10 855 18 429 26 293 

United Kingdom 7 856 16 536 37 832 81 103 135 555 187 028 
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6.5.3.4  Sizing of the charging power 

In section Assumptions, 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 section we only 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 over the total fleet of vehicles. For this reason, the distribution 

of the charging power per country can change slightly 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 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 country in terms of absolute numbers for 

charging capacity. 

Table 50 - Charging capacity (MW) required by year and country in pessimistic scenario S3. 
Country 2025 2030 2035 2040 2045 2050 

Austria 449 586 750 792 1145 113 2122 710 3619 576 5342 359 

Belgium 651 653 980 667 1434 038 2578 724 4309 150 6462 766 

Bulgaria 51 719 216 134 637 545 1802 492 2700 090 2975 455 

Croatia 36 217 142 782 405 146 1131 454 1701 960 1890 800 

Cyprus 8 295 40 627 143 522 436 043 624 704 669 843 

Czech Republic 120 977 483 788 1391 967 3907 459 5865 546 6496 453 

Denmark 469 347 504 511 658 988 1068 034 1823 656 2976 369 

Estonia 19 062 69 240 194 044 541 038 816 578 905 636 

Finland 309 921 514 952 836 751 1630 043 2759 881 3842 884 

France 3109 323 5402 226 9182 166 17928 335 30524 116 42839 109 

Germany 4373 382 6923 557 10490 656 19442 880 32826 991 48929 778 

Greece 93 115 405 072 1330 754 3963 989 5716 759 6210 805 

Hungary 207 455 425 620 932 059 2119 645 3478 979 4349 630 

Ireland 182 882 334 037 557 863 1099 836 1870 904 2603 081 

Italy 1089 148 3135 353 8922 613 25796 116 37828 623 41643 327 

Latvia 18 849 61 263 168 837 471 133 711 425 787 990 

Lithuania 57 139 137 630 348 719 858 364 1377 210 1627 410 

Luxembourg 57 350 69 894 100 968 171 075 289 887 461 163 

Malta 16 086 35 736 71 750 157 388 262 474 334 780 

Netherlands 1013 936 1331 752 2022 817 3499 800 5932 709 9362 904 

Norway 838 787 845 902 879 890 1018 733 1662 655 3381 853 

Poland 328 159 1627 256 5964 650 18417 509 26045 706 27837 934 

Portugal 423 111 777 686 1425 177 2918 584 4940 061 6647 311 
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Country 2025 2030 2035 2040 2045 2050 

Romania 137 038 496 910 1754 514 5434 551 7685 112 8188 602 

Slovakia 53 613 205 379 570 931 1582 713 2388 533 2664 578 

Slovenia 47 102 107 523 261 969 625 362 1012 674 1222 641 

Spain 789 807 2173 937 5848 417 16543 850 24661 947 27293 851 

Sweden 721 550 863 643 1218 988 1990 580 3370 471 5301 705 

Switzerland 460 180 713 245 1056 238 1926 824 3247 957 4927 655 

United Kingdom 2982 137 4755 421 7514 381 14065 756 24016 458 35051 901 

 

6.5.3.5  GHG emissions 

Regarding the green house gas emissions, in the positive y axis 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 negative y axis shows the emissions that would 

be produced if all this EV fleet were conventional petrol, diesel, CNG or LPG fuelled vehicles. We see a 

ǊŜƎǳƭŀǊ ǘǊŜƴŘ ǎƘƻǿƛƴƎ ǘƘŀǘ ǘƘŜ 9Ƴƛǎǎƛƻƴǎ !ǾƻƛŘŜŘ ǎƘƻǿƴ ŀǎ άbƻƴ 9± ŦƭŜŜǘέ ǾŀƭǳŜǎ ŀǊŜ ƘƛƎƘŜǊ ǘƘŀƴ ǘƘŜ 

Emissions generŀǘŜŘ ōȅ ǘƘŜ ά9± CƭŜŜǘέΦ  

 

 

Figure 51 - Avoided (Non-EV fleet) and generated (EV fleet) GHG emissions, S3. 
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Figure 52 - Generated GHG emissions by vehicle type, S3. 

 

Figure 53 - Generated GHG emissions by country, S3. 












