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Anomauin

Ilepexio 0o enexkmpomobinie eumazcae po3sUmMKy e@QeKmusHol HOPAcmpyKkmypu weuokol 3apsaoKu  630084C
asmomacicmpanei. Ile 0ocniodxceHHs: npeOCmaensie HO8y IMIMayitiny Mooeib OJisi OYIHKU MICYb WEUOKOL 3apsoKu,
001aOHAHUX KITbKOMA 3aPAOHUMU NYHKIMAMU 3 MEMOI0 NPOSHO3YE8ANHS CYKYRIHO20 NONUMY HA eleKmpoeHepeilo md
NPOOYKMUGHICMb  3ApSAOKU 6 YMOBAX MAtOymMHb020 pyxXy enekmpomobinis. Buxopucmosyiouu moodeni uepe i
MOOEMOBAKHSL HA OCHOBL NOOIH, Ysi pOOOMA HAOAE BANCIUBY THHOPMAYIIO NPO OYIKYBAHUL YAC OYIKYSAHHS | 6UMO2U 00
NOMYACHOCMIE, WO CIY2YE YIHHUM GKIAOOM OISl MOOENOSAHHS MPaMIKy ma iHCMPYMEeHmis onmumizayii po3noouy
eneKmpomooinia.

KiouoBi cjioBa: mBHIKA 3apsjaka, MMig3apsaka B3JOBK aBTOMarictpaiei, po3yMHa 3apsjKa, MOJETi dYepr,
MOJIEJIFOBAHHS Ha OCHOBI IMOJil, CTATUCTHYHA OI[IHKA.

Abstract

The shift towards electric vehicles (EVs) necessitates the development of efficient fast-charging infrastructure along
motorways. This study introduces a novel simulation model for evaluating fast charging sites equipped with multiple
charging points, aiming to predict the aggregated power demand and charging performance under future EV traffic
conditions. Utilizing queueing models and event-based simulation, this work provides critical insights into the expected
waiting times and power requirements, serving as valuable input for traffic simulation and EV assignment optimization
tools

Keywords: fast charging, recharging along motorways, smart charging, queueing models, event-based simulation,
statistical evaluation.

Introduction

The transition to electric vehicles (EVs) represents a pivotal strategy in the global effort to mitigate cli-
mate change by significantly reducing greenhouse gas emissions [1]. As the adoption of EVs accelerates, the
focus intensifies on overcoming the inherent limitations of current EV technology, particularly the limited
range of these vehicles compared to their petrol-fueled counterparts. This limitation underscores the critical
need for a robust, accessible charging infrastructure, especially along motorways, to ensure that travel re-
mains convenient and time-efficient, thereby alleviating range anxiety among EV users.

While existing literature extensively covers the deployment of distributed AC charging infrastructure at
residential locations [2, 3], there remains a conspicuous scarcity of research on the development and integra-
tion of fast charging for long-distance travel along motorways where these are most needed. This gap is par-
ticularly acute in the context of understanding the dynamics of EV charging demand and the performance of
fast charging [4]. The challenges are multifaceted, encompassing not only the technical and economic as-
pects of installing and maintaining such infrastructure but also the consequential impact on the electric grid
[5].

In light of these considerations, this study is attempts to fill the existing research gap by developing a
comprehensive simulation model designed to predict the demand for, and performance of, fast charging
along motorways. This model aims is to provide critical input data for the traffic simulation software SUMO
[6], focusing on key parameters such as the aggregated power demand and expected charging performance.
The simulation tool also calculates expectable waiting times, contributing valuable insights for the multi-
objective EV assignment optimizer developed as part of the R&D project eAlloc [7]. By addressing these
aspects, the study not only seeks to enhance the current understanding of fast EV charging infrastructure
requirements but also to facilitate the development of more efficient and user-friendly charging solutions that
can support the widespread adoption of EVs.

The primary research objectives are to simulate charging sites with a variable number of charging points,



to consider the dynamic power demand of fast charging, and to visualize the statistical results. The simula-
tion aims to predict the demand for charging points at charging sites along motorways and to assess the ex-
pected charging performance for future EV traffic loads. The practical value of this research lies in its con-
tribution to strategic planning for electric vehicle infrastructure development. By forecasting the demand for
fast charging points and evaluating the performance of charging sites, stakeholders can make informed deci-
sions regarding the allocation of resources and the deployment of charging infrastructure extensions to meet
future needs.

Research results

The developed simulation tool models a charging site as a finite multi-server queueing system [8, 9] with
a specified number of charging points and limited waiting space, as depicted in Figure 1 with for example
three charging points and a parking area that can host maximally four EVs.
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Figure 1. Charging Site as a finite multi-server queueing system

The arrival of electric vehicles (EVS) is assumed to follow a negative-exponential inter-arrival time dis-
tribution, reflecting the independence of random vehicle arrivals. The charging process is modelled with an
Erlang-2 distribution, to consider a common mean service time and the typical similarity of charging times.
Furthermore, the state of charge (SoC) of the EV battery upon arrival is assumed to be Beta distributed
around 20%, indicating that vehicles arrive with a mean charging demand of 80% of the battery capacity.
The according distribution functions are shown in Figure 2.
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Figure 2. Random distributions foreseen to model EV arrivals, charging times and demands

The study employs an event-based simulation approach, implemented in Java, to simulate the dynamic in-
teractions at the charging site. This involves generating arrival events based on the specified distribution



function, managing the queue of waiting vehicles, and simulating the charging process at available charging
points. The simulation tracks key metrics such as waiting times and power demands to analyze and visualize
the system's performance.

The simulation's output undergoes statistical analysis to evaluate the efficiency and effectiveness of
charging site configurations. This includes examining the waiting times for EVs to access charging points
and the overall power demands placed on the charging site. By analyzing these metrics, the study aims to
identify potential bottlenecks and areas for improvement in the EV charging infrastructure. Visualization of
key statistical measures such as mean, standard deviation, and percentile distributions are utilized to provide
a comprehensive overview of the system's performance under various scenarios.

Conclusion

This study presents a comprehensive approach to understanding the future demands and performance of
fast-charging sites along motorways. Through the use of finite multi-server queueing system simulations,
implemented via event-based simulation in Java, and thorough statistical analysis and high-quality visualiza-
tion of the statistical results, the developed tool and the thereby enabled research provide valuable insights
into the dynamics of fast charging for electric vehicles. The findings highlight the importance of adequate
planning and investment in charging infrastructure to accommodate the anticipated shift towards electric
mobility.
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