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A B S T R A C T

Expansion of electric vehicles (EVs) is rapid, and it has led to the introduction of numerous EV models. The 
harmonic current emissions of the on-board chargers of EVs are analyzed in this article based on a large 
collection of measurement data from public charging sites. The objectives are to discover the emissions of the 
variety of EV models and to estimate their aggregated emissions in future scenarios. This article utilizes the 
measurement data of 109 EVs at rated power and 27 below rated power. The recent development of aggregated 
emissions is observed with a four-year measurement data of a 40-spot charging site. Aggregated emissions in the 
future are simulated in scenarios of the years 2030 and 2040. In the results, many EVs can be divided into groups 
based on the emissions. The emissions increase the steepest when below 10 A charging current. The highest 
harmonics are the 5th, 7th and 11th order, yet compared to the standards, the problematic harmonics are the 
11th–19th order. The future scenario simulations indicate no problems with emissions. The major harmonics are 
the 3rd, 5th and 7th order and the years 2030 and 2040 have similar results. The simulation studies provide 
charging site-specific summation coefficients for the harmonics. This article contributes to the development of 
emission standards and methods to control and monitor the emissions of EV charging sites and gives guidance to 
estimate the emissions of a charging site for stakeholders involved in charging site design and operation.

1. Introduction

Electric vehicles (EVs) are the key driver in the transition from fossil 
fuels to alternative energy sources in transportation. International En
ergy Agency (IEA) estimates that the number of EVs will grow by eight 
times globally from 30 million in 2022 to 240 million in 2030 [1]. 
Consequently, the variety of EVs connected to electricity networks in
creases as well as the total power and energy needed for charging EVs. 
This development must be supported by energy efficient and reliable 
operation of charging infrastructure. EV charging will pose a relatively 
high-power resource in residential and commercial properties as well as 
at nodes of distribution networks, such as secondary substations. 
Therefore, EV charging will be a significant factor in power quality of 
low voltage networks. The international CIGRÉ joint working group for 
power quality and electromagnetic compatibility has reported EV 
charging as one of the major modern technologies of interest [2]. Power 
quality monitoring and data-driven analysis are required to have real
istic results of influence of EVs on power quality and to follow the 
continuous development of EVs. Mitigation of power quality problems 

can increase energy efficiency of the charging systems and reduce 
electrical equipment malfunctions that benefits EV charging operators 
financially.

EV charging can be divided into AC and DC charging that utilize on- 
board and off-board chargers, respectively. This article considers AC 
charging that is low power and inexpensive to implement in relation to 
DC charging. AC charging has already been widely implemented in 
homes, workplaces and public charging places. AC charging utilizes an 
EV specific AC-DC power converter, i.e. an on-board charger, to transfer 
power between the low voltage AC network and the battery energy 
storage system of an EV. The on-board chargers have various designs of 
single, two- and three-phase charging. The majority of plug-in hybrid 
EVs (PHEVs) have a single-phase on-board charger and most of the fully 
electric battery EVs (BEVs) utilize three-phase charging. The shift is 
towards BEVs, thus the higher power, three-phase charging is expected 
to have an increasing share. This article considers EVs of Finland where 
38 % of EVs were BEVs by the end of 2023 [3] and the share is estimated 
to increase to 66 % by 2030 [4].

The disturbances to voltage due to EVs include undervoltage, 
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