
Vol.:(0123456789)

Smart Grids and Sustainable Energy            (2024) 9:15  
https://doi.org/10.1007/s40866-024-00195-4

REVIEW PAPER

A Comprehensive Review on Supraharmonics—The Next Big Power 
Quality Concern

Supraja Rajkumar1 · R. Balasubramanian1  · Parkavi Kathirvelu1

Received: 10 August 2023 / Accepted: 31 January 2024 
© The Author(s), under exclusive licence to Springer Nature Singapore Pte Ltd. 2024

Abstract
In recent years, electric power distribution systems have been focusing on power electronic converters. This is due to the 
integration of smart grids, electric vehicles, and renewable energy sources. As a result of incorporating renewable energy 
sources, nonlinear loads, and power electronics-based devices, modern electrical power grids are vulnerable to several power 
quality issues. The use of power electronics converters results in novel supraharmonic emissions, that do not fall within 
the traditional power quality frequency range. A detailed analysis of supraharmonic emissions is essential as they have a 
significant impact on the modern electrical grid. This paper starts by discussing the current scenario of electrical power 
systems and then introduces supraharmonics. The intentional and non-intentional sources of supraharmonics, such as power 
line communication (PLC), electric vehicle (EV) charging devices, lighting devices, solar and wind energy converters, along 
with their corresponding emission frequency bands, are also discussed. This paper presents a summary of the measurement 
methods and standards related to supraharmonic emissions. Finally, various research approaches addressing the reduction 
of supraharmonic emissions are proposed.

Keywords Modern electrical power grid · Power electronic converters · Renewable energy sources · Power quality · 
Supraharmonics

Introduction

In recent days, power systems are growing in size and com-
plexity. Due to technological advancement and the modern 
lifestyle of society highly increase the consumption of elec-
trical energy. The rapid rise in global energy consumption 
increases the continuous use of fossil fuels as well as green-
house gas emissions, which have a significant impact on the 
power grid. This is a concerning situation in terms of sup-
plying sustainable energy and environmental preservation 
worldwide. According to this, the Agenda 2030 for Sustain-
able Development, signed by 193 countries, incorporates 
worldwide efforts toward 17 goals, with a primary focus on 
the advancement of renewable energy and the reduction of 
global warming [1]. As a result, the deployment and integra-
tion of renewable energy sources (RESs) into the existing 

power system have increased [2, 3]. Wind and solar power 
are familiar sources of clean, renewable energy but are inher-
ently unstable, intermittent, and unpredictable [4, 5]. Power 
electronics play a crucial role in renewable energy systems 
like wind, solar PV, hydro, and fuel cell systems. Power 
electronics are used for power conditioning and control, 
and converter topologies like modular multilevel-cascaded 
converters have been adopted for interfacing renewable 
energy systems to the grid. Thus, the integration of renew-
able energy into the power grid has been made much easier 
by the advancement of power electronics [6–8].

However, traditional power grids are restricted to some 
of those essential functions, such as electricity generation, 
distribution, and control. It is also unreliable, has significant 
transmission losses, poor power quality like brownouts and 
blackouts, provides inadequate power supply, and prevents 
using distributed energy sources. Also, the existing power 
infrastructure lacks real-time monitoring and control, pre-
senting an opportunity to rebuild it as a smart grid [9–11]. 
The following changes have occurred in recent years as a 
smart grid: generation resources have been added to the 
distribution end, one-way power flow has been converted 
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to bidirectional flow, the nature of the load has changed, 
renewable energy has already met grid power demand in 
most parts of the world, and electric vehicles can be used 
as a virtual power plant. Figure 1 shows the various com-
ponents of a smart grid [12]. Smart grids are built using 
power-electronic converters, allowing the smooth integra-
tion of several energy sources into a power system, includ-
ing solar PV, wind turbines, batteries, electric vehicles, and 
diesel engines. A smart grid satisfies the need for electricity 
and protects the environment by digitising the power infra-
structure [13–18].

In contrast, recent advances in power electronics have 
resulted in several power quality challenges in power sys-
tems. Furthermore, the proportion of nonlinear loads in mod-
ern power systems is increasing, which also causes power 
quality issues. As a result, the worst quality of power affects 
the entire power system network. Furthermore, implement-
ing new technologies of power electronics converters with 
increased switching frequencies causes a challenge like volt-
age sag, swell, transients, and waveform distortion, as shown 
in Fig. 2 [19–21].

Novel power system technology and the variety of power 
electronic devices used by residential, commercial, and 
industrial users have added to grid concerns by causing 
waveform distortion. Many waveform distortions occur in 
the frequency ranging from 0 to 2 kHz [22] Most switch-
ing devices and equipment raise harmonic levels in today’s 
electrical distribution system.

The widespread expansion of wind and solar energy 
sources and the addition of EV charging to the grid boosts 
the harmonic level, affecting the smart grid’s operation. 

Therefore, it is essential to analyse power pollution in 
today’s electrical power network [23]. In addition to the 
conventional power quality issues, a new term known as 
supraharmonics also exists in the modern power system. 
The frequency range between 2 and 150 kHz is referred 
to as supraharmonics and is shown in Fig. 3A. McAech-
ern proposed the concept of supraharmonics at IEEE P&E 
S GM 2013 in Vancouver, which was considered a new 
significant issue in the reliability of smart grid systems 
[24, 25]. Supraharmonics are likely to occur at any random 
frequency [26].

Supraharmonic interference is a serious concern to 
electrical equipment since it can shorten the lifespan of 
the equipment. Supraharmonics occupy the same band-
width as power line communication protocols, which can 
lead to overheating of the compensation capacitors and 
transformers, as well as the malfunctioning of the protec-
tive devices. In addition, it creates a critical impact on 
the infrastructure for smart metering, communication, and 
control. Recent research has shown that supraharmonic 
emission causes significant inaccuracies in smart energy 
meters. This causes sensitive loads to be affected, which 
also has an effect on neighbouring circuits and interacts 
with the grid [27, 28]. Supraharmonics propagate into the 
medium-voltage network and generate more resonant fre-
quencies within the supraharmonic range [29]. The effects 
of supraharmonic emission [30] are illustrated in Fig. 4. 
As a result, investigating and analysing the solution to this 
problem is necessary.

Based on the data obtained from Scopus using the keywords 
"supraharmonic" and "supraharmonics" Fig. 5(a) clearly indi-
cates the type of publications over the years 2014 to 2023 and 
also it shows the increasing importance of studying supraha-
rmonics in recent times. Similarly, Fig. 5(b) depicts details 

Fig. 1  Components of Smart Grid

Fig. 2  Various types of Power Quality issues
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regarding countries actively participating in this field and the 
number of research papers they have contributed. Therefore, 
this study provides a comprehensive overview of the current 
issues concerning supraharmonics in power networks.

This paper gives an overview of the supraharmonic issues 
in power networks. It is structured into the following sections: 

Section "Sources of Supraharmonics in Smart Grid" focuses on 
analysing the sources of supraharmonic emissions in modern 
smart grids. The details of the measurement techniques and 
power quality standards are discussed in Section "Measure-
ment and Power Quality Standards", which covers require-
ments for higher frequency ranges, standards for low-order 
harmonic distortions, and the problem of specifications for the 
supraharmonic range of frequency. Finally, "Conclusion" Sec-
tion gives the conclusions of this study and further research.

Nomenclature

I  Total emission
J1  Primary emission
ZD  Device impedance
Z1  Grid impedance
V2  Secondary emission

Sources of Supraharmonics in Smart Grid

The unfamiliar supraharmonics was introduced recently at 
the IEEE P&E Society General Meeting 2013. The term 
“supra” refers to beyond, i.e., high-frequency harmonics, 
high-frequency distortion, or low-frequency EMC [26]. 

Fig. 3  Supraharmonic fre-
quency range

Fig. 4  Effects of Supraharmonics

Fig. 5  a No. of publications and types from 2014 to 2023; b No.of publication vs. countries
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Compared to harmonics and interharmonics, supraharmon-
ics shows different behaviour. Bollen and Ronnberg [23] 
stated that changes in the generation of electrical energy 
from other sources and consumption of electrical power 
by modern loads cause supraharmonics in the network. 
EPRI started research on supraharmonics emission and 
the resistance of end-of-use equipment in 2017. Hence, 
researchers have a large pole of attraction to study the 
behaviour of supraharmonics in the most recent period 
[31, 32]. According to the latest research, combining 
renewable energy with the existing grid and increased use 
of power electronic converters produces supraharmonics in 
the power system. Supraharmonics may create electronic 
device failure, especially in touch technologies, noise gen-
erated by mechanical resonance excitation, or increased 
thermal burden [33]. The biggest issue of high-frequency 
components in power systems is expanding thermal stress, 
which shortens electrical equipment’s lifespan [32]. 

Subhani et al. [34] classify the supraharmonics range 
into three categories depending on the interruptions in the 
frequency range. 

1. Power line communication is primarily responsible for 
narrowband signals;

2. Disturbance in the frequency range of broadband signals 
is due to consumer equipment.

3. Recurrent oscillations in power electronic converters 
around current zero crossing.

Math H. J. Bollen et al. [35] classify supraharmonic 
emissions into two types: primary and secondary. Fig-
ure 6 illustrates the primary and secondary emissions of 
supraharmonics, where I is the total emission,  J1 is the 
primary emission,  ZD is the device impedance,  Z1 is the 
grid impedance, and  V2 is the secondary emission. 

Harmonic distortion caused by the source, i.e., within 
the device or authority, is referred to as primary emission. 
However, secondary emission is also a harmonics distor-
tion caused by external devices or sources. The generation 
of supraharmonics is mainly due to secondary emissions. 

Some examples of sources of supraharmonic emissions are 
shown in Fig. 7.

Based on the literature survey [15–23], the frequency 
ranges of SH emission from various sources have been pre-
sented in Table 1. According to the early investigations; the 
frequency ranges from 2 to 9 kHz are considered supraha-
rmonics. Later it can be upgraded to 150 kHz. PC and PLC 
are the two primary supraharmonic emission sources, irre-
spective of all other sources [36].

Power line communication is an intentional source of 
supraharmonics. The operation of power line communica-
tion with various types of end-user equipment may reduce 
device performance [37]. Power line communication (PLC) 
is a preferred communication method for smart grids and 
also provides reliable communication for Internet-of-things 
(IoT) [38]. PLC has been classified into ultra-narrowband, 
narrowband, and broadband PLC. The smart grid requires 
a frequency range of less than 500 kHz at rates of up to 100 
kbps [39]. The narrowband operates at frequencies lower 
than the required range, making it suitable for applications 

Fig. 6  Primary and Secondary emissions of supraharmonics

Fig. 7  Sources of Supraharmonics

Table 1  Frequency ranges of supraharmonics emitted by different 
sources

Source of supraharmonics Range of 
frequency 
(kHz)

Power Converters (PC) 9 – 150
Lighting system Up to 20
Chargers of Electric vehicle 15 – 100
Solar module inverters 4 – 20
Domestic appliances 2 – 150
Power Line Communication (PLC) for smart meter 9 – 95
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such as automated metering infrastructure (AMI), power 
devices sensing/controlling and monitoring, recognition of 
system malfunction, and control systems for electric vehicles 
recharging in smart grids. Medium and low-voltage power 
grid systems, cost-effectiveness, and vast network coverage 
are achieved [40]. Different frequencies are used for narrow-
band power line communication in Europe, Japan, and the 
United States. Table 2 summarises the frequency operating 
range of PLC [41–44].

J. Meyer et al. [45] stated that supraharmonics is pro-
duced by grid-connected harmonic sources and smart-meter 
signals, thus affecting both the consumer and generation 
sides of equipment. Math Bollen et al. discussed that the 
functioning of the customer equipment might be negatively 
impacted in many ways by the voltage distortion created by 
PLC. For example, modulation of the high-frequency signal 
on the fundamental frequency causes multiple zero voltage 
crossings, which leads to equipment failure [37].

Non-intentional disruptions in a frequency ranging from 
2–150 kHz are introduced by some of the loads linked to 
the network in which PLC has been employed [46]. Some 
of the system components of electric vehicles, onboard bat-
tery chargers, laptop chargers, and electronic converters 
in photovoltaic (PV) and wind energy conversion systems 

operating in the supraharmonic frequency range are unin-
tentional emitters [30].

The increased penetration of solar energy conversion sys-
tems in the modern grid has its issues. Solar PV systems 
comprise several power stage topologies with transformer or 
transformer-less choices. DC-DC converters are vital in solar 
PV energy conversion systems [47, 48]. In solar PV systems, 
the DC-DC converters act as switching mode regulators and 
convert uncontrolled DC voltage to a required DC voltage 
rating. The converters used in solar applications are a buck, 
boost, buck-boost, Cuk, sepic converter, and isolated DC-DC 
converter [49–59]. The choice of the DC-DC converter is 
determined by whether the PV arrays are connected in series 
or parallel [60]. The operation of DC-DC converters at high 
switching frequencies of 20 to 500 kHz will result in supra-
harmonics in the system [61]. Figure 8 shows the emission 
of supraharmonics from a grid-connected Solar energy con-
version system.

A grid-connected solar PV system needs an inverter to 
convert the output of the DC-DC converter into AC, which 
will also inject supraharmonics into the system [62]. Volt-
age source inverters, current source inverters, and Z- source 
inverters are the different types of inverters used in solar 
energy conversion systems [63, 64]. The supraharmonic 
emission from the PV inverter is proportional to its out-
put voltage and depends on its operating conditions [65]. 
PWM technology is commonly employed in single-phase 
and three-phase inverters, and it exhibits a supraharmonic 
frequency in the range of 1–20 kHz in PV systems [30].

Gianfranco Chicco et al. [66] employed an inverter with 
PWM controllers for a solar energy conversion system and 
analysed it for supraharmonic emission at PCC. From the 
analysis, the authors concluded that the inverter is the source 
of supraharmonic, and also supraharmonic emissions vary 
depending on the inverter configuration. The single-phase 
linked photovoltaic (PV) inverters with an installed power 

Table 2  PLC operating range of frequency

Name of the country Operating 
range of 
frequency

Europe 3–148.5 kHz
Japan 10–45 kHz
United States 10–490 kHz
India 0—500 kHz

Fig. 8  Supraharmonics from Solar Energy Conversion System
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rating of less than 4.6 kW act as the source of primary 
supraharmonic emissions at frequencies between 15 and 
20 kHz as per the book titled “Power quality aspects of solar 
power” published by the working group of CIGRE/CIRED 
JWG C4.29, 2016 [67]. Jalil Yaghoobi et al. [68] examined 
supraharmonic emission in two sites with varying loads and 
3 MW solar energy conversion systems by keeping inverter 
switching frequencies below 3 kHz. Finally, they discovered 
that levels of voltage harmonics were seen at frequencies 
close to or multiples of the switching frequency of the PV 
inverters in the range of 0-9 kHz.

Dilini Darmawardana et al. [69] examined three distinct 
PV energy conversion system topologies and found that 
the low-frequency single-phase inverter generates supra-
harmonics up to 8 kHz, the high-frequency inverter emits 
high frequency at a moderate level or 16 kHz, and the trans-
former-less inverter emits supraharmonics in the range of 
20 kHz. Further, the authors observed that voltage harmon-
ics had been developed near the switching frequency of the 
PV inverter. Anantaram Varatharajan et al. [70] carried out 
an extensive investigation of the supraharmonic emission 
from several three-phase converters with a power rating of 
100kVA and single-phase inverters with a rated power of 
1- 10kVA after a widespread investigation; the authors con-
cluded that the supraharmonics emission by the inverters is 
close to its switching frequency.

Gaurav Singh et al. examined the supraharmonic emis-
sion from a solar PV plant with a 17 MVA capacity [71]. 
According to their analyses, the SH emission interacts with 
traditional telephone service and generates noise in the range 
of the switching frequency of the solar inverter. Finally, they 
found that the neutral line of the inverter carried the supra-
harmonic range of frequency and transmitted it into the tel-
ephone line and power distribution system.

Electric vehicle use in transportation infrastructure has 
a reduced environmental effect, and as EV technology pro-
gresses, a considerable quantity of highway charging sta-
tions are installed [72]. At a charging station, an electric 
vehicle receives electricity from both AC and DC sources, 
thus the charging station is an essential component of the 
EV charging infrastructure. EV chargers are categorised into 
several varieties based on source type, station integration, 
and power level. Wireless and wired chargers are the two 
main classifications of electric vehicle chargers. In addition, 
the EV chargers are classified into on-board and off-board 
chargers based on the charger configuration. While off-board 
chargers are placed outside the vehicle, on-board chargers 
are placed inside the vehicle. According to the amount of 
power the EV chargers deliver, they are divided into four 
categories: Level 1, Level 2, Level 3, and Level 4. Level 1 
is often referred to as normal charging, Level 2 as semi-fast 
charging, Level 3 as fast charging, and Level 4 as ultra-fast 
charging. Off-board chargers are usually classified as level 

3 of the commercial charging station [73–76]. Shimi Sudha 
Letha et al. [77] described three types of charging infra-
structure: residential, public, and fast charging, as shown in 
Fig. 9. Charging modes are subdivided into 2 cases such as 
unidirectional and Bidirectional. In unidirectional charging 
mode, the vehicle gets power from the grid alone. In bidi-
rectional charging mode, the power flows in both directions, 
from vehicle to grid and grid to vehicle [78–83].

Using DC level 2 chargers, Gaurav Singh et al. [78] exam-
ined the impact of supraharmonic emissions at a charging 
station on three electric vehicles. In level 2 chargers, a diode 
rectifier and an active rectifier with a switching frequency 
of 10 kHz are used to link the charging station at the point 
of common coupling. The authors found that EV chargers 
produce supraharmonic emissions in the narrowband and 
broadband frequency ranges. They concluded that the diode-
end converters emit supraharmonics in the 1 to 3 kHz range, 
and PWM front-end DC chargers emit supraharmonics in 
the range of 20 kHz. Friedemann Moller et al. [84] tested 
8 onboard charging batteries of two electric vehicle models 
with and without solar energy conversion systems on three-
phase and single-phase supplies. The authors found from 
the test that the distinguishable supraharmonic voltage and 
current occurred at 10 kHz, 17 kHz, and 20 kHz.

S.Schottke et al. [85] proposed that EV chargers become 
a source of supraharmonics in the range of 3 kHz to 29 kHz. 
The author tested type-1 and type-2 chargers of six electric 
vehicles in the laboratory and found that the supraharmonic 
emissions occurred due to the switching frequency of the 
charger. In addition, the emission depends on the charging 
topology and the charging state. Dilini Darmawardana et al. 
[86] have proposed an analysis of supraharmonic emission 
due to DC fast charging and Level 1 onboard charging. 
Finally, the authors concluded that both types of chargers 
emit supraharmonic frequency, and it depends upon the 
characteristics of the charger as well as the charging char-
acteristics of the vehicle.

Fuqiang Chen et al. [87] examined ten chargers with dif-
ferent maximum charging powers in five locations across 
two countries. The authors found the supraharmonic emis-
sions from the EV chargers and identified that the range 
of supraharmonic frequency depends upon the switching 
frequency and type of the EV chargers. S. Cassano et al. 
[88] proposed an EV charging station model to measure 
supraharmonic emission in a low-voltage network. From 
the investigation, the authors reported that the number of 
devices connected to the grid and the length of the line 
impact primary emission less. Further to their investi-
gation, grid resistance reduces primary emission while 
increasing secondary emission. Finally, the authors stated 
that the maximum supraharmonic emission occurred at 
15100 Hz, and concluded there is still a lack of knowledge 
about the emergence and spread of supraharmonics.
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Tim Slangen et al. [79] have tested the propagation 
of supraharmonic currents in a low-voltage system. The 
researchers independently evaluated four kinds of electric 
vehicles linked to the public grid and microgrid. They dis-
covered that EVs generate and absorb the supraharmonics 
in the range of their switching frequency. The authors con-
cluded that DC fast chargers would be sources of supra-
harmonic emissions at a high-power level. The supraha-
rmonic currents may be transferred from an LV grid to a 
medium-voltage (MV) grid via a distribution transformer. 
Tim Slangen et al. [89] tested fast-charging electric buses 
at a bus depot and identified that supraharmonics emitted 
by the EV chargers. The authors stated that converters 
in EV chargers are the primary source of harmonic and 
supraharmonics emissions. Further, they specified that 
there is no specific standard to limit the values of supra-
harmonic emissions in the EV chargers. Tim Slangen et al. 
[90] have analysed the supraharmonic from field meas-
urement data of electric vehicle chargers with a rating of 
350 kW connected in a different ratio. According to the 
author’s result, the system’s total supraharmonic current 
output increases when more chargers are turned on. At the 
same time, the researchers identified that the emission is 
not constant over time.

Manav Giri et al. [91] have demonstrated supraharmon-
ics emission from EV rapid chargers with different charging 
modes at varying charging fields. The researchers concluded 
that EV chargers cause disruptions in both low-voltage and 
medium-voltage networks. Finally, they observed various 
emissions patterns in the power network and concluded that 
more detailed research is needed to understand the spread of 

EV emissions. Tim Streubel et al. [92] tested electric vehi-
cles in three different sites and found supraharmonics in a 
different range of frequencies and interruption of EV charg-
ing due to supraharmonics.

Priyanka Mane et al. [93] reviewed the problems with the 
power quality caused by the solar-powered EV fast charging 
station. The authors stated in their review that solar and EV 
fast charging stations are the primary sources of supraha-
rmonics. According to the author, EV emits supraharmonics 
at frequencies between kHz and 60 kHz in both narrowband 
and broadband. Also, the SoC of the EV battery influences 
the emission of supraharmonics from EVs. Bernhard Grasel 
et al. [94] investigated the impacts of vehicle-to-grid (V2G) 
chargers connected to the distribution grid. The authors ana-
lyzed Austrian electrical low-voltage distribution grids in 
different scenarios with different topologies. Based on the 
investigation, they observed that the frequency-dependent 
grid impedance is influenced by V2G chargers, LCL filters, 
and DC link capacitors. V2G chargers cause both series 
and parallel resonance in all conditions, and the number of 
chargers connected to the grid also affects the frequency 
range of resonance.

High energy-efficient lighting has recently replaced 
conventional lighting methods to reduce electrical energy 
consumption. Nearly 70% of worldwide lighting has been 
achieved by LED lighting. The use of CFL and LED lights 
to replace conventional lighting schemes negatively influ-
ences the electrical system due to the requirement of drivers 
[96, 97] is a result of the changeover from an electrical to an 
electronic load causes harmonic distortion and grid losses in 
the system [97, 98]. Supraharmonic emissions are observed 

Fig. 9  Types of EV Charging Infrastructure
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Table 3  Summary of Supraharmonic Sources

Source Year Observation

Power Line Communication 2011 Customer equipment might be negatively impacted in many ways by the voltage distortion created by PLC
2018 Supraharmonics induced by smart meter signals affect the consumer and generation side equipment

Solar Energy Conversion System 2015 High switching frequencies in the range of 20 to 500 kHz will result in supraharmonics
2022 The Inverter of a grid-connected solar PV system injects supraharmonics into the system
2016 Supraharmonics is proportional to its output voltage and also depends on the operating conditions of the 

inverter of the PV system
2015 Inverter is the source of SH emission and depends upon the inverter configuration
2017 Source of primary supraharmonic emissions from PV at frequencies between 15 and 20 kHz
2020 Frequencies close to or multiple of the switching frequency of the PV inverters
2018 Voltage harmonics have been developed near the switching frequency of the PV inverter
2014 3 phase and single-phase inverters are the sources of supraharmonics

Electric Vehicle 2022   • EV chargers produce supraharmonic emissions in the narrowband and broadband frequency ranges
  • Diode-end converters and PWM front-end DC chargers emit supraharmonics

2019 EVs generate and absorb the supraharmonics in the range of their switching frequency
2021 Tested EV with solar and without solar and identified distinguishable supraharmonic voltage and current
2014   • Type-1 and type-2 EV chargers emit supraharmonic due to the switching frequency of the charger

  • Emission depends on the charging topology as well as the charging state
2020 Supraharmonic depends upon the characteristics of the charger as well as the charging characteristics of the 

vehicle
2021 The range of supraharmonic frequency depends upon the switching frequency of EV chargers
2019 Dependent upon the switching frequency of EV chargers
2021 Converters in EV chargers are the primary source of harmonic and supraharmonics emissions
2022 Various patterns of emissions that occurred in the power network
2022 Interruption of EV charging due to supraharmonics
2023 EV fast charging station powered by solar PV system generates supraharmonics

Lighting systems 2011 LED bulbs and high-efficiency fluorescent lighting emits SH
2013   • Produces electrical noise in the DC-DC converter part of the LED driver circuit with a frequency range 

of below 150 kHz
  • Affects PLC communication

2021   • Supraharmonics have been related to the visible flickering of LED lights
  • Produce an audible noise, which is in the range of human audible frequency, i.e., 20 Hz to 20 kHz

2015 Identify the supraharmonic current from low voltage devices – LED, CFL
2016 Measurement of frequency emission from Low voltage devices
2017 Analyze the CFL with a half-bridge resonant inverter
2018 The buck converter in the driver circuit of LED emits supraharmonics
2019   • Measurement setup used to identify the SH level

  • Network impedance affects the measurement of SH
2016 Active Power Factor Correction (APFC) in the power circuit minimises the lower harmonics but simultane-

ously emits the supraharmonics in the system
2019 Supraharmonics from LED causes flickering and affects the sensation of the human eye
2022 Significant contributors to PLC transmission disruptions are CFL light sources (26.54%) and LED light 

sources (13.46%)
Wind Energy Conversion System 2019   • A variable-speed wind turbine’s grid interface inverter emits 3.15 kHz

  • Analyse the secondary emission
  • Impact of grid impedance increases with the distance between the sending and receiving WTs

2017 Supraharmonics from PMSG wind energy sources and measured the level of harmonics
2017 DFIG with the back-to-back converter is analyzed, the switching frequency of the back-to-back converter is 

cause for supraharmonics
2016   • The converter circuit’s switching frequency generates supraharmonics in the 2–3 kHz range

  • Power line communications systems used in smart grids can malfunction
2020   • The primary source of supraharmonics is the back-to-back converter

  • Supraharmonic emissions from wind turbines are detected in the inverters’ switching frequency range
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from the lighting of several types of LED bulbs and high-
efficiency fluorescent lighting [23, 99]. Allan Emleh et al. 
[100] stated that LED lighting produces electrical noise in 
the DC-DC converter part of the LED driver circuit with a 
frequency range below 150 kHz and also affects PLC com-
munication. Gaurav Singh et al. [101] highlighted that supra-
harmonics have been related to the visible flickering of LED 
lights and produce an audible noise in the range of human 
audible frequency, i.e., 20 Hz to 20 kHz. Daniel Agudelo-
Martinez et al. [102] identified that the buck converter in the 
LED driver circuit emits a high range of frequencies.

Tatiano Busatto et al. [103] stated that the power cir-
cuit’s Active Power Factor Correction (APFC) minimises 
the lower harmonics. Still, simultaneously, it emits the 
supraharmonics in the system. Selcuk Sakar et al. [104] 

mentioned that the supraharmonics from LED causes flick-
ering and affects the sensation of the human eye. According 
to Marek Wasowski et al. [46] work, the major contributors 
to PLC transmission disruptions are the CFL light sources 
(26.54%) and LED light sources (13.46%). Naser Nakhodchi 
et al. [105] measured supraharmonic emission during light-
ing installation and found that the emission level increases 
when the number of lamps increases.

One of the significant sources of renewable energy is 
the energy acquired from the wind. In recent years, several 
countries have seen a substantial increase in generation 
farms tied to sub-transmission and transmission systems. 
To connect to the grid, wind turbines need power electronic 
converters [106–110]. Wind power systems and their con-
nections with the grid directly affect the harmonic levels. 
Therefore, harmonic studies are often a compulsory part of 
the connection of wind power [111–114]. Daphne Schwanz 
et al. [115] stated that wind power plant is the source of pri-
mary emission of supraharmonics. A variable-speed wind 
turbine’s grid interface inverter emits 3.15 kHz.

Ana Maria Blanco et al. [116] investigated the harmon-
ics, inter harmonics, and supraharmonics from wind energy 
sources and measured the level of harmonics. The supraha-
rmonics in the wind energy conversion system were stud-
ied by Javad Behkesh Noshahr [117]. The author proposed 
that the frequency converter circuit’s switching frequency 
generates supraharmonics in the 2–3 kHz range. A study 
on the generation of supraharmonics in power transmission 
systems caused by wind farms with PMSG technology was 
presented by Benhur Zolett et al. [118]. The power inverter 
was shown to be primarily responsible for the emissions 

Fig. 10  General measurement of low-order Harmonics

Fig. 11  Measurement method as per IEC 6100–4-7

Fig. 12  Measurement technique is given by IEC 6100–4-30
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from wind farms. The author concluded that the magnitude 
of supraharmonic voltage is less than that of low-frequency 
harmonic. Finally, the author stated that there is still no 
standard limit for this frequency range, so further research 
is needed to analyse the impact of supraharmonics on PLC.

Jil Sutaria et al. [119] analysed the supraharmonic emis-
sion from Data centres. To provide consistent power to the 
server loads, a data center functions as an essential hub for 
several converters. An uninterruptible power supply (UPS) 
regulates the incoming AC power from the utility, providing 
a backup in the event of a power outage. The UPS output is 
fed into the server’s input power supply unit (PSU). Accord-
ing to the author, one of the primary sources of supraha-
rmonics in the data center is the UPS. The authors inves-
tigated the supraharmonic emission from the UPS and the 
grid-connected solar energy conversion system in different 
operating modes. Analysis by the authors indicates that the 
SH voltage and current depend upon the grid impedance and 
the solar inverter. Also, in both online and offline operating 
modes of UPS, it was found that supraharmonics emitted 
by loads connected to the UPS do not travel to the grid side.

Supraharmonics are also emitted by cell towers and 
household appliances, including washing machines, com-
pact fluorescent lamps, CRT television, and vacuum cleaner 
with brush motors [120–122]. Thus, the major sources of 
supraharmonics emissions in a smart grid include power 
electronic circuits and energy-saving equipment used in 
domestic applications [23, 24, 26, 27, 30, 31, 33–43, 45–48, 

50–52, 54, 56, 57, 60–70, 72–77, 80–92, 95–118, 120–122]. 
Table 3 summarises the review of supraharmonic sources 
identified in the literature.

Measurement and Power Quality Standards

Monitoring signals in the 2–150 kHz band has become sig-
nificant due to emissions on the power grid generated by 
power converters. Generally, the low-order harmonic content 
of equipment is measured by connecting the signal analyser 
and current monitoring device between the source and test 
equipment [27]. The measuring of harmonics in a system is 
shown in Fig. 10.

The IEEE EMC Society defines low-frequency emission 
as frequencies less than 150 kHz, but the IEC defines fre-
quencies less than 9 kHz. As a result, there is no normative 
standard for quantifying supraharmonics. The informative 
testing and measurement methods for supraharmonic emis-
sions are IEC 61000–4-7, IEC 61000–4-30, IEC 61000–4-
19, Digital CISPR 16–1-1, IEEE 519, and CENELEC EN 
50065. Time domain measurements are used in IEC stand-
ards, whereas frequency domain measurements are used in 
CISPR 16 standards. Appendix B of IEC 61000–4-7 recom-
mends a measuring technique for equipment with a 2–9 kHz 
frequency range. This specification relates to CISPR 16–1. 
This measuring standard suggests a bandpass filter atten-
uating the fundamental frequency and components over 

Table 4  Measurement and Testing Standards for the supraharmonic frequency

Standard Frequency Range Measuring Method

IEC 61000–4–7 2 kHz—9 kHz DFT with 5 Hz resolution, 200 Hz bandwidth, at 200 ms of signal interval, full sampling method
IEC 61000–4–30 9 kHz—150 kHz FFT with 0.5 ms interval, 2 kHz frequency resolution, equidistant sampling method
IEC 61000–4–19 2 kHz—150 kHz Immunity-related characteristics and testing procedures for electrical and electronic equipment
CISPR 16–1–1 9 kHz – 30 MHz DFT of overlapping 20-ms, spectrum analyser, and quasi-peak detector suggested the equipment 

for testing emissions from the gridCISPR 16–1–2
CISPR 16–1–3

Fig. 13  Steps to measure supra-
harmonics
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9 kHz. Figure 11 shows the measurement method of IEC 
61000–4-7.

IEC 61000–4-30 suggested the measuring methods 
for the range of 9-150 kHz of frequency. Annex C of IEC 
61,000–4-30 considers the measurement method specified 
in Annex B of IEC 61,000–4-7 for the frequency range of 
9 kHz to 150 kHz. This standard limits the frequency range 
between 2 and 150 kHz by cascading high-pass and low-pass 
filters. The measurement method according to the standard 
is illustrated in Fig. 12. This measurement method is based 
on a normative standard which is given for below 2 kHz har-
monics. It provides the root-mean-square (RMS) values. IEC 
61000–4-19 provides the method of testing the equipment 
under the frequency range of 2-150 kHz and also specifies 
testing, and verification processes, test setup, and limits, test 
apparatus, and test waveforms. The CISPR 16–1-1 method 
specifies the measuring receiver by using different detectors. 
Quasi-peak detectors and analogue super-heterodyne receiv-
ers are suggested in this standard for testing the interference 
mainly in radio transmission. CISPR 16 is difficult to apply 
to the Low Voltage grid because it requires a line imped-
ance stabilization network, which is not suited for distortion 
measurements.

CENELEC EN 50065 suggested the standard for electri-
cal equipment using signals in the frequency range of 3 kHz 
to 1485 kHz to transmit data through PLC. IEEE 519 limits 
current and voltage harmonics from the customer and utility 
sides [123–132]. The summary of measurement range and 
testing procedure of supraharmonic frequency are given in 
Table 4 as per IEC and CISPR standards.

Time–frequency domain, Wavelet approach, Subsam-
pling approach, and Compressive sensing domains are also 
used to analyse supraharmonics [128] Fig. 13 illustrates the 
method for measuring supraharmonics from the informative 
standards.

Research is ongoing to develop a standard measur-
ing method and techniques for analysing supraharmonic 
emissions. The researchers have observed that measuring 
high-frequency harmonics can be challenging. However, 
several studies investigated the occurrence of supraha-
rmonic emission from numerous sources using different 
measurement standards, as shown in Table 5 [62, 65, 79, 
87–92, 126, 133–146, 148–158].

Alexander Gallarreta et al. [159] proposed a new meas-
urement technique to measure the supraharmonic emission 
in the low voltage distribution grid. The novel method 
uses the Light Quasi-peak (QP) detection technique, a 
digital implementation of the CISPR 16 standard. This 
method reduces the memory requirement and computa-
tional process. The light quasi-peak method of measure-
ment is shown in Fig. 14. The same author et al. [160] 
proposed another new method to measure the supraha-
rmonic emission named as Statistical-QP method shown Ta
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in Fig. 15. This method obtains an approximate QP value 
by statistically analyzing the instantaneous RMS values. 
As compared to CISPR 16, the Statistical-QP requires sig-
nificantly less computation and memory.

These two methods require lower computational com-
plexity and memory than digital CISPR 16 and have been 
submitted to IEC SC77A WG9 for inclusion in standard IEC 
61000–4-30 [161].

IEC 61000–3-8 limits the supraharmonic maximum emis-
sion from power line communication is proposed for the fre-
quency range of 3 to 9 kHz. Hence there is essential to suggest 
a new standard for supraharmonic emission. Additionally, the 
standards use different measurement intervals to analyse the 
supraharmonic emission therefore sudden fluctuations of emis-
sion are not able to measure properly. As a result, it is difficult 
to describe and measure the emissions from various types of 
equipment [27, 122, 127].

Different techniques are handled by the authors for reduc-
ing supraharmonic emissions. Antonio Moreno-Munoz et al. 
[162], mentioned that power electronics converters are a sig-
nificant cause of waveform distortion, but at the same time, 
they may reduce the distortion. Appropriate design and imple-
mentation techniques can limit the production of supraharmon-
ics. According to the authors, using multi-level converters can 
decrease supraharmonic emissions. S.K. Ronnberg et al. [163] 
proposed that innovative switching patterns in active convert-
ers can reduce supraharmonic emissions. The same author 
presented a pulse width modulation scheme based on random 
pulse position modulation in solar power plants and concluded 
this method would reduce supraharmonic emission in the sys-
tem. The random pulse position modulation approach is com-
plex, time-consuming and produces unreliable results [164]. 
According to the authors, the fuzzy logic controller is the most 
precise solution and may quickly eliminate the supraharmonic 
emissions. No specific method exists from the analysis to miti-
gate supraharmonic emissions; hence, the evolution of more 
studies in this area is essential. Table 6 summarises the review.

Discussion

In general, there is a lot of research being done on the topic 
of supraharmonics. The CIGRE C4 working group, the Elec-
tric Power Research Institute (EPRI) in the United States, 
and numerous universities are the few already working on 
this research issue.

• Most of the research findings are related to sources of 
supraharmonics and its emission level.

• Research work in measurement and analyses of Supra-
harmonic emission is very few compared to source iden-
tification of supraharmonics.

• Some research on measurement methods is limited to 
identifying primary and secondary emissions.

• No generalized measurement methods for supraharmonic 
emission.

• There is no normative standard for supraharmonic emis-
sion.

• According to the mitigation methods of supraharmonics, 
only a limited number of publications exist in the litera-
ture review.

Based on the literature review the research gap identified 
in the field of supraharmonics has been shown in Fig. 16.

• Supraharmonic sources will increase in the future. As 
a result, to handle this issue, a suitable measurement 
method and complete analysis are required to minimize 
the problem and mitigate the supraharmonics to regulate 
energy utilization.

• Supraharmonics can potentially be mitigated by employ-
ing high-frequency materials, which could be an area of 
future research.

• The integration of modern signal processing techniques 
with machine learning approaches to identify and classify 
supraharmonic emissions is a promising future scope.

Fig. 14  The measurement method according to Light Quasi-peak
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Conclusion

Power quality issues in electrical distribution networks 
have become severe problems with the rise of many non-
linear loads and the integration of renewable energy. 
Supraharmonic emission is the source of many disrup-
tion issues in the modern electrical network. The most 
significant proposal for the future electricity system is 
the smart grid. Supraharmonic emission affects the func-
tioning of the smart grid by creating problems in power 
line communication. This study provides an overview of 
the sources of supraharmonic emission in power systems 
from the power quality view and reviews the supraha-
rmonic measurement methods and related standards. 
Based on the review reveals that the analysis of supraha-
rmonic emission sources, the amount of emissions pro-
duced by these sources, and the effects on power system 
components are the research areas that researchers most 
frequently discuss. 

Other significant topics addressed include forming new 
detection algorithms for supraharmonics, comparing vari-
ous measurement techniques, and the effects of supraha-
rmonics. The well-defined standards for measurement and 
mitigation are applicable for harmonics ranging in frequency 
below 2 kHz. However, according to this survey, the pre-
vious standards do not apply to supraharmonic emissions 
ranging between 2 and 150 kHz. Also, several issues have 
been identified in the measuring techniques. Developing 
suitable frequency analysis tools is one of the objectives of 
the expanding supraharmonics research. As a result, new 
frequency estimation techniques are being researched and 
recommended. Hence, serious consideration for the standard 
setting of the supraharmonic frequency range is required. 
The standards for measurements and mitigation techniques 
for supraharmonic emissions are in the area of research. 
Based on this study, further work can proceed to identify 
the supraharmonic source by different processes and mitiga-
tion of supraharmonics and its effects. 

Fig. 15  Statistical – QP method

Fig. 16  Research gap in supraharmonic emission
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