
 

 

  

 

Bachelor’s thesis  30 March 2016 
LUT School of Energy Systems    
Electrical Engineering 
 

 

  

BENEFITS OF A LOW-COST ONE-PHASE CURRENT 
DISTORTION DETECTION DEVICE IN APPLIANCE 

SUPPLY IN LOW-VOLTAGE RESIDENTIAL NETWORKS. 
Petra Raussi 

 



 

 

ABSTRACT 

 

Lappeenranta University of Technology 

LUT School of Energy Systems 

Electrical Engineering 

 

Petra Raussi 

Benefits of a low-cost one-phase current distortion detection device in appliance supply 

in low-voltage residential networks.  

 

2016 

 

Bachelor’s thesis.  

30 pages, 6 figures and 3 tables 

 

Examiner: D.Sc. Andrey Lana  

 

 

In this bachelor’s thesis are examined the benefits of current distortion detection device 

application in customer premises low voltage networks. The purpose of this study was to 

find out if there are benefits for measuring current distortion in low-voltage residential 

networks. Concluding into who can benefit from measuring the power quality. The research 

focuses on benefits based on the standardization in Europe and United States of America. In 

this research, were also given examples of appliances in which current distortion detection 

device could be used. Along with possible illustration of user interface for the device. 

 

The research was conducted as an analysis of the benefits of current distortion detection 

device in residential low voltage networks. The research was based on literature review. The 

study was divided to three sections. The first explain the reasons for benefitting from usage 

of the device and the second portrays the low-cost device, which could detect one-phase 

current distortion, in theory. The last section discuss of the benefits of usage of current 

distortion detection device while focusing on the beneficiaries.        

 

Based on the result of this research, there are benefits from usage to the current distortion 

detection device. The main benefitting party of the current distortion detection device was 

found to be manufactures, as they are held responsible of limiting the current distortion on 

behalf of consumers. Manufactures could adjust equipment to respond better to the distortion 

by having access to on-going current distortion in network. The other benefitting party are 

system operators, who would better locate distortion issues in low-voltage residential 

network to start prevention of long-term problems caused by current distortion early on.  
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Tässä kandidaatin työssä tutkitaan särövirtoja havaitsevan laitesovelluksen hyötyjä 

asiakkaan tiloissa pienjänniteverkoissa. Tavoitteena on selvittää, onko särövirtojen 

mittaamisella hyötyjä asuinalueiden pienjänniteverkoissa, keskittyen tahoihin, jotka voivat 

hyötyä sähkön laadun mittaamisesta. Työ keskittyy hyötyihin, jotka perustuvat 

standardointiin Euroopassa ja Yhdysvalloissa. Työssä esitetään myös esimerkkejä kojeista, 

joissa särövirtoja havaitsevaa laitetta voitaisiin käyttää, yhdessä käyttöliittymän mahdollisen 

mallin kanssa.    

 

Työ toteutetaan särövirtoja havaitsevan laitteen hyötyjen analyysinä asuinalueiden 

pienjänniteverkoissa. Työ perustuu kirjallisuustutkimukseen ja on jaettu kolmeen osaan. 

Ensimmäisessä osassa selvitetään syitä tämän laitteen käytöstä hyötymiselle. Toisessa 

osassa teoriassa esitetään edullinen laite, joka voi havaita yksi-vaiheisen särövirran. 

Viimeisessä osassa käsitellään särövirtoja havaitsevan laitteen hyötyjä keskittyen 

edunsaajiin.  

 

Työn tulosten perusteella voidaan sanoa, että särövirtoja havaitsevan laitteen käytöstä on 

etuja. Laitteen pääedunsaajat ovat valmistajat, jotka ovat vastuussa särövirtojen 

rajoittamisesta kuluttajien puolesta. Valmistajat voivat mukauttaa laitteistojaan vastaamaan 

paremmin säröihin hyödyntämällä laitteen mittaamaa dataa verkon jatkuvista särövirroista. 

Toiset edunsaajat ovat verkonhaltijat, jotka voisivat paikantaa häiriöt virrassa paremmin 

asuinalueiden pienjänniteverkoissa aloittaakseen särövirtojen aiheuttamien pitkänaikaisten 

ongelmien ehkäisyn aikaisemmin. 
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1. INTRODUCTION  

Power quality appraisal has become an important segment when talking about the power 

networks, mainly due to the concerns regarding harmonic analysis (Chang et al., 2004). The 

need for harmonic analysis has formed due to the raising amount of harmonic currents and 

voltages in the power systems (Baghzouz et al., 2002). The extensive amount of nonlinear 

loads and power electronics utilized in residential applications and systems has resulted the 

increase of distortion. This has generated demand for better understanding of current 

distortion and brought it to the spotlight of harmonic analysis. (Chang et al., 2004.) 

1.1 Background 

Current distortion is gaining more recognition in European Union and United States of 

America as the quality of voltage is principally balances and there are solutions for power 

quality issues regarding voltage distortion. Nowadays the development of electrical systems 

has entered to new phase, in which the aim for better power quality is unavoidable, especially 

in the advanced economies from the technical-economic perspective. Before these changes 

in the development, power systems were spread at rapid pace and as affordably as possible, 

without specifically considering the power quality or notably demanding loads. (Masetti, 

2010.)   

 

In the past, lack of focus to the power quality has not generated that big of an issue, but since 

then the harmonics have become concern for networks. The negligence of power quality 

today might led to issues like capacitor failure or transformer and neutral conductor 

overheating. For that reason, the harmonics or current distortion in particular cannot be 

ignored. A step towards harmonic analysis for couple last decades has been deterministic 

harmonic analysis, which nevertheless neglects the variability of nonlinear load running 

conditions, while these loads insert distortion currents into the network, the neglect in turn 

produces changes in these currents. (Baghzouz et al., 2002.) 

 

Since has been created software and other products to anticipate and solve quality problems 

in low voltage power networks, while giving attention to the harmonics of nonlinear loads, 

but today the focus needs to be shifted to cover also the harmonics generated by the supply 

(Rodway, Musilek, Misak & Prokop, 2013). As the amount of renewable energy sources 

increases and sources such as, wind energy establishes a major part of the equipment causing 
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distortion in the network. Wind power assists the issues with power quality, particularly by 

creating worry in both transmission and distribution levels of the utilities. (Al-Haddad, 

2010.)  

 

Wind power is not the only renewable energy source, which has become increasingly 

popular. When concentrating on residential network, especially photovoltaic (PV) panels 

and energy storages are experiencing a boom in Europe and United States of America.  PV 

panels should be drawn to the conversation of power quality, because inverters used to 

transfer the PV panel generated electricity to the network cause harmonic distortion 

(Torquato, Trindade & Freitas, 2014). If the PV panels are small scale, they might not cause 

distortion. However, in the case of inappropriate number of PV panels, inverter working 

under nonlinear operation or unpredictable weather circumstances might lead to current 

distortion. (Hengsritawat & Tayjasanant, 2012.) Then, energy storages can be used to gain 

better power quality as they can release electricity to the grid when demand for electricity 

escalates. However, energy storages have also their disadvantages, what comes to their 

location for example next to PV panels occupying area from installing more PV panels. 

(Guerrero, Loh, Lee & Chandorkar, 2013.) For establishing a safe and reliable supply from 

these multiple energy resources, cutting the distortion in the system is coming significant 

and obligatory. (Al-Haddad, 2010.) 

 

Current distortion is part of harmonics, which are not generated by regular course of 

operation with semiconductor converter, but might be caused by demodulation of harmonics 

both characteristic and fundamental or beat frequencies, while also inequality in the 

alternating current (AC) system and cycloconverter operation or asymmetrical delay angle 

might be the cause (IEEE 519 (1993), 1992). The aim of this paper is mainly on distortion 

created by an imbalance in the AC power system. Current distortion commonly causes 

incorrect operation in protection relays and breaker circuits and as a result of the resonance 

intensifies voltage distortion (Djeghloud, Benalla & Bentounsi, 2008). The constant impacts 

of current distortion in building wiring, distribution and power transmission components are 

growing losses especially in series circuits; in addition, the precision of measuring weakens 

(Djeghloud et al., 2008).  
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Overall, while creating added heat and crippling the electrical insulation the distortion might 

result appliances aging prematurely. For this, IEEE and IEC standards advise limiting the 

amount of current distortion, which is infused to the network. (Rodway et al., 2013.) 

 

As seen from the general background information regarding power quality and current 

distortion, the measurement and analysis of the current distortion are relevant, when 

concerning power quality issues. They bring together both the safety and economical aspects 

of the constantly developing power system. In order to keep the network updated for future 

of increasing renewable energy sources and smart grid solutions the analysis of the current 

distortion might need to be broaden to the appliances in low voltage residential networks.   

1.2 Research problem, objectives and delimitation 

The goal of the thesis work is to find out if there are benefits for measuring the power quality 

and moreover the current distortion in low-voltage residential networks. Concluding into 

who can benefit from measuring the power quality. 

As said while describing the background of measuring the power quality the current 

distortion causes disturbances in the low-voltage network grids and the solution for these 

disturbances can be better directed in preventing the disturbances if the power quality is 

measured and knowledge of the disturbances is acquired in advance.     

The main research question of the thesis is:  

 

 Who benefits from the current distortion detection device and which ways? 

 

In order to answer the main research question the following research questions are used to 

guide and define the topic of the thesis:  

 Why there is a need for current distortion detection device in low voltage residential 

networks? 

 What kind of devices can be used as current distortion detection devices?  

 Which kind of applications current distortion detection devices can be utilized? 

 How the benefits of the device differ according to the followed standardisation? 

 If the end user benefits from the device, how the information is provided to them 

through which kind of human interface? 
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1.3 Research methodology 

The thesis is conducted as an analysis of the benefits of current distortion detection device 

application in customer premises low voltage networks and it is based on literature review. 

The research focuses on SFS standards and more broadly, the standardisation in Europe and 

United States of America. The referenced information of the standardisation is researched 

with the help of IEEE Xplore Digital Library database and Google Scholar search engine. 

 

The thesis is constructed in three sections. The first section explains the reasons according, 

to which it might be beneficial to employ the current distortion detection device. After 

describing the reasons for usage follows the section portraying the low-cost device, which 

could be used to detect the one-phase current distortion, in theory. In this section, the 

description of the device is accompanied by illustration of the equations and components 

needed for the device. In the third section, the benefits of usage of current distortion detection 

device are discussed while concentrating on whom the benefits will effect. 
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2. REVIEW 

Current distortion in power networks is expanding, because using switch-mode power 

electronic equipment has become attractive due to its benefits. The benefits cover aspects 

like decreasing weight and upgrading power supplies and converters’ efficiency and control. 

The major weakness is the harmonic loading, which might overwhelm the network as a result 

of using lowest-cost circuits. (Key & Jih-Sheng Lai, 1993.) On the other hand, the sinusoidal 

character of AC power current changes due to nonlinear loads and the change causes the 

current distortion in the network, while also the use of capacitors for reactive power 

compensation might cause raised level of current distortion while the conditions appear to 

be resonant (IEEE 519 (2014), 2014). As conducted, the reserve capacity drained by the 

raised reactive current is a problem when talking about raising current distortion levels in 

power networks (Key et al., 1993).  

 

As economic encouragements have not been laid, there is a lack of motivation to solve issues 

caused by current distortion or innovate techniques to cut down distortion. Nevertheless, the 

utility and user’s electrical supply system are sturdy enough to endure even more nonlinear 

loads following distortion than the loads that are currently occurring. (Key et al., 1993.) 

 

To summaries origins of current distortion, they can be divided into three types according to 

their source. First type covers devices, which have nonlinear current-voltage relationship. 

Devices, which fall into this category, include magnetic and iron core reactors, which 

produce harmonic currents while excited by periodic voltage input and transformers and 

induction motors, as a result of the actions of their magnetic elements during saturation. The 

first type also includes arc furnaces, which fall into this category because of ionized gas. The 

second category covers stators of electric drivers, where flux distribution is non-sinusoidal. 

The third type devices consider mainly power converters, in which generation, transmission, 

distribution, utilization in network is accomplished by power electronics’ periodic switching. 

The third type distortion scan be analysed with the help of the Fourier-series method (Bonner 

et al., 1996). Power electric equipment often apply more than one of these three types 

simultaneously, such as fluorescent lights, which incorporate both periodic switching of the 

power converter and nonlinear load nature. (Chang et al., 2004.)        
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Other current distortion sources worth mentioning comprise static VAR systems, distributed 

generation inverters, AC phase controllers, cycloconverters, AC-DC converters and pulse 

width modulated (PWM) motor drivers. Each of the mentioned devices, which cause current 

distortion, may either have rather steady current distortion in long run or broadly fluctuating 

harmonics relying upon style of control, behaviour of the system and others. (IEEE 519 

(2014), 2014.) 

 

The causes of current distortion lead to the reason of why applying current distortion 

detection device would be beneficial and generally, why it is beneficial to avoid at least large 

amounts of current distortion. Current distortion might cause heightened losses and 

potentially fatal equipment damage. The damage might be caused by resonances, which arise 

overcurrent (Bonner et al., 1996). In addition, harmonics might lead to interference with 

control, communication and protective equipment, and heating regarding various 

electromagnetic devices such as motors and transformers (IEEE 519 (2014), 2014). Current 

distortion may generate big enough amount of fluctuating power, which might gravely alter 

the stability and performance of the grid notably while data on supplying is not precise and 

to lessen these issues intelligent power electronic equipment is one of the highly possible 

answers (Al-Haddad, 2010).  

2.1 Purpose of the current distortion detection device  

Nowadays the ever-growing amount of utilizing adjustable speed drivers in residential 

networks has created further concerns in power systems regarding current distortion. These 

drivers have spread widely into industrial and computer systems and electronic ballasts of 

commercial and consumer electronics. (Key et al., 1993.)  

 

There is notable amount of electronical household appliances, which have spiked current 

waveforms. Household appliances with waveforms that have harmonics cover appliances 

such as PC (Personal computer), laser printer, VCR, TV, microwave oven and electronic 

washing machine. The dominant harmonics in household appliances are 3rd harmonic and its 

odd multiples and also 5th and 7th harmonics. These previously mentioned harmonics have 

high amplitude and the total harmonic distortion (THD) for current can rise as great as 140% 

in these appliances. (Chang et al., 2004.) 
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When talking about current distortion caused primarily by nonlinear loads, the distortion in 

the network rises very high as over 40% distortion is not uncommon. Moreover, this 

distortion influences the power system by causing damage and increases the losses, so 

detecting the distortion in order to applying prevention is needed. Additionally, the power 

system is more prone to suffer from issues than the load. As the heightened reactive current 

uses up the in-built reserve capacity in the power network. In most cases, the high current 

distortion levels are more demanding for components in the power network than for loads 

and for that reason, the standards have been developed to secure the public power supply. 

(Key et al., 1993.) 

 

Based on the standards, specific national level guidelines and rules have been established by 

the energy suppliers; because of these, the end users have better understanding of the 

standards on the distribution level. While the renewable energy sources are spreading 

through the utility network, it is important for the users to be aware of the standards, as the 

renewable energy sources have made the supplying more available.  Users may have 

possibility to not only consume energy but also supply it and the same standards and rules 

apply for bigger energy suppliers and the users supplying power to the network. (Al-Haddad, 

2010.) 

 

As it can be seen, the detection of the current distortion is important in today’s residential 

network in order to reduce its causes. Currently, there is not device widely available on 

market, which is recommended for residential networks, for purely detecting current 

distortion so that the data can be analysed to improve the system. If the current distortion 

detection device is broaden to analyse also data of phase angle, the device may be used for 

harmonic flow direction and harmonics’ source location estimation (Sankaran, 2002). In 

addition, after cultivating data for longer period, it may be possible to see long-term trends 

of the current distortion in a specific network or load.      

2.2 Characteristics of the current distortion detection device 

To determine which kind of devices can be used for current distortion detection, closer look 

to the different functions of the device is required. The harmonic components of the 

waveforms can be used to get data and analyse the periodically distorted waveforms (Bonner 

et al., 1996). However, the current distortion can be also studied by measuring the voltage 
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or the current, and in the case of voltage simply to convert the data to the current values. The 

equipment, which has been created to answer the problems regarding harmonics, includes 

usually the distortion control aspects. For that reason, advanced real time simulation tools 

need to be used to solve the difficult on-going issues while allowing the analysis of the 

network’s behaviour to be conducted in acceptable time (Al-Haddad, 2010). Levelled control 

of power at every point of common coupling (PCC) flow may be accomplished and the 

harmonics prevented by these tools and devices to deliver custom-made energy with high 

quality to the users (Al-Haddad, 2010). Thought for the low-cost current distortion detection 

device real time simulation is not needed as the device is majorly for measurement without 

control system. These devices with the distortion control system might be fairly expensive 

and to achieve a low-cost device for the detection only, they may be redundant. Therefore, 

the current distortion detection device needs to be made without these real time simulation 

and distortion control features, purely to measure the current and analyse it for distortion.      

 

This low-cost device could be based on a small-scale printed circuit board. The main 

components would be microcontroller (MCU), analog-to-digital converter (ADC) and a 

power plug through which the board is connected to the AC power network. The ADC 

measures the voltage from the power system, from where current can be calculated, and with 

SPI protocol connection transmits the data to the MCU for calculating the magnitude of 

sinusoidal current and frequency. (Ignatiev, 2015.) In addition, the previous described device 

is cased to maintain the electrical safety while using the device.  

 

As shown in figure 2.1, the current distortion detection device can be installed to the network 

through current sensing circuit for detecting current, which is connected directly to the wires 

into mains terminals between supply and load. These installations directly via wires need to 

be always done by electrician or other professional of the electrical field. The device might 

also be installed by placing the wanted wire through current transformer (CT). In this case, 

the CT is connected around the wire, which transfers the current in the power system; this 

allows all the current wanted for measuring circulate through the CT. Number of CTs can 

be installed without taking apart the wire they are going to be installed by opening and 

closing their core, which permits nonprofessional to install CT. Connecting the current 

distortion detection device via CT is portrayed in figure 2.2. Third possible installation 

option is to connect the current distortion detection device via power plug, as illustrated in 

figure 2.3. In this installation, the device is attached to a power plug and a socket, and set 
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between a load and network. The device is connected to the load by a socket and to the 

network through a plug. Out of these three possible alternatives, nonprofessional would be 

able to connect the current distortion detection device via CT or power plug, shown in figures 

2.2 and 2.3.        

 

Figure 2.1 Diagram of a possible installation of the current distortion detection device by connecting the 

device directly between supply and load. 

 

Figure 2.2 Diagram of a possible installation of the current distortion detection device by CT, which is 

connected around the wire transferring current in the network. This permits all the current wanted 

for measuring circulate through the CT. Now, the device can measure current from electrical 

centre, when CT is attached to the wanted wire in the electrical centre.  
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Figure 2.3 Diagram of a possible installation of the current distortion detection device by attaching a power 

plug and socket to the device, which then may be connected between a load and power network. 

Connection to the load is done via socket, while power plug connects the device to the network.  

 

In figure 2.4, there is a diagram of the ways to connect with users. The users could be 

categorized to two main groups as companies, for example power suppliers or 

manufacturers, and as small-scale residential consumers. For the first category, the data may 

be accessed through control centre or database, where the long-term data from various end-

users can be analysed as whole. The residential consumers could open data about current 

distortion in their own premises via PC or phone, where mainly the important totals could 

be portrayed.  

 

Figure 2.4 Diagram of the ways data from current distortion detection device can be accessed by PC, phone 

or control centre. 

 

For possible examples of the low-cost MCUs and ADCs currently on the market has been 

chosen components to illustrate in more detail the actual low-cost device. For MCU, a 

potential model is Photon by Particle. Photon has Broadcom Wi-Fi chip, through which 

Photon can be connected to cloud via Wi-Fi, and a STM32 ARM Cortex M3 MCU (Photon, 

2015). Photon is applicable for SPI (Serial Peripheral Interface) bus, which makes it practical 
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choice for MCU as it can be accessed via Wi-Fi connection to the cloud and data can be 

transferred to it via SPI while meeting the low-cost stipulation (Photon datasheet, 2015). The 

best option for ADC might be essentially ADE7880 by Analog Devices. ADE7880 can 

transfer data via SPI protocol. Moreover, by assessing the electrical power ADE7880 can be 

integrated for power quality measurement (Analog Devices, 2011). ADE7880 is for 3-phase 

systems and therefore used only as an example as it meets the conditions of supporting SPI 

and measuring power quality while maintaining the low-cost prerequisite (Analog Devices, 

2011). Illustration of the device with the discussed components is shown in Figure 2.5. 

  

Figure 2.5 Diagram of the current distortion detection device. ADC connected to the power network through 

current sensing circuit. The measurement values transferred to MCU via SPI protocol and further 

via Wi-Fi to cloud.  

 

For analysing the current distortion, there are different approaches. The harmonic spectrum 

can be calculated by applying the fast Fourier transform (FFT) and the results then compared 

to magnitude and frequency of the given perfect sinusoidal current. By this comparison, the 

quality of the current can be assessed. On the other hand, the clearest and most used method 

to analyse the harmonics is done by scanning the frequency, where the amount of input data 

has been decreased to bare minimum (Bonner et al., 1996). While analysing the frequency, 
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there is made calculation from frequency response of the system seen at specific point in the 

network, in practice sinusoidal voltage is inserted to the point and the response current is 

calculated (Bonner et al., 1996). The information, which can be accessed by the frequency 

scan and total harmonic distortion, is mainly the fundamental frequency percentage, while it 

would maybe be more efficient to get also data about the load by applying the total demand 

distortion (TDD) (Rodway et al., 2013).          

 

TDD is the ratio of the root mean square (RMS) of the harmonic content; it takes count 

harmonic components until the 50th order and beyond the 50th order if seen significant, while 

omitting the interharmonics (IEEE 519 (2014), 2014). The result is told as a percent of the 

maximum demand current instead of the fundamental current like THD. TDD can be 

calculated from THD by multiplying it with fundamental load current divided by circuit 

rating, and is written 

 

𝑇𝐷𝐷 = √∑ 𝐼ℎ
2ℎ=𝐻

ℎ=2 𝐼𝐿⁄ ,                                                           (2.1)     

 

where h is the harmonic order, H is the maximum harmonic order usually 50, Ih is the RMS 

value of the harmonic component of order h and IL is the maximum demand load current at 

the fundamental frequency component (IEC 61000-2-2, 2002). IL is measured at the PCC 

that generally is at the user’s metering point and measuring can be done as the average of 

the maximum demand current for extended time interval or for new equipment with the help 

of already concluded load characterizations. TDD can also be written 

 

𝑇𝐷𝐷 = 𝑇𝐻𝐷(𝐼1 𝐼𝐿⁄ ),                                                            (2.2)    

 

where I1 is the RMS value of the fundamental component. From Eq. (2.2), it is easily 

noticeable that in the case of full load TDD and THD are equal. In addition, as previously 

mentioned more information of how substantial the significance of the current distortion is 

in the network can be gained by applying TDD. As an example, in cases, where the THD is 

remarkably high and the system load is low, the effect in the network is also low. (IEEE 519 

(2014), 2014.)  
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A previously discussed simple model has enough precision for determining the current 

distortion, as the precision it provides is mainly as good as with complex models, which 

obligate additional computational resources and all the needed input parameters might not 

be available to use (Chang et al., 2004). In addition, if ADC used is equivalent for ADE7880, 

it can instinctively follow the fundamental frequency and produce real-time updates of the 

harmonics as the harmonic analysis of ADE7880 cover harmonic distortion and THD with 

noise computations (Analog Devices, 2011). The harmonic calculations are executed by 

implementing the diagram shown in Figure 2.6 (Analog Devices, 2011). For performing the 

harmonic calculation, ADE7880 measures as input values RMS of the fundamental 

components and of phase current. Based on the previously said input values ADC computes 

THD by adopting the following  

 

(𝑇𝐻𝐷)𝐼 =  √𝐼2 − 𝐼1
2 𝐼1⁄ .                                                        (2.3) 

 

THD is calculated as a part of harmonic computation, in which ADE7880 determinates 

various values, such as fundamental phase for active, reactive and apparent power. (Analog 

Devices, 2011.)  

Figure 2.6 Diagram of the harmonics calculations on ADE7880. (Analog Devices, 2011) 
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To summaries, there are several different solutions for physical composition of the current 

distortion detection device in theory. However, a possible solution might be a small-scale 

circuit board with ADC and MCU components along one of the possible installation 

alternatives are displayed in figures 2.1, 2.2 and 2.3. A potential answer for providing access 

to the data collected by current distortion device could be a cloud, from where consumers, 

system operators and manufactures direct access to the data in control centre, on phone or 

on PC. In addition, the computation could be done as shown with ADE7880, following Eq. 

(2.3) when determining current distortion form the RMS value of the fundamental 

component and the phase current.        

2.3 Benefits according to the European and American standardization  

There are two major standardizations, which need to be considered: the European and 

American standardizations. IEEE is directed towards the American market and IEC 

(International Electrotechnical Commission) for the technical field in Europe (Lamedica, 

Prudenzi, Tironi & Zaninelli, 1999). As for standardization regarding current distortion, in 

America, it is included to the IEEE 519 standard and in Europe, the IEC standards for 

electromagnetic compatibility are offered in various publications, which describe several 

disturbances (Lamedica et al., 1999). The main parts of limiting the harmonics in low-

voltage networks are described in IEC 61000-3-2 and IEC 61000-3-4, which in part 2 cover 

the single equipment with current less than 16A and in part 4, are limits for distortion in 

equipment greater than 16 A.  IEC standards are distinguished standards for harmonic 

limiting in appliances in world and they are becoming more commonly used in America 

because there is no corresponding IEEE standard. While various companies in United States 

wish to take part to the foreign markets, especially the European Common (EC) market, 

where the IEC standards are more widely followed. IEEE 519 directed more towards 

designing networks with nonlinear loads and it focuses on limiting the harmonics at PCC or 

customer service entrance. The current distortion is limited from the user by the relative size 

of the load. (Key et al., 1993.) 

             

Both of the standards have lightly different view on who is responsible for controlling the 

current distortion in the system. According to the IEEE 519, the control responsibly is to be 

split between system owners or operator and end-users. The users mostly make the current 

distortion to the network and cause harmonic voltages, through which the distortion 
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circulates to the other users to inflate current distortion in each user’s loads. As previously 

mentioned controlling harmonic is a shared responsibility, and for that reason, the harmonic 

limits are given for both current and voltage. Voltage distortion in small quantities is 

commonly tolerable in network, as the voltage distortion is thought to stay in its limits by 

controlling the amount of harmonic current injected by users. (IEEE 519 (2014), 2014.) 

  

Through the focus to limiting the voltage distortion at the customer service entrance, the 

IEEE 519 does not support small users with the issues caused by the current distortion in 

their own appliances. This is due to difficulty of expecting small residential consumers be 

able to control the current distortion in the network as an illustration by imposing a fee to 

the consumers regarding their nonlinear load. The result of this is that the control of the 

current distortion in residential systems is left for the equipment manufacturers and great 

commercial and industrial consumers. It is more logical from the technical and economical 

angles to assess the responsibility of current distortion relatively to the size of the consumer 

and is commonly approved by all the different operators in the network. In practical sense, 

making the manufacturer responsible part leads to all the equipment being fixed only to emit 

distortion inside the given limits (Lamedica et al., 1999). When comparing to the IEC 61000-

3-4 the situation is nearly akin with the IEEE 519 as the IEC 61000-3-4 too concentrates on 

securing the greater consumer’s network when current is more than 16A. The IEC 61000-3-

2 similarly to the IEEE 519 puts responsibility on the manufacturers by limiting the 

harmonics by set equipment types. These limits are for the low voltage networks and by that 

in comparison, the European standards guard more networks that are residential and small 

user’s appliances while highlighting the public low-voltage residential systems. Equally can 

be said that both European and American standards are for limiting the harmonic emissions 

in equipment to preserve the loads and other components in the network. (Key et al., 1993.) 

 

The limits themselves suggested in IEEE 519 says that in networks, where the rated voltage 

is from 120 V to 69 kV at the PCC the harmonic currents should be limited by the users so 

that the daily 99th percentile maximum 3 seconds of harmonic current should lower than 

twice the rates given in Table 2.1. For weekly maximum 10 minutes, harmonic currents are 

allowed fewer than 1.5 times and similarly to weekly 95th percentile harmonic currents the 

allowed amounts should be smaller than the amounts in Table 2.1. These limits are relevant 

only at PCC and they should not be used for specific appliances or at some other locations 

than at PCC. This is due to harmonics being often rather considerable when contrasting to 
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the limits at PCC with values measured elsewhere. The reasons for this might be the shortage 

of diversity, cancellation and others, which lessen the connected influences of numerous 

harmonic sources to levels under their algebraic summation. Concerning harmonic current 

components not covered in previous the IEEE 519 recommends users to limit amount of the 

components to small in order to avoid unwanted impacts in the network and appliances 

connected to it. However, for actual limits the rates need to be established on occasion basis 

while analysing the characteristics of the supply network, loads of the users and the 

provisions of those loads to others. (IEEE 519 (2014), 2014.)  

 

Table 2.1 Limits of current distortion in networks of rated voltage from 120V to 69kV. Maximal harmonic 

current distortion is given in percentage of maximal demand load current IL. Individual harmonic 

order of odd harmonics, even harmonics should be 25% of the odd harmonic limits. The <20 limits 

are limits for all current distortion despite their certain ISC/IL value. (IEEE 519 (2014), 2014.) 

ISC/IL 3≤ h <11 11≤ h <17 17≤ h <23 23≤ h <35 35≤ h ≤50 TDD 

< 20 4.0 2.0 1.5 0.6 0.3 5.0 

20 < 50 7.0 3.5 2.5 1.0 0.5 8.0 

50 < 100 10.0 4.5 4.0 1.5 0.7 12.0 

100 < 1000 12.0 5.5 5.0 2.0 1.0 15.0 

> 1000 15.0 7.0 6.0 2.5 1.4 20.0 

 

The limits recommended by IEEE 519 consider that the amplitude, phase angle and variation 

with time vary depending on which user has injected the harmonic current, and the distortion 

limits are established from the maximum harmonic voltage generated by a single user should 

not surpass the values specified in the standard. In addition, these limits consider the TDD 

shown in Table 2.1. Lastly, the current distortion limits are formed from the comparison 

between the sizes of the load and the supply network at the PCC. (Lamedica et al., 1999.) 

 

On the side of European standardisation, the IEC 61000-3-2 takes a stance and omits the size 

of the network at PCC dissimilar to the IEEE 519. This standard recommends the limits by 

separating the equipment into four categories and the limits regarding emissions differ from 

category to category. The limits are in relation of the harmonic current secondary to steady-

state circumstances with some suggestions for transient harmonics. In the IEC 61000-3-2, is 

also told the test conditions for measuring the emitted harmonics and requisites of 

appropriate apparatuses. Addition to this standard, there is IEC 61000-3-4 for input currents 



22 

 

greater than 16 A and for low-voltage networks; the limits of current distortion are shown in 

Table 2.2.  For connecting equipment covered in IEC 61000-3-4, to the supply, there is 

requirement of having notification or approval by the supply authority while in the standard 

are presented three ensuing appraisal phases for this sort of connecting. The equipment 

generated admissible harmonic current’s magnitude is from where the phases are conducted. 

The short-circuit ratio Rscr is viewed as the principle for the portraying the load size, when 

concerning the size of the network for limiting the current distortion in both the IEC 61000-

3-4 and IEEE 519. (Lamedica et al., 1999.) 

 

Table 2.2 Current distortion limits of the IEC 61000-3-4. Maximum harmonic current is given in percentage 

of the fundamental frequency component, where Rscr ≤ 33 and h is the harmonic order. Even 

harmonic current limits are ≤8/h or ≤0.6. (Lamedica et al., 1999.)   

h 3 5 7 9 11 13 15 17 19 21 23 25 27 

29 ≤ 

h ≤ 

31 

≥33 

[%] 21.6 10.7 7.2 3.8 3.1 2.0 0.7 1.2 1.1 0.6 0.9 0.8 0.6 0.7 0.6 

 

When the standards are applied for appliances in the residential network, can be noticed a 

differences in their behaviour when it comes to current distortion. On table 2.3, there are 

some common household non-linear loads, and there are great differences in the distortion 

of these devices. As in some cases the limits are exceed quite lot, and while residential 

appliances run on low power, the accruing impact the great number of small harmonic 

sources create may be considerable. As an example, an extensive amount of PCs in a 

relatively small area such as high-density residential networks are found to create 

significantly contrast regarding harmonics in comparison with a sole PC. In practise, the 

significant contrast might be the considerable reduction of harmonics in current, when there 

are multiple PCs connected aligned from the same bus. (Iagar, Popa & Dinis, 2014.)   
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Table 2.3 Current distortion on some common non-linear loads in the residential network, the current 

distortion limits are according to the IEC standards (Iagar et al., 2014). 

Refrigerator Relatively low harmonic current distortion. 

Microwave 

oven,  

no-load 

Current waveform highly distorted. 

The 3rd, 5th and 7th harmonics have values higher than the maximum 

standard values. 

Microwave 

oven, load 

Load influence very little the operation; current harmonic distortion 

slightly increases; in all situations THDI and 3rd, 5th, 7th harmonics levels 

exceed the compatibility limits. 

Induction 

heat plate, 

load 

THD very small, all harmonics have values smaller than the maximum 

standard values. THDI decreases when using stainless steel kettle instead 

of steel kettle.  

Load of the induction heat plate depends on cooking vessel and not its 

contents. 

Induction 

heat plate, 

stand-by 

THDI has a high value; 3rd, 5th, 7th, 9th, 13th, 15th, 17th, 19th, 21st, 23rd, 

25th current harmonics breaching the standard limits. 

PC Current is highly distorted; 3rd, 5th, 7th, 9th, 11th, 13th, 15th, 17th, 19th, 

21st, 23rd, 25th current harmonics exceed the standard limits.  

Laptop In the charging mode, THDI has an alarmingly high value and all odd 

harmonics exceed the standard limits.  

In the operating mode, THDI increases even more compared to the 

charging mode and all odd harmonics exceed very much the standard 

limits. 

Laser printer In idle mode, current waveform is highly distorted; all odd harmonics 

exceed very much the standard limits.  

In the printing mode, the current distortion is inside the agreeable 

standard limits.  

Air-condition 

device 

In stand-by mode, current waveform is very high distorted; all odd 

harmonics exceed the compatibility limits.  

In heating mode, current distortion is significantly reduced. 

Compact 

fluorescent 

lamps: CFLs 

Total current absorbed is highly distorted; all odd harmonics of the 

current exceed the standard limits.  

 

In household appliances as microwave ovens, stereos, PCs, TVs, CFLs, LED lightning, 

fluorescent lamps with electronic ballasts and all kinds of chargers the usual source of 

distortion is the rectification process, where AC is converted to DC. The rectification process 

also defines the level for the harmonic distortion through the composition of the rectifier. 

Due to lowering the cost because of the pressuring by market forces, the rectifiers are not as 

well constructed, as they could be, which leads to higher levels of distortion. (Hardie & 

Watson, 2010.) The way of connecting the houses into the residential network matters also, 

when observing the current distortion in the network as a whole. As an example with four 

houses, which are displayed on a single distribution transformer with each house a load of 
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six CFLs, TV (100W), incandescent lighting (150W) and refrigerator motor load (100W), 

the harmonic distortion regarding current is decreased to 43% from 56%, because of the in 

between houses impedances. (Dwyer et al., 1995.) 

 

Nowadays, PV panels are becoming more common in residential network. When the current 

distortion generated by PV panels is studied, changes corresponding to previous residential 

loads can be found. Light load may cause current distortion from PV panels as PV generators 

have to aid the LV network to a greater extend, because of lower amount of current with 

fundamental frequency is transferred from the supply grid. (Torquato et al., 2014.)   

 

To go back to the IEEE 519, the standardization is engaging the users and utilities in order 

to cut down the impacts of the distortion. The limits are recommended by certain currents 

administered at PCCs and are to be cut down from the users’ side to decrease their harmonic 

emissions and from the utilities, who are responsible for distortion in the overall supply 

system. On the other hand, the IEC standards address the limiting from the users’ and 

correcting the distortion levels by only the harmonic current sources, in particular their 

emissions. (Lamedica et al., 1999.) 

2.4 Beneficiaries of the current distortion detection device 

The current distortion detection device may be useful for those, who have the responsibility 

in the network. In addition, the greatness of the benefits depends on, where the data of current 

distortion received from this device is used and of the possibilities to display the data for all 

the network users. The users are either supplying or being supplied in the electricity supply 

system (EN 50160, 2007). Alternatively, the data can be delivered as far as the network 

operators. They operate, take care of the maintenance and if required the development of the 

supply network in a specific area and secure the network for being able to reach the 

acceptable demands for supply (EN 50160, 2007). 

 

By the IEC standards most of the responsibility falls on the user, which makes it clear that 

the user should have access to the data of this device in order to make the reducing easier, 

when the distortion just exceeds the limits. This is too to prevent bigger impacts on the 

system as the distortion of current and voltage head to growing resonance conditions in the 

network. On the other hand, the IEEE 519 involves both the user and the operator, in which 
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case the data must be distributed to greater audience, also as on the user side the 

manufactures are more responsible for the distortion, on the light of this standard the data 

might not make that big of a difference to the user themselves. Moreover, if these devices 

were applied to the residential network, probably for every user, the responsibility may shift 

at least partially towards the users themselves and towards the idea of a smart grid system.  

 

From environmental perspective, if the detection of the distortion happened earlier on in the 

system, it might be possible to avoid damaging equipment or not completely damage them 

into non-workable condition. This would also mean that electronic waste would be produced 

less, which is known for its fairly difficult waste treatment. At the same time, the lesser 

amount of damaged equipment in the system would strengthen the overall safety. In addition, 

the effects of the distortion such as heating and interference with control and communication 

might drop and move the system towards further security. 

 

On the economical side, the increased safety and lessen damaged equipment has positive 

influence to the financial funding of the network. While severe increase in the costs of the 

maintenance may be avoided regardless of the development in the network. In addition, the 

added current distortion detection device can be produced and installed with low-cost, which 

in turn makes improving the network more encouraging for the buyers. The buyers would 

likely to be system operators and users while at least covering parts of the cost of the device. 

In addition, as a beneficiary manufactures might be expected to install the device to 

appliances with non-linear load due to its low cost.   
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3. CONCLUSIONS 

The purpose of this study was to identify the benefitting parties when using current distortion 

detection device and give an example of a theoretical device for current distortion detection. 

The research for benefits is majorly based on the standardization, while examining both 

standardization in Europe and USA. In this purpose the study was successful and it was clear 

from the research done regarding the standardisations were most of the benefits are directly 

linked to and based on that benefitting parties can be specified.  

 

A suitable device for current distortion detection device was formed on a small-scale printed 

circuit board with MCU, ADC and power plug as its main components. ADC is used for 

measuring values for current distortion computing and the values are transferred to MCU for 

calculations via SPI protocol. The device could be installed to the system through power 

plug or by connecting directly wires to the application, which might be more sensible in case 

of detecting current distortion of non-linear load appliances. If the device is connected via 

wires, professional of electrical field must do the installation. In all circumstances, the device 

is to be cased to sustain electrical safety.  

 

Access to the current distortion data could be achieved via Wi-Fi connection from the MCU 

to a cloud, from where the data would be available for beneficiaries of the device. Residential 

consumers could get information of current distortion on their own property through PC or 

phone. There focus could be on showing the significant totals. For system operators and 

manufactures, connection to the cloud could be by control centre or database, as they need 

access to analyse the long-term data of numerous end-users. 

 

The current distortion detection device can be used to observe current distortion in bigger 

sections of the residential network or with appliances. For bigger sections of the system, the 

device can be placed at PCC or to electrical centre. In addition, appliances with non-linear 

load might benefit from having the device directly installed to gather data from particular 

equipment. The non-linear load equipment cover refrigerators, microwave ovens, PCs, TVs 

and CFLs.  

 

When it comes to the differences between standardization, the IEC standards hold the user 

responsible. While IEEE 519 points not only user but also operator as responsible. In 
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addition, because of controlling residential consumers might not be most practical manner 

of approach, the responsibility of keeping current distortion in limits has shifted to 

manufactures. 

 

The main benefits are dealing with making the network more secure and reliable, when the 

current distortion is detected earlier on in the system and the possibility of reducing the issues 

in the system caused by current distortion is higher. The benefitting party of this device is 

the manufactures, who are mainly held responsible of keeping the current distortion in its 

limits on behalf of the users. By getting data of the ongoing current distortion in the network, 

the manufactures can adjust their appliances to better respond to the distortion and 

compliment their applications with the device. The other benefitting party was found to be 

the system operators such as companies supplying to the network, when they can see more 

precisely were the distortion issues are located and better respond to known distortion in the 

network to avoid the long-term problems caused by current distortion like losses and 

damaged equipment.     

 

For further research, it would be interesting for the matter to build a current distortion 

detection device, in order to study in a practical sense if the same device can be used for 

different appliances without needing to make major changes into the device. Moreover, this 

sort of continuation research may be interesting to conduct in an actual residential network 

to see the practical capabilities of the device. 
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