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Abstract – In this paper we will give an overview of the 
methods used for the detection of sources of harmonic pollution at 
power grid. The aim is to compare the original method based on 
the use of distortion power proposed by the authors with other 
known methods. The comparison will be done by simulation 
using benchmark examples. The obtained simulation results will 
confirm that the value of the distortion power can be effectively 
used to detect the source of harmonic pollution at the point of 
common coupling (PCC). 
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I. INTRODUCTION

The last few decades are characterized by a wide use of 
smart electronic appliances and a massive use of the 
electronic control systems in industrial production. Most of 
the electronic equipment needs DC supply for operation, 
thus making the AC to DC converters become the 
dominant loads at the power grid. The non-linear nature of 
these converters introduces a huge amount of harmonics. It 
is well known that any deviation of the line voltage 
produces serious problems [1, 2]. The continuous rise of 
the number of non-linear loads - gives rise to all problems 
related to the influence of harmonics. To face this 
regulations, the limit of the allowed amount of each 
harmonic is created. Two widely used standards in this area 
are the IEEE 519-1992 and IEC/EN61000-3-2 [1].  

The standard IEC/EN61000-3-2 is in use in the Euro-
pean Union since 2001. It restricts the value of input cur-
rent distortion up to the fortieth harmonic in electrical hou-
sehold appliances. It considers consumers up to 16A per 
phase, with the nominal voltage from 240V up to 415V.  

So far, there are no regulations that specify what 
happens if a customer exceeds the allowed amount of 
harmonic pollution. However, in order for the utility to 
carry out any measure one needs a proper and efficient 
method to detect and quantify the level of distortion of the 
respective customer (PCC Point of Common Coupling). 
Thereafter, it needs a procedure to discipline the irres-
ponsible customer. 

Practically, the utility could apply one of two appro-
aches. The first is to disconnect the harmonic producer. 
The softer alternative is to charge for extra-losses. From the 

point of view of the general public, the former is better 
because it encourages customers to avoid using appliances 
that pollute the grid. Actually, the main problem in the tax 
driven regulation is the lack of the measurement tools to 
detect the dominant source of harmonics producer. One of 
the suggestions is to implement new electronic power 
meters able to measure harmonic distortion. However, 
measuring Total harmonic distortion (THD) is not 
sufficient for analysis of the effects of the harmonic 
polluter [4]. Therefore, the computation of another quantity 
named Power Quality Index (PQI) was suggested.  

A number of experts deal with the problem of power 
quality measurement and location of non-linear loads [3-9]. 
In our previous paper [10- 12] we offered a solution that 
could be implemented using existing solid-state electronic 
meters. This we consider to be the main advantage of the 
proposed idea. 

The paper is organized in five parts. The next section 
reviews existing solutions for detection of non-linear loads 
on the grid together with known shortcomings. After that 
we give the basic definition of fundamental power 
quantities. In the fourth paragraph we compare all metods 
at real benchmark examples by simulation. The conclusion 
is given in the fifth section. 

II. REVIEW OF EXISTING METHODS FOR
HARMONIC SOURCE DETECTION

At present, there are several proposed solutions for 
harmonic source detection at power grid. All of them can 
be divided in two groups:  

- multi-point methods and
- single-point methods.

The first group of methods is based on distributed and 
synchronous measurement system and data collection from 
different points at power grid. This method provides 
precise and complete information about propagation of 
harmonics at grid. However its practical realization is 
difficult because it requires complex and expensive 
measurement instrumentation. On the other hand, single-
point methods are more convenient for implementation, but 
less precise. Table I summarizes the state of the art of 
single-point methods that are used for harmonic source 
detecting or sharing harmonic responsibility between utility 
and consumer. 
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   TABLE I 

THE-STATE-OF-ART FOCUS ON THE HARMONIC SOURCE DETECTION 
AND SHARING HARMONIC RESPONSIBILITY METHODS 

Method (Indices) Required Data Aims 
Active Power 

Direction (APD) 
Voltage and current 
obtained by single 
point measurement Harmonic Source 

Detection 

Reactive Power 
Direction (RPD) 
Nonactive Power 

Method (NP) 
Harmonic Polluted 

Ranking (HPR) 
method 

Current obtained by 
single point 

measurement 

Critical Impedance 
Method(CI) 

Thevenin’s  
equivalents of utility 
and consumer sides 

Sharing harmonic 
responsibility 
between utility and 
consumer 

 
One of the most common used single-point strategies 

from Table I (APD) is based on monitoring the sign of the 
harmonic active power PH [1, 3, 8]. According to this 
method a consumer represents source of harmonic 
pollution just in case when PH< 0. Otherwise, the utility-
side pollutes the power grid. This identification of the 
nonlinear consumer is widespread and has been used in 
industry for many years [1], [3]. Many manufactures 
present this possibility as a key feature of their equipment 
despite the proofs that it is not 100% accurate [3].  

RPD proposes tracking the sign of the harmonic 
reactive power, QH. It is complement to APD. Which one  
will be applied depends on the balance of resistances and 
reactances of the loads [1], [3]. However, determining the 
character of impedance is, in most cases, a difficult 
problem. 

NP is based on comparison of three non-active power 
components [6], [7] that complicates DSP software of 
power meter. 

The authors of HPR method introduce new power 
quality index to monitor the affect of each nonlinear load 
on a Point of Common Coupling (PCC) of a power 
distribution system. It is defined as a product of Load 
Composition Rate and THD. Both parameters are derived 
from the load current waveform using a complex Reduced 
Multivariate Polynomial model [4].  

An alternative group of methods able to share 
responsibility between harmonic sources relies on 
measurement of impedance at the grid and the customer 
side (CI). Theoretically, the method is reliable. Therefore it 
appears in numerous variations [9]. However this method 
cannot be implemented easily. The practical problem is that 
one can determine the impedances only if he intrudes the 
system.  

The main drawbacks of aforesaid methods are: 
- neither of them gives exact quantitative 

information of a customer which pollutes the grid; 
- they cannot be easy implemented within ordinary 

electronic power meter, consequently cannot be used for 

each customer.    
Considering all disadvantages of the methods proposed 

in the literature, the authors of this paper tried to fix and 
eliminate them  in their own method. [10-12] 

 
III.  THE DEFINITIONS OF THE FUNDAMENTAL 

QUANTITIES 
 

Traditional power system characterization quantities 
such as RMS values of current and voltage, power (active, 
reactive, apparent) are defined for ideal sinusoidal 
conditions. However, in the presence of non-linear loads, 
these definitions need correction. The instantaneous values 
of a quantity rich with harmonics (voltage or current) can 
be expressed as: 

 ( ) ( )∑
=
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tXtx hhh
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sin αω , (1) 

where h is the number of the harmonic, M denotes the 
highest harmonic, while Xh, ωh and αh, represent 
amplitude, frequency and phase angle of the h-th harmonic. 

The RMS value of the signal expressed by (1) is 
defined as: 
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where XRMSh is the RMS values of the h-th harmonic.  
Product of the voltage and current having the same 

harmonic frequency gives the harmonic power. Total active 
power is defined as: 
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1
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where θh denotes phase angle between voltage and current, 
while P1 and PH represent fundamental active power and 
harmonic reactive power, respectively. 

According to Budeanu [1, 8] reactive power is defined 
as: 
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where, similarly to (3), Q1 and QH denote fundamental 
reactive power and harmonic reactive power, respectively. 

By analyzing the equations for calculating active (3) 
and reactive power (4), it can be concluded that only 
harmonics of current and voltage of the same order affect 
the total value of active and reactive power. The 
contribution of the harmonic component of active and 
reactive power to their total value is small, usually less than 
3% [1]. The harmonics influence the most to the effective 
value of current and voltage and therefore on apparent 
power, which is calculated as the product of the effect of 
value of current and voltage: 

∑∑
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Using (3), (4) and (5) one gets the inequality: 
 222

BQPS +>  (6) 
However, for the sinusoidal case S2=P2+QB

2. Con-
sequently, it is quite clear that a difference exists due to 
harmonic distortion. Following the logic about defining 
active and reactive power, Budeanu introduced the term 
distortion power DB that quantifies the discrepancy within 
the inequality (6): 

 2222
BB DQPS ++= .  (7) 

The essence of this revision is contained in the fact that 
in absence of harmonics, DB=0 and S2=P2+QB

2. Therfore, 
in our previous paper we suggested method for detection 
source of harmonic pollution at power grid based on 
measuring power distortion [9-12] calculated by using 
equation (8). 

 222
BB QPSD −−= . (8) 

 
IV. COMPARISON OF EXISTING METHODS FOR 

DETECTION SOURCE OF HARMONICS POLLUTION BY 
SIMULATION 

 
The comparison between the methods is done by 

simulation. Based on the equations (2), (3), (4), and (8), a 
Matlab script was generated. In the simulation we tried to 
make realistic environment, so we modelled voltage 
polluted with 3rd, 5th and 7th harmonic. Aiming to get 
sinewave with flattened top and bottom peaks, we added 
3% of 3rd harmonic, 2.5% of the 5th and the 7th harmonic in 
respect to the value of the fundamental harmonic VRMS1 = 
230V. The following ten cases of different load types were 
considered: 

a) Incandescent light bulb (ILB) 
b) Fluorescent lamp (FL) 
c) Phillips Compact Fluorescent Lamp (PCFL) 
d) EcoBulb Compact Fluorescent Lamp (ECFL) 
e) 6-pulse 3-phase diode rectifier dc power supply 

(3-DR) 
f) 6-pulse switched-mode power supply (SMPS) 
g) 6-pulse PWM controlled variable speed drive 

(PWM VSD) 
The aforementioned loads were not selected 

accidentally. They were chosen because they can serve 
here as benchmarks to the power electronic community, 
since measured data for these loads were already published 
in [1, 13]. Fig. 1.a illustrates the waveforms of the currents 
for FL, PCFL, ECFL, while Fig. 1.b presents waveforms of 
the currents through SMPS, 3-DR and PWM VSD. Among 
these simulated loads, only ILB has linear characteristic, 
because the current tracks the waveform of the voltage. 
Other loads are nonlinear introducing new harmonics into 
current.  

In the Table II all the simulation results are collected 
and compared. The quantities in the Table are labelled 
according to the notation given in equations (2)-(8). The 

additional parameters are THDV and THDI, standing for 
total harmonic distortion of voltage and current waveforms, 
respectively. THDI has been lately suggested as a 
parameter for distortion power detection and quantification 
[13]. Further, we obtain DIEEE and D1 when we replace QB 
with QIEEE and Q1 in (8), respectively. Besides, we 
presented DI as one more form for distortion power 
estimation. It defines distortion power as a product of 
THDI and S1 (fundamental apparent power), according to 
[14]. 

 

 
a) 

 
b) 

Fig. 1. Current waveforms for a) FL, PCFL, ECFL and  
SMPS b) SMPS, 3-DR and PWM VSD 

 
We can also notice from the Table II, that for linear 

loads active power, P, equals to the apparent power, S. 
Using (12), we can easily calculate that the value of 
distortion power is equal to zero no matter what definition 
of Q is used. However, the value of the quantity DI is quite 
inaccurate in the case of linear resistive load (ILB), since 
nonlinearities in nonlinear voltage supply are mapped into 
the nonlinearities of the current, making quantity DI 
inaccurate. We can thus conclude that this power quantity 
is not reliable to be used for identification of the source of 
harmonic pollution.   

When taking nonlinear loads into account, all four 
methods for determining D offer approximate, comparative 
results. From the given values we can conclude three 
important issues. First, all the values for distortion power 
(DB, DIEEE and D1) are greater than 0 for all nonlinear 
loads, thus confirming the suggested method. Second, all 
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three definitions of D (DB, DIEEE and D1) give very similar 
results. Slight differences in definitions of Q map into 
slight differences in D, but this disagreement can be 
compensated with convenient billing policy. The last, but 
maybe the most important conclusion is that the amount of 

distortion power is not negligible, because in some cases it 
is of the same order of magnitude as the active power. 
Disregarding D could cause considerable losses at power 
grid [2].  

 
 

TABLE II 
SIMULATION RESULTS 

 ILB FL PCFL ECFL SMPS 3-DR PWMVSD 
IRMS[A] 0.42 0.10 0.13 0.09 14.84 13.53 14.23 
VRMS[V] 230.25 230.25 230.25 230.25 230.25 230.25 230.25 
P1[W] 96.60 17.31 16.09 18.59 2249.74 2251.39 2300.00 
PH[W] 0.21 0.06 -0.14 0.02 -24.93 -19.15 -13.01 
P[W] 96.81 17.36 15.95 18.61 2224.81 2232.25 2286.99 
Q1[VAR] 0.00 15.15 -10.06 -6.04 478.20 470.34 0.00 
QH[VAR] 0.00 0.15 0.21 0.04 -27.68 -6.83 -25.95 
QB[VAR] 0.00 15.30 -9.84 -6.00 450.52 463.51 -25.95 
QIEEE[VAR] 0.00 15.15 10.07 6.04 481.42 472.68 41.92 
S[VA] 96.81 23.62 29.71 20.91 3416.27 3114.89 3276.55 
THDV[%] 4.64 4.64 4.64 4.64 4.64 4.64 4.64 
THDI[%] 4.64 22.85 120.28 37.66 109.61 91.12 101.25 
DB[VAR] 0.00 4.72 23.06 7.41 2553.07 2122.45 2346.23 
DIEEE[VAR] 0.00 5.18 22.96 7.38 2547.42 2120.42 2346.00 
D1[VAR] 0.00 5.18 22.96 7.38 2548.03 2120.94 2346.37 
DI[VAR] 4.48 5.26 22.82 7.36 2521.08 2095.65 2328.69 
Qsq[VAR] 0.00 15.88 21.99 7.44 2139.69 1949.59 1864.67 
Qx[VAR] 0.00 16.01 24.78 9.53 2511.77 2109.96 2314.21 
N[VAR] 0.00 16.01 25.07 9.54 2592.51 2172.47 2346.37 

 
 

TABLE III 
COMPARISON OF OUR METHOD (M) WITH METHOD PUBLISHED AT [6-7] [M1 AND M2] 

 ILB FL PCFL ECFL SMPS 3-DR PWM VSD 
Q1[VAR] 0.00 15.15 -10.06 -6.04 478.20 470.34 0.00 
QSH[VAR] 0.00 15.88 21.99 7.44 2139.69 1949.59 1864.67 
QX[VAR] 0.00 16.01 24.78 9.53 2511.77 2109.96 2314.21 
QF=N[VAR] 0.00 16.01 25.07 9.54 2592.51 2172.47 2346.37 

Detected as a source 
of harmonics 

pollution 

M1 none consumer consumer consumer consumer consumer consumer 
M2 none consumer consumer consumer consumer consumer consumer 
M none consumer consumer consumer consumer consumer consumer 

 
 

Table III presents results of comparison between the 
method proposed in [10-12] (denoted in Table III as M) 
and two alternative methods published in [6] (denoted in 
the Table as M1) and in [7] (denoted in the Table as M2). 
In case of linear resistive load (ILB) all methods registered 
no harmonic pollution. That is because either Q or D do not 
exist on linear resistive load. In this case harmonics in 
current can appear only if they already exist in voltage. The 
utility is responsible to keep voltage distortion at low level 

defined by standards IEEE 519-1992 and IEC/EN61000-3-
2. Besides, the utility has interest to keep non-distorted 
voltage in order to protect own equipment from damages. 
Method M1 specifies the customer as distortion producer if 
value of Sharon reactive power (QSh) is closer to Fryze 
reactive power (QF) than to Q1. If it is not the case the 
inducer is at utility side. In method M2 we replaced Sharon 
reactive power (QSH) with fictitious reactive power (QX)  
and used same principe.  
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The common drawback of methods M1 and M2 is the 
following. First, for loads with small nominal power (in our 
case FL), the differences between the three non-active 
powers are small. Therefore, for precise identification, the 
instrument with high accuracy is required. Second, the 
value of fictitious and Sharon’s reactive power can only be 
positive and can create confusion when the load has 
capacitive nature. This is common case for CFL. Finally, 
the method requires measurement of non-active power 
defined in three different ways while our method is based 
only on one value. Results presented in Table III confirm 
that our method undoubtedly detects the inducer of 
harmonic pollution. 

 
 

 
a) 

 
b) 

Fig 2. Graphical representation of obtained value for 
simulated load a) harmonic active power  

b) harmonic reactive power 
 
In addition we compared our approach with the method 

based on observing the sign of active harmonic power PH 
[1, 3, 8]. According to this method, when PH>, 0 the source 
of harmonic pollution is located upstream from the 
metering point (the utility). Otherwise, the source of 
harmonic pollution is located downstream (consumer). Fig. 
2.a shows the graphical presentation of obtained value for 
PH for the same set of loads as given in the Table II. In all 
cases (except ILB) we have nonlinear loads and the inducer 
of harmonics is at the customer side. However, the sign of 
harmonic active power changes. It is positive for ILB, FL, 
ECFL, but negative for PCFL, SMPS, PWM VSD and 3-
DR. Consequently this shows that this method is not 
reliable [3]. Alternatively, Fig 2.b presents harmonic 

reactive power for the same loads. Obviously none of these 
parameters can be used for precise location of harmonic 
pollution source, as well. Namely, in all the cases the 
inducer is the customer while the sign of harmonic reactive 
power is negative for  SMPS, PWM VSD and 3-DR and 
positive for other loads. 

 
V. CONCLUSION 

 
The simulation results of different types of loads, 

presented in Table III, clearly show that the value of the 
distortion power can be successfully used to detect source 
of harmonic distortion. Moreover, the method based on 
measuring the distortion power  successfully identifies and 
quantifies the degree of harmonic distortion introduced by 
each consumer at PCC. The method is compared on real 
loads with recently published methods based on APD, RPD 
and NP methods.  
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