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Abstract. The assessment of the Electric Power Quality, 
EPQ, has become a necessary priority in the field of electrical 
engineering, due to increasing proliferation of consumer 
equipment / generation which inject different types of 
perturbations in electrical networks. Between them are periodic 
perturbations such as harmonic distortion and/or unbalanced 
voltage and current waveforms. The origin of these disturbances 
cannot be identified effectively by using measures in a single 
section of the network.. The solution of the problem requires a 
distributed instrumentation. Thus, from an appropriate 
combination of indices measured at each line connected to the 
Point of Common Coupling, PCC, a quality global index is 
determined. The measurement of this new index would get to 
locate sources of periodic disturbances, and quantify the effects 
of such perturbations on the EPQ. This paper analyzes the 
behaviour of this global index based on distributed 
measurements that allows identifying sources of periodic 
perturbations. Furthermore, we propose a modification of the 
global index that overcomes some of the limitations of the 
former. Thus, in an electrical distribution network that includes 
the connection of different sources of disturbances to a same 
PCC, the proposed index takes the highest value for the primary 
responsibility for PQ degradation in the network. The new 
index has been validated through different experimental tests 
and their behaviour has been compared to a traditional index. 
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1. Introduction. 
 
Number and rated power of variable non-linear loads 
connected to the electrical network has been increased in 
a progressive way along the last years. This fact is the 
responsible of voltage and current disturbances which 
appear in the grid. In a free electrical market, as the 
current one, the responsibility assessment of those 
disturbances injection to the electrical network is 
becoming a very important question with respect to the 
electric power quality, EPQ, [1]. On the other hand, 
nowadays, electric power systems are evoluting to 
decentred generation systems where generation units, 
mainly from renewable energy sources, are connected 

directly to the distribution systems through electronic 
converters. This distributed generation, DG, contributes 
to the increasing of distorted and unbalanced current, 
which makes that loses in the grid arise. Unfortunately, 
these disturbance sources can not be identified by means 
of individual measures in a specific section of electrical 
system. The effective solution of this problem includes 
the knowledge of quality electrical parameters 
simultaneously measured in all the customers’ 
connections, [2-4]. 
The great development produced in measuring systems 
based on signal digital processing, and their capacity of 
interconnection and data interchanging make these 
devices especially suitable in EPQ applications. In this 
way, it will be possible the monitorization of a specific 
number of basic quality indices in each 
customer/generation bus and in the point of common 
coupling (PCC) supply line. Measured values will be 
transmitted to a master instrument where they will be 
processed. As result, unbalanced and distortion sources 
will be identified and the effect of these perturbances will 
be really quantified, [4-5]. 
In this paper, firstly, presents a global PQ index proposed 
in [4], and defined from a combination of three terms 
obtained from basic quality indices. Each of these terms 
corresponds to the relationship between the 
measurements performed in each of the lines that leave 
the PCC and the line which feeds the PCC. Subsequently, 
a modified global PQ index has been proposed. A 
comprehensive analysis across different simulation tests 
and experimental measurements of both global indices is 
performed. Finally, conclusions on the implementation of 
the global index have been established. 
 
2. Distributed Measurements to Assess 

Electric Power Quality. 
 
In a power distribution network is of interest to identify 
the loads connected to PCC that are sources of harmonic 
distortion and / or unbalance, that is, that are responsible 
the periodic perturbations injected into the network. 



Several indices have been proposed in the literature to 
assess the contribution to the perturbation of the system 
by a consumer. Between them three indices are 
introduced here based in measures performed in a single 
section of measures located at the load terminals [4-5].  
 
A. Power Quality Indexes 
 
Three usual power quality indices are defined: 
 
- The supply and loading quality index 
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where PΣ is the total three-phase active power and PΣ+1 is 
the total active power associated whit the fundamental 
frequency, positive sequence components of voltages and 
currents. It is expected that ξslq <1 when the load is the 
predominant source of disturbance, while ξslq> 1 when 
the supply is the predominant source of disturbance. 
- The harmonic global index defined by 
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where IΣL, IΣS are the vectors of three-phase collective 
rms values of the current components associated the 
harmonic active powers flowing from the load backward 
to the supply and the harmonic powers flowing from the 
supply toward the load, respectively. Near-zero values of 
this index indicate that the load is not responsible for the 
disturbance, [6]. 
The two previous indices, ξslq and HGI, may provide 
incorrect information in practical operating conditions. 
- The ratio 

ITHD
VTHD

η+ +

+

=  (3) 

between the total harmonic distortion factors defined on 
the rms collective values of the fundamental frequency, 
positive sequence components of voltages and currents. 
This ratio is not suitable to locate sources of disturbance 
but fairly well quantified the amount of disturbance. 
 
B. Global PQ Index 
 
Several studies have shown that the use of any of the 
previous indices alone can not allow identifying the 
sources of disturbance, [1]. However, in [4] proposed an 
index based on simultaneous measurements defined from 
a combination of the three above indices. Thus for each 
measurement section situated in each line 'k' leaves the 
PCC is defined the following global index. 
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where subscript ‘s’ refers to the line supplying the PCC.  
 

When different sources of disturbances are connected to 
the PCC, the proposed index takes the highest value for 
the load that is the most disturbing and greater that one 
for all disturbing loads. The global PQ index will be less 
than one when the disturbance from the supply. 
 
3. A New Proposal 
 
Additional quality indices evaluated in simple 
measurement sections for locating sources that produce 
disturbance have been introduced. Among them is the 
nonlinear unbalance index. 
 
A. Balanced Linear Currents and Unbalanced Non-

Linear Currents 
 
The problem of separating the contributions to the 
distortion of the supply and the consumer was 
approached in [7] as follows. The deterioration of EPQ 
due to harmonics can be caused simultaneously in several 
points of network. Voltage and current waveforms 
measured in PCC are due to the combined effect of 
several polluting equipment connected in different places 
in the network. It is possible the determination of the 
specific load contribution to harmonic distortion, whereas 
all other is considered in the supply side which includes 
the rest of loads. The first step is fixing the ideal load 
conditions. Any load which shows a linear and balanced 
behaviour represents and ideal load condition. In fact, if 
specific load is ‘balanced and linear’, the supply is the 
only responsible of harmonic distortion in PCC. Initially, 
it is necessary the identification of waveform of current if 
an equivalent linear and balanced load is presented 
instead of the actual load current. This load can be 
defined as the linear load that requires a fundamental 
active power equal to the fundamental active power 
actually flow by PCC. It requires a distorted current but it 
is not responsible of the distortion. 
Three identical branches RL series have been considered 
in order to model the load balanced and ideal linear 
phase. By evaluating the parameters R and L of this ideal 
model can identify the equivalent linear and balanced 
load. This part of the actual load draws a ‘balanced linear 
intensity’ which is an ideal current, and represents only a 
portion of the total current flowing through the PCC. Part 
of the load current which does not deteriorate PQ. 
Equivalent balanced and linear load parameters R and L 
are estimated in phase ‘a’ according to the procedure 
indicated as follow, (the same method can be applied to 
phases ‘b’ and ‘c’). If phase ‘a’ equivalent linear 
impedance is named by Z1a, the R-L series circuit at 
fundamental frequency is:  
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where V1a and I1a are voltage and current RMS values of 
fundamental frequency, respectively, in PCC, and θ1a and 
φ1a are phase angle of those magnitudes. So, 
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where X1a represents reactance of R-L series combination 
at fundamental frequency, f1, and Ra and La are the 
corresponding parameters. Reactance values to voltage 
harmonic components are, 
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The skin effect is neglected, that is, the resistance is 
assumed to be constant for all frequencies, and hence, 
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where n is the most significant order of harmonic. As a 
consequence, current in the ideal linear load in phase ‘a’ 
is, 
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This is the equivalent linear current and the supply 
system is the only responsible of its distortion.  
To define an index that takes into account the distortion 
and unbalance of the load, be chosen as the reference 
phase current extracted with the minimum RMS value. 
For further analysis this phase will be considered as 
phase ‘a’. According to the procedure developed in [7], 
for estimating the parameters, it is assumed that the 
equivalent linear and balanced load is made up by three 
linear loads, balanced, equal to the estimated linear load 
for the phase 'a'. Thus, the current absorbed by the phases 
'b' and 'c' for the same RL series load, estimated on phase 
'a', are 
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These currents are called "balanced linear currents" and 
only responsible for the unbalance and distortion is the 
delivery system. The difference between the measured 
actual current in each phase and the calculated ideal 
current is called "unbalanced non-linear current", 
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These currents expresses how the phases 'b' and 'c' differ 
from ideal reference conditions in terms of phase 
unbalance and distortion. 
Finally it is possible to evaluate the disturbance on a 
three-phase basis by combining the values of the three 
phase currents in a single index. The index UNL is here 
defined as the ratio of the rms collective value of the 
unbalanced nonlinear current and the rms collective 
values of the actual current. Thus, the unbalance non-
linear index is defined, 
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UNL index has shown a good performance in various 
practical applications but also provides erroneous 
information in situations where there are capacitive loads. 
 
B. Modified Global PQ Index 
 
Here, a new global index, υ2, obtained from a 
modification of the previous index υ1, is defined 
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where the ratio of ξslq indices has been replaced  for the 
ratio of unbalanced nonlinear indices, UNL.  This new 
index υ2, identifies with greater emphasis the disturbance 
responsible for loading. 
 
4. Practical Results 
 
A. Simulation Index Validation 
 
The performance of both indices will be analyzed 
through different practical case. For this purpose the 
power system of figure 1 is considered as reference. In 
the PCC connect four loads with a power of the same 
order of magnitude and linear / non-linear, balanced / 
unbalanced feature depending on the case. Thus, eight 
cases have been considered corresponding to eight 
possible configurations of the set, table I. 
 
Tables II through IX shows the values of global indices 
υ2 and υ1 of tests corresponding to the eight cases 
considered. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Load 1 Load 2 Load 3 Load 4

PCC

Fig. 1. Electrical distribution networkFig. 1. Electrical Distribution network 



TABLE I 

 Load 1 Load 2 Load 3 Load 4 
Case 1 B/L (cap) B/L B/L B/NL 
Case 2 B/L (ind) B/L B/L B/NL 
Case 3 B/NL B/L B/L B/NL 
Case 4 B/L Unb/L B/L B/NL 
Case 5 Unb/L Unb/L B/L B/NL 
Case 6 B/NL Unb/L Unb/L B/NL
Case 7 Unb/NL Unb/L Unb/L B/NL
Case 8 Unb/NL Unb/NL Unb/L B/NL
B: balanced, Unb: unbalanced, L: linear, NL: nonlinear 

 
 
 
 
 
 
 
 
 
 

 

 

 
Cases 1 and 2 include only one source of disturbance, 
that is, the load 4. Global indexes υ unambiguously 
identify the responsible load of the disturbance injection 
in the network. The rest of the loads show a value less 
than one, indicating that the disturbance comes from the 
PCC. The values of υ2 establish with greater emphasis the 
feature of each load versus the values obtained by υ1. The 
case 3 and 4 includes two sources of disturbances; two 
balanced/nonlinear loads in case 3, an unbalance/linear 
load and other nonlinear unbalanced load in case 4. In 
both cases the Global Index identifies sources of 
disturbances, and do not assign responsibility to the two 
remaining loads. The case 5 presents three sources of 

distortion; two unbalanced/linear loads, and 
balanced/nonlinear load. The Global index values
assigned a clear assessment of the type of disturbance of 
each load. Finally, cases 6, 7 and 8 all loads produce 
some kind of disturbance. In these cases are detected 
somewhat higher difference between the values presented 
by υ1 and υ2. The index υ2 has values with more accuracy 
the responsibility of the injection of a disturbance. Cases 
7 and 8 include loads simultaneously generate two types 
of disturbance: unbalance and distortion. The results 
underline the character of the global index υ1 or υ1 as a 
relative index. That is, he realizes the importance of the 
disturbance introduced to the network by a given load 
against the set of all loads connected to the PCC. 
 
B Experimental results 
 
An experimental system to validate the global PQ index 
is designed. Three loads that inject disturbance are fed 
through three lines leaving the PCC. The first load is a 
nonlinear balanced load constituted by an uncontrolled 
three-phase rectifier. The second load is an inductive 
balanced load built from iron core reactance. The third 
load is a nonlinear unbalanced load constituted by three-
phase rectifier in star. We have evaluated basic quality 
indices on every load line and leave the PCC, and the line 
that feeds the PCC. Figure 2 shows the voltage THD into 
the PCC over a period of eight hours. Measurements 
were made every ten minutes. Figure 3 shows the 
evolution of υ1 index over the measurement period. 
Figure 4 shows the evolution of υ2 index over the 
measurement period. For each measure, both indices 
show the same behaviour that was shown in the previous 
section. Now, however, shows the dependence of both 
the distortion of the supply voltage. The global PQ index 
retains its value the contribution to the degradation of 
power quality against a set of all loads that are fed from 
the same PCC. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

TABLE III 

Case 2 υ1 υ2 

Load 1 0,3801 0,1429 
Load 2 0,4683 0,1356 
Load 3 0,3899 0,1571 
Load 4 4,2563 4,7827 

TABLE II 

Case 1 υ1 υ2 

Load 1 0,4701 0,2759 
Load 2 0,4635 0,1309 
Load 3 0,3892 0,1524 
Load 4 4,1095 4,6074 

TABLE IV 

Case 3 υ1 υ2 

Load 1 4,1442 4,6339 
Load 2 0,4205 0,0879 
Load 3 0,3795 0,1280 
Load 4 2,9914 3,4943 

TABLE V 

Case 4 υ1 υ2 

Load 1 0,3569 0,0810 
Load 2 3,9721 4,6308 
Load 3 0,3612 0,0882 
Load 4 2,4421 2,5726 

TABLE VI 

Case 5 υ1 υ2 

Load 1 6,5668 7,4643 
Load 2 6,3825 7,7942 
Load 3 0,3867 0,1536 
Load 4 3,8757 4,3599 

TABLE VII 

Case 6 υ1 υ2 

Load 1 1,8020 2,2580 
Load 2 9,9809 11,3436 
Load 3 1,8395 3,4305 
Load 4 3,6731 4,1417 

TABLE VIII 

Case 7 υ1 υ2 

Load 1 1,5825 1,5747 
Load 2 1,4115 1,5117 
Load 3 1,4329 1,5341 
Load 4 0.9638 0,8330 

TABLE IX 
Case 8 υ1 υ2 

Load 1 1,0994 1,0337 
Load 2 2,0755 2,1537 
Load 3 1,0198 1,0439 
Load 4 0,5681 0,3985 

Fig. 2. THD voltage at PCC. 

Fig. 3. Evolution of the global PQ index, υ1, for 
measuring time. 
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Load 3 



 
 
 
 
 
 
 
 
 
 
 
5 Conclusions 
 
A complete analysis of two global PQ indices to assess 
the injection of periodic disturbances in electrical 
networks has been carried out. So, first defined a global 
PQ index collected previously in the technical literature, 
and subsequently proposed a modified global PQ index. 
Both have two attractive advantages. One, is obtained 
from the combination of three basic PQ indices evaluated 
in a single metering sections. Two, global indices are 
obtained by measuring the ratio of the basic PQ index of 
each line that feeds each load, and the same index in the 
line that feeds the PCC, simultaneously. 
Choosing PQ basic indices are used in defining the global 
PQ index is important. In this paper, a modified global 
PQ index that includes the combination of the basic 
indices η+, HGI, and UNL, has been proposed. 
Simulation tests and experimental measurements have 
been conducted to verify performance of the global PQ 
index and the modified global PQ index. The results have 
shown that the modified global PQ index can identify the 
source responsible for the disturbance injecting 
acceptably. However, some drawbacks have been 
identified. Masking a disturbance source when all loads 
fed from the PCC are unbalanced / nonlinear with 
varying degrees of disturbance. Little stability against the 
distortion of the supply voltage for some practical 
conditions. Further investigations are needed. 
 

 
Acknowledgement 
 
This work is part of the projects "Measurement System 
for the Identification of Harmonic Distortion Sources and 
Unbalances in Public Distribution Networks", ref. 
DPI2010-17709, sponsored by the “Ministerio de 
Economía y Competitividad” Government of Spain. 
 
References 
 
[1] P. Salmerón, A. Pérez Vallés. Evaluation of the 
distortion and unbalance emissión levels in electric 
networks. Cap. VII in Power Quality Issues, Intech, 
(2013).  
[2] Cataliotti and V. Consetino, A New Measurement 
Method for the Detection of Harmonic Sources in Power 
Systems Base on the Approach of the IEEE Std. 1459-
2000, IEEE Transactions On Power Delivery, Vol.25, 
No. 1, pp. 332-340, January 2010. 
[3] Reyes S. Herrera, Patricio Salmerón. Harmonic 
disturbance identification in electrical systems with 
capacitor banks. Electric Power Systems Research, 
Volume 82, Issue 1, January 2012, Pages 18-26 . 
[4] L. Critaldi, A. Ferrero y S. Salicone. A Distributed 
System for Electric Power Quality Measurement. IEEE 
Transaction on instrumentation and Measurement, Vol. 
51, No. 4, August 2002. 
[5] C. Muscas, L. Peretto, S. Sulis, R. Tinarelli, 
Investigation on Multipoint Measurement Techniques for 
PQ Monitoring, IEEE Trans. Instrum. Meas. Vol. 51, pp. 
1684, oct. 2006. 
[6] C. Muscas, Assessment of Electrical Power Quality: 
Indices for Identifying Disturbing Loads, ETEP, Vol. 8, 
No. 4, July/August 1998. 
[7] A. Dell´Aquila, M. Marinelli, V. G. Monopoli y P. 
Zanchetta. New Power-Quality Assessment Criteria for 
Supply Under Unbalanced and Nonsinusoidal 
Conditions. IEEE Transactions on Power Delivery, Vol. 
19, No. 3, July 2004. 
 

 

Fig. 4. Evolution of the global PQ index, υ2, for 
measuring time. 

Load 1 

Load 2 

Load 3 


