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Abstract: Since the discovery of electric energy, several improvements have been made by scientists, so that, suppliers can 
permanently guarantee a quality power to customers. In addition, the introduction of high-tech equipments in all sectors of 
activity has increased the level of harmonic disturbances in electricity distribution networks. Thus, power systems are 
subjected to harmonic disturbances injected by these loads and entail effects on the equipments of the distribution network 
itself and on that of the customers connected there to. In Niger, thereis a constant increase in these types of loads, although 
there is no complete renewal of energy consuming loads (incandescent bulbs, Cathode Ray Tube (CRT) televisions, fans, etc.). 
It is necessary to study the behavior of the harmonic rate generated by these loads connected to the distribution network in 
order to anticipate on the consequences [1]. This article presents a study on the behavior of harmonic distortion rate in current 
generated by linear, nonlinear and mixed loads in offices at Niamey, Niger. Using an electric analyzer (CA8220), a study on 
the behavior of harmonic distortion rate in current generated by linear, nonlinear and mixed appliances was conducted. To do 
this, it studied the variation of the harmonic content by acting on polluting loads (a compressor and an air conditioner), very 
polluting loads (a computer and an ultrasound machine) and a pure load (a water heater). The results show that a combined and 
simultaneous use of appliances with nonlinear and linear loads (mixed loads) makes it possible to attenuate the overall 
harmonic rate, compared to a use of the nonlinear loads alone in the network. 
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1. Introduction 

Today, with the evolution of technologies, the electronic 
devices (Alterative Current AC and Direct Current DC) 
become the important tools in our uses [2]. Similarly, these 
devices generate harmonics which become a permanent 
electrical fault in the power distribution network. The use of 
electronic devices in an electrical installation impacts the 
quality of the electricity network and the proper functioning 
of the equipments [3].  

In Africa, particularly in Niger, the criteria for connecting 
a site to the distribution network are mainly based on 
sufficient electrical power to serve subscribers connected to 
the distribution network. However, the nature of the load 
impedance affects the quality of the electrical power in the 

network. This quality of electric power is more important in 
sensitive institutions like the hospitals, airports, industries, 
etc. [4].  

Several works have been made to observe the harmonic 
phenomena. As an example, it can easily cite a few of them 
as which show that the harmonic rate injected by the 
combination of two nonlinear devices is lower than that 
generated individually [5]. This work is a result of a study of 
the behavior of harmonic current rates generated by linear 
loads (a water heater), nonlinear loads (acompressor, an air 
conditioner, a computer and an ultrasound machine) and 
mixed ones. Therefore, the first part introduces the notion of 
linear loads, nonlinear loads and the electric harmonics, 
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followed by materials and methods and finish with the 
presentation, analysis and interpretation of the results. 

2. Linear Loads, Nonlinear Loads and 

the Electric Harmonic  

2.1. Linear Loads and Nonlinear Loads 

Devices or equipments connected to the power distribution 
network are either linear loads or nonlinear loads. The linear 

loads call an electric current having the same wave form as 
the electrical source, while the nonlinear loads receivers 
consume a current not having the same waveform as its 
electrical source [6]. The latter affect the quality of electrical 
power, particularly the wave form of the electrical signal [7]. 
Figure-1 gives an example of a nonlinear load: an 
asynchronous motor equipped with a variable speed drive, 
consuming a current not having the same waveform as its 
electrical source. 

 

Figure 1. Asynchronous motor with variable speed drive [7]. 

2.2. Quality of the Wave of the Voltage and the Electric 

Current 

The electrical harmonics created by the nonlinear loads 
bring an additional current but with frequencies multiple to 
that of the fundamental one. This variation in the frequency 
delivered (of the wave form) affects the wave quality of the 
current (of the voltage). The presence of these harmonics 
affects the proper functioning of subscribers’ electrical 
appliances and electro-technical equipment of the distribution 
network [3]. The experiment by Shraddha Dhumal and al., 
(2015) shows that, the presence of linear loads does not inject 
harmonics and that the nonlinear loads generate high 
harmonics [8]. 

2.3. Harmonic Distortion Rate 

Several physical quantities exist to describe the level of 
harmonic distortion. Total Harmonic Distortion (THD) and 
its derivatives are generally used in the algorithms of 
electrical network analyzers to assess the quality level of the 
distributed electricity [9]. 

2.3.1. The Overall Harmonic Distortion Rate 

It represents the ratio of the effective value of the 

harmonics Yn to the effective value of the fundamental Y1 
[10]. 

����%� = 100 
∑ ������
��                    (1) 

Where, Yn is the effective value of (n-1) harmonics and Y1 
is the effective value of the fundamental. 

2.3.2. Individual Distortion Rate 

The Individual Total Harmonic Distortion (THDI) is 
calculated with the ratio of the effective value of the 
harmonic of n order on the effective magnitude of the 
fundamental [10]. 

�����%� = 100 ���                            (2) 

2.4. Standard of Electrical Harmonics 

Beside the EN 50160 standard that sets the qualifying 
values for the amplitude of the wave form, the frequency and 
the symmetry of the low supply voltage [11], the IEC 61000-
3-2 standard states the limits in harmonic currents for devices 
of less than 16 A per phase [7]. This corresponds well to the 
devices used in our experiments. Table 1 gives the 
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contractual values for the individual harmonic rate generated 
by the devices [12]. 

These devices are classified according to their type and 
power rate, hence leading to the following allotment: 

- Class A: this label is attributed to balanced three-phase 
devices of IEC 61000-3-2; 

- Class B: it contains portable devices; 
- Class C: these are lighting fixtures including lightning 

dimmers with the power rate greater than 25 W; 
- Class D: it combines special wave signal equipment with 

a power rate equal or less than 600 W. 

Table 1. Individual harmonic rates injected by devices with a current equal or less than 16 A [12]. 

Harmonic h Class A [A] Class B [A] Class C [% fundamental] Class D [mA/W] 

Odd Harmonics 

3 2.3 3.45 30*λ 3.4 
5 1.14 1.71 10 1.9 
7 0.77 1.155 7 1 
9 0.4 0.6 5 0.5 
11 0.33 0.495 3 0.35 
13 0.21 0.315 3 3.85/13 
15≤h≤39 0.15×15/h 0.225×15/h 3 3.85/h 
Even harmonics 

2 1.08 1.62 2 - 
4 0.43 0.645 - - 
6 0.3 0.45 - - 
8 0.23×8/h 0.345×8/h - - 

�: is the power factor. 

Likewise, these devices must respect the level of compatibility of the harmonic voltages on the low voltage distribution 
network [12]. This is the IEC 6100-2-2 standard detailed in Table-2. 

Table 2. Compatibility level of the individual harmonic voltages on the low voltage electrical network. 

Odd Harmonics not Multiples of 3 Odd Harmonics Multiples of 3 Even Harmonics 

Harmonic Order H Harmonic voltage% Harmonic Order h Harmonic voltage% Harmonic voltage h Harmonic voltage% 

5 6 3 5 2 2 
7 5 6 1.5 4 1 
11 3.5 9 0.3 6 0.5 
13 3 12 0.2 8 0.5 
17 2 15 0.2 10 0.5 
19 1.5 >21  12 0.2 
23 1.5   >12 0.2 
25 1.5     
>25 0.2+0.5×25/h     

 

3. Materials and Methods 

The study of the behavior of harmonic rates in the presence of electrical loads was carried out in the maintenance 
department of the Niamey Reference Maternity Hospital (Issaka Gazoby Maternity). To do so, a CA 8022 analyzer (Figure-2a) 
is used to record the harmonic rate of the loads used (Figure-2b). Note that the analyzer has an accuracy of less than 0.1%. 

 

Figure 2. (a) Presentation of the measurement unit; (b) Presentations of the different electrical loads. 
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All loads are single-phased with a 220 V supply. Table-3 
shows the power ratings of the devices used. 

Table 3. Power rate of each of the devices (loads) used. 

Loads Power  

Lap top 65 W 
Ultrasound Machine 400 W 
Air Compressor 750 W 
air-conditioner 1980 W 
Water heater 1850 W 

4. Results 

4.1. Presentation of the Results 

4.1.1. Water Heater 

The water heater used for this experiment is purely 
resistive (linear load). It can clearly see in Figure-3 that the 
voltage and the current have the same waveform. 

 

Figure 3. Presentation of the waveform signal of the 2200 W water heater. 

4.1.2. Air-Conditioner 

The signal pattern of Figure-4 below is the result obtained from the measurement taken at the terminals of the air-
conditioner (non-linear load). 

 

Figure 4. Presentation of the wave form of an air conditioner power rated 1980 W. 

4.1.3. Air Compressor 

The air compressor is an electrical machine having a similar behavior as the air conditioner (nonlinear load) but generating 
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more harmonic disturbances. 

 

Figure 5. Presentation of the waveform of a 750 W air compressor. 

4.1.4. Ultrasound Machine 

Knowing that electronic devices are sources of harmonic disturbances, it is quite obvious that the analyzer records a 
distorted signal for the ultrasound waveform (highly polluting nonlinear load for its case) as illustrated in Figure-6. 

 

Figure 6. Presentation of the waveform of the 400 W ultrasound machines. 

4.1.5. Laptop 

Figure-7 shows the wave form of a Laptop or Portable Computer (PC) with a power rate of 65 W, which is a low current 
consuming and very polluting device. 
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Figure 7. Presentation of the waveform of a 65 W computer. 

4.2. Evolution of the Harmonic Rates Produced by the 

Combination of Linear and Non-Linear Loads 

To carry out our experiment, it has made different 
combinations of nonlinear and linear loads in order to have 
all the cases studied: nonlinear loads, linear loads and mixed 
loads (linear and nonlinear). The summary of the different 
cases is given in Table-4 below. 

Table 4. Different combinations of studied nonlinear, linear and mixed loads 

(linear and nonlinear). 

Code Loads 

1 Laptop (PC) 
2 PC + Ultrasound machine 
3 PC+ Ultrasound machine +Heater 
4 PC + Ultrasound machine +Heater +Air Compressor 
5 PC + Ultrasound + Heater+ Air Compressor + Air conditioner 
6 Heater+ Air Compressor +Air conditioner 
7 Air Compressor +Air conditioner 
8 PC+ Heater 

Figure-8 illustrates the behavior of the harmonic rate of the 
first part of our system. It has five periods including the 
different combinations of the devices. 

 

Figure 8. Variation of the harmonic rate produced by the combination of the 

linear and non-linear loads of the first part of our system (five phases). 

Figure-9 illustrates the behavior of the harmonic rate of the 
second part (periods 6, 7 and 8). It involves three periods. 

 

Figure 9. Variation of the harmonic rate produced by the combination of linear and nonlinear loads (second part: periods 6, 7 and 8). 
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4.3. Analysis of Results 

Tables 5 and 6 summarize respectively the overall 
harmonic current rate of each device separately and the 
variation of the harmonic rate as a function of the 
combinations of these devices. 

Table 5. Overall harmonic current rates of each load separately. 

Loads THDA (%) 

Laptop 197.9 
Ultrasound machine 64.4 
Air Compressor 6.9 
Air-conditioner 21.1 
Water heater 1.3 

Table 6 shows the variation of harmonic current rates 
according to the different combinations of the devices. 

Table 6. Variation of harmonic current rates according to the different 

combinations of the devices. 

Code Loads THDA 

1 PC 197.9 
2 PC + Ultrasound machine 64.4 
3 PC + Ultrasound machine + heater 4.9 
4 PC + Ultrasound + Heater + Air Compressor 5.2 

5 
PC + Ultrasound + Heater + Air Compressor +Air 
conditioner 

8.4 

6 Heater+ Air Compressor + Air conditioner 7.9 
7 Air Compressor +Air conditioner 13.44 
8 PC + Heater 2.82 

4.4. Interpretation of Results 

In period 1, a very high rate was obtained with only the 
operation of the computer which is a very polluting nonlinear 
load, resulting in 197.9% THDA. When it switched on the 
ultrasound machine (period 2), it notice a significant decrease 
in the harmonic current rate, although it is still harmful 
(THDA = 64.9%). This confirms the results of the work of 
Gupta S. D. and al., (2016) which showed that the harmonic 
rate injected by the combination of two nonlinear devices is 
lower than that generated individually. In period 3, when the 
water heater was combined with the period 2 combination, 
this rate fell to a very low level of 4.9%. This period denotes 
that the resistance (linear load) significantly attenuates the 
harmonic disturbances even though it is power consuming. 
The harmonic current level is incremented from the moment 
when the air compressor and the air conditioner are switched 
on respectively in period 4 and period 5. During these two 
periods, the presence of the air compressor and/or the air 
conditioner has created a slight increase in harmonic 
disturbance compared to period 3. In second part, it was 
demonstrated that the period 6 describes a significant 
attenuation of the harmonic rate due to the water heater in the 
presence of non-linear loads, both energy-consuming. 

However the combination made in period 7, reiterates a 
decrease in harmonic disturbance. The last period (period 8) 
which is the combination of the most polluting load (linear 
loads) led to the best result (THDA = 2.82%). 

5. Conclusion 

This experiment made it possible to observe the variation 
in harmonic rates resulting from the use of nonlinear and 
linear loads. With the computer, we obtained a harmonic 
content in current of 197.9%. By combining a highly 
polluting load (PC) and a moderately polluting (ultrasound 
machine), the harmonic rate was reduced by 134.5% (getting 
64.4%). The addition of a purely resistive load (the water 
heater) to the previous devices brought about a significant 
reduction of 60% of the above mentioned harmonic 
disturbance value, i.e. 5.2% of the overall recorded harmonic 
rate at current. 

It can be seen that the presence of linear charges 
significantly attenuates the harmonic disturbances even 
though they are power consuming. These linear loads which 
are useful for maintaining the quality of electrical power, 
particularly the waveform of the electrical signal, must exist 
in the subscriber's equipments even if the new energy 
efficiency policy of the WAEMU (West African Economic 
and Monetary Union) tends to replace them. Therefore, even 
if they have to be replaced, let it be with less energy-
consuming linear loads in order to maintain a balance in the 
balance sheet of harmonic rates. 

Moreover, this work shows indeed that the policy of 
promoting renewed and renewable energies and their efficiency 
needs to be accompanied by tracking and monitoring electrical 
disturbances mainly harmonics. For this purpose, research on 
distribution of electrical loads is necessary including a longer 
period to see the importance of the behavior of harmonic current 
in the power distribution network. 
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