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Power Quality Assessment of Residential Electric Bulbs and Their Harmonic Impacts in Power Systems
ABSTRACT 
Due to increase in the proliferation of non-linear loads because of energy-saving measures, there is a tremendous daily increase in the power quality disturbance created by these power electronics equipment and devices which are the major sources of voltage and current harmonics in the distribution networks. The Harmonics in the electrical distribution system are the by-products of modern electronics such as energy saving bulbs. They are especially prevalent where there are large numbers of nonlinear loads such as compact fluorescent lamp, light emitting diode lamp, personal computers, printers, photocopiers, hospital equipment, fluorescent lighting and adjustable speed drives. Harmonics do no useful contributions; they degrade the power quality and efficiency in a commercial building or industrial facility. Very often, the operation of electrical equipment may seem normal, but under a certain combination of conditions, the impact of harmonics is enhanced, with damaging results. In this study, we have observed the harmonic characteristics of four different bulbs which are Light Emitting Diode (LED), Compact Fluorescent Lamp (CFL), Fluorescent Lamp (FL) and Filament Lamp or incandescent lamp through experimental set up using Power Quality meter. The results obtained shows the high current harmonics generation from LED with 140%thd and CFL with 95%thd which could lead to degradation of the power distribution networks if not controlled. Unlike filament and fluorescent bulbs which generate less than 20%thd 
Keywords: lamps, harmonics, power quality, total harmonic distortion. 
1. INTRODUCTION 

“The proliferation of non-linear loads such as Personal Computers, Fluorescent Lamps, Compact Fluorescent Lamps, Light Emitting Diode bulbs and other energy saving appliances in residential and commercial buildings have adverse effects on the power quality and the overall performance of distribution networks as these loads introduces harmonics into the networks” (Ojo etal, 2022 ). There is a need to assess the harmonic behaviour of these energy saving bulbs to determine how this behaviour ties with the power quality of power distribution networks and its adverse effects on the sensitivity of equipment reported by (Ghorbani & Mokhtari, 2015) and (Adeoye, etal, 2021)
“Harmonics are electric voltages and currents that appear on the electric power system because of certain kinds of electric loads. These are the distortion of the utility supplied waveform and are caused by “nonlinear” (distorting) loads, which include motor controls, computers, office equipment, CFLs, light dimmers, televisions and in general, most electronic loads. High harmonics increase lines losses and decrease equipment lifetime. Past to Present, power systems are designed to operate at frequencies of 50 or 60Hz depending on the operating frequency of each country. However, certain types of loads produce currents and voltages with frequencies that are integer multiples of the 50 or 60 Hz fundamental frequency. These higher frequencies are a form of electrical pollution known as power system harmonics” (Arthur, et al., 2022) (Ahmed,etal.,2018). 
“Harmonics generated by non-linear loads often cause power quality disturbances such as voltage sags, voltage swells, switching transients, impulses, flickers, notches, etc”. (Collocott, 2015). “This may cause various technical problems to the devices of customers such as increased heating, maloperation, early aging of devices etc. Poor power quality often results in financial loss to affected customers especially in the industrial and commercial sectors” (Ojo, etal 2019).


In this study, our undivided focus is to analyse the power characteristics of electric bulbs commonly used in residential building and their impacts on the power system networks considering their current and voltage waveforms and harmonic generated by each bulbs using power quality meter.. 
2. LITERATURE REVIEW 

“The differentiator between linear and non-linear loads is the way the applied voltage relates with the current drawn by the load. The voltage and current of linear loads are sinusoidal and proportional to one another while for non-linear loads either the current, voltage or both are non-sinusoidal and have a non-linear relationship known as harmonic distortion as shown in which can be illustrated by the linear and non-linear relationship between voltage and current in Figure 1a and Figure 1b respectively” (Ogunlowo, Ojo, & Ademiloye, 2020)
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Figure 1(a): Linear relationship between voltage and current 
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Figure 1 (b): Non-linear relationship between voltage and current 

2.1
Impacts of Harmonics on Power System Parameters and Equipment

The harmonic currents produced by nonlinear loads have adverse effects on both the utility and the end user equipment, therefore this section gives an overview of the impacts of harmonic distortions on some parameters commonly used to describe the quality of supply in Distribution networks.
a. Impact on Power Factor

Power factor represents the determining factor for the energy consumption in power systems network. In a situation where is low power factor, it implies poor utilization of the source power there by increasing the demand on the entire network capacity. In an ideal sinusoidal waveform, the power factor is given as (Ali, et al., 2022) and (Ojo, etal, 2019)
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Where IRMS is the RMS value of the source current, I1 is the current at fundamental frequency while [image: image5.png]


 is the angle between the current and voltage at the fundamental frequency. 

b. Impacts on Transformers

The major effect of harmonic distortion on transformers is the generation of additional heat caused due to the losses caused by the harmonic content of the load current. Distribution transformers are most vulnerable to overheating and premature failure. The life of a transformer is dependent upon the life of its insulation. Transformer insulation deteriorates as a function of time and temperature. Transformer temperature, in turn, is related to loading i.e. the winding I²R losses. No load and load losses are also affected by the presence of harmonics in load currents. The eddy current losses normally is about 10 % of the loss at full load which directly proportional to the square of harmonic number. Practically, transformer supplying nonlinear loads such as IT equipment and operating at a full load, the losses of the transformer would be twice as high as for an equivalent linear load and this results in an increase in operating temperature and decrease in life span (Beleiu, et al., 2020).  
  

c. Impacts on Metering and Measuring Instruments

Metering and instrumentation and metering equipment are equally affected by harmonic distortion in the power distribution networks as a result high harmonic voltage on the circuits caused by resonant condition produced by harmonic injected by nonlinear loads. The operation of most devices, such as such energy meter and over current relays, designed to monitor fundamental current can give erroneous operation due harmonic distortion. Other measuring devices affected by higher frequency are potential transformer (PT) / current transformer (CT) (Connor, Kehinde, & Adeyinka, 2020)
Measuring instruments which are mostly calibrated on purely sinusoidal voltage and current signals are also greatly affected under distorted supply which makes their measurement prone to errors. These errors are characterised by the order, magnitude and phase of the harmonics distortion (Diahovchenko etal, 2018), (Ojo, etal, 2020)
Impacts on Harmonics on Electronic Equipment 
Harmonic distortions also affect Consumers’ equipment especially from converter systems which are known to be high source of harmonics distortions. Consumers’ electronic devices are much sensitive to harmonic disturbances due to the fact that some of these equipment uses energy in different forms other than the supply frequency are can be affected by external pollutions due to harmonic injection or emission at PCC (Ghorbani & Mokhtari, 2015) Some of the effects of harmonics on electronic equipment are change in picture size and brightness of cathode ray tube, excessive heating of fluorescent and mercury arc lamps. Others are loss data in computers and printers which are mostly caused by voltage harmonic distortions (Ahmed, Shady, Abdel, & Murat, 2018)
3. METHODOLOGY

This section presents the methodology used for the power quality measurement of some commonly used electric lamps for residential and commercial buildings as applicable low voltage distribution networks in Nigeria. In this study Light Emitting Diode, Compact Fluorescent, Choke/ballast Fluorescent and Filament bulbs are considered while voltage, current, Active Power waveforms, Total Harmonic Distortions (THDs), and the power factor of each bulb are the parameters considered. All the measurements were carried out in the Power System Laboratory at Department of Electrical and Electronic Engineering of the Federal Polytechnic, Ado- Ekiti using DENT Power quality meter with high resolution for effective measurement of power parameters. Figure 2 and Figure 3 show the schematic diagram and experimental setup of the methodology used. The power logger was connected between the single phase supply and the load using Variac. 
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Figure 2: Schematic Diagram for the Experimental Setup
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Figure 3: Experimental setup for power quality measurement with DENT Power Quality meter
4. RESULTS AND DISCUSSION


Following theoretical analysis in Section 2, experimental analysis of power parameters such as voltage, current, power waveforms, individual harmonics, THDs and power factor of the bulbs are done in this section to validate the adverse effects of energy saving bulbs on the distribution networks if not well monitored and controlled.
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Figure 4: Voltage, Current and Active Power Waveforms of 8W_ LED
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Figure 5: Voltage and Current Harmonics Spectrum of 8W_LED


Light Emitting Diode Lamp: In figures 4 and 5 above, the current and voltage waveforms of LED bulb show the presence of harmonic distortion with decrease in the individual harmonic distortion from 3rd order to 9th order while there is an increase 15th up to 21st harmonics.  
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Figure 6: Voltage, Current and Active Power Waveforms of 40W_CFL
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Figure 7: Voltage and Current Harmonics Spectrum of 40W_CFL


Compact Fluorescent Lamp: In figure 6 above, the level of distortion in CFL is on the high due to switch mode power supply embedded in the design which depicts high level of harmonic distortion. There is also a d.c component in the harmonic spectrum shown in figure 7. It is shown further, the presence of odd harmonics from 3rd harmonic order which can lead to pollution of the distribution networks if the usage is not monitored of controlled.

[image: image12.png]el Number. XC1208082 Descipiors DENT ELTEOXC DaterTine 06730120 112054

@CHT  CH2  CH3  CHe Tun Update On





Figure 8: Voltage, Current and Active Power Waveforms of 36W_FL
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Figure 9: Voltage and Current Harmonics Spectrum of 36W_FL


Fluorescent Lamp: The voltage and current waveforms of a choked fluorescent lamp are shown in figure 8, the current waveform is almost in phase with the voltage waveform which depicts the linearity of the current as compared to LED and CFL bulbs. In figure 9, the harmonic spectrum shows a very small distortion as displayed by less than 10% 3rd harmonics.
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Figure 10: Voltage, Current and Active Power Waveforms of 60W_Filament bulb
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Figure 11: Voltage and Current Harmonics Spectrum of 60W_Filament Lamp


Filament Bulb: As in this bulb, because of its pure resistive in nature, harmonics in this type of bulb is minimum which is close to zero. The unity power factor of these lamps also indicates its zero harmonics. The waveform in figure 10 also depicts that only system frequency is present. 
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Figure 12: THDs of the Electric Bulbs


THDs: Figure 12 shows the Current THD of LED, CFL, FL and Filament bulb in which LED and CFL have high harmonic distortions of 145% and 92% respectively as shown in figures 4-7. While fluorescent and filament bulbs have little or no distortion which have no dangerous effect on the distribution networks. 
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Figure 13: Power Factor of the bulbs


Power Factor: Figure 13 shows the relationship between the displacement power factor, distortion power factor and the true power factor. In power system analysis, the displacement power factor is the same with true power factor under pure sinusoidal waveforms of voltage and current. As shown in the figure 13, filament lamp maintained that principle but differs in other three bulbs due to harmonic distortions.

5. CONCLUSION AND RECOMMENDATION

Based on the literature reviewed and harmonic characterises of some electric bulbs, commonly used in residential and commercial electrical installation through experimental set-up using DENT Power Quality meter. It has been shown that energy saving bulbs such as LED and CFL are harmonics injecting loads which affects the overall efficiency of the power system networks. These loads are mostly used in the distribution networks feeding residential and commercial sectors as applicable in most developing country like Nigeria. Hence, there is a need for the electricity distributors to monitor and assess the recent power quality issues due to the proliferation of nonlinear loads resulted from energy efficiency measures. 
In other to reduce or minimise the adverse effects on the electricity supply quality, the followings are recommended: (1) Distribution Companies should ensure adequate and regular power quality assessment of their networks through collaboration with Academic Institutions. (2) Regular awareness on power quality issues affecting the distribution networks due to proliferation of energy saving bulbs usage. (3) Proper assessment are to be done on brands of LED Bulbs available in Nigeria market so as to create awareness on their qualities for consumers usage. 
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