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Introduction  

rid interconnections can help to 

increase the supply and reliability of 

electricity and can contribute toward 

the formation of competitive markets for 

electricity on national and regional scales, 

helping to potentially reduce the cost of 

electricity to developing economies [1] 
Electric Power supply in Nigeria has been lagging 

in terms of service (measured by hours of supply) 

as well as penetration. Only 5% of the rural 

dweller, urban 35% households has access to 

electricity [2], and the supply suffers from 

frequent power cuts and high fluctuations in 

voltage and frequency, with so-called blackouts 

and brownouts.  The demand-supply gap is 

currently 7.8% of average load and 13% of peak 

demand at current prices [3], which are heavily 

subsidized, on average. In order to bridge this gap  
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ABSTRACT 
The threat of 

power quality in 

generation 

depends on 

source of 

energy. Those 

tendencies are 

caused by 

different 

reasons, it 

include thermal 

limits, stability 

limits and the 

decrease of 

fossil fuel 

consumption. 

The most 

important issues 

in national grids 

are the power 

quality and 

supply reliability 

issues. In this 

paper, it 

provides a 

starting point  
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and meet anticipated growth, it is necessary to double the present 

capacity, i.e., install an additional generation capacity of 10,000 MW by 

2030. This would require an investment of (Naira) 2,500 billion 

(approximately   $40+   billion)   including   investments   in transmission 

& distribution.[4]   A major bottleneck in the development of the power 

sector is the poor financial state of the utilities, which can be attributed 

to the lack of adequate revenues and state subsidies for supply to the 

rural subscribers. Of the total power generated, only 55% of the kilowatt-

hours are billed2, and only 41% of this is collected. [1] Power quality can 

be controlled and improved in whatever point of the electric system 

beginning from the means in the system or the grid and ending with 

single devices at the consumer level. 

Power Quality is therefore set of limits of electrical properties that allow 

electrical systems to function in their intended manner without 

significant loss of performance or life. The term is used to describe 

electric power that drives an electrical load and the load's ability to 

function properly with that electric power. Without the proper power, 

an electrical device (or load) may malfunction, fail prematurely or not 

operate at all. While "power quality" is a convenient term for many, it is 

the quality of the voltage - rather than power or electric current - that is 

actually described by the term. Power is simply the flow of energy and 

the current demanded by a load is largely uncontrollable. 

The quality of electrical power may be described as a set of values of 

parameters, such as: 

• Continuity of service 

• Variation in voltage magnitude 

• Transient voltages and currents 

for utilities in developing countries to better plan their systems to meet 

dispersed loads, while optimizing for renewables and other 

decentralized generation sources. 

 

Key words: Power Quality, Renewable energy, Transients, Harmonics, 

Voltage Swells, Interruptions, Voltage Sags, Flickers, National Grid. 
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• Harmonic content in the waveforms etc. 

Power quality may also be regarded as a measure of how close to perfect 

an electrical voltage is, at any given time or point [4]. High quality 

electrical voltage is a sine wave that measures exactly what is expected 

in both voltage and frequency. Historically, most power quality problems 

were considered to be those things that affected the distribution of 

power. Lightning strikes or transformer failures and/or very high 

electrical demands (brown outs) on electrical network are just a few. 

Today, however, most power quality problems are due to technology 

changes and the way electricity is used.[5] 

 

THE STUDY BACKGROUND 

The Nigerian Electrical power system is faced with a lot of challenges as 

a whole. From generation to distribution, the reliability of the system is 

far below expectation [1].  And one of the key aspects of electricity 

production and distribution is the power quality and supply reliability for 

the customers.[2]  

Renewable energy source (RES) integrated at distribution level is termed 

as distributed generation (DG). The utility is concerned due to the high 

penetration level of intermittent RES in distribution systems as it may 

pose a threat to network in terms of stability, voltage regulation and 

power-quality (PQ) issues. Therefore, the DG systems are required to 

comply with strict technical and regulatory frameworks to ensure safe, 

reliable and efficient operation of overall network. With the 

advancement in power electronics and digital control technology, the DG 

systems can now be actively controlled to enhance the system operation 

with improved PQ at PCC 

Integration of renewable energy to distribution grid can have both 

positive and negative effects to the power quality. It depends on 

possibilities of information and communication systems to control and 

maintain voltage in the feeders, turn the loads in or out and replace lost 

power with the reserves. For   example   small   amounts   of   wind   power   

have negligible   effects   on   electricity   networks,   but   when electricity 

generation from wind power exceeds a certain threshold level, 
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investments in the power system will be required. This threshold level is 

known as the hosting capacity.[3] 

 

FINDINGS AND DICUSSION 

The use of energy saving devices is on increase globally due to factors 

such as environmental and economy. Technological advancement and 

breakthrough are expanding the horizon of power delivery and 

applications, new devices are being designed to be efficient, energy 

saving and environmentally friendly. These electronic devices are often 

sensitive to power supply. As such, they place stringent requirement on 

clean energy for their effective and optimum performance. However, the 

application of these devices has constituted another problem in power 

systems which must be addressed. As non-linear devices; they are not 

only sensitive to poor PQ but also contribute to poor PQ problems.  

International standards concerning electrical PQ impose that electrical 

equipment and facilities   should   not   produce   harmonic   contents 

greater than specified values, and also specify distortion limits to the 

supply voltage. 

PQ problems have contributed immensely to power problems over the 

years. Higher or lower than normal voltage or current may lead to 

malfunctioning or damage of certain types of equipment. The PQ 

problems have been world-wide phenomena. Some of the factors 

responsible for this include deregulation of power supply system and 

ever-increasing “high-tech” sophisticated electronics devices to meet 

energy saving requirements.[6] 

 
Figure 1:  Typical harmonic distortion of frequency converter [7]. 
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THE POWER QUALITY PROBLEMS 

The possible situations in which the waveforms of the supply voltage or 

load current deviate from the sinusoidal waveform at rated frequency 

with amplitude corresponding to the rated rms value for all three phases 

of a three-phase system. Power quality disturbance covers sudden, short 

duration deviation, impulsive and oscillatory transients, voltage dips (or 

sags), short interruptions, as well as steady- state deviations, such as 

harmonics and flicker. Here are listed some of the power quality problem 

as follow: 

• Voltage Sag 

• Voltage Swell 

• Voltage Interruption 

• Under/ Over Voltage 

• Voltage Flicker 

• Harmonic Distortion 

• Transient Disturbance 

• Frequency variation 

 Voltage Sag: Voltage sag is a reduction in the RMS voltage in the range 

of 0.1 to 0.9 p.u. (retained) for duration greater than a mains cycle and 

less than 1 minute [4]. It is often referred to as a dip‘. It is caused by 

faults, increased load demand and transitional events such as large 

motor starting. 

                         

 
                                    Figure 2: Voltage sag a reduction in the RMS [4] 
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 Voltage Swell: A voltage swell is an increase in the RMS voltage in the 

range of 1.1 to 1.8 p.u. for duration greater than half a main cycle and less 

than 1 minute [6]. It is caused by system faults, load switching and 

capacitor switching. 

 Voltage Interruption: A voltage interruption is the complete loss of 

electric voltage. Interruptions can be short duration (lasting less than 2 

minutes) or long duration. A disconnection of electricity causes an 

interruption—usually by the opening of a circuit breaker, line re-closure, 

or fuse. 

                                 

 
Figure 3: Voltage Sag, Swell and Interruption [7] 

 Under/Over Voltage:  Long-duration voltage variations that are outside 

the normal limits (that is, too high or too low) are most often caused by 

unusual conditions on the power system. For example, out-of- service 

lines or transformers sometimes cause under voltage conditions. These 

types of root- mean-square (RMS) voltage variations are normally short 

term, lasting less than one or two days. In addition, voltage can be 

reduced nationally in response to a shortage of electric supply. 

 Voltage Flicker: A waveform may exhibit voltage flicker if its waveform 

amplitude is modulated at frequencies less than 25 Hz [6], which the 

human eye can detect as a variation in the lamp intensity of a standard 

bulb. Voltage flicker is caused by an arcing condition on the power 

system. Flicker problems can be corrected with the installation of filters, 

static VAR systems, or distribution static compensators. 
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                                               Figure 4: Voltage Flicker [7] 

 

   Harmonics: A pure sinusoidal voltage is conceptual quantity produced 

by an ideal AC generator build with finely distributed stator and field 

windings that operate in a uniform magnetic field. Since neither the 

winding distribution nor the magnetic field is uniform in a working AC 

machine, voltage waveform distortion is created, and the voltage time 

relation-ship deviates from the pure sine function. The distortion at the 

point of generation is very small (about 1%to 2%) [3], but nonetheless it 

exists. 

Because this is a deviation from a pure sine wave, the deviation is in the 

form of a periodic function and by definition, the voltage distortion 

contains harmonics [3]. When a sinusoidal voltage is applied to a certain 

type of load, the current drawn by the load is proportional to the voltage 

and impedance and follows the envelope of the voltage wave form [5]. 

These loads are referred to as linear loads (loads where the voltage and 

current follow one another without any distortion to their pure sine 

waves) such as resistive heaters, incandescent lamps and constant speed 

induction and synchronous motors. In contrast some loads cause the 

current to vary disproportionately with the voltage during each half 

cycle. These loads are classified as nonlinear loads and the current and 

voltage have waveforms that are non-sinusoidal containing distortions 

where by 50 Hz waveform has numerous additional waveforms 

superimposed upon it creating multiple frequencies within the normal 50 

Hz sine wave. The multiple frequencies are harmonics of the 

fundamental frequency. Power systems designed to function at the 

fundamental frequency which is 50Hz to 60Hz in Nigeria are prone to 
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unsatisfactory operation and at times failure when subjected to voltages 

and currents that contains substantial harmonic frequency elements. 

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.[7] 

                        

 
                              Figure 5: Distorted Voltage Waveforms [7] 

 Transient Disturbance: Transient disturbances are undesirable 

momentary deviation of the supply voltage or load current and caused 

by the injection of energy by switching or by lightning. Transients are 

classified in two categories (1) Impulsive and (2)  oscillatory 

 
Figure 6: Oscillatory and Impulsive transient waveform [7] 

 Frequency Deviation: It is a variation in frequency from the nominal 

supply frequency above/below a predetermined level, normally + 0.1% [7] 

Rectifying the high losses, as well as poor voltage profile, the utilities 

would have to take one or more of the following steps [8]: 

o Increasing the voltage for distribution (reducing I2R losses); 

o Reducing the runs (lengths) for distribution; 
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o Enforcing power factor correction or utilizing capacitor banks for 

such; 

o Using decentralized power for providing real and/or reactive 

power.[8] 

 

RECOMMENDATION AND CONLUSION 

This examined opportunities for combining the available renewable 

energy with the non-renewable fossil fuel. It is recommend that the 

government also needs to develop capacities and develop the 

infrastructure for harvesting wind/solar systems for power generation 

from sites within regions having high wind capacity, trapping the 

abundant solar energy freely available in nation, increase the capacities 

of the present hydro-power stations and also establish various power 

station that will use the natural gas from crude oil exploitation to drive 

turbines for electricity generation. All the energy thus generated should 

be fed into the national grid, creating adequate mix of energy from the 

different sources and having a compact energy development profile 

which will be suitable, sustainable, constantly available, environmentally 

friendly and economically viable in the long term national energy plan.[9] 

In Conclusion, irrespective of how the term grid is defined, one can safely 

state that electricity networks will face new challenges in the future, and 

that current and future challenges can be solved by a set of technologies 

that either exist today, or are being actively developed. If more and more 

increases in generation capacities is going to be installed to support the 

power networks like it seems to go then it is most important to find 

measures for guarantying quality and security of supply. From the 

example of other country we can see that the potential of increase in 

generation capacities is extensive. The impacts of using distributed 

generation may be massive even if bulk of that potential will not be 

installed. 

In the situation where generation as well as consumption produces 

decrease of power quality in the grid, it is essential to analyze both 

generation and consumption in a very thorough way. If it proves to be 

necessary it might make sense to limit the usage of new plants and 

appliances or use some other methods to decrease their negative effect 
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to power quality. Usage of nonlinear loads like compact fluorescent 

lamps has risen rapidly in the last decade, but their harmonic emission, 

reactive power consumption and other drawbacks have been ignored. 

Beside the problem that, harmonics are extremely dangerous to 

electrical motors, distorted supply makes the diagnostics of them more 

difficult [10]. A growing number of machines are driven through 

frequency converters. This means that also diagnostic for appropriate 

setups with frequency converters should be investigated. Frequency 

converters add additional noise and harmonics to the traditional current 

spectrum of the machines [11] and thus such drives need a slightly 

different approach in diagnostics than traditional grid supplied 

machines. 
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