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Abstract. Renewable energy sources are continually 

increasing their share in the energy system. The introduction of 

Hybrid Renewable Energy Sources (H.R.E.S.) in the electrical 

power system has gained momentum. The increased share of 

Renewable sources has resulted in an increase in Power Quality 

(P.Q.) disturbances at the user and consumer levels. This research 

will engineers dedicate the P.Q. disturbances produced in the 

electrical system due to Hybrid Renewable energy sources, 

especially solar and wind. The research will predict what type of 

P.Q. disturbances are introduced during power production. The 

study will focus on a stand-alone Hybrid Renewable Energy 

System (H.R.E.S.). The energy system data will be collected and 

used to produce a Fuzzy Logic (F.L.) algorithm to improve the 

mitigating techniques to reduce P.Q. disturbances. The suggested 

algorithm analyzes the stored and continuous data from different 

sources. The data will be collected and used to drive the 

hardware to take appropriate actions at the mitigation level. The 

hardware used in the system consists of a Multiplexer (MUX) 

and different types of filters. The output of the multiplexer 

chooses the filters. The algorithm will improve the system's 

efficiency and help the designers improve the system's design 

capabilities. The monitoring system will help predict what type 

of P.Q. disturbances are produced when different energy sources 

are used to produce power. The proposed system monitors these 

P.Q. disturbances and classifies them according to their severity. 

Keywords. Power Quality, Power Quality 

Monitoring, Power Quality Mitigation, Hybrid 

Renewable Energy, Harmonic Distortion, Voltage 
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1. Introduction 

 
Power quality refers to the electrical system's capability to 

produce perfect power without any disturbances in the 

sinusoidal wave. However, this does not happen in the real 

world. The sinusoidal wave produced by the power 

sources is impacted by different types of loads and other 

factors such as meteorological conditions, types of 

inverters and distance from the power source. These 

factors produce changes in the waveform, indicating PQ 

disturbances. Renewable energy sources are used to create 

clean and cheap power. The concept of using renewable 

energy power systems as stand-alone or part of the 

distribution grid is gaining importance. The addition of 

renewable sources has added to PQ disturbances in the 

system. 

Power quality monitoring and mitigation techniques go 

hand in hand. The enhancement and better understanding 

of PQ problems have led engineers and designers to work 

on different mitigating methods [1]. As a result, power 

quality problems are becoming prominent in the design 

of electrical power grids. The task of monitoring and 

mitigating becomes even harder when renewable energy 

sources are involved. There are different types of 

renewable energy sources used in the power industry. 

These sources include solar, wind, biofuels, and many 

others. The new trend in stand-alone power production 

combines two or more renewable energy sources to 

accommodate growing power needs. The power system is 

known as an HRES. These systems are used as an 

extension to the existing grid, either to provide backup to 

the electrical grid or supplement the produced power to 

accommodate the power grid [2]. 

These power sources work together to produce electrical 

power used by utility providers and consumers alike. The 

most common type of energy combination used is solar 

and wind. Solar power is harnessed using solar panels, 

and wind turbines convert wind energy into electrical 

power. The combination of solar and wind is a good 

source of power for remote areas or where it is costly to 

provide power using the conventional setup of the power 

grid and substation system[3]. The electrical power 

produced by these sources needs to be monitored and 

mitigated accordingly. The stakes are raised higher when 

the extra power produced by these sources is fed back to 

the grid. Whether a house or an industrial load, looking at 

the individual unit becomes paramount. The PQ 

disturbances produced by these sources are injected into 

the main grid and cause power and financial losses to 

utilities and consumers. These disturbances have a 

harmful impact on different types of electrical equipment 

used in the electrical grid. Modern electrical equipment is 

highly sensitive to changes in produced power. 

Monitoring the differences is important as it will help 

develop better mitigation techniques. In addition, it will 

help the designer to come up with better preventive and 

predictive maintenance [2, 4]. 

The two sources used in the hybrid system have their 

problems that add to PQ disturbances. The research is 

focused on an HRES consisting of a solar photovoltaic 

panel (PV) and wind turbine (WT). The power produced 
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by each source is dependent on many factors. These 

factors are temperature, irradiance level, tilt angle in the 

case of PV, wind speed, and height in the wind turbine [5]. 

2. Literature Review 

The researchers and designers are trying to determine how 

these PQ disturbances are produced and mitigated. The 

HRES  have different PQ disturbances depending on the 

sources used to produce electrical power. The other factors 

might inject various types of PQ disturbance into the 

system. These factors are metrological changes, type of 

loads and synchronization of two renewable sources to 

produce power. The Hybrid renewable system consisting 

of solar and wind might have different reasons to produce 

PQ disturbances. These disturbances need to be monitored 

and investigated further [6]. The major PQ disturbances 

observed in an HRES are related to  

• Voltage changes 

• Harmonics 

• Frequency changes 

2.1 Power Quality Disturbances  

The voltage changes in the system happen due to many 

reasons. The voltage changes can be a short interruption of 

power, sag or transients. At the same time, harmonics 

distortion can occur in current and voltage. Therefore, the 

frequency changes is an important type of PQ disturbance 

in the HRES [7]. Many factors cause the PQ disturbances 

in HRES. These problems are attributed to electrical 

equipment used in the system and natural elements 

occurring in nature [8]. 

The three major causes of PQ disturbances in HRES are:  

• Synchronization of multiple Renewable sources 

• Metrological changes 

• Choice and type of electrical equipment used in 

the HRES 

 

Synchronization is defined as the reduction or minimizing 

of the variance in voltage. Frequency and phase angle 

between the multiple Renewable energy sources used to 

provide power to the grid. The voltage should be 

synchronized before entering the power grid [9]. The ideal 

synchronization approach should be able to  [10]: 

• Efficiently track the phase angle changes in the 

power grid 

• Capable of detecting the changes in frequency  

• Efficiently keep track of the changes in the 

harmonics and other disturbances 

   

The unbalanced demand and supply cause synchronization 

issues in the grid frequency. If the Renewable Energy 

Sources (RES) produce surplus power, that changes the 

grid's frequency. The reverse will happen if the RES 

produces less power as the grid requires. The frequency 

changes cause problems for the electrical equipment 

connected to the grid [11]. The changing voltage and 

frequency is a major source of synchronization problems. 

In addition, the wind speed is variable and might change at 

any time, causing changes in the system's frequency and 

voltage, resulting in an unbalanced power supply and 

varying frequencies [12]. 

Solar power has its own set of problems causing 

synchronization problems. Solar power has different 

power output depending upon the efficiency of the solar 

panels used for power production. These power 

oscillations cause harmonic issues and frequency 

fluctuations in the power grid. The addition of backup 

batteries impacts the frequency and voltage of the system 

[13].  

The grid synchronization of RES  introduces voltage sags 

or voltage dips. Voltage dips may occur during grid 

synchronization. These dips are produced due to the 

voltage difference between the RES and the grid. The 

reactive power drawn by DFIG  causes voltage sags in 

power produced by WT. In HRES, voltage sags are 

followed by voltage swells [14]. 

The metrological conditions greatly impact the power 

produced by HRES. These conditions affect both solar 

and wind power differently. In the case of solar, the 

power produced is affected by different weather 

conditions. For example, the high solar intensity will 

have a higher voltage. On the other hand, a cloudy day 

will provide low power from the solar setup. The weather 

conditions change the energy demand in the grid. In the 

case of a stand-alone grid, the extra demand for power 

produces  PQ disturbances. The voltage fluctuations 

indicate low magnitude transients, and solar insulation 

frequency deviation changes cause current and voltage 

harmonics deviations [15]. 

The variability in temperature and airspeed produces 

variable power. The changes in power produced and 

consumed need to be balanced in the power grid. 

Suppose the metrological conditions are not monitored 

properly. They might cause major power losses in the 

grid with higher penetration of HRES [16]. The change in 

wind speed will cause voltage and flicker in the HRES. 

The transient magnitude, flicker, voltage and current 

harmonics increase with the increase in penetration of the 

wind energy. If these disturbances are not monitored, and 

proper steps are not taken to mitigate them, they will 

cause major system losses [17-20]. 

The main function of a converter is to convert DC power 

produced into AC power. The inverters are categorized 

according to the grid configuration. The inverter 

technologies are based on the efficiency parameters set 

by different grid standards. The type of electrical 

equipment used to connect the HRES with the grid is a 

source of PQ disturbances. The internal structure will add 

PQ disturbances to the electrical grid. They will inject 

current harmonics, current distortion, and power factors 

into the grid. The topology of these converters plays an 

important role in producing PQ disturbances [21]. In 

addition, the bidirectional transfer of power between the 

grid and consumer might add to PQ disturbances. These 

changes will impact PQ in the integrated grid [22]. The 

monitoring system should handle these changes while 

ensuring that the quality of power is maintained at a 

standard level. The inverters and converters are the most 

important aspect of these changes that add PQ 
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disturbances[23]. Therefore, the material used for the 

construction of these inverters is vital. These inverters are 

mainly made from different types of semiconductor 

material, and the manufacturing process of inverters might 

be a source of PQ disturbances [24]. 

2.2 Power Quality Monitring Methods 

The PQ disturbances originate at the interconnection point 

between the RE sources and the grid. The detection and 

classification of the disturbances are the main components 

of any PQ monitoring system. These PQ disturbances are 

handled using the system based on software, hardware, or 

a hybrid system comprising software and hardware tools 

[15]. PQ monitoring provides essential data for the 

improvement of PQ. The PQ monitoring system collects a 

lot of data and will take time to analyze. The collected data 

is compared with a set of standards accepted by regulatory 

bodies. Many methods are used to monitor PQ 

disturbances in HRES.  

The Fourier transform method is used to monitor PQ in the 

renewable system. The work presented by Bracewell 

shares different methods to monitor PQ disturbance in the 

RE system based on Fourier transforms [25]. Kaman filters 

are used to provide scientific equations to handle the 

complex computational situations regarding PQ 

monitoring [26]. The frequency spectrum of the signal is 

used to observe flickers and predict when the flickers can 

occur [27]. The other intelligent tools that are used to 

monitor PQ disturbances are expert system (ES), Artificial 

Neural Networks (ANN), and Fuzzy Logic (FL). The 

different approaches used to detect power quality 

disturbances are discussed in papers [28-32]. There are 

monitoring methods that are used in the HRES. Power 

quality monitoring is considered to be an expensive 

practice. The power quality analyzer cannot be placed on 

each node [33]. Adding a PQ analyzer at different nodes is 

gaining traction, and it might be a cost-effective method to 

look at PQ disturbances in the HRES [34]. The 

measurement of current and voltage signals for HRES is a 

problem. Their measurement requires higher accuracy. 

Currently, common transducers cannot perform these 

measurements accurately. The newer type of voltage and 

current transducers are needed to monitor at least 40th 

Harmonic [35]. The analysis of some of the Power quality 

monitoring systems is presented in [36-38].   

2.3 Mitigation of Power Quality Disturbances 

 

Many methods are used to mitigate the different types of 

PQ disturbances. The increase in the use of sensitive 

equipment in industrial, residential, and commercial 

applications has impacted PQ disturbances. These 

disturbances are mainly classified as voltage and current 

quality problems. The Custom Power Devices (CPDs), 

Distribution Static Compensators (DSTATCOMs), 

Dynamic Voltage Restorers (DVRs), and Unified Power 

Quality Conditioners (UPQCs)  are used to mitigate some 

of the PQ disturbances depending on the requirements of 

the electrical grid. CPD and DSTATCOM are used for 

mitigating current related disturbances. The PQ 

disturbances increase due to changes in harmonic values 

of current and voltage. The active shunt filters are used to 

reduce these harmonics [39]. The other solution to 

mitigating PQ problems is using multilayer inverters 

(MI) or Proportional Integral Differential (PID) 

controllers. Research has shown that the PID controllers 

are less efficient than other controllers. The researcher 

has turned to Artificial Intelligence (AI) methods to 

monitor and mitigate power quality disturbances. AI 

allows the system capability to learn the reason and 

decide like humans. The AI  helps improve stability, 

reliability, and other factors to make other essential 

advancements in the electrical system. AI enables the 

electrical system by providing extra functions such as 

optimization, maintenance and security of data in the 

electrical system. The Artificial Neural Network (ANN) 

helps in diagnosing and identification of PQ problems. 

ANN  help engineers and researchers to develop patterns 

of input and output data and how the output data values 

are compared against the original values of parameters 

[40-42]. The Infinite Impulse Response (IIR) types of 

filters are used with the capability of adjustable power 

produced during nighttime. The constant power is 

transferred to the electrical grid with a fixed power mode 

[43]. Flexible AC Transmission System (FACTS) 

technology has been used in efficient voltage 

stabilization, demand control, energy utilization, power 

quality enhancement, and voltage and current harmonic 

mitigation [44]. The higher penetration of RE sources in 

distributed generation has given rise to power electronics 

devices for efficient power utilization and increasing the 

power grid's reliability [45]. The FCATS based devices 

are used in the HRES. These devices mitigate PQ 

disturbances at residential, commercial, and HRES. The 

FCATS are used to improve the system's efficiency by 

adding active power filters and a STATCOM interface 

for big HRES [46]. The other mitigation methods for 

HRES are discussed in [47-51]. The industry uses 

different methods to monitor and mitigate PQ 

disturbances. These methods include optimization 

techniques for optimal features, classification of Power 

quality disturbances, and experimental system based 

Power Quality analysis [52]. These methods include 

voltage improvement techniques, customer power 

devices, energy storage systems, energy conversion 

optimization, passive filters, current quality 

improvement, and active power filters. It details different 

monitoring and mitigation methods that are used in the 

industry. The research shares the efficiency of other 

methods used in the RE industry.  

The paper will present a two-fold method. First, the 

system will collect the PQ monitoring data from the site, 

and a mitigation method will be selected based on the 

collected data. Many mitigation techniques are used in 

the industry. Some of them are used more frequently as 

compared to others. Figure 1 illustrates the usage 

percentage of mitigation methods [49]. 
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Figure 1 Percentage of different mitigation techniques [53] 

3. Methodology  
 

The paper will propose a method for monitoring and 

mitigation techniques for an HRES. The proposed system 

is based on live data analysis and deciding what type of 

mitigation equipment would be used. The PQ disturbances 

data is collected in a database. Figure 2 shows the FL 

process used to create the FL algorithm. The system will 

use Fuzzy Logic (FL) to analyze the collected data. The 

FL transforms the system inputs into fuzzy sets. 

 
Figure 2 Fuzzy Logic Process 

 

 The data is simplified by using the ANN algorithm. The 

sigmoid function initializes the algorithm  

 
 

The weighted input for the node would be  

 

 
 

Wi is the weight, and b is the +1 bias. The proposed ANN 

network has three layers, layer one is the input, layer two 

is the hidden layer, and the third layer is the output layer. 

The output of the layers was calculated by Eq 6.  

 

 

 

 
 

The  output of the last layer is given by Eq 6  

 

 
 

The matrix representation of the algorithm is given by Eq 

7 

 
The random number was generated by using the equation  

 
 

The learning rate was calculated by using Gradient 

Desent Method 

 
 

a: is a learning rate called alpha 

d(w) is the derivative of total loss concerning weight w 

d(a) is the derivative of alpha 

The learning rate was chosen to be 0.05 by experimenting  

 

The layered architecture of the proposed algorithm is 

shown in Figure 3. The proposed network has three 

layers. Layer 1 is the input layer, layer 2 is the hidden 

layer, and layer 3 is the output layer.  

 
Figure 3 Three-layer Neural Network 

 

The data is collected by using a PQ analyser 

manufactured by HIOKI. The model used for the 

collection was HIOKI 3198. The program output is 

connected to 4-1 MUX, and the MUX will choose the 

mitigation equipment to reduce the PQ disturbances. The 

system can choose from different mitigation equipment. 

The system will choose either IIR to mitigate the 
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disturbances during low voltage and current conditions or 

FACT to mitigate higher voltage and current harmonics. 

The hybrid filters will be used for mixed PQ disturbances. 

The data flow diagram in Figure 4 shows how the software 

will be used to acquire data, process it, and output will be 

passed to the 4-1 Mux. Matlab code is used to create the 

MUX. The MUX will handle four inputs and produces one 

output. This output is connected to the input for the filter's 

selection and will be used to connect it to different types of 

mitigation equipment.  

 

 
Figure 4 Software Data flow  

Figure 5 shows the AI algorithm of the proposed system. 

 

 
Figure 5 Artificial Intelligence Algorithm chart  

 

 

The system was simulated using MATLAB. The data was 

extracted using C++. The output file was stored in the 

excel file. The excel file shows the output after the code is 

run. The excel file will show the THD value in current and 

voltage. The FL algorithm separated the data into current 

and voltage values. It was labelled as an undefined value 

if the value did not fall between the defined values. These 

values were passed to connected 4-1 Mux. The MUX was 

created using MATLAB. The output of the MUX was 

connected to the type of filter used in the simulation. The 

simulation results were collected. The code can be 

modified to extract other related values. These values 

will be passed to the MUX. The Mux will select the 

appropriate type of filter. The simulation table shows the 

different types of PQ disturbances that happened in the 

system. These disturbances were specified according to 

the type and values of the events. The simulation results 

are shown in Table 1. The results show that the system 

made an accurate choice of the filter to mitigate the PQ 

disturbances, that were detected in the system.  

 

 
Table 1 Simulation Results 

Type of 

Event 

Number of 

occurrences 

Values  Type of 

filter 

chosen 

Accuracy 

THD 

(voltage) 

700 Low IIR 98% 

THD 

(Current) 

900 Low IIIR 97% 

THD 

(voltage) 

800 High FACT 94% 

THD 

(Current) 

1200 High FACT 94% 

Unidentfied 2500 Mixed Hybrid 96% 

 

                

4. Conclusion 
The results show that this system can work at the node 

level. The data collected from different nodes will help 

the designers to identify the problematic areas and 

improve mitigation techniques. The researchers will 

obtain any PQ disturbances data by making small 

changes in the code. The data collected and actions 

performed to mitigate disturbances are in real-time. The 

system is scalable, and the addition of different 

functionality would allow monitoring of bigger industrial 

and residential loads in a suburb or city. It can assist the 

designers in identifying what type of PQ disturbances are 

produced by each node in the grid. The system will help 

the designers see how different types of loads that are 

used in the grid can impact the PQ of the electrical grid. 

The system could be used as a predictive tool to avoid 

major problems in the grid. The tool gives designers and 

engineers the ability to access the data efficiently and 

utilize it to reduce financial costs and equipment losses.  
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