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Abstract - In the recent era, the economy of every country
depends upon its consumption of electricity, which is
increasing over time. to meet the growing demand for
electricity and save the environment, we started to shift our
power generation towards renewable resources. the main
problem with this is that we cannot rely on it as it is
sometimes not available due to weather conditions. So the
finest solution for this is to use a hybrid energy system for
the best utilization of all resources. in this paper, the power
quality analysis is done experimentally to determine which
power quality issue has a major impact on power systems at
different generation systems. This paper defines the hybrid
energy system as an emerging technology, but the power
quality issues related to this are difficult to handle. So a
comparative study has been done to analyze the power
quality problems in a different generation type.

Keywords - Power quality issues.

I. INTRODUCTION

Electrical energy plays an important role in today’s
lifestyle. Intending to lead a higher quality of life in this era,
the demand will increase in all sectors [1]. With increasing
technological progress, electricity has become a basic need
in our lives. We have become so reliant on electrical power
that even the idea of living in a world without electricity is
terrible. Research revealed that 50% of the public polled
that without electricity, they would not be able to survive
for more than 2 weeks, proving our level of dependency on
electric power. of those surveyed, 75% astoundingly
predicted that they would be dead within two months [2].

Now, renewable energy resources are a wonderful
alternative to power generation with no pollution or
affecting nature and the atmosphere. the main snag of solar
or wind is that the flow of wind and sunlight’s intensity is
highly volatile and unpredictable, and it varies with
disturbances in nature. Therefore it is difficult to get a
continuous and reliable supply. to resolve this issue,
different renewable sources are used together to form a
hybrid system later coupled with the main grid to overcome
the power shortage in a certain area.

Unfortunately, the coupling of the main grid system
with renewable sources makes the power system
complicated complex which creates power quality problems

[3]. These problems are very threatening for an entire power
system.

Hybrid Power Systems
Combine multiple sources to deliver non-intermittent
electric power
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Fig. 1 Interconnection of Conventional with renewable [3]

When the system is a hybrid energy system, the power
quality issues vary with the load, which must be
compensated to maintain stability and synchronism.
Integration of these non-conventional sources-based
distributed generations systems to the utility grid (Hybrid
Energy system) usually faces power quality issues related to

the grid and various loads.

Il. LITERATURE REVIEW

In the previous literature, Solar PV Wind Hybrid
Energy System has been used, part of the energy demand
for farmhouses, small companies, private homes,
educational organizations, small companies, educational
organizations or apartment houses depending on the
demand at the point of use, electricity is obtained from wind
and solar power. It reduces dependency on a single source
and improves reliability. Thus, we can restore system
performance compared to a separate build mode of
generation [4].

The PV-Wind hybrid power system is the soonest
option to generate electricity instead of fossil fuel
producers. This work will provide a MATLAB model of a
PV wind hybrid power system. the model will provide key
information for each part of the PV wind hybrid system.
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This model will include photovoltaic power subsystems,
wind power subsystems, inverters, and battery spare parts.
Photoelectric energy is converted to AC using inverters and
wind energy using turbines, and the energy produced is
stored in the battery and discharged when needed. This
hybrid is valuable for both industrial and domestic use. This
reduces the requirement for a single source because it has
multiple sources [5].

Soro Sielle Martin's new renewable energy laboratory
concept was based on solar, wind, and biodiesel energy
sources. Hybrid power systems, the physical environment
of the laboratory, the virtual phase of the laboratory, and the
impression of e-learning were represented. Wind power
systems, solar power systems, and biodiesel generator
working principles and dimensions and simulations were
shown. the simulation results determine that solar panels
and wind turbines are non-linear systems, and MPPT
control must be implemented to work at extreme power
points to increase efficiency. Moreover, the solar system
and the evolution of WECS currents show that batteries are
significant energy in renewable energy systems because
they can store energy during the construction period of high
renewable sources and provide energy to load during short
production periods [6].

The distributed off-grid hybrid system of wind, FC, and
solar was developed and proposed for the reliability of
electrical energy by using the backup battery. the proposed
system has important elements influencing energy control,
which are capturing power from renewable resources. PLC
is also used to improve the efficiency of electricity
generation. an article is about the organization of two solar
and wind renewable energy systems, known as hybrid
renewable energy (HRES). This distributed hybrid energy
system is suitable for accessing energy in rural areas where
it is impossible to connect to the grid during the year. in this
work, the radiation level of the solar PV module for variable
conditions using the Additional Conductance (IC) Method
MPPT algorithm and PMSG Generator wind speed
governor are planned and analyzed using Pl controller
independently and connected to store energy as a hybrid
system. Additional energy and both systems are connected

3 phase
rectifier

via an inverter with RL load, i.e., the autonomous system is
designed and analyzed using MATLAB / SIMULINK. [7]

The research says that a hybrid solar-wind system is the
best generation system. Where management cannot reach,
and transmission is difficult. to reduce the cost of
transmission, we can install the hybrid system directly. This
study will be useful for implementing a hybrid system in the
future. the chart is useful to understand the annual
generation of energy generated throughout the year in India
by different power generation systems. A paper contains a
solar photovoltaic system and a wind power generation
system; in this hybrid system, the wind turbine can be used
to produce electricity when the wind can be obtained, and
the solar panels are used when solar radiation can be
obtained; both sections can generate power at the same time.
the battery procedure is to provide an uninterruptible power
supply. This system consists of a 20 W solar panel, 3 W
wind turbine / 48 v generating system voltage, the battery is
12 V, and inverter rating (VA) 25 sine wave output and 230
V AC output / 50Hz AC frequency [8].

I1l. METHODOLOGY
To analyze the power quality issues, we need to design
a system that synchronizes conventional power with
renewable one. for this purpose, a model has been designed
that first takes input from different sources, combines it into
one, and then gives output. This model is designed while
keeping in view the mandatory frequency and voltage
constraints for the synchronizing purpose.

The designed model takes 2 renewable inputs wind and
solar energy. the solar input voltage is 12 volts, while the 3
phase input voltage of wind is 120 volts.

This model takes the DC solar source and sends it to the
DC bus bar through MPPT. From the second input, it takes
a three-phase AC supply of wind turbine and then rectifies
it, and then sends it to the dc bus bar. Batteries are also
connected to the bus bar, so they may store energy during
peak and supply it later. the output of the bus basis is
connected to an inverter and then supplied to the load.
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Fig. 2 Schematic diagram of the hybrid system
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IV. RESULTS AND DISCUSSION
To analyze the power quality issues of the renewable
and hybrid systems, we first take different renewable
sources like wind and solar and analyze which power
quality issues may arise when we have these sources of
power.

A. Power Quality Issues in Wind Generation
Below are the results of power quality issues when we
have wind generation.

In figure 3 of appendix A, the different loads are
switched on wind generation, and the voltage levels are
observed. in resistive load, the voltage levels are at normal
values of 210V. in inductive load, the voltage level gets
down up to 195V, while in capacitive load, the voltage level
increases up to 225V. the further waveform is switching of
random load and hence has a fluctuating pattern.

Figure 4 of appendix A shows that the different loads
are switched on wind generation, and the current levels are
observed. in resistive load, the current has values of
0.12amps to 1.25amps. in inductive load, the current is from
0.30amps to 1.0amps, while in capacitive load, the current
level gets 0.25amps to 0.95amps. the random switching.

Figure 5 of appendix A shows the frequency unbalance
while switching resistive load in the wind. as the system
starts and the resistive load is switched on, the system'’s
frequency will increase from 50 to 50.26 and then decrease
and stable up to 50.23.

Figure 6 of appendix A shows the frequency unbalance
while switching capacitive load in the wind. as the system
starts and the capacitive load is switched on, the frequency
of the system goes down from 50.234 to 50.231 and then
increases up to 50.239

Figure 7 of appendix A shows the frequency unbalance
while switching inductive load in the wind. the system
frequency varies with the switching of load from 50.2337 to
50.231 and then decreases up to 50.2315 with maximum
inductive load.

Figure 8 of appendix A shows the V & | harmonics
while switching resistive, inductive, and capacitive load in
the wind. the % of V harmonic is 7.5% at the time of
resistive load, 21% at inductive load, and 17% when the
load is capacitive. the current harmonics are 10% at
resistive, 310% at inductive, and 120% at the time of
capacitive load.

B. Power Quality Issues in Solar Generation
Following are the results of power quality issues when
solar power generation.

In figure 9 of appendix B, the different loads are
switched on solar generation, and the voltage levels are
observed up to 220V normally. Still, the voltage levels
become unexpectedly high when the capacitive load is
switched on.

In figure 10 of appendix B, the different loads are
switched on solar generation, and the current levels are
observed from 16 amperes to 32 amps according to the load.
Here, the results clearly show the waveform distortion on
the inductive and capacitive load increase.

Figure 11 of appendix B shows the frequency
unbalance while switching resistive, inductive, and
capacitive load in solar. in the above wave, the system's
frequency starts from 50.25 and goes to 50.12. the system's
frequency suddenly drops when the capacitive load is
switched, and then with further inductive load, the
frequency maintains to 49.83 and then goes to 50.05 when
the load is switched off.

Figure 12 of appendix B shows the V & | harmonics
while switching resistive, inductive, and capacitive load in
solar. the % of V harmonic is 32% at the time of resistive
load, 39% at inductive load, and 34% when the load is
capacitive. the current harmonics are 40% at resistive, 72%

at inductive, and 80% at the time of capacitive load.

Figure 13 of appendix B shows the V & | waveforms
while switching resistive load in solar. in that wave, the
voltage wave is a sine wave with a peak value of 320V. the

current wave has a value from 0 to 0.85 amps.

Figure 14 of appendix B shows the V & | waveforms
while switching inductive load in solar. in that wave, the
switching of the inductive load is done on solar and
analyzed that the voltage wave is not even a pure sine wave
and has a maximum value of almost 300V. the current
waveform has a maximum value of -1.55amp.

Figure 15 of appendix B shows the V & | waveforms
while switching capacitive load in solar. in that wave, the
switching of the capacitive load is done on solar, and
analyzed the quality issue of a pure sine wave with a
maximum value of almost 310V. the current waveform has

a maximum value of 0.85amp.

Figure 16 of appendix B shows the V & | waveforms
while switching resistive, inductive, and capacitive load in
solar. in that wave, the switching of the combination of the
load is done on solar and analyzed. the voltage wave does
not vary much from the previous waveforms and has a
maximum value of 300V, but the current waveform has
more distortion. the current waveform has a maximum value
of -12 amps to 13amps.

C. Power Quality Issues in Hybrid Generation
Using the prototype described above, a hybrid system
is made, and the power quality issues are analyzed.

Figure 17 of appendix C shows that the different loads
are switched on hybrid generation, and the voltage levels are
observed. the switching of the combination of loads is done
on a designed hybrid system and analyzed that the voltage
levels are from 15V to 123.28V. the sudden voltage drop
occurs when the capacitive load is switched on with a major
quantity.
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Figure 18 of appendix C shows that the different loads
are switched on hybrid generation and the current levels
observed. the current waves are analyzed on a designed
hybrid system and observed that current levels are from 0
am to 29.3 amps. the maximum loading faced by the hybrid

system at the time of capacitive load.

Figure 19 of appendix C shows the frequency
unbalance while switching resistive, inductive, and
capacitive load in the hybrid system. the maximum
frequency of the system is 50.284. the system's frequency
shows abnormal behavior when the capacitive load is
switched on.

Figure 20 of appendix C shows the V harmonics while
switching resistive, inductive, and RL load combinations in
hybrid. the % of V harmonic is 45% at resistive load and
inductive loading. the voltage harmonics reach 130% when
the RL load is switched.

Figure 21 of appendix C shows the | harmonics while
switching resistive, inductive, and RL load combinations in
hybrid. the current harmonics are 50% at resistive, 70% at
inductive, and 90% at the time of RL load.

Figure 22 of appendix C shows the V & | harmonics
while switching capacitive load in hybrid. the % of V
harmonic is 54%, and the current harmonics are 74% at
capacitive load switching.

Figure 23 of appendix C shows the V & | waveforms
while switching resistive load in hybrid. in that wave, the
switching of the resistive load is done on a hybrid system,
and analyzed the quality issue of the pure sine wave has a
maximum value of almost 200V. the current waveform has
a maximum value of 1.55amps.

Figure 24 of appendix C shows the V & | waveforms
while switching inductive load in hybrid. in the figure, the
V&I waves of inductive load are analyzed, having a voltage
value of 200V and a current maximum value of 2 amps.
Here you can observe the change of current wave at heavy
inductive load.

Figure 25 of appendix C shows the V & | waveforms
while switching capacitive load in hybrid. in that figure, the
V&I waves of capacitive load are analyzed, with a voltage
value of 190V and current values from -20 amps to 36 amps.
Here you can observe the difference between the current
wave and from previous one.

V. CONCLUSION
By analyzing the previous results, it is concluded that
the system is more prone to power quality issues when the
major load is capacitive.

The power quality issues will be more in the hybrid
system than in pure renewable or conventional system.

Power quality issues will increase up to 2.5 times if the
system changes from conventional to renewable.

10

The harmonics can increase up to 8 times if the system
shifts from conventional to hybrid.

As the power quality increases in the hybrid system, the
system needs more protection and filters to increase the

system's reliability.
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APPENDIX A
Results of Power Quality Issues in Wind Generation
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APPENDIX B

Results of Power Quality Issues in Solar Generation
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APPENDIX C
Results of Power Quality Issues in Hybrid Generation
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Fig. 17 Voltage waveforms in the hybrid energy system
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Fig. 18 Current waveforms in the hybrid energy system
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Fig. 19 Frequency unbalance in the hybrid system
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Fig. 22 Harmonics with capacitive load
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Fig. 23 Switching of resistive load in hybrid
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Fig. 24 Switching of L load in hybrid
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Fig. 25 Switching of C load in hybrid
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