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Abstract

Renewable Energy grids are becoming popular in the world.
Their share in the energy market is increasing. Hybrid renewable
energy systems are becoming part of the future renewable energy
grid. Introducing a Hybrid renewable energy system is adding to
Power quality problems. The research analysed the impact of
metrological changes on power quality disturbances in a hybrid
renewable energy system. The research aimed to highlight which
of the metrological condition have a higher impact on power
quality disturbances on different types of loads in the grid. The
result of the research was collected using MATLAB simulation,
and results were further analysed using FFT analysis. The result
showed lower solar irradiance and low wind speed caused higher
Total Harmonic Distortion (voltage and current), longer duration
of voltage sags, and voltage swells in the case of non-linear load
in comparison with linear loads. Lower solar irradiances had a
higher impact on Power Quality disturbances. The study can help
us to optimise the power produced by the Hybrid Renewable
Energy System. It can help reduce causes of power quality
disturbances and develop new power quality mitigation
techniques and equipment. The new techniques can enable the
equipment to handle specific power quality disturbances.
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1 Introduction

The world economies are expanding, and the increasing
economies need electrical power to support the growing
economies. The demand may double or triple because of
the expanding population and growing economy [1].
Renewable Energy is the cornerstone for the future energy
system to meet the growing need for electrical power. The
biggest drawback of Renewable Energy Sources is the
unreliability of the power produced by these sources. The
researchers are looking to increase the stability of the
power produced by these sources. The engineers have
combined two or more renewable energy sources to
overcome these deficiencies. These systems are knowns
has Hybrid Renewable Energy Systems (HRES) [2]. The
most common type of HRES used in the industry is solar
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and wind system. These systems can complement each
other and provide electrical power as a stand-alone system
or part of the grid. Introducing renewable energy sources
adds to grid power quality problems, and these
disturbances increase when more than two sources are
working in tandem to produce power [3]. These PQ
problems manifest themselves from production to power
distribution. The paper will present how environmental
factors, i.e., solar irradiance and wind speed, impact the
production of the PQ disturbances in the power grid. The
paper will answer the question of which factor, either solar
irradiance or wind speed influences the PQ disturbances
more. Simulation of HRES will be completed using
MATLAB, with non-linear load under different
conditions. Renewable energy sources are considered
unreliable sources of Energy [4].

The researchers have combined two or more renewable
energy sources to create a Hybrid Renewable Energy
System. These systems add to power quality disturbances
in the grid. The impact of metrological conditions on
power quality disturbances in a hybrid renewable energy
system needs to be investigated in detail. The power
produced by renewable energy sources is unreliable. These
disturbances are injected into the grid [5]. Microgrids are
the most effective application that utilises RE sources, and
battery energy systems (BES) are part of this microgrid.
These microgrids can have a different configuration of
loads. The microgrids can be stand-alone or part of a larger
grid. The biggest advantage of these systems for utilities is
extra revenue generated due to the additional demand and
power produced at peak times. Adding PV and Wind
Energy systems (WES) will increase the efficiency and
power of the system [6].

The HRES system is increasing its share in the power
industry. The main reason for this increase is the reduction
in cost and government incentives for renewable energy
power. One of the problems faced by HRES is the
conversion of Direct Current (DC) to Alternating Current
(AC) using pulse-width modulation (PWM). These
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devices add to PQ disturbances in the HRES. They add to
harmonics that are caused by different types of load that
are used in the grid [7]. The IEEE Std. 519-2014 [8] have
been introduced to limit the Total Demand Distortion
(TDD) to 5%. The inverters act as power generators, and
a more appropriate term would be Total Generation
Distortion (TGD), used in the industry [9]. The PQ issues
caused power losses to limit the capacity of HRES. The
PQ requirements dictated by IEC include a flicker-
emission level<5%, step change in voltage<3%, voltage
fluctuations <4% and harmonic distortions <5% at the
point of common coupling (PCC). The researchers must
look at these standards and design systems that can
perform within these standards [10].

The Australian power industry is looking at renewable
energy sources to meet its growing energy needs. Energy
planners and engineers are looking at how these two (PV,
Wind) sources can be integrated into the grid without
adding to PQ disturbance. These disturbances range from
Total Harmonic Distortion to voltage changes. These PQ
issues must be investigated and mitigated to improve the
system's total power [11]. The power produced by HRES
is unstable and unreliable. To make the power system
more reliable different storage devices are added to the
grid. The additional devices can add to PQ issues [12].
The research will use a simulation approach to analyse an
HRES. The system will be simulated under different
conditions. The monthly metrological data was obtained
form Australia Bureau of Meteorology. This data was used
to calculate the average, maximum, and minimum values
for the month. These values were used in simulation.

2 Literature Review

The HRES is very common in the power industry. The
standards are continuously evolving in the industry.
Initially, a separate set of standards was used for
distribution and transmission. The standards were
introduced in 2008 to handle active and reactive power
produced in the HRES [13]. Grid integration of large-scale
HRES is adding to PQ issues. The transmission side has
been upgraded to handle the PQ disturbances. The other
issue related to HRES is how the system will react if one
of the power sources fails to produce power or stops
working. These conditions are handled by adding extra
equipment to pre-empt these situations. The other solution
is to add energy storage devices to handle power losses.
These changes can add to PQ disturbances, and the
efficiency of these systems needs to be analysed [14].

The researchers have suggested two different systems for
wind energy. The first approach is to have a parallel
connection with the help of a static transfer switch (STS),
and if the WT stops, the power can be provided from an
alternate feeder. The second approach uses a dynamic
voltage restorer (DVR) connected to a wind energy
system. The sensitivity of the additional equipment is a
source of PQ disturbances. The sensitive load can add to
these disturbances in the grid. The DVR approach can help
to reduce voltage disturbances [15]. The short-term
prediction methods are used to predict how much power
would be produced by HRES and what would be the
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optimal load in the system if the size of the load changes,
how the HRES will react to these changes, and what type
of PQ disturbances in the systems [16]. The frequency
fluctuations cause PQ disturbances, which get more
complex when the loads change. The sensitive non-linear
load add to frequency fluctuations, and these fluctuation
needs to be smoothed out, resulting in extra equipment
being added to the grid [17]. A boost inductor and filtering
capacitors can add to PQ disturbances. The different
transition operational modes of the filtering capacitors add
to PQ disturbances [18].

The most common PQ disturbances observed in HRES are
voltage unbalance, reactive power, voltage changes, and
different types of harmonics. PQ of the system can be
improved by using compensation of reactive power, DVR,
STS, and different energy storage systems. The other
factor impacting PQ is sudden acceleration and
decelerations in the wind speed. The future system should
increase the reliability and the quality of the power
produced [19]. The rotor speed can contribute to PQ
disturbances in the grid. The integration of the HRES in
the grid adds to PQ disturbances. Adaptive control is used
to control the grid types of PQ disturbances. The second
order and higher harmonics are hard to manage. The
frequency changes add to PQ disturbances, and these
disturbances are injected into the whole grid [20].

The other approach that can be considered is using Generic
Algorithm (GA) to optimise power production in an
HRES. The drawback of the approach is its inability to
predicate the load configuration and how it will impact the
PQ of the system. The optimisation techniques can be
improved by adding the ability to try different component
combinations: changing PV modules, the orientation of
modules, the rated power of the wind turbine, the tower's
height and battery bank size. The system should predicate
solar irradiance to compensate for load demand [21]. The
researchers have looked into using DC load in stand-alone
systems, and the approach removes the PQ issues
produced when the inverter is used in the system.
However, the different types of loads used in the grid can
add to PQ disturbances. Solar Energy is available
everywhere, but the power produced by PV systems is
impacted by different irradiance levels, shadows cast by
trees, and metrological conditions [22]. The other
approach was based on continuous data acquisition and
predicting the weather conditions and power demand to
manage the PQ disturbances. The approach showed 14.4%
efficiency for a IMW system [23]. The GSM-based
approach improves the system's efficiency and control by
turning on and off different electrical loads in the grid to
increase energy storage efficiency. This will result in an
improvement in battery life. The use of controller
LTC3784 helps to control the voltage of the system but
will add to PQ issues in the grid. MPPT controllers are
used in the stand-alone system, the system provides power
to the DC-DC boost converter, but the system has a higher
level of PQ disturbances depending on the load in the grid.
If smaller loads are used, the PQ disturbances are in the
low range, but higher loads and their configuration can add
to PQ disturbances [24]. Adding voltage source converters
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to connect the HRES to the main grid can add to PQ
disturbances in the grid [25].

The PQ disturbance entering the system can cause a
reduction in efficiency resulting in additional financial
losses. In addition, the voltage mismatch and reactive
power create voltage instability and power quality
disturbances both in voltage and current. The type and
construction techniques of the inverter play an important
role in introducing PQ disturbances in the grid. The higher
sensitivity adds to PQ issues [26].

The researchers have used different optimisation
techniques to improve and reduce PQ disturbances. The
controller can reduce the THD in the system produced by
different loads. The improvement in power electronics has
resulted in semiconductor devices used as loads. The
nature of semiconductor load adds to PQ disturbances.
They inject harmonics, decrease the power factors and
cause distortions in current and voltage waveform [27].

3  Methodology

MATLAB was used as a simulation tool, and FFT analysis
was used to analyse the data. The MATLAB circuit had a
PV source and a wind turbine. The circuit was simulated
by changing different conditions. The circuit was
simulated with constant irradiance values. The
temperature and wind speed values were variable. The
simulation used a non-linear load. The load size was the
same during the simulation. The simulation circuit is
shown in Figure 1
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Figure 1 Simulation Circuit

Figure 2 shows PV module used in simulation.
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Figure 3 show the WT module used in the simulation.
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Figure 4 show the non-linear load used in simulation. The
AC power was inverted to DC using an inverter and the
DC power was connected to the inverter.
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Figure 4 Non-Linear load

The data used for the simulation is shown in Table 1. The
solar irradince was measured in W/m?, wind speed was
measured in m/s, and the temprature was measured in °C
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Table 1 Test Data for Simulation
Avg 776 22 48 61.8 58.3
Irradiance TemPerature Wind Speed 32.5 61.8 583
Month | Max | Min Avg Max | Min Avg Max | Min Avg 221 61.8 58.4
Jan | 1214 | 186 | 776 | 489 | 221 | 325 | 220 | 80 | 120 776 8 48 64.6 57.5
Feb |1350 | 67 | 817 | 464 | 205|288 | 19.0 | 6.0 | 11.0 32.5 64.6 57.5
22.1 64.6 57.4
776 12 48 63.8 58.9
325 63.7 58.8
22.1 63.7 58.9

The output graphs show that the irradiance value impacted
the THD values for both voltage and current. Figure 5 and
Figure 6 show the changes in THD voltage and current
under different simulation conditions. These conditions
are shown in Table 2. The conditions were divided into
three groups. These were Maximum, Minimum, and

Dec |1275 | 174 38.5 285 | 180 140 average values for solar irradiance, temperature, and wind
---ﬁ-m--m speed. These sets of values were used for all the

simulations.

—e—(rrdiance 1216 W/m*
THD Voltage January /
| —e—Irrdiance 186 w/m?

4 Result
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A. Impact of Irradiance

The circuit was simulated under different test conditions.
Solar irradiance value was kept constant for various
temperature and wind speed values. The results were
collected. The collected result for January is shown for
qlliCk reference in Table 2 1 2 3 45 6 7 8 9 101112 13 14 15 16 17 18 19

Collected Data Point

THD Voltage %
% 8 8 B 8

w
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Table 2 Simulation for Non-Linear load with Constant

Irradiances value Figure 5 THD Voltage Value for January Irradiance
Constant
Power Quality Data
Load Nonlinear THD Current January ::::::: iz:\lw‘{::
Irradiance value is kept Constant :j e irdance 776 et
Wind < - M
Valu | Irradianc | Speed | Temp | THD | THDI £
e eWm?) |@mis) | (°C) | V% |% g N T UAYN
Max 1214 22 48 61 57.4 = 54
32.5 61 57.5 -
22.1 61 57 12 3 45 6 7 8 910111213 1415161718
Collected Data Point
1214 8 48 63.7 54.7
325 63.6 547 Figure 6 THD Current Value for January Irradiance
1214 12 48 62.8 56.0
325 63.2 57.2
B. THD voltage
22.1 63.2 57.0 . .
v 156 ” 13 2.4 0.1 There were changes in the THD voltage values depending
n . . on the irradiance value used in the simulation. The other
325 62.8 60.1 values used were temperature and wind speed. The results
221 62.5 60.1 were collected by using the Fast Fourier Transform (FFT)
186 8 48 67.0 63.8 analysis tool MATLAB. The graph is shown in Figure 5
325 66.9 63.6 Shows how the voltage values change. The chart shows
01 66.8 637 three curves, each corresponding to the irradiance level. It
186 2 43 643 617 was gbsewed that the THD Value§ were higher for lower
irradiance values and when the irradiance values were
32.5 64.8 617 falling. The change in the THD values was not linear, and
22.1 64.7 61.2 the changes were non-linear. The impact caused by
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temperature and wind speed was not that much. The
temperature change was around 25°C produced a .05%
change in the voltage values. In the case of a maximum
irradiance value of 1214 and 186, the THD value changed
by 6.02%. The increase in values shows that irradiance
values play an important role in introducing THD.

The simulation was split into four seasons, as shown in
Table 1. The seasonal values showed that the average
value for voltage values is shown in Table 3.The results in
Table 3 shows that during the season when the irradiance
value was low, the THD values showed higher percentage
values than those with higher irradiance values.

Table 3 Seasonal THD voltage values Irradiance

Constant
Season Average Change in THD Voltage
Summer 0.5%-2.5%
Winter 1.78%-8.05%
Spring .8%-2.0%
Autumn 1.2%-3.5%

C. THD current

The other important factor investigated was changes in the
THD current values. Figure 6 shows the change in THD
current values. They followed the same pattern as the
changes in the voltage values. These values change with
the changes in the irradiance values. These changes were
non-linear. Changes in temperature and wind speed have
significantly less impact on these values. These values
were higher for low irradiance values compared to the
average and higher irradiance values. The simulation data
value used for driven form Table 1. The circuit was
simulated using different test conditions. The temperature
change was around 25°C produced a .08% change in the
current values. If we look at the change in THD current
values, we observed that when the irradiance value
changed from 1214 to 186 (maximum and minimum for
January), the difference was 5.0%. The irradiance value
was an important source of changes in THD for a non-
linear load.

The simulation was split into four seasons, as shown in the
seasonal values showed that the average value for voltage
values is shown in Table 4

Table 4 Seasonal THD current values Irradiance Constant

Season Average Change in THD Current
Summer 2.15%-6.9%

Winter 3.78%-7.25%

Spring 1.6%-2.9%

Autumn 2.0%-6.0%

The results in Table 4 show the seasonal breakdown for
the THD values, showing that the season with low
irradiance values had the biggest change in the THD
values for current compared with the season with higher
irradiance values.

D. Voltage Sag

The other important phenomenon under consideration is
voltage sag. Voltage sags happen due to changes in voltage
values. There were two power sources in the circuit, and
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due to changes in the produced, power voltage sags were
produced. The voltage sags were seen using FFT analysis.
The non-linear loads caused voltage sags. These sags were
observed with lower irradiance values. The length of
voltage sags was dependent on the irradiance values. The
length of voltage sags was longer when the system was
simulated with variable irradiance levels. The voltage sags
lasted from micro to milliseconds. The temperature did not
impact the voltage sags. The wind speed was one of the
factors that produced voltage sags, especially when the
wind turbine was starting and getting to cut-off speed.
Voltage sags were observed at higher irradiance levels, but
the length of these sags was shorter than the lower
irradiance values.

In summation, the simulation results showed that different
irradiance values caused voltage sag with different lengths
of time.

E. Voltage swell

The change in the voltage of the power system causes a
voltage swell. The most common reason for the
introduction of voltage swell is higher irradiance values as
a higher voltage is produced. In addition, the wind speed
can be a cause of the opening of voltage swells. The
voltage swell was observed at different irradiance values.
The voltage swell was dependent on the irradiance values.
The simulation results showed that the voltage swell was
for a longer time when the irradiance level was low.

F.  Current Changes

The changing irradiance level impacted the current output
of the simulation. The current output shows higher
distortions in the current signal at different irradiance
levels. The current output of the lower irradiance showed
higher distortion values compared with medium and high
irradiance values. The changing irradiance values during
the simulation showed changes in the current output.

5 Conclusion

The results show that lower irradiance value had a higher
impact on the PQ disturbances in the system. The lower
irradiance values have added to PQ disturbances. Lower
irradiance values produced longer voltage sags in
comparison with other meteorological conditions. The
voltage swells were longer with low irradiance values.
Similarly, current spikes were higher in lower irradiances
cases.

Future research should focus on how to identify these
changes in the HRES. The system should recognise the
reason for these changes and mitigate them. The data
should be collected, and the system should be modified to
handle the PQ disturbances at the point of origin. The new
system should be able to take preventive steps to reduce
these changes.
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