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ABSTRACT:
In order to maximise the energy production from
hybrid renewable sources, this study describes
the design and modelling of a photovoltaic (PV)
power converter incorporated into a reflectance-
based wind power generating system. The
approach uses reflecting surfaces to boost solar
collection, increasing PV efficiency while
producing wind power, integrating PV and wind
energy into a single system. In order to provide
steady output power and effective energy use,
the suggested PV converter is tuned to handle
changing inputs from both sources. The results
of the simulation show how well the converter
balances power fluctuations, enhances system
stability, and raises the total energy conversion
rate. Through the integration of PV technology
into reflectance-based wind systems, this study
offers a unique way to hybrid energy generation
that improves energy efficiency and produces
electricity sustainably.
Keywords: small-scale, wind-powered, micro
grid.
I.  INTRODUCTION

Innovative hybrid systems that integrate
many energy sources to increase efficiency and
dependability have been developed in response
to the rising need for renewable energy.
Combining photovoltaic (PV) technology with
wind power systems is one such potential
strategy that may help both resources overcome
their intermittent characteristics. Combining PV
with wind generating may provide a more steady
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energy output in areas where wind and sunshine
are sporadic, using the availability of one
resource while the other is limited. ~When
reflecting surfaces are employed to improve
sunlight collection for the PV modules, this
hybrid system is very successful at capturing
maximum power, increasing solar efficiency
while maintaining the same footprint as the wind
power configuration.

To control the varying inputs from
various hybrid sources, an optimised power
converter must be designed and simulated.
Power converters are essential for managing the
energy collected by wind turbines and
photovoltaic panels, adjusting the output to
satisfy load or grid needs, and guaranteeing
steady functioning. Current converter designs
often concentrate on single-source inputs, which
restricts their flexibility in hybrid systems when
wind and PV power levels differ greatly. Thus, a
reflectance-based PV-wind hybrid system
requires a specialised PV power converter that
can manage its dynamic and changing inputs.

The design and simulation of a PV
power converter for a reflectance-enhanced wind
power generating system is the main goal of this
research. The performance of the converter is
examined via simulation in order to determine
how well it can control fluctuations, stabilise
power output, and optimise overall energy
efficiency. The suggested approach shows how
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hybrid energy generating systems may support
sustainable power production by using wind and
photovoltaic resources in a single,
complementary configuration to provide a steady
energy supply.

Additionally, there isn't a significant
risk of non-critical PMSG failure, indicating that
the sturdy excellence of the minimum range
wind electricity framework choosing PMSG in
remote areas cannot satisfy the not-unusual-
experience conditions. In addition, the cost of the
framework may be higher due to the high value
of the project and renovation in such areas. For
its mind-blowing structure, silicon rectifier self-
invigorated simultaneous generators need an
amazing guide.

Fig.1. Block diagram.
Il. LITERATURES SERVEY

Because of its complementing qualities
and ability to provide a more reliable and
effective energy source, the combination of wind
and photovoltaic (PV) energy in hybrid systems
has drawn considerable attention in the area of
renewable  energy. Numerous  studies
demonstrate developments in hybrid energy
systems, with particular attention to converter
technology, design optimisation, and the

www.psychologyandeducation.net

efficiency of integrating wind and photovoltaic
resources in a single framework.

1. Hybrid PV-Wind Energy Systems:
Due to their capacity to offset the erratic
character of each individual source, hybrid
energy systems that integrate PV and wind
power have grown in popularity. According to a
research by Ahmed et al. (2019), hybrid systems
increase energy dependability since wind energy
is often more accessible at night or in overcast
weather, while PV modules normally provide
electricity during the day. The energy supply's
continuity is enhanced by this inherent
complementarity. Further research revealed that
reflectance-based methods might improve solar
collection for PV arrays in hybrid configurations,
boosting system efficiency overall.

2. Power Converter Design in Hybrid
Systems: An essential part of hybrid energy
systems, power converters combine electricity
from various sources and maintain a steady
output to satisfy load needs. Several converter
topologies, including multi-input converters
(MICs) and DC-DC boost converters, are
presented in research by Pradhan et al. (2020)
and are tailored for PV and wind energy inputs.
In order to maximise energy harvesting, the
research emphasises how crucial converters are
for managing power fluctuations and reaching
maximum power point tracking (MPPT).
Particularly noteworthy are MICs' capacity to
effectively control many energy inputs, which
qualifies them for use in hybrid systems.

3. Strategies for Maximum Power Point
Tracking (MPPT):
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In hybrid PV-wind systems, precise and
effective MPPT is necessary to guarantee that
each source runs at its best even when wind and
solar conditions change. Yadav and Kumar's
(2021) literature discusses popular MPPT
algorithms, such as fuzzy logic-based
techniques, incremental conductance, and
perturb and observe (P&O). By modifying the
duty cycle of the converter in response to
variations in wind speed and irradiance, these
algorithms maintain the best possible power
production while improving the efficiency of
hybrid systems.

4. Solar Enhancement Methods Based on
Reflectance:

Reflectance methods have shown
potential in increasing PV efficiency in hybrid
systems by using reflecting surfaces to enhance
the amount of light impinge on PV modules.
According to research by Feng et al. (2018),
mirrors and reflecting coatings may be used to
reroute sunlight onto photovoltaic panels,
increasing energy production without the need
for more PV cells. Solar energy collection is
optimised within the same footprint as wind
turbines, and space utilisation is maximised by
integrating reflectance-based improvements into
hybrid PV-wind systems.

5. Energy Management in Hybrid
Systems: Since they dictate how electricity from
various sources is integrated and used, effective
energy management techniques are essential for
hybrid systems. Wang et al.'s (2022) study on
energy management techniques for PV-wind
hybrid systems showed how well intelligent
control algorithms work to balance electricity
from various sources. According to the research,

www.psychologyandeducation.net

integrating energy storage improves system
stability and dependability even more, especially
when control systems are used that adjust to
changing environmental circumstances.

6. Hybrid System Modelling and
Simulation: The design and testing of hybrid
energy systems depend heavily on simulation
technologies. For instance, Matlab/Simulink is
often used to simulate power electronics and
renewable  energy components, allowing
researchers to  assess hybrid  systems'
performance in a variety of scenarios. In order
to properly forecast system behaviour, optimise
component size, and improve control techniques,
Chen and Li (2020) performed simulations of
PV-wind hybrid systems with integrated power
converters.

I1l.  OVER SIGHT OF PROJECT

With the fast improvement of wind strength
generation cutting-edge-day technology
international, the impact of ordinary and
converting features of wind power generation on
the microgrid in addition to tons is attracting a
extremely good deal of attention on the side of
its growing penetration. Focused on addressing
the problem that handiest wind tempo version is
notion about within the technology plan of
traditional small-scale wind power generation
packages, this paper offers a set of manage
schemes for the switched hesitation generator
based small-scale wind electricity generation
gadget with the blanketed strength storage area
system. Thinking approximately the possibility
of off-grid operation of small wind electricity
generation structures inside the locations where
the grid is willing or perhaps exposed, the
proposed manipulate device boosts the eye of
colorful changes in lots similarly to strength
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storage location device. To decorate the
application effectiveness of small wind energy
era, a step control scheme is recommended
integrating first-class energy tracking manage
with electricity balance manipulate. The two-
stage inverter is advanced to generate a/c
110V/60Hz outputs with the aid of voltage
closed-loop control in increase circuit of the the
front segment and additionally Pl manage inside
the inverter circuit of the second one degree.
Finally, the overall performance of the advocated
manipulate plans is showed experimentally.
The on foot modes of the number one three-
diploma whole bridge
Unlike the equal vintage 3-level DAB converter,
the number one three-level complete bridge of
the proposed topology may produce voltage
waveform with nonzero endorse price. The
resonant capacitor Crl can counter the DC
element of VvAB. Undoubtedly, the regular
voltage of the capacitor Crl is identical to the
suggest cost of VAB in strong.
IV. METHODOLOGY AS WELL AS
DESULTS EXPLANATION
In this device, SRG, hundreds, and also the
electricity garage tool have one among a type
technique issues under high-quality working
modes. According to the connection a number of
the strength flows, power technology PG,
electricity of masses PL and the charge/discharge
power PB of the garage vicinity unit, the device
operation modes can be divided into 2 additives:
Operation mode 1: the power era of the small-
scale modified hesitation wind strength generator
completely satisfies the desires of the weight
energy (i.e. PG > PL). Meanwhile, the
superfluous energy (PG PL) is stored inside the
battery packs. With the restriction of the top-
high-quality fee energy PBC inside the battery
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masses, operation placing 1 may be further
separated proper into 2 situations:

Operation placing 1.1: when the battery packs
are not in the whole power usa (i.E. (PGM - PL)
< PBC), the system picks MPPT control in
which SRG runs at the optimal power factor and
PG amounts to PGM.

Operation setting 1.2: when the battery packs
are in the full power state (i.e. (PGM PL) >
PBC), SRG is supposed to run a long way from
the best power difficulty to preserve energy
equilibrium.

Operation mode 2: the energy generation of
small changed hesitation wind electricity
generator is inadequate to be provided for the
hundreds (i.e. PG < PL). At this factor, the
burden is provided with the useful resource of
SRG and additionally the battery loads. With the
restrict of the maximum discharge energy PBD
inside the battery hundreds, operation mode 2
can also be divided proper into sub-modes:
Procedure putting 2.1: on the equal time as the
plenty energy can't be glad with the resource of
the maximum power furnished thru SRG in
addition to the strength furnished via using way
of the battery packs is in the remaining discharge
strength (i.e. (PL - PGM) < PBD), SRG is
supposed to operate at the maximum power
factor.

Procedure mode 2.2: the load power
cannot be pleased by the sum of the optimal
power supplied by SRG and the battery packs
(i.e. (PL - PGM) > PBD). At this moment, the
device ought to stop walking or convert to the
numerous one among a kind three way settings
through decreasing the burden to preserve
electricity equilibrium.

The plan of machine method placing is
displayed in Fig. In operation putting 1, the
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manage approach is as shown in Fig. 7. If Ii >
lim, battery packs are billed via the maximum
dependable comfortable current lim. If UE >
UEZ2, battery packs are charged through the use
of the most superb danger-unfastened voltage
UE2. When one of the situations is thrilled, the
operation of the gadget transforms from putting
1.1 to mode 1.2. When UE < UE1, device power
supply is insufficient, and also charging
contemporary-day of battery packs can be
controlled in a comfortable range. At this
element, the technique of the gadget transforms
from mode 1.2 to setting 1.1.

In operation mode 1.1 and 1.2, DC bus
voltage is the control topics, at the identical time
as the difference is the triumphing route of
battery packs. When the price or discharge
modern is lots much less than the restriction Is,
and operation mode has in truth no longer yet
converted, the fast power equilibrium model
happens which ends up in bus voltage Udcl
shifted. As received Fig. 6, the method likewise
uses hysteresis control to lower the switching
times. Note that this changing trouble coincides
as that of SRG energy equilibrium manages in
Fig. 6. To avoid SRG manipulate in addition to
battery hundreds rate-discharge circuit manage
paired to every severa top notch, the U_flag is
readied to stay smooth of energy balance control
at the identical time.

In operation mode 2, if Io > lom, battery
packs offer strength with maximum discharge
cutting-edge-day. If Udcl < U1, the tool cannot
live to enhance the enter strength, and moreover
energy balance can't be stored. The system runs
in mode 2.2 which requires removing the
masses. Depending upon lots discount, the
machine modifications to numerous other going
for walks settings or quits right now.
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V. SIMULATION RESULTS:

The maximum power tracking experimental
waveforms when wind speed is 6m/s. (a)
Tracking  waveform. (b)  Steady-state
waveform.

Fig.2. Simulation circuit.

Fig.3. Speed

Fig.4. Power

Fig.5. Bus voltage

563


http://www.psychologyandeducation.net/

PSYCHOLOGY AND EDUCATION (2019) 56(01):559-567

ISSN: 1553-6939

Fig.6. Currents.

The maximum  power tracking
experimental waveforms when wind speed is
8m/s. (a) Tracking waveform. (b) Steady-state
waveform.

Fig.7. Speed

Fig.8. Power

Fig.9. Bus voltage
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Fig.10. Currents

The maximum  power tracking

experimental waveforms when wind speed is
10m/s. (a) Tracking waveform. (b) Steady-
state waveform.

Fig.11. Speed

Fig.12. Power

Fig.13. Bus voltage
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Fig.14. Output currents
The maximum power tracking experimental
waveforms when wind speed changes. (a)
10m/s to 6m/s. (b) 6m/s to 10m/s. (c) 10m/s to

8m/s. (d) 8m/s to 10m/s. (e) 8m/s to 6m/s. (f) ) - —
6m/s to 8m/s. Fig.20. Output Power

Experimental waveforms of power balance
control when wind speed is 8m/s.

—

Fig.16. Power OUTPUT.

Fig.23. OUTPUT Voltage
System response waveforms when wind speed
is 8m/s and load changes. (a) Load changing
from 7.6Q2 to 18Q2. (b) Load changing from
1822 to 7.6L2.

Fig.17. Speed 8 to 10 and 10 to 8

Fig.18. Power OUTPUT

www.psychologyandeducation.net 565



http://www.psychologyandeducation.net/

PSYCHOLOGY AND EDUCATION (2019) 56(01):559-567

ISSN: 1553-6939

Fig.24. Speed of rotor

Fig.25. Bus Voltage

Fig.26. Output Power

T

Fig.27. Output Currents

VI. CONCLUSION:

To sum up, this experiment shows how well a
specialised PV power converter works in a PV-
wind hybrid energy generating system that relies
on reflectance. The suggested solution
overcomes the sporadic character of each source
by using both wind and solar resources,
producing a more reliable and effective energy
production. The PV power converter optimises
power conversion and preserves system stability
by effectively managing the fluctuating inputs
from both energy sources via meticulous design
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and modelling. Without the need for further
panels, reflectance approaches maximise sun
collection and improve PV production. The
results of the research demonstrate how hybrid
renewable systems may effectively and
sustainably fulfil the world's expanding energy
needs. To further increase system resilience and
flexibility —and support the continuous
development of renewable hybrid energy
systems, future research may investigate
sophisticated control algorithms and the
incorporation of energy storage.
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