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ABSTRACT

The fast growth of renewable energy sources such solar photovoltaic and wind energy systems
has seriously increased the need for efficient power conversion technologies. Power electronic
converters, especially multilevel inverters (MLIs) play a big role in linking renewable sources
with electrical grids and loads, while still keeping power quality high and operation efficient.
Of the many modulation techniques, Space Vector Pulse Width Modulation (SVPWM) is now
seen as a really solid control approach because it uses the DC bus voltage better, it can cut
switching losses, and it tends to lower harmonic distortion. This review paper puts together a
broad look at recent progress in renewable energy systems, power electronic converter tech,
multilevel inverter designs, and SVPWM-based control methods. The work also checks the
main MLI types, like diode-clamped, flying capacitor, and cascaded H-bridge inverters,
pointing out how they work, what they do well, and where they struggle. In addition, it critically
reviews newer studies tied to power quality boosting, harmonic suppression, intelligent control
methods, energy management plans, and smart grid integration. The overall results show that
SVPWM-based multilevel inverters can improve voltage quality, raise system efficiency, and
increase renewable energy usage more than conventional modulation schemes. Plus, newer
trends such as artificial intelligence, Internet of Things (loT), digital twins, and advanced
semiconductor devices are changing how modern renewable energy systems are designed and
controlled. Finally, the review highlights where research is still missing pieces, and it points
toward future routes for creating high-performance, reliable, and sustainable power conversion
systems. In general, multilevel inverters controlled by SVPWM look like a promising path for
efficient renewable integration and for helping the shift to intelligent, resilient power systems.
Keywords: Renewable Energy Systems, Multilevel Inverters, Space Vector Pulse Width
Modulation (SVPWM), Power Electronics, Harmonic Distortion, Power Quality.

1. INTRODUCTION

The rising global need for energy, paired with more serious worries about environmental
degradation climate change and the depletion of fossil fuel reserves, has pushed the move
toward renewable energy sources ahead. Renewable energy technologies like solar, wind,
hydroelectric, biomass, and geothermal systems have become a kind of sustainable alternative
to conventional power production based on fossil fuels. These energy options bring strong
ecological advantages, by cutting greenhouse gas emissions, reducing air pollution, and
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supporting sustainable development. In particular, solar and wind energy have seen remarkable
expansion, mainly because of technological improvements, falling installation costs, and
helpful government policies. To handle all that, power electronic converters now function as
essential parts in modern renewable energy setups [1]. They enable efficient energy conversion,
voltage regulation and frequency control, and also improve power quality, while making it
easier for renewable sources energy storage units, and electrical grids to work together
smoothly. Over the last few decades, power electronic technologies have been evolving quite
a bit, and as a result, new converter structures appeared that can deal with large power while
still giving better efficiency and dependability. In this context, multilevel inverters, often called
MLIs, have attracted a lot of interest, mainly because they can produce output voltages that
look cleaner, with less harmonic distortion and also less switching loss. Compared with the
traditional two-level inverter designs, multilevel inverters make a staircase shaped voltage
pattern using more than two distinct voltage steps. This tends to improve the overall energy
quality, and it also helps lower the mechanical and electrical stress on the switching
components. You will usually see several main MLI styles, like Diode-Clamped Multilevel
Inverters (DCMLLI), Flying Capacitor Multilevel Inverters (FCMLI), and Cascaded H-Bridge
Multilevel Inverters (CHBMLI). Because these choices deliver good performance, they’ve
been used broadly in renewable energy setups, medium-voltage motor drives, electric vehicles,
and smart grid deployments too. The usefulness of multilevel inverter setups really hangs on
the modulation and control tactics you pick. Pulse Width Modulation (PWM) is often used to
steer switching actions and keep the output voltage waveform in check [2]. In the middle of
the different PWM approaches, Space Vector Pulse Width Modulation (SVPWM) has ended
up as one of the more effective, and also more advanced, modulation strategies. Compared with
conventional Sinusoidal Pulse Width Modulation (SPWM), SVPWM brings multiple benefits,
like better utilization of the DC link voltage, less harmonic contamination, steadier voltage
control, and even reduced switching related losses. Figure 1 illustrates the major renewable
energy sources, including solar, wind, hydropower, biomass, and geothermal energy, used for
sustainable power generation [3].
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Figure 1: Types of Renewable Energy Sources [4]
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Since SVPWM treats inverter switching states as vectors in a two-dimensional coordinate field,
it tends to tune the switching order and push overall inverter output higher. After all that,
SVPWM is now a go to control method for multilevel inverters running in renewable energy
setups. Recent research has focused extensively on improving the performance, reliability, and
efficiency of renewable energy systems through advanced converter technologies, intelligent
control algorithms, and optimized energy management strategies. The integration of artificial
intelligence, machine learning, Internet of Things (1oT), digital twin technologies, and wide-
bandgap semiconductor devices such as Silicon Carbide (SiC) and Gallium Nitride (GaN) has
further enhanced the capabilities of modern power electronic systems. These innovations have
enabled more accurate monitoring, predictive maintenance, adaptive control, and efficient
energy utilization across diverse renewable energy applications [5]. Furthermore, the
increasing adoption of smart grids, electric vehicles, hydrogen energy systems, and distributed
energy resources has created new opportunities and challenges for power conversion
technologies. This review paper presents a comprehensive analysis around renewable energy
systems, power electronic converters, multilevel inverter topologies, and Space Vector Pulse
Width Modulation techniques. The paper looks at recent developments, in renewable energy
integration and also at power quality improvements, plus harmonic mitigation, converter
optimization, and intelligent control strategies in a rather critical way. In addition, it talks about
current research trends, technological advancements, and also future directions to give useful
insights for researchers, engineers, and policymakers. By going through a wide range of
contemporary literature, this study wants to emphasize the importance of SVPWM based
multilevel inverter systems, for reaching efficient, dependable, and sustainable renewable
energy integration. It also supports the building of next generation intelligent power systems,
overall [6].

2. POWER ELECTRONIC CONVERTERS IN RENEWABLE ENERGY

APPLICATIONS

Power electronic converters play a fundamental role in modern renewable energy systems by
enabling efficient energy conversion, control, conditioning, and integration of renewable
power sources with electrical loads and utility grids. As renewable energy sources such as solar
photovoltaic (PV) systems, wind turbines, fuel cells, and energy storage devices inherently
produce electrical power in different voltage levels and forms, power electronic converters are
essential for transforming this power into a usable and stable form. The rapid growth of
renewable energy installations worldwide has significantly increased the importance of
advanced converter technologies that can provide high efficiency, reliability, flexibility, and
superior power quality. Power electronic converters serve as the interface between renewable
energy generation units and the power system, ensuring optimal energy transfer while
maintaining voltage regulation, frequency stability, and harmonic control. Renewable energy
sources often show variable, intermittent output behavior, because environmental conditions
change [7]. For example solar photovoltaic systems will see up and down fluctuations in
generated power due to shifts in solar irradiance plus temperature, while wind energy setups
get influenced by alterations in wind speed as well as local atmospheric conditions. Power
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electronic converters help to lessen these issues by keeping voltage and current levels in check,
improving maximum power capture, and promoting steady reliable operation. More advanced
converter methods make it easier for renewable systems to run effectively across changing
environmental situations and different load levels, also lifting the total system performance in
the field. Power electronic converter stuff are usually put into buckets like AC-DC rectifiers ,
DC-DC converters, DC-AC inverters, and AC-AC converters. Each bucket ends up doing its
own thing, mainly inside renewable energy systems. In solar photovoltaic setups , the DC-DC
converters show up a lot for Maximum Power Point Tracking, MPPT. That MPPT step keeps
nudging the operating point, so the PV panel can deliver the most power it can. In practical
terms the converter will either raise, boost, or tune the output voltage, so it lines up with what
the rest of the system needs, and this tends to improve the energy conversion efficiency. For
DC-DC converter structures, you commonly see Buck, Boost, Buck-Boost, Cuk, SEPIC, and
Flyback. They bring benefits like tight voltage regulation, high efficiency, smaller physical
size, and adaptable behavior, so they work well across many different renewable energy
scenarios [8]. In wind energy system, power electronic converters helps facilitate variable
speed operation, and allows for more efficient linking with the utility grid. Today’s wind
turbines often use Doubly Fed Induction Generators (DFIGs) plus Permanent Magnet
Synchronous Generators (PMSGs), and both depend on converter based control architecture.
Those converters manage the generator output, keep the grid synchronized, direct the active
and reactive power exchange, and boost the total energy harvest. With more advanced control
methods, converters support better turbine operation outcomes while lowering mechanical
strain, and also lifting system reliability. Among all converter categories, DC-AC inverter
structures are especially important, because they take the direct current produced by renewable
energy sources and end up with alternating current that fits both grid-linked and stand alone
uses. Traditional two-level inverters have been widely adopted in renewable energy systems,
but they usually come with issues like higher harmonic distortion, notable switching losses and
restricted voltage utilization. Because of these limitations, multilevel inverter technologies
have shown up as a practical answer. Multilevel inverters make output voltages with several
discrete levels, so the produced waveforms are much closer to sinusoidal shapes. That typically
means lower Total Harmonic Distortion THD, less electromagnetic interference, higher
efficiency, and overall better power quality. Well-known multilevel inverter topologies include
Diode-Clamped Multilevel Inverters DCMLI, Flying Capacitor Multilevel Inverters FCMLI,
and Cascaded H-Bridge Multilevel Inverters CHBMLI [9]. The performance of power
electronic converters is strongly impacted by the control and modulation approaches you pick.
Pulse Width Modulation , or PWM for short, is very widely used to steer switching actions and
to shape the output voltage behaviors. Among the many PWM ideas, Space Vector Pulse Width
Modulation , also called SVPWM, has gotten a lot of attention, mostly because it tends to
outperform the more traditional Sinusoidal Pulse Width Modulation, SPWM. With SVPWM
you usually get better DC bus voltage utilization, less harmonic pollution in the output, reduced
switching losses , and a smoother dynamic response. Because of those reasons, SVPWM
becomes especially relevant in renewable energy setups where efficiency and power quality
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are serious, core performance targets. Recent developments in semiconductor technologies
have pushed the performance of power electronic converters a lot further , right. Newer wide-
bandgap semiconductor devices like Silicon Carbide (SiC) and Gallium Nitride (GaN) give
clear benefits compared to older silicon-based devices. You get higher switching frequencies,
reduced conduction losses, better thermal behavior, and also higher power density. With these
semiconductor advancements in the background, it becomes easier to design compact , high-
efficiency, and dependable converter systems for renewable energy needs. Also , when digital
controllers step in along with microprocessors and field-programmable gate arrays (FPGAS),
plus artificial intelligence based control approaches, the converters become more “smart” ,
more responsive, and they tend to run with better operational efficiency. Power electronic
converters also matter a lot in energy storage systems and these smart grids. In Battery energy
storage systems, you usually need bidirectional converters, to handle charging and discharging
efficiently, but also to keep battery health in a good state and preserve system stability. In smart
grid settings, converters help with connecting distributed generation, doing demand response
management, providing voltage support and reactive power compensation, plus they support
microgrid operation too. Because they can deliver a quick dynamic response and they enable
flexible control, they end up as essential components within modern intelligent electric power
systems [10]. Even with their many benefits, power electronic converters still have issues, like
handling heat proper, electromagnetic interference showing up, switching losses that add up,
control that gets more complex, reliability concerns lingering, and cybersecurity risks when
everything is digitally connected. Researchers keep working on newer converter layouts , also
more intelligent control approaches, fault tolerant routines that hold up under stress, and power
semiconductor devices with higher efficiency, so those pain points can be reduced. Looking
ahead, emerging tools such as artificial intelligence and machine learning, digital twins, the
Internet of Things (10T), plus predictive maintenance are expected to reshape how converters
get designed and how they operate later, especially inside future renewable energy systems. In
conclusion, power electronic converters act as the backbone for renewable energy applications,
enabling efficient energy conversion , power conditioning, and grid integration. Their ongoing
evolution has steadily enhanced performance reliability and economic viability of renewable
energy systems. As the worldwide shift toward clean and sustainable energy keeps
accelerating, advanced power electronic converter technologies will stay necessary for
delivering higher efficiency renewable generation, better power quality, strengthened grid
steadiness, and the building of future smart energy infrastructures [11].

3. FUNDAMENTALS OF MULTILEVEL INVERTERS

Multilevel inverters (MLIs) have shown up as one of the more important advancements in
power electronics technology, especially for medium and high power situations. Lately there’s
been a big push for high quality power conversion in renewable energy systems, electric
vehicles, industrial drives, and smart grids, and because of that a lot of research has focused on
multilevel inverter structures plus control approaches. Unlike the usual two level inverters,
which really only produce two voltage levels at the output, multilevel inverters are able to
create several voltage levels using multiple DC voltage sources or capacitor voltage levels.
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With that, the output waveform can get very close to a sinusoidal shape, so harmonic distortion
drops and power quality improves overall. The idea behind multilevel inversion first appeared
to handle the issues tied to older inverter setups, like high switching losses, heavy
electromagnetic interference, excessive voltage stress across semiconductor devices, and a
weak output waveform quality. By producing stepped voltage patterns with many levels,
multilevel inverters typically cut Total Harmonic Distortion (THD) down, reduce what the
filter needs to do, and support better conversion efficiency [12]. The main operating idea
behind a multilevel inverter, is basically that you take several small low voltage DC sources or
capacitor voltages, then you mix them together using a controlled switching order, so you end
up with an AC output voltage that matches what you want. When the number of levels goes
up, the output waveform looks much calmer, smoother really, and it starts to resemble a clean
sinusoidal curve. As a result the harmonic content becomes lower, and the voltage stress on the
switching hardware also drops, which is important in real hardware. Also, since each switching
element is asked to handle a smaller voltage portion, these inverters tend to work well in high-
voltage and high-power settings where a standard two level inverter can hit performance limits.
Over the years, multiple multilevel inverter layouts have been worked on, and the ones that are
used most often are the Diode-Clamped Multilevel Inverter (DCMLI), Flying Capacitor
Multilevel Inverter (FCMLI), and also the Cascaded H-Bridge Multilevel Inverter (CHBMLI).
In the Diode-Clamped Multilevel Inverter, clamping diodes are used to kind of split the DC
bus voltage into several discrete stages, and from that it forms those stepped output voltages.
This layout can reach high efficiency and it is rather good for medium-voltage systems, but
when the count of voltage levels grows, it ends up needing a large quantity of clamping diodes,
which is a downside [13]. The Flying Capacitor Multilevel Inverter swaps the clamping diodes
out for capacitors, these capacitors handle voltage balancing and also make the voltage
regulation more flexible. Even with the extra freedom from the switching situations, and better
reliability, it still asks for many capacitors, plus more elaborate voltage balancing hardware.
Meanwhile, the Cascaded H-Bridge Multilevel Inverter is made from several H-bridge units
tied in series, each unit fed by its own independent DC supply. This arrangement is frequently
chosen in renewable energy, because its modular build, its scalability, and a comparatively
straightforward control scheme, as well as a lower component tally than other multilevel
inverter structures, all work in its favor. One of the main perks of multilevel inverters is that
they can improve power quality. This happens because they reduce harmonic distortion in the
output voltage and current waveforms, a thing that really matters in power systems. Harmonic
distortion is a big concern, since it can make conductors overheat, cause equipment
malfunction, drive up losses, and even reduce overall system efficiency. Multilevel inverters
help by generating output waveforms with less harmonic content, so the grid or load typically
needs less bulky, expensive filtering components. Also there is the matter of voltage stress.
With multilevel designs the voltage stress across the switching devices drops, which tends to
enhance converter reliability. It also helps extend the practical life of semiconductor
components [14]. Another notable advantage is the reduction in switching losses because each
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power switch works under smaller voltage levels and often also under lower switching
frequencies than what you see in more conventional inverter structures.

The performance of multilevel inverters is strongly affected by the modulation and control
tricks you pick. There are many Pulse Width Modulation (PWM) schemes that have been
created to improve how the inverter behaves, for instance Sinusoidal Pulse Width Modulation
(SPWM), Selective Harmonic Elimination (SHE), Carrier Based PWM, and Space Vector
Pulse Width Modulation (SVPWM). Out of these options, SVPWM has become widely
accepted, because it uses the DC bus voltage more effectively, it keeps harmonic distortion
lower, it supports better transient behavior, and it can raise overall efficiency. In practice, by
choosing switching vectors in a smart way, and by tuning the switching order or pattern
carefully, SVPWM pushes the multilevel inverter toward better results while also reducing
switching losses and the unwanted harmonic build up. In renewable energy systems, multilevel
inverters play this essential part in turning DC power that comes from solar photovoltaic panels,
fuel cells, and battery storage into high quality AC power that you can use for grid connection
and typical load tasks [15]. They are able to give almost sinusoidal output voltages with little
distortion, so they work well in renewables where power quality matters, also efficiency stays
important. On top of that, the modular build of some multilevel inverter designs helps in
combining several renewable energy sources, it brings more flexibility, and it also makes
scaling easier. As renewable energy penetration keeps rising in many places around the world,
multilevel inverter technologies are likely to become more and more important for keeping
power stable, efficient, and trustworthy for real use. Lately progress in semiconductor devices,
digital control, artificial intelligence, and wide bandgap tech like Silicon Carbide (SiC) and
Gallium Nitride (GaN) has pushed multilevel inverter capabilities even further. It feels like the
whole landscape is getting better at once, so switching can run at higher speeds, heat behavior
looks improved, losses get reduced, and overall system dependability stays stronger. At the
same time, people are testing more “smart” control ideas, predictive control approaches, and
machine learning methods, mainly to tune how the multilevel inverter behaves when the load
changes or when the surroundings shift. So in the end multilevel inverters keep moving
forward, and they remain a central technology for modern power electronics along with
renewable energy connection [16].

4, PULSE WIDTH MODULATION TECHNIQUES FOR MULTILEVEL

INVERTERS

Pulse Width Modulation (PWM) techniques are widely employed in multilevel inverter
systems to control the switching operations of power semiconductor devices and generate high-
quality output voltage waveforms. The primary objective of PWM is to regulate the output
voltage and frequency while minimizing harmonic distortion and switching losses. In
renewable energy applications, PWM techniques play a critical role in ensuring efficient power
conversion, improved power quality, and reliable system performance. As multilevel inverters
generate multiple voltage levels, advanced PWM strategies are required to effectively utilize
the available switching states and produce near-sinusoidal output voltages. Various PWM
methods have been developed for multilevel inverters, including Sinusoidal Pulse Width
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Modulation (SPWM), Space Vector Pulse Width Modulation (SVPWM), Selective Harmonic
Elimination (SHE), Carrier-Based PWM, and Hybrid PWM techniques [17]-[18]. Among these
methods, SPWM and SVPWM are the most commonly used due to their simplicity,
effectiveness, and superior performance characteristics. SPWM generates gate pulses by
comparing a sinusoidal reference signal with high-frequency carrier signals, resulting in
controlled switching operations and reduced harmonic content. Although SPWM is easy to
implement and provides satisfactory performance, it has limitations in terms of DC bus voltage
utilization and harmonic reduction. To overcome these limitations, advanced modulation
techniques such as SVPWM have been introduced. PWM techniques significantly influence
inverter efficiency, output waveform quality, electromagnetic interference, switching losses,
and Total Harmonic Distortion (THD). Therefore, selecting an appropriate modulation strategy
is essential for achieving optimal performance in renewable energy systems. Modern PWM
techniques also support digital implementation using microcontrollers, digital signal
processors, and field-programmable gate arrays, enabling real-time control and adaptive
operation under varying load and environmental conditions. As renewable energy systems
continue to expand, advanced PWM methods remain essential for maximizing inverter
performance, improving power quality, and enhancing the reliability of power conversion
systems [19]-[20].

5. SPACE VECTOR PULSE WIDTH MODULATION (SVPWM)

Space Vector Pulse Width Modulation (SVPWM) is this advanced modulation method, widely
used in multilevel inverter systems, it helps in improving voltage usage, and also reduces the
harmonic issues, plus overall it makes the inverter work better. Unlike the more traditional
Sinusoidal Pulse Width Modulation (SPWM) that relies on taking a sinusoidal reference and
comparing it with carrier signals SVPWM basically treats the inverter switching conditions as
vectors, like in a two dimensional space-vector plane. This way of thinking gives a more
efficient use of the DC bus voltage, and it brings extra flexibility, in tuning the output voltage
magnitude and the phase angle [21]. The core idea of SVPWM is about picking switching
vectors that fit, then calculating their duty ratios so a target reference voltage vector is
recreated. Within each switching period, SVPWM mixes active vectors with zero voltage
vectors, so the output waveform ends up looking closer to an ideal sinusoid, while at the same
time harmonic distortion stays lower. A big plus of SVPWM is that it can reach, about 15%
higher DC bus voltage utilization than conventional SPWM approaches. With that
improvement, you can get stronger output voltage capability without raising the DC supply
voltage. Also it lowers Total Harmonic Distortion (THD) a lot, so power quality improves and
the filter demands become less strict. Another point is switching losses, SVPWM can lower
them by choosing better switching sequences and avoiding pointless switching changes. In
multilevel inverter settings, SVPWM makes good use of the large count of possible switching
states, which gives smoother output waveforms and can raise converter efficiency [22]-[23].
The method is especially a good fit for renewable energy contexts, where high efficiency, low
harmonics, and dependable operation matter a lot. SVPWM has been used in solar photovoltaic
setups, wind energy conversion systems, electric vehicles, industrial motor drives, and smart
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grid deployments. More recently, digital control progress has made SVPWM easier to deploy
using digital signal processors, microcontrollers, and FPGA controller platforms, which
supports real time control and better computational speed. People keep working on SVPWM
improvements, including advanced algorithms, intelligent optimization approaches, and even
artificial intelligence based strategies, to push inverter behavior further and make it more
adaptable. Because of its superior voltage utilization, strong harmonic behavior, and
operational efficiency, SVPWM has become one of the preferred modulation choices for
modern multilevel inverter systems especially when renewable energy integration is the goal.
Table 1: Recent Research Trends and Comparative Literature Analysis

Ref. | Methodology/Te | System/Applic | Performa Major | Advantage | Research
chnique ation nce Findings S Gap
Parameter
S
[1] | SVPWM with Renewable THD, Reduced | Better No
NPC Inverter Energy System | Voltage THD and | power hardware
Quality improved | quality validation
performa
nce
[2] | LCA and Circular | Renewable Environme | Improved | Eco- No
Metrics Energy ntal Impact | sustainabi | friendly performanc
Converters lity evaluation | e analysis
assessme
nt
[3] | Comparative Grid- Stability, Advanced | Better grid | Limited
Analysis Connected RES | Power control integration | experiment
Quality improved al results
system
stability
[4] Literature Review | Electrification | Efficiency, | Highlight | Broad Lack of
Systems Reliability | ed role of | application | quantitative
power coverage comparison
electronic
S
[5] | Intelligent Hybrid Cost, Enhanced | Cost- High
Optimization Microgrid Reliability | energy effective computatio
utilization | operation nal
complexity
[6] Comprehensive Distributed Flexibility, | Improved | Better No
Review Energy Efficiency | renewable | energy practical
Systems utilization | managemen | validation
t
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[7] | Techno-economic | Hybrid Energy | Reliability, | Improved | Efficient Site-
Analysis System Cost techno- hybrid specific
economic | design study
performa
nce
[8] | Security Agricultural Security, Improved | Enhanced Limited
Architecture RES Reliability | cybersecu | resilience power
rity quality
focus
.[9] | Optimization EV-Integrated | Cost, Reduced | Better No
Algorithm RES Efficiency | operation | energy harmonic
al costs managemen | analysis
t
[10] | Deep Learning + | Smart Grid Voltage Reduced | Intelligent | High
Cuk-SEPIC Quality, harmonic | control computatio
Converter THD S nal burden
[11] | Optical Sensing loT-Based RES | Accuracy, | Enhanced | Reliable Not
Strategy Reliability | sensing monitoring | inverter-
performa focused
nce
[12] | Optimization Hybrid RES Energy Improved | Better Limited
Technique Utilization | efficiency | scheduling | hardware
testing
[13] | Newton-Raphson | Wind Energy Stability, Improved | Better Application
Algorithm System Response | dynamic | controller -specific
Time response | tuning
[14] | Impedance-Based | Converter- Fault Faster Enhanced | Complex
Protection Based Grid Detection | protection | reliability implementa
response tion
[15] | Multi-Stage Integrated Cost, Reduced | Sustainable | No inverter
Scheduling Energy System | Emissions | carbon operation analysis
emissions
[16] | Sliding Mode Hybrid Stability, Enhanced | Fast Complex
Control Renewable Robustness | dynamic | response controller
System performa design
nce
[17] | Literature Survey | Renewable Efficiency, | Identified | Comprehen | No
Integration Reliability | advanced | sive experiment
converter | overview al
s validation
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[18] | Comparative Renewable Efficiency, | Improved | Higher Economic
Study Energy Switching | converter | efficiency | aspects
Systems Loss performa ignored
nce
[19] | Converter Wind-Solar- Accuracy, | More Better Increased
Efficiency Battery System | Efficiency | realistic modeling complexity
Modeling simulatio | accuracy
ns
[20] | Harmonic Grid-Integrated | THD, Significan | Improved Additional
Filtering RES Power t power filter cost
Quality harmonic | quality
reduction

6. CONCLUSION AND FUTURE WORK

In this review, a comprehensive analysis of renewable energy systems, power electronic

converters, multilevel inverter topologies, Pulse Width Modulation (PWM) techniques, and

Space Vector Pulse Width Modulation (SVPWM) has been presented. The review highlights

the significant role of multilevel inverters in enhancing power quality, reducing harmonic

distortion, minimizing switching losses, and improving the efficiency of renewable energy

conversion systems. Among various modulation techniques, SVPWM was identified as a

superior control strategy due to its enhanced DC bus voltage utilization, lower Total Harmonic

Distortion (THD), and improved dynamic performance. The reviewed studies demonstrate that

the integration of SVPWM with multilevel inverters offers an effective solution for modern

renewable energy applications. Future research should focus on the development of intelligent

SVPWM algorithms using artificial intelligence and machine learning techniques, real-time

hardware implementation, advanced multilevel inverter topologies, and the integration of wide-

bandgap semiconductor devices such as SiC and GaN to further enhance system efficiency,
reliability, and grid compatibility.
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