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Abstract 

Wind energy is one of the green energy sources that can decrease reliance on fossil fuels such as oil and coal. Wind turbines 
harness the kinetic energy of the wind and transform it into mechanical energy, which is subsequently converted into electrical 
energy using a DC generator. The generated DC voltage is transformed into AC voltage by an inverter unit. However, 
conventional inverters generally produce square-wave outputs with high total harmonic distortion (THD), whereas AC power 
systems ideally require sinusoidal waveforms with low harmonic content. This research proposes the design of a renewable 
energy–based power supply system capable of generating both DC and AC voltages for low-power applications. The novelty of 
the proposed system lies in the use of a five-level inverter with fewer switching devices than the cascaded inverter topology, 
combined with a T-model inductive-capasitive-inductive (LCL) filter to suppress harmonic distortion at the inverter output. 
The method involves modeling and simulating the system design using MATLAB Simulink. Simulation results show that the 
five-level inverter produces an output voltage amplitude of 270 V at 50 Hz with a THD of 28.48 %. After applying the LCL filter 
(L1 = L2 = 0.01 H and C = 1 mF), the THD decreases to 2.56 % for a 10 Ω resistive load, 2.61 % for an RL load (100 Ω, 0.8 mH), 
and 2.54 % for an RC load (10 Ω, 1 µF). These values comply with the IEEE 519 standard requiring THD below 5 %. Therefore, 
the proposed system has potential for small-scale renewable energy applications. 

Keywords: DC generator; five-level inverter; LCL filter; renewable energy; total harmonic distortion; wind energy; wind power 
plant. 

 
 

I. Introduction 
Indonesia currently relies heavily on PLN (State 

Electricity Company) and fossil fuels (coal and oil) to 
meet its electricity needs. To reduce this dependence, 
the government is shifting its focus to abundant wind 
energy. The target is for renewable energy capacity to 
reach 52–62 GW by 2030, requiring an additional 6 GW 
of new projects annually [1].  

Wind energy is estimated to meet up to 33 % of the 
Earth's energy needs in the future [2]. Renewable 

energy technologies produce significantly lower 
lifecycle carbon emissions than fossil fuels; therefore, 
their development and use, such as wind turbines, help 
reduce overall emissions and support the clean energy 
transition [3]. Indonesia has a high wind energy 
potential, especially in the southern part of the equator, 
including Nusa Tenggara Timur (NTT), Nusa 
Tenggara Barat (NTB), and South Sulawesi [4][5]. 
Electrical energy generated from wind power is stored 
in batteries, while AC voltage can be obtained by 
converting DC voltage using an inverter circuit. 
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However, simple inverters typically produce square 
waveforms with high Total Harmonic Distortion 
(THD), which can cause overheating, power losses, and 
potential damage to electrical and electronic 
equipment [6].  

Some efforts to reduce these harmonics use active 
passive filters [7]. Another effort to achieve lower 
harmonic distortion is by changing the inverter output 
voltage square wave into a wave that resembles a 
sinusoidal waveform [8]. The method is to generate a 
multilevel staircase output voltage waveform [9]. This 
multilevel inverter technology can be applied to 
renewable energy sources with Variable Frequency 
Drives (VFD), Alternating Current Control, Flexible 
AC Transmission Systems [10], vehicle electricity, and 
can also be applied to lighting systems for fish farming 
in ponds [11]. This study aims to model a battery 
charging system supplied by a DC generator driven by 
wind energy and integrated with a five-level multilevel 
inverter for AC power generation. The proposed 
system is capable of producing both DC and AC 
voltages of 14.65 V and 260 V, respectively, while 
operating at low frequencies of 50 Hz and 200 Hz 
through the control of a five-level inverter using five 
switching devices. This study proposes the 
development of a wind energy–based five-level inverter 
topology with fewer switching devices and the 
implementation of an LCL filter to reduce the Total 
Harmonic Distortion (THD) to below 5 % using 
MATLAB Simulink tools. 

II. Materials and Methods 
The proposed system is composed of a wind power 

generation unit, a DC generator, a five-level inverter, 
and an LCL output filter, as shown in Figure 1. The 
wind turbine captures the kinetic energy of the wind 
and converts it into mechanical energy, which is then 
transformed into electrical energy by a DC generator. 
The generated DC voltage is then supplied to the five-

level inverter to produce an AC output voltage that still 
contains relatively significant harmonic components. 
An LCL filter is installed at the inverter’s output to 
attenuate high-frequency switching harmonics process. 
The filtered output voltage is then fed into a 
transformer to achieve the voltage level required by the 
AC load. The transformer is selected to increase the 
inverter AC output voltage due to its high efficiency, 
low power losses, and the absence of additional 
harmonic generation. In addition to providing galvanic 
isolation, which enhances system safety and reliability, 
the transformer has a simple structure that does not 
require additional control systems, making it more 
economical and easier to integrate into conventional 
power systems. Therefore, the use of a transformer is 
considered more appropriate than power electronic-
based solutions for increasing the AC voltage in 
inverter-based wind power generation systems. To 
assess the robustness and performance of the proposed 
inverter, the system is evaluated under three load 
conditions: resistive (R), resistive–inductive (RL), and 
resistive–capacitive (RC) loads. Figure 2 presents the 
overall system design modeling implemented using 
MATLAB/Simulink. 

A. Workflow methodology 

Figure 1 shows the overall research methodology 
employed in this study. Initially, the wind turbine 
harnesses the kinetic energy available in the wind and 
converts it into mechanical energy through the 
rotational motion of the turbine blades. This energy is 
subsequently transferred to a DC machine; the 
generated DC voltage is then utilized as the DC-link 
voltage source of the inverter system. The DC power is 
converted into AC power using a five-level inverter 
topology driven by a sinusoidal pulse width modulation 
(SPWM) control strategy.  

This inverter topology generates a multilevel 
stepped AC waveform, which reduces harmonic 

 
Figure 1. Research flow. 
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distortion compared to conventional two-level 
inverters. However, the inverter output voltage still 
contains high-frequency harmonics caused by the 
switching process of semiconductor devices. To 
mitigate these unwanted harmonics and improve the 
quality of the output waveform, the inverter output 
voltage is passed through an LCL filter. This filter 
effectively reduces the high-frequency switching 
harmonics produced by the inverter, thereby 
smoothing the stepped voltage waveform and 
generating an output waveform that closely 
approximates a sinusoidal waveform. Furthermore, in 
order to obtain an AC voltage level that is suitable for 
practical load requirements or for integration into 
distribution systems, the filtered AC voltage is 
increased using an AC transformer.  

The proposed system performance is assessed 
under various loads to represent realistic operating 
scenarios commonly encountered in power electronic-
based energy systems. These load variations allow the 
investigation of system behavior under different 
electrical characteristics. The performance evaluation is 

carried out through harmonic analysis based on Fast 
Fourier Transform (FFT), with particular focus on 
calculating the THD of the output voltage as a key 
indicator of power quality.  

The entire system configuration is modeled and 
simulated using MATLAB/Simulink, which enables 
comprehensive analysis of the system operation and 
performance. Through the simulation results, it is 
expected that the combination of a five-level inverter, 
LCL filter, and transformer will be able to produce 
output voltages with low THD values across different 
load conditions. This outcome would demonstrate that 
the proposed system design is capable of delivering 
good power quality and is therefore suitable for 
potential implementation in wind power generation 
applications.  

Meanwhile, Figure 2 presents the detailed electrical 
system design of the five-level inverter supplied by a 
DC generator and integrated with an LCL filter. 
Figure 3 is a design system modelling using the 
MATLAB Simulink tool. Table 1 presents the element 
parameter values used in system design. 

 
Figure 2. System design. 

 
Figure 3. Design system modeling. 
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B. Wind turbine aerodynamics 

The moving wind can be converted into kinetic 
energy through a wind turbine, which is needed as a 
prime mover for the generator. Wind turbines are 
generally classified into two main types: horizontal axis 
wind turbines and vertical axis wind turbines [12]. 
Wind power is currently dominated by horizontal axis 
wind turbines [13].  

This power can then be expressed as mechanical 
power and notated by equation (1) [14][15]: 

𝑃𝑃𝑚𝑚 = 1
2
𝐶𝐶𝑝𝑝(λ,β)𝜌𝜌𝜌𝜌𝑣𝑣3  (1) 

where  𝑃𝑃𝑚𝑚  is the mechanical power (W), 𝐶𝐶𝑝𝑝  is the 
coefficient of power, 𝜆𝜆 is the tip speed ratio , 𝜌𝜌 is the air 
mass density, A is the rotor disk area, β is blade pitch 
angle, and v is the wind speed. The rotor area is 
determined using the following equation 𝑃𝑃𝑚𝑚 = 𝑇𝑇𝑇𝑇 , 
where 𝑇𝑇 is the torque of the rotor (Nm) [16].  

C. DC generator 

This DC machine is the only machine that is easy to 
regulate the rotational speed. With the development of 
power electronics, speed control is easier and cheaper. 
In this machine, if a coil located between the magnetic 
poles is rotated with a constant rotational speed (ω), 
then at both ends of the coil will arise an electrical 
motive force (EMF) [17]. Figure 4 is the DC Generator 
equivalent circuit. 

Figure 4 illustrates the electrical circuit of a DC 
machine. The magnitude of the induced EMF 

generated by the armature coil depends on the 
magnitude of the flux [18] produced by the magnetic 
poles, which are reinforced with field coils of varying 
value, the engine speed (N), and the number of 
conductors throughout the armature slot, and is 
expressed in equation (2) [19]:  

𝐸𝐸𝑎𝑎 = ф.𝑃𝑃.𝑛𝑛.𝑍𝑍
𝑎𝑎

  (2) 

Equation (2) can be rearranged as: 

𝐸𝐸𝑎𝑎 = ф.𝑃𝑃.𝑁𝑁.𝑍𝑍
𝑎𝑎.60

𝑥𝑥 2𝜋𝜋
2𝜋𝜋

  

=
1

2𝜋𝜋
. 2𝜋𝜋𝜋𝜋.ф.𝑍𝑍.

𝑃𝑃
𝑎𝑎

 

where 𝐸𝐸𝑎𝑎  is armature EMF (volt), 𝜙𝜙  is flux per pole 
(𝑤𝑤𝑤𝑤), N is engine rotational speed (𝑟𝑟𝑟𝑟𝑟𝑟), n is engine 
revolutions per second (𝑟𝑟𝑟𝑟𝑟𝑟), P is number of poles, and 
a is number of armature coils in parallel connection, 𝑍𝑍 
is total number of armature conductors, 𝜋𝜋 is constant 
(3.14). The commutator is a key component of a DC 
generator that converts armature current into direct 
current supplied to the load. The torque generated by 
the armature (𝑇𝑇𝑎𝑎) can be expressed by equation (3): 

𝑇𝑇𝑎𝑎 = 0.117. 𝐸𝐸𝑎𝑎𝐼𝐼𝑎𝑎
𝑛𝑛

  (3) 

where 𝐼𝐼𝑎𝑎 is armature current. 

D. Battery and charger controller 

Battery energy storage systems have a vital role in 
power systems integrated with renewable energy by 
reducing generation intermittency and enhancing 
voltage and frequency stability [20]. Various batteries 
used for energy storage include lead-acid and lithium-
ion types. Battery selection depends on several factors 
such as capacity, output voltage, depth of discharge 
(DoD), and state of charge (SoC) [21]. SoC represents 
the ratio of the stored energy to the battery’s maximum 
capacity (0–100 %), while DoD is the inverse of SoC. 
For example, a fully charged battery has SoC = 100 % 

Table 1.  
The technical parameters of the components used in the system design. 

Parameter Name Spesification 

Wind turbine Nominal power output 700W, electrical generator power 300 VA, wind speed 2 m/s, power base 1 pu base rot. 
speed 1.2 pu, pitch angle beta = 0 

DC generator  
(permanent magnet) 

Ra=0.6 ohm, La = 0.012 ohm, torque 100 Nm/A, initial speed 1.2 pu, total inertia 1 

Buck converter C1=C2=200 mF, L=0.0133 H, diode, mosfet, switching frequency (Fs) 3 kHz 

Battery Lead acid, 12 V, rated current capacity 180 Ah 

Five-level inverter Inverter S1- S5 = transistors, Fs S1- S4 50 Hz (duty cycle 50 %) fullwave bridge (diodes D1, D2, D3, D4)  
Fs S5 = 200 Hz (duty cycle 50 %) 

Transformer R1 = 0,000557 ohm, L1 = 0.000073 H, R2 = 0.193 ohm, L2 = 0.02465 H, V1 = 12 V, V2 = 220 V 

Filter LCL L1 = L2=0.01 H, C = 1mF 

Load Resistive (R = 10 ohm), resistive inductive (R = 10 ohm, 0.8 mH), resistive capasitive (R= 10 ohm, C = 1 uF) 
 

ZL

+

_
Vdc

Ra

Ia

+

_

VtRf

+

_

Ea

If

 
Figure 4. Equivalent circuit DC generator. 
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and DoD = 0 %. The SoC value can be expressed in 
equation (4) [22] 

 SOCt = SOCt−1 + ∆SOC  (4) 

where SOCt , SOCt−1 , ∆SOC are variations in State of 
Charge, t is current time and ∆ is change of SoC. 

E. Controllers and buck converter 

The DC generator produces 132 V, while battery 
charging requires about 12 V; thus, a voltage step-down 
circuit is needed. Commonly used DC–DC converters 
include boost, buck, and buck–boost converters. The 
first type of converter increases the input voltage, the 
second type reduces the input voltage to a lower level 
[23], while in the third type, the output voltage can be 
stepped up or stepped down by controlling the duty 
cycle of the switching signal and polarity configuration 
[24]. The applications of these three types of converters 
are widespread, covering industrial systems, residential 
applications, and various other electronic devices [25]. 
In this research, the chosen type of DC-DC converter is 
the asynchronous buck converter type, as shown in 
Figure 5. The operation can be divided into two modes, 
namely operating mode 1 when the MOSFET switch is 
turned ON and operating mode 2 when the MOSFET 
switch is turned OFF. 

F. LCL filter 

Compared to L-type or LC-type filters, the LCL (T-
model) filter provides stronger harmonic attenuation 
with a steeper attenuation slope, resulting in a more 
sinusoidal output waveform and compliance with 
power quality standards such as IEEE 519. Figure 6 
shows an LCL filter that consists of two inductors, one 
placed on the inverter side and the other on the load or 

grid side, and a capacitor connected between these two 
inductors. This configuration causes the filter to 
operate as a third-order low-pass filter, which is 
effective in suppressing high-frequency switching 
components [26]. 

The selection of LCL filter component values is 
generally related to the filter resonance frequency, 
which is designed to be well below the switching 
frequency, can be expressed by equation [27]. 

𝐿𝐿1 = 𝑉𝑉𝑑𝑑𝑑𝑑
6.𝑓𝑓𝑠𝑠𝑠𝑠.∆𝐼𝐼𝑝𝑝𝑝𝑝

  (5) 

𝐿𝐿2 = 𝑐𝑐. 𝐿𝐿1  
where 𝑉𝑉𝑑𝑑𝑑𝑑  is dc link voltage (V), 𝑓𝑓𝑠𝑠𝑠𝑠 = switching 
frequency (Hz), ∆𝐼𝐼𝑝𝑝𝑝𝑝  is maximum current, C is a 
constant. After L1 and L2 are selected, the capacitor 
value C is calculated using equation (6): 

𝐶𝐶 = 𝐿𝐿1+𝐿𝐿2
(2𝜋𝜋𝑓𝑓𝑠𝑠𝑠𝑠)2𝐿𝐿1.𝐿𝐿2

  (6) 

III. Results and Discussions 

A. Battery charging analysis 

The battery charging subsystem uses a buck 
converter to regulate the variable DC voltage. The 
converter consists of a PWM-controlled MOSFET, 
inductor (L), diode (D), and capacitor (C2), with the 
output voltage controlled by the PWM duty cycle. 
When the MOSFET is ON, energy is transferred from 
the generator to the inductor and battery, while when it 
is OFF, the stored energy flows through the diode to 
maintain continuous current. The capacitor reduces 
voltage ripple and improves charging stability, while 
the diode prevents reverse current, ensuring stable 
battery charging and a reliable DC supply for the 
inverter stage. 

B. Five-level inverter analysis 

The demand for low-harmonic distortion inverters 
continues to increase [28]. Multilevel inverters, formed 
by cascading several inverter stages, are designed to 
produce output voltages with reduced waveform 
distortion. Common topologies include diode-clamped, 
flying capacitor, and cascaded H-bridge converters [29]. 
However, those configurations typically require many 
switches and isolated DC sources, increasing system 
complexity and cost [30]. To address this issue, this 
study proposes a five-level inverter using only five 
switches, reducing three switches compared to the 
conventional cascaded H-bridge topology. This 
configuration offers a simpler structure, higher 
efficiency, and lower switching power 
requirements [31], while minimizing power losses by 

 
Figure 5. Buck converter with battery load. 

L1 L2

C

Inverter  Side Grid  Side

 
Figure 6. LCL filter design. 
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lowering the number of power switches [32] and 
modifies the inverter topology to improve the output 
waveform [33]. As seen in Figure 2, the inverter is 
composed of an H-bridge (S1–S4) with an additional 
switch S5 to generate output voltage levels, and diodes 
D1–D4 acting as a bridge rectifier supplying the load. 
Switches S2 and S4 generate the zero level, S1 and S4 
produce the positive Vdc level, S2 and S3 generate the 
negative –Vdc level, while S4–S5 and S3–S5 form the 
Vdc/2 and –Vdc/2 levels, respectively. 

1) Operation Mode Level 0 

Figure 7 illustrates that a zero-voltage output level 
is achieved when switches S2 and S4 are activated. 
Under this switching condition, the load terminals are 
short-circuited, resulting in a zero voltage across the 
load. 

2) Operation Mode Level Vdc/2 

In Figure 8 voltage level Vdc/2 is generated by 
turning on switches S4 and S5. Only in this condition is 
the bottom source connected to the load, producing a 
voltage of Vdc/2 across the load. 

3) Operation Mode Level Vdc 

Figure 9 explains that by turning on switches S1 and 
S4, the Vdc voltage level can be obtained. During this 
switching operation, both voltage sources are 
connected to the load, resulting in an increased output 
voltage level. 

4) Operation Mode Level –Vdc 

Figure 10 explains the direction of power flow in the 
–Vdc level mode. The –Vdc voltage level can be 
obtained by operating switches S2 and S3. Both source 
voltages are connected to the load with negative 
polarity. 

5) Operation Mode Level –Vdc/2 

Figure 11 shows that the –Vdc/2 voltage level is 
obtained by closing switches S3 and S5. In this 
operating condition, the upper DC source is connected 
to the load. The corresponding switching configuration 
is illustrated in Figure 11. 

Table 2 shows that with changes in wind speed, the 
DC generator produces a higher output voltage as well 
as the battery voltage, the output voltage of the inverter 
and transformer increases. 

Figure 12 illustrates the inverter output voltage 
waveform after being amplified using a transformer to 
270 Vpp before filtering. The horizontal axis indicates 
time (t), whereas the vertical axis represents the 
measured voltage magnitude (V). 
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D2 D4

Vout

S1

S2

S3

S4
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Figure 7. The current flow at level 0. 
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Figure 8. The direction of the current flow at the Vdc/2 level. 
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Figure 9 The current flow at the Vdc level. 
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Figure 10. The direction of current flow at the –Vdc level. 
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Figure 11. The current flow at the –Vdc/2 level. 
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In Figure 13, the THD index is 28.48 % before 
filtering and is constant even though there are changes 
in wind speed. This shows that the increase in output 
voltage is not accompanied by changes in the current 
and voltage waveforms. However, the THD value is still 
high, so a filter or number of levels needs to be 
increased to a greater level. Table 3 explains the state of 
each switch when operating at each level. 

C. LCL filter analysis 

From the system design, the parameter values are 
known as L1 = L2 = 0.01 H,  thus L1 + L2 = 0.02 H , 
L1. L2 = 0.0001𝐻𝐻2,𝐶𝐶 = 1 mF = 0.001F . Using (6), 
the resonance frequency can be calculated as fr = 71Hz. 
Analysis is done with respect to fs = 200 Hz . In an 

ideal LCL filter design, the following condition must be 
satisfied, ffundamental < fr < fs

2
 ffundamental = 50 𝐻𝐻𝐻𝐻 

and fs
2

= 200
100

= 100 Hz, then the resonance frequency 
lies within the safe region relative to the switching 
frequency. The LCL filter provides an attenuation slope 
of −60 dB/decade, making it more effective in 
suppressing high-frequency harmonics than a 
conventional LC filter (−40 dB/decade). With a 
switching frequency of 200 Hz, dominant harmonics 
occur at 200 Hz, 400 Hz, and 600 Hz. Since the 
resonance frequency is 71 Hz, components above this 
frequency are attenuated, significantly suppressing the 
200 Hz switching harmonics. Consequently, the filter 
effectively reduces THD and smooths stepped inverter 
waveforms into signals closer to a sinusoidal form. 

Table 2. 
Test simulation results.  

Wind Speed (m/s) GDC Voltage (V) Battery (V) Inverter Output Trafo (V) THD (%) 

20 71/1.62 14.47 14.6/0.145 260 28.48 

25 113.4/3.13 14.64 14.65/0.147 260.15 28.48 

30 207.4/6.14 14.97 15/0.15 270.5 28.48 

35 329/10.27 15.27 15.2/0.17 272 28.48 
 

Table 3. 
Status of the switch when operating at each level.  

Voltage Level 𝑺𝑺𝟏𝟏 𝑺𝑺𝟐𝟐 𝑺𝑺𝟑𝟑 𝑺𝑺𝟒𝟒 𝑺𝑺𝟓𝟓 

0 OFF ON OFF ON OFF 

Vdc/2 OFF OFF OFF ON ON 

Vdc ON OFF OFF ON OFF 

Vdc/2 OFF OFF ON OFF ON 

Vdc OFF ON ON OFF OFF 
 

 

 
Figure 12. Form of five-level inverter waveform before filtering. 
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Figure 14 shows the output voltage waveform after 
filtering under steady-state conditions. The waveform 
appears stable and nearly sinusoidal with consistent 
amplitude and frequency, indicating effective 
suppression of transient components. Although slight 
ripple remains at the peaks and valleys due to residual 
harmonics, its magnitude is relatively small compared 
to the first-order component. The obtained results 
confirm the proper performance of the filter in 
improving power quality, making the output voltage 
suitable for supplying electrical loads, particularly those 
sensitive to harmonic distortion. 

D. Total harmonic distortion analysis 

Total Harmonic Distortion (THD) was analyzed 
under R, RL, and RC load conditions to evaluate the 
capability of the filter to improve output waveform 
quality by minimizing harmonic distortion 
components. The THD values for each load condition 
are compared and expressed in percentage (%) to 
indicate the level of harmonic attenuation achieved. 

The FFT spectrum of the system output voltage 
with a resistive load is presented in Figure 15, showing 
steady-state operation with a stable periodic waveform. 
The spectrum indicates a 50 Hz fundamental 

 
Figure 13. THD index of five levels. 

 

 
Figure 14. The transformer output voltage after filtering. 
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component with an amplitude of 233.7 and a THD of 
2.56 %, demonstrating low harmonic distortion. These 
results confirm that the five-level inverter with an LCL 
filter provides good output voltage quality under 
resistive load conditions. 

The output voltage frequency spectrum analyzed 
using FFT is shown in Figure 16 under steady-state 
conditions. The waveform is stable and periodic, 
indicating steady-state operation. The spectrum shows 
a 50 Hz fundamental component with a magnitude of 

 
Figure 15. Resistive Load THD. 

 

 
Figure 16. Resistive-Inductive (RL Load). 
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228.3 and a THD of 2.61 %, demonstrating that the 
five-level inverter with an LCL filter effectively 
suppresses harmonics and produces high-quality 
output voltage. 

Figure 17 shows the Fast Fourier Transform (FFT) 
spectrum of the output voltage under steady-state 
conditions with an RC load. The spectrum shows a 50 
Hz fundamental component with a magnitude of 234.4 
and a THD of 2.54 %, indicating low harmonic 
distortion. This confirms that the five-level inverter 
with an LCL filter provides good output voltage quality 
under RC load. 

IV. Conclusion 
This research has successfully developed and 

modeled a wind energy–based power generation 
system integrating a DC generator, an asynchronous 
buck converter, a five-level inverter with a reduced 
number of switches, an LCL filter, and a step-up 
transformer using MATLAB/Simulink. The proposed 
inverter topology utilizes only five switches, reducing 
component count, switching losses, and system 
complexity compared to conventional cascaded H-
bridge multilevel inverters. Simulation results show 
that the five-level inverter produces a stepped AC 

output voltage with an amplitude of approximately 270 
V at 50 Hz. However, before filtering, the output 
voltage exhibits a relatively high THD value of 28.48 %. 
The implementation of an LCL filter (L1 = L2 = 0.01 H 
and C = 1 mF) significantly improves power quality by 
reducing harmonic distortion. The THD values after 
filtering are 2.56 % for resistive loads, 2.61 % for 
resistive–inductive (RL) loads, and 2.54 % for resistive–
capacitive (RC) loads. These results comply with the 
IEEE 519 standard requirement of THD below 5 %. The 
analysis confirms that the LCL filter demonstrates 
effective performance in eliminating high-frequency 
harmonic components generated by the inverter 
switching operation, producing a near-sinusoidal 
output waveform under various load conditions. 
Additionally, the integration of a transformer enables 
voltage step-up without increasing the DC-link voltage, 
improving system flexibility and safety through 
galvanic isolation. Overall, the proposed system 
demonstrates good performance, low harmonic 
distortion, and adaptability under different load 
variations, making it suitable for small-scale wind 
power plant applications and renewable energy–based 
distributed generation systems. 

 

 
Figure 17. Resistive–Capacitive load THD. 
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