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This study presents a smart inverter model that includes a battery-integrated, transformerless, and
high-gain DC-DC converter capable of bidirectional operation. /Bu ¢alisma, batarya entegreli,
transformatorsiiz ve yiiksek kazangly DA-DA doniistiiriicii iceren Ve iki yonlii ¢alisabilen akilli bir
invertor modeli sunmaktadur.
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Figure A: Prepared High gain transformerless PV inverter model / Sekil A: Hazirlanan yiiksek
kazang¢h trafosuz PV invertor modeli

Highlights (Onemli noktalar)

» The design, which offers integrated operation between PV panels, battery and grid,
supports supply-demand balance with flexible energy storage, transfer and battery
charge/discharge control in grid-connected/unconnected modes. / PV paneller, batarya
ve sebeke arasinda entegre ¢alisma imkani sunan tasarim, sebeke baglantili/baglantisiz
modlarda esnek enerji depolama, aktarim ve batarya sarj/desarj kontrolii ile arz-talep
dengesini destekler.

»  The design offers a structure that can operate in grid-connected and unconnected modes,
facilitating energy management with battery charge/discharge control. / Tasarum, sebeke
baglantili ve baglantisiz modlarda ¢aligabilen, batarya sarj/desarj kontrolii ile enerji
yonetimini kolaylastiran bir yapi sunmaktadir.

»  With advanced control mechanisms, P&0O MPPT algorithm and active/reactive power
control, maximum power is drawn from PV panels, energy flow is optimized, harmonic
distortions and security risks are reduced and safe energy transfer to the grid is ensured./
Geligmis kontrol mekanizmalar:, P&O MPPT algoritmasi ve aktif/reaktif gii¢ kontrolii ile
PV panellerden maksimum gii¢ c¢ekilir, enerji akisi optimize edilirken, harmonik
bozulmalar ve giivenlik riskleri azaltilarak sebekeye giivenli enerji aktarimi saglanir.

Aim (Amag): The study aims to increase energy efficiency and provide safe, flexible energy
management in grid-connected/unconnected modes by designing a smart inverter with PV panels
and battery integrated, transformerless high-gain DC-DC converter. / Calisma, PV paneller ve
batarya entegreli, transformatorsiiz yiiksek kazangli DA-DA déniistiiriiciilii akilli inverter
tasarlayarak enerji verimliligini artirip sebeke baglantili/baglantisiz modlarda giivenli, esnek
enerji yonetimi saglamayr amaglar.

Originality (Ozgiinliik): Transformerless high-gain smart inverter design offers a unique energy
management solution in a compact, efficient and aesthetic structure with PV panels and battery
integration. / Transformerless yiiksek kazan¢l akilli inverter tasarumi, PV paneller ve batarya
entegrasyonuyla kompakt, verimli ve estetik bir yapida ozgiin bir enerji yonetimi ¢oziimii sunar.

Results (Bulgular): Effective control at power levels ranging from 1kW to 5kW of the PV inverter,
stable DC connection voltage, optimized battery charge/discharge processes and quality grid
output verify the performance and reliability of the design. / PV inverterin 1kW'dan 5kW'a kadar
degisen gii¢ seviyelerinde etkin kontrol, stabil DC baglanti gerilimi, optimize edilmis batarya
sarj/desarj siiregleri ve kaliteli sebeke ¢ikisi tasarimin performansini ve giivenilirligini dogrular.

Conclusion (Sonug): The study reveals that the transformerless high-gain smart inverter provides
safe and flexible energy management by increasing energy efficiency with the integration of PV
panels and batteries, and offers an effective solution for renewable energy systems. / Calisma,
transformerless yiiksek kazangl akilli inverterin, PV paneller ve batarya entegrasyonuyla enerji
verimliligini artirarak, giivenli ve esnek enerji yonetimi sagladigini ve yenilenebilir enerji sistemleri
icin etkili bir ¢éziim sundugunu ortaya koymaktadir.
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This study presents a novel battery-integrated, transformerless high-gain smart inverter model
designed to enhance the efficiency and reliability of photovoltaic (PV) energy systems. The
proposed system integrates an interleaved buck converter for battery charging and a
transformerless high-gain DC-DC converter operating in parallel with the battery to supply the
inverter source. Additionally, a two-level inverter is employed to ensure stable grid voltage
generation.

The model incorporates several required control strategies, including Maximum Power Point
Tracking (MPPT) for optimal solar energy utilization, active and reactive power control for grid-
connected operation, and voltage regulation for off-grid scenarios. The bidirectional energy flow
capability enables seamless power distribution between the PV array, battery storage, and the
electrical grid, ensuring enhanced system performance. Simulation results validate the efficiency
and stability of the proposed inverter model, demonstrating improved power conversion, reduced
energy losses, and enhanced system flexibility. By eliminating the need for a transformer, the
design achieves higher efficiency and lower cost while maintaining operational reliability. This
research contributes to the development of more sustainable and intelligent PV energy solutions,
paving the way for improved energy management in renewable power systems.
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1. INTRODUCTION (GiRriS)

Today, growing interest in energy efficiency and
sustainable energy sources is driving advancements

Bu caligma, fotovoltaik (PV) enerji sistemlerinin verimliligini ve gilivenilirligini artirmak i¢in
tasarlanmus, bataryaya entegre, trafosuz yiiksek kazangh akilli evirici modelini sunmaktadir.
Onerilen sistem, batarya sarj1 igin i¢ ige ge¢mis bir azaltan tip doniistiiriicii ve evirici kaynagimi
beslemek i¢in bataryayla paralel ¢alisan trafosuz yiiksek kazang¢li DC-DC déniistiiriiciiyii entegre
eder. Ek olarak, kararli sebeke voltaji iiretimini saglamak igin iki seviyeli bir evirici kullanilir.

Model, optimum giines enerjisi kullanimi i¢in Maksimum Gii¢ Noktas1 izleme (MPPT), sebekeye
bagl calisma icin aktif ve reaktif gii¢ kontrolii ve sebekeden bagimsiz senaryolar igin voltaj
diizenlemesi dahil olmak iizere ¢esitli gerekli kontrol stratejilerini igerir. Cift yonlii enerji akist
yetenegi, PV dizisi, batarya depolamasi ve elektrik sebekesi arasinda sorunsuz gii¢ dagitimimi
saglayarak gelismis sistem performansi saglar. Simiilasyon sonuglari, 6nerilen evirici modelinin
verimliligini ve kararliligint dogrulayarak, iyilestirilmis glic doniisiimii, azaltilmis enerji kayiplart
ve gelismis sistem esnekligini gostermektedir. Bir trafoya olan ihtiyaci ortadan kaldirarak,
tasartm operasyonel giivenilirligi korurken daha yiiksek verimlilik ve daha diigiik maliyet elde
eder. Bu arastirma, yenilenebilir enerji sistemlerinde enerji yonetiminin iyilestirilmesinin 6niini
acarak daha siirdiiriilebilir ve akilli PV enerji ¢oziimlerinin gelistirilmesine katkida
bulunmaktadir.

energy sources, particularly solar energy. In this
context, battery integrated, transformerless, high-
gain smart inverter models are gaining attention due
to their advantages in energy storage and conversion

in energy conversion systems. The significance of  processes [1].
inverter technologies is increasingly recognized for
ensuring the efficient utilization of renewable
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Smart inverters, battery chargers, and power control
technologies play a crucial role in energy
management [2]. These systems offer advanced
features for wvoltage regulation and power
optimization [3-4]. Smart inverter designs integrate
transformerless high-gain converters alongside
high-efficiency reliable converters [5]. They
operate in conjunction with DC-DC converters to
optimize energy flow. These technologies enhance
the efficiency, flexibility, and sustainability of
energy systems [4-5].

Transformerless inverters are widely used in the
energy sector due to their high efficiency and low
cost. These inverters enable more compact and
lightweight designs, reducing both space and cost
compared to transformer-based inverters [6-7].
However, transformerless inverters face challenges
such as harmonic distortions and safety risks during
grid connection [8]. To mitigate these issues and
enhance system efficiency, the smart control
systems play a crucial role.

Battery integration helps balance energy supply and
demand by providing flexibility in energy storage
and utilization. Energy storage systems are
particularly critical for integrating intermittent
renewable energy sources. Since solar energy
reaches peak efficiency during daylight hours but
ceases production at night, battery systems become
essential. The large-scale integration of intermittent
renewables  significantly impacts traditional
generation technologies and the electrical grid. Such

energy sources require flexible generation
capacities capable of rapid response to maintain
supply-demand balance [9].

Previous studies in the literature have extensively
examined transformerless inverter technologies,
energy storage integration, and smart control
mechanisms to enhance system efficiency and
reliability [1-9]. Research has highlighted the role
of high-gain DC-DC converters in improving
energy conversion, while interleaved buck
converters have been widely explored for their
benefits in reducing power loss and increasing
efficiency in PV systems. Additionally, LC filters
have been commonly utilized to mitigate harmonic
distortions and optimize inverter performance [10-
12].

Building upon these studies, this article examines a
battery-integrated transformerless high-gain smart
inverter model, its operating principles, and its
advantages. Specifically, the study focuses on a
traditional  six-switch  inverter model, a
transformerless high-gain DC-DC converter, and a
two-cell interleaved converter. The inverter design
was selected considering power, efficiency, and
cost performance. Furthermore, an LC filter was
implemented at the output to minimize harmonic
distortions and improve system performance. The
research also evaluates the application of
interleaved buck converters in PV systems,
emphasizing their role in enhancing efficiency and
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Transformerless Z-Source
Boost Converter

2 Level Inverter

Figure 1. General block diagram of PV inverter (PV invertériiniin genel blok semas)

In this study as illustrated in the general block
diagram in Figure 1, a group of PV panels is
connected to a battery via an MPPT-controlled buck
converter. The high voltage required for the
inverter, which significantly exceeds the battery
voltage and supports bidirectional operation, is
achieved through a boost converter. This high
voltage is then integrated into the grid via a two-
level inverter.

The introduction section presents the preferred
converter block diagram, providing readers with a
general structural framework of the work. The
second section discusses the transformerless PV

inverter topology, and the modeling approach based
on this topology. The third section examines the
components of the smart inverter and their
respective functions in detail. The fourth section
focuses on control mechanisms and their operating
principles. Finally, the fifth section presents the
simulation results, evaluating the outcomes and
findings of the study.

2.  TRANSFORMERLESS SMART PV

INVERTER DESIGN (TRANSFORMATORUSUZ
AKILLI PV EVIRICI TASARIMI)

Within the scope of this research, six series-
connected PV panels were used to supply a battery
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through a single interleaved buck converter
employing a maximum power point tracking
(MPPT) algorithm. The system, modeled in Figure
2, is designed to maximize the efficient utilization
of energy generated by the solar panels. A
bidirectional, transformerless Z-Source converter,
connected in parallel with the battery, supplies the
DC link. This converter optimizes energy flow
within the system by enabling bidirectional energy
transfer both from the battery to the PV panels and
from the rectified grid voltage back to the battery.
The transformerless design provides significant
advantages, including reduced energy losses,

simplified control mechanisms, and lower
production costs. The DC link is then integrated into
the grid through a two-level full-bridge inverter
designed for power regulation. This inverter is
controlled to manage power flow within the DC link
while ensuring that the voltage and frequency are
appropriately synchronized with the grid. As a
result, energy balance within the system is
maintained, and electricity is reliably transmitted to
the grid. This integrated structure enhances the
efficiency of energy storage, conversion, and
integration, ultimately enabling a more effective
and sustainable use of solar energy.

\2
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5 ._EI} ._53 o e, [e.

High Gain Z-Source DC-DC Converter 3 Phase inverter

Figure 2. Prepared high gain transformerless PV inverter model
(Hazirlanan yiiksek kazangl transformatorsiiz PV evirici modeli)

In the MPPT section of the developed smart PV
converter, advanced monitoring applications,
including P&O (Perturb and Observe) method were
implemented. This approach ensures high
efficiency by continuously tracking and adjusting to
the maximum power fluctuations of the PV panel.
Additionally, a PI (Proportional-Integral) controller
was employed to regulate the charging process and
optimize the converter’s current and voltage
expansion, ensuring the most suitable operating
conditions. This control mechanism not only
stabilizes the battery voltage but also maintains a
consistent voltage level on the DC link connected to
the converter.

In the inverter section, direct power control is
applied during grid-connected operation. The
converter monitors its voltage and frequency to
ensure proper power delivery to the grid. Moreover,
Moreover, the inverter voltage control parameters
dynamically adjust in response to system
conditions, guaranteeing a stable energy supply.
This design allows the converter to maintain
continuous and uninterrupted power delivery in
both grid-connected and stand-alone modes.
Additionally, when the PV panel voltage and battery
charge levels are sufficient, the system operates
with  Uninterruptible Power  Supply (UPS)
functionality, ensuring a constant power supply and
reliable energy consumption management.
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Figure 3. Feeding the grid with battery-backed PV panels (Sebekenin batarya destekli PV panelleriyle beslenmesi)
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Figure 4. Battery charging with PV panels and grid (PV panelleri ve sebeke ile batarya sarjr)
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When PV panels and batteries supply energy to the
grid, the PV converter tracks the maximum power
point and transfers the highest possible energy to the
battery (Figure 3). During this process, the battery
can be charged by controlling the PV panels.
However, when PV energy is insufficient or
unavailable, the grid voltage is directly rectified into
DC voltage and transferred to the battery through a
step-down converter operating as a transformerless
Z-source converter. The working principle of this
method is illustrated in Figure 4.

A carefully selected configuration was implemented
for PV panel connections, prioritizing system
efficiency and safety. In this context, a 2-series and
3-parallel connection scheme was chosen for the
model. This configuration was selected to
effectively increase voltage while ensuring
balanced current distribution. The solar panel
connection layout is illustrated in Figure 5.
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Figure 5. Connection diagram of solar panels
(Giines panellerinin baglanti semast)

3. DESIGN (TASARIM)

2.1. Interleaved Buck Converter (iki Hiicreli Azaltan
Tip Doniistiiriicii)

Interleaved buck converter input and output filter
parameters are determined according to the desired
power values. The parameters used in the study are
given in Table I.

Table 1. Interleaved Buck Converter Parameters
(Iki hiicreli azaltan tip doniistiiriicii Parametreleri)

Circuit Elements Values
Input Voltage (Vin) 90 VvV
Output Voltage (Vyyr) 55V

Input Surge Voltage (AV;y) 1Vpp
Output Surge Voltage (AVyyr) | 100mVpp
Converter Power (Wy4x) 3 kVA
Switching Frequency (fsu) 5 kHz
Switching Rating (V;gs)( 200V
Switching Rating (1) 25A @ 100° C
Input Capacitor (C;y) 6 * 470 uF
Output Capacitor (Coyr) 1* 470 uF
Inductor Value (L) 4 mH

a) Inductor Selection: In determining the value of
the buck-type converter parameters, the
inductor L was calculated using the Equation 1
[13].

I, = YourxU=D) _ SSXA=Yooy) _ 457 (1)
FowXIpp SkHzX1A '

Here, Vyyr is the output voltage, D is the switching
duty ratio, fs, is the switching frequency, and Ipp
is the ripple amount of the output current.

b) Capacitor Selection: The input capacitor value
was calculated using Equation 2 and the output
capacitor values were calculated using Equation
4 [13].

I XDxn(1-D)
CINphase = PHAS??ZVXX AVin (2)
c _ 3kW/(2X55V)x0.61x2(1-0.61)
INphase — 5kHzx1Vpp -
2595uF 3

Here, Cinphase 1S the capacitor value calculated for
each phase, Cpyasemaxr 1S the maximum phase
current, D is the maximum switching duty ratio, n
is the phase number, fs, is the switching frequency,
and AV;y is the ripple voltage amountof the input
voltage value.

_ Ipp

Cour = 8XfswXxAVoyr )
_ Ipp _

Cour = 8X5kHzX100mVpp 250pF ()

2.2.Z-source Transformerless High Gain
Converter(Z-kaynakl Trafosuz Yiiksek Kazangh
Déniistiiriicii)

The converter model presented in [14], which has

an efficiency of over 96 percent, which is a high rate
among DC-DC converters, was preferred.

The input voltage in the converter used is Vpy,
output voltage is V7 and switching duty ratio is D,
input and output factor are given in Equation 6 [14].

1+D
Vour = WVIN (6)

The input and output factors of the Z-source
converter according to the switching duty ratio are
given in Equation 7 [15].

1
Vour = (1-2D) Vi ()
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The output ratio obtained as a result of switching
from the formulas in Equation 6 and Equation 7 is
given in Equation 8.

_ (1+D)
VOUT - (1—D)2(1—2D) IN (8)

a) Inductor Selection: The Z source is directly
connected to the boost converter and used at the
inverter input. The coil calculation of the Z
source is given in Equation 9.

ZXDXVOUTX(l—D)

= (9)

3XAlgyrXmXIpXcosOXf sy

LZSource

2X0.5X450V%(1-0.5)

L — = 2.7mH (10
Zsource ™ 342 5A%0.5x11.1AX1x1kHz (10)

Here, assuming that the inverter operates under
normal conditions, the duty ratio (D) and the
inverter modulation index (m) are both set to 0.5.
Additionally, the output inverter current, which
depends on the power drawn from the specified
source, as denoted I, while the inverter power
factor is represented as cos8. The inductor current
ripple value is expressed as a percentage and
denoted as Al,yr, Whereas the the switching
frequency used in the Z-source converter is
represented as fgy .

b) Capacitor Selection: The capacity calculation of
the Z-source is given in Equation 11.

3xDxmxIyxcosO
C _ 11
ZSource 8XAVeXVoyurX(1—=D)Xfsw ( )
c _ 3X0.5%0.5x11.14x1 _
Zsource ™ gy 5Vx450Vx(1-0.5)x1kHz
4630uF (12)

Here, AV,, which is not expressed in the formula,
represents the capacitor voltage ripple value as a
percentage

2.3. Traditional 2-Stage Inverter (Geleneksel 2
Seviyeli Evirici)

The peak voltage 7, in a 2-level inverter, where D

represents the switching duty ratio, can be
calculated with the formula below [16].
Dge = m% (13)

Here, ¥, represents the peak phase voltage value
and m represents the modulation index value of the
inverter. Using this equation, the gain ratio can be
expressed with the following equation [16].

Vg _ m

“ Vpc/2  1-D (14)

a) Inductor Selection: The equality in Equation 15
was used in the selection of the coil used in the
inverter [12].

_1 Vpc _ 1 450V
T 8AlXfsw  81.1Ax5kHz 10mH (15)
Here, L represents the inductor value, Vp.

represents the inverter input voltage, Al; represents
the current ripple value, and fg, represents the
inverter switching frequency value.

b) Capacitor Selection: The selected capacitance
value should be higher than the resonance
frequency of the LC filter. Accordingly, the
resonance capacitance value can be determined
using Equation 16 [12]. Based on the
appropriate  circuit  configuration,  the
capacitance value was selected using the
equation given in Equation 17 [17].

> (va1|/27t)2% - (SkHiXZTr)Z 10:nH = 0.1uF (16)

2XP 2X5kW
C = = = 14uF (17)
FswXVpcXAVae  5kHzx450VX30V

Accordingly, the filter capacitance value was
selected as 22uF for availability and widespread
use. Here, fs,, represents the switching frequency,
L represents the inductance value calculated from
Equation 15, and AV, represents the maximum
deviation voltage allowed at the output voltage. The
AV, value expressed here was selected according to
the power quality standards given by IEEE-1547,
IEEE-519 standards.

The parameters used in the simulation are given in
Table 2.

Table 1. Simulation parameters (Benzetim
parametreleri)

System Parameters Values
Simulation Step Time (Ts) 50x10—6 s
PV Panel Power (B,,) 6x545W
Grid Voltage (Vyria) 115VAC
Utility Grid Frequency (f) 50Hz
DC Line Voltage (V,ut) 450vDC
Nominal Power (P) 5kW
Battery Voltage (Vput) 48V
Battery Capacity (Ah) 100Ah
Inverter Inductor Value 10mH
(L1, Ly, L3)

Inverter Filter Capacitor 22uF
(C7,Cg,Co)

Switching Frequency (fsu) 5kHz
Capacitances of €y, C5, C5 ... Cg 470uF
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3. CONTROL (KONTROL)

In the study, the voltage generated by the PV panels
was optimized using the Maximum Power Point
Tracking (MPPT) technique and integrated into the
battery through an interleaved buck converter. The
battery supplied via a transformerless Z-Source DC-
DC converter and a controlled inverter connected to
the grid.

3.1. MPPT Control (MPPT Kontrolii)

P&O (Perturb and Observe) is an MPPT method
that enables solar panels to operate at maximum
efficiency. The P&O method utilizes a simple yet
effective algorithm. This algorithm incrementally
increases or decreases the output voltage of the solar
panel at regular intervals and monitors the resulting
change in power output. If the power output
increases, the adjustments continue in the same
direction; however, if the power output decreases,
the direction of adjustment is reserved. This process
continues until the maximum power point is
reached. The control algorithm used in the control
section is illustrated in Figure 6.

function Vref = RefGen(V, T,
Vrefinit)

Vrefmax, Vrefmin,

deltaVref = 1;
persistent Vold Pold Vrefold;
dataType = ‘double’;
£ isempty (Vold)
Vold = 0;
Pold = 0;
Vrefold = Vrefinit;

end

P =V« I;
dv = V - Vold;
dP = P - Pold;

Vref = Vrefold + deltaVref;
Vref = Vrefold - deltaVref;
dv<o

Vref = Vrefold - deltaVref;
Vref = Vrefold + deltaVref;

else Vref = Vrefold;

end

if Vref »= Vrefmax | Vref <= Vrefmin
Vref = Vrefold;

end

Vrefold = Vref;

Vold = V;
Pold = P;

Figure 6. P&O MPPT algorithm (P&0 MPPT

algoritmast)

3.2. Active Reactive Power Control (Aktif Reaktif
Gii¢ Kontrolii)

In the inverter developed for PV systems, a
controller model capable of active and reactive
power control was implemented to optimize grid

compatibility and ensure efficient power
management. With the help of this controller, the
energy obtained from the battery and PV panels is
supplied directly to the grid in a controlled manner
based on demand. Additionally, setting the
reference values in this controller unit to negative
enables the inverter to function as a rectifier. This
feature allows the battery to be act as an energy
storage unit rather than a power source. The
Matlab/Simulink model, which demonstrates the
inverter’s ability to control active and reactive
power based on reference values is shown in Figure
7 [18].

Active & Reactive Power Control

Figure 7. Active reactive power control model
[18] (Aktif reaktif gii¢ kontrol modeli [18])

3.3.Voltage Control (Gerilim Kontrolii)

When the grid is disconnected, the smart converter
switches to voltage control to enable off-grid
operation. This allows the system to regulate
voltage independently of the grid. The
Matlab/Simulink control model used for this
process is shown in Figure 8. [19].

I‘IR.( iF Id‘ll.[l Va,

Current Control Loop Va

Voltage Control Loop

Figure 8. Voltage current control model [19]
(Gerilim akim kontrol modeli [19])

3.4.Battery Charge & Discharge Control (Batarya
Sarj & Desarj Kontrolii)

Numerous studies have been conducted on charge
and discharge control for 100Ah 48V battery. These
studies primarily focus on aspects such as the
electrical properties of batteries, charge/discharge
algorithms, energy management strategies and
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safety measures. The findings contribute to the more
efficient and safer utilization of battery technologies
[20-21].

In battery charging and discharging applications,
direct PI control is employed. Since the system
operates as a grid-interactive solution, it remains
under continuous control. Charge and discharge
current limits are maintained according to
predefined battery specifications. The control
structure is illustrated in Figure 9.

IpIscHARGE sr

Battery Charge & Discharge Control

Figure 9. Battery charge and discharge control
(Aki sarj ve desarj kontrolii)

The control structure consists of 3 parts. In the first
working method, when there is sufficient power in
PV, (Ppv > Pgar y.nee) the device controls the
power and charges the battery as much as the grid
production amount and sends the remaining energy
to the grid. In the second working method, when the
power produced in PV is insufficient to feed the
grid, (Ppy < Pgripyggp) the required energy is met
by the batteries (Pgripy g, = Ppv + Ppar). In the
last working method, the energy produced from PV
systems and the excess energy needed by the grid
are stored in the batteries (Pgar .y p0r = Prv +
Perip)- The operating states of the system are given
in Figure 3 and Figure 4.

Ppy 2 Parcyarce T PGRIDNEED (18)
Perip Z Pearcyarce T PeRIDNEED (19)
Pparcyarce == Ppv + Perip (20)

4. EXPERIMENTS (DENEYLER)

The research results include simulation data
obtained during the operation of solar inverters.
Figure 11 presents detailed MPPT control results of
the PV inverter, while Figure 10 illustrates the
energy transfer from the inverter to the grid. Figure
12 depicts the voltage, current and charge status of

the battery during charging and discharging
processes, whereas Figure 13 analyzes the DC link
voltage control and current. The voltage and current
variations at the inverter output are shown in Figure
14a. Finally, Figure 14b displays the dynamic
response of the inverter, including output voltage
and current. These results are used to evaluate the
design and performance of the solar inverter system
and demonstrate its operational capability.

In the simulation study, the inverter was operated
with the control method given in Figure 7. The
control response of the inverter was examined at
1kW, 4kW, 2kW, 5kW and finally 1kW again, at 2-
second intervals. The simulation result obtained is
given in Figure 10. Here, Pggp is the reference
power value and P is the output power of the
inverter.
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Figure 10. Power time graph of energy transmitted
to the grid (Sebekeye iletilen enerjinin giig-zaman grafigi)
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The proposed battery-integrated, transformerless
high-gain smart inverter model demonstrates
significant improvements in efficiency, reliability,
and energy management for PV systems. Through
advanced control strategies such as MPPT, voltage
regulation, and bidirectional power flow, the system
ensures optimal utilization of solar energy while
supporting grid stability. The incorporation of a
high-gain DC-DC converter and an interleaved
buck converter further enhances power conversion
efficiency, reducing losses and improving energy
storage capabilities.

Simulation results validate the effectiveness of the
proposed design, showcasing its potential for real-
world applications in both grid-connected and off-
grid scenarios. While this study highlights the
advantages of transformerless inverter technology,
further research is needed to address potential
challenges such as safety considerations and grid
compatibility enhancements. Future work will focus
on refining the control algorithms and optimizing
the hardware implementation to facilitate wider
adoption of this technology in renewable energy
systems.

5. CONCLUTIONS (SONUCLAR)

The proposed battery-integrated, transformerless
high-gain smart inverter model demonstrates
significant improvements in efficiency, reliability,
and energy management for PV systems. Through
advanced control strategies such as MPPT, voltage
regulation, and bidirectional power flow, the system
ensures optimal utilization of solar energy while
supporting grid stability. The incorporation of a
high-gain DC-DC converter and an interleaved
buck converter further enhances power conversion
efficiency, reducing losses and improving energy
storage capabilities.

Simulation results validate the effectiveness of the
proposed design, showcasing its potential for real-
world applications in both grid-connected and off-
grid scenarios. While this study highlights the
advantages of transformerless inverter technology,
further research is needed to address potential
challenges such as safety considerations and grid
compatibility enhancements. Future work will focus
on refining the control algorithms and optimizing
the hardware implementation to facilitate wider
adoption of this technology in renewable energy
systems.
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