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Abstract Conventionally, the single-stage grid-connected PV inverter needs a large PV-side electrolytic capacitor to
suppress the double-line frequency current ripple to keep the PV operating at maximum power point (MPP).
However, the short lifetime electrolytic capacitor will reduce the PV inverter’s reliability dramatically. In order to
overcome the above problem, a novel battery current-sharing power decoupling (BCSPD) method for hybrid
photovoltaic (PV) power systems is proposed in this paper. The proposed BCSPD circuit is parallelly connected
with the string PV module to achieve as a single-stage topology. Thus, a high power conversation efficiency can be
obtained. The current-injection method is adapted to solve the current ripple problem.

As a result, long-lifestyles movie capacitors may additionally replace electrolytic capacitors and the needed
capacitance on the PV facet can be drastically reduced. To fulfil the needs of actual-global packages, the energy
regulation characteristic is likewise completed via the usage of the battery garage gadget with hunch manipulate.
The gadget's overall performance changed into evaluated the use of a 1200 W prototype that turned into built and
positioned into motion. Tracking MPP, regulating the burden energy scenario, and decreasing cutting-edge ripple
are all talents proven experimentally via the cautioned gadget. In this current study the fuzzy logic controller used to
check the PV power system without the proposed BCSPD circuit, Wave forms of the proposed BCSPD circuit, The
measured waveforms when the proposed BCSPD circuit works in daytime, The measured waveforms when the
proposed BCSPD circuit work at night.
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1. Introduction

Among the clean energy technologies, PV has
significantly grown in recent years. Not only are the
efficiencies of the most domestic solar panels low,
i.e., around 10-20%, but the performance of other
components such as inverters and batteries are
limited as well. Battery, which can provide fast
response for balancing the power between the
generation and consumption, is becoming a good
candidate for the electrical energy storage system
(ESS). However, the initial installation costs are still
high. Power electronic converters, which regulate
voltages from one form to another are compatible
with end-use electricity supply, are key elements for

renewable energy power generation. Inverters that
convert DC to AC voltages are broadly used in solar
power conversion. In some applications such as the
residence area, a single-phase PV inverter is usually
used. Conventionally, string of PV modules is
serially connected to a high enough voltage and
connected to a PV inverter (i.e., a grid-connected PV
inverter). The traditional PV inverter is divided into
single-stage and two-stage. The single-stage PV
inverter has high power conversion efficiency.
Unfortunately, the single-stage PV inverter has a
double-linefrequency current ripple in the PV side.
This means that there is a significant and huge
double-line- frequency ripple current in the PV panel.
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Therefore, the operating point cannot be maintained
at the maximum power point (MPP). This results in a
significant reduction in PV panel output power. A
usual solution to reduce the double-line-frequency
current ripple is to use a large electrolytic capacitor
(i.e., decoupling capacitor Cpv) at the DC link to
buffer the ripple power.

However, the short lifetime electrolytic capacitor will
reduce the PV inverter's reliability dramatically, and
weight and volume are obviously increased. Thus, the
two-stage topology was used to avoid the current
ripple problem at the PV side. However, the cost,
weight, volume and efficiency of a two-stage
topology are worse than that of a single stage
topology. Furthermore, the typical two-stage
topology cannot comply with the European standards
EN50160, which stipulate that the low frequency
voltage pulsation of the DC bus voltage should be
kept within the range of 2%. In the other method,
active decoupling circuits connected at the PV side or
AC side was proposed to sink the ripple current. This
kind of active power decoupling techniques utilize
auxiliary power electronic circuits to pump/sink the
ripple power into small film capacitors which can be
used to replace the large electrolytic capacitor.
Although active power decoupling techniques can
effectively suppress the ripple current, they increase
circuit complexity and cost. In reality, sunlight is not
constant, and the loads and PV power are often
mismatched. When much more energy being is
produced in the PVs than is being consumed by the
loads, the grid will be fluctuated. The droop control
PV inverter was used to overcome this problem.
However, generated energy of the PV modules is
wasted. Therefore, a hybrid PV power system (i.e.,
grid connected PV inverter with battery storage
system) was suggested to store the extra power in the
battery and then smoothly inject power to the grid to
solve this problem. Battery storage systems assist in
performing one or more important tasks such as (i)
smoothing power fluctuation (ii) shift peak
generation period, and (iii) protection during outages
when installed along with large PV generation. In this
project, an active decoupling function tries to be
realized by using a battery storage system, and then
the DC/DC converter in a conventional hybrid PV
power system can be eliminated. Thus, a hybrid PV
power system with single-stage topology can be
realized to reduce the power conversion loss. In

addition, the battery storage system with the droop
control is used to realize the power regulation
functions. MATLAB/Simulink results show that the
proposed method can really track the MPP of the PV
modules, regulate the load power, reduce the current
ripple, and reduce the circuit components and cost as
we wanted.

2. Power decoupling methods

For those applications power rating is lower than 10
kW, e.g., residential PV system, the single-phase
conversion is commonly used. During the integration
of these distributed PV arrays to the power system,
single-phase inverters play an important role in the
energy conversion as well as voltage regulation.
However, due to the double-line-frequency issue of
the single-phase inverter, i.e., there is voltage/current
ripple generated at the dc-link. Such voltage ripple
degrades system performance such as the maximum
power point tracking (MPPT) efficiency of the PV
system. However, the input solar power is desired to
be constant. Figure 1 shows the output power of the
inverter and the input solar power. The pulsating
power is transferred to the dc side, which generates a
second-order ripple on the dc voltage/current. The
undesirable ripple results from power mismatch.
Therefore, extra energy storage system (ESS) is
required to be placed between the PV and output of
the inverter to eliminate the pulsating power, which is
also called power decoupling. For example, when po
> ppv, EES provides the deficient power; otherwise,
ESS stores the surplus power. Then the solar power
can be harvested as much as possible.
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Power decoupling of the PV system with the ESS
The power decoupling technology can be generally
divided into control and topology parts, which means
that modification of the control strategy or the
topology with additional components can eliminate
(or suppress) the double frequency ripple. Then the
power decoupling method can be classified as passive
power decoupling method, active decoupling method
and hybrid power decoupling method.
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A. Passive Power Decoupling Method

The conventional passive solutions are usually using
a capacitor or LC filter on the PV side or inverter dc-
link to absorb the ripple power. This solution is
simple and easy to be implemented because it does
not need extra control and hardware.
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Passive power decoupling for single stage inverter

As shown in Figure 2, only the decoupling capacitor
CD is installed at the PV side. CD with large
capacitance is needed if power is decoupled on the
PV side only to keep Avdc to very low value for
achieving high MPP efficiency. For example,
regarding a 200-W microinverter to realize a 98% PV
utilization factor, the required minimum decoupling
capacitance is 13.9 mF. This represents a very large
value. Due to the requirement of high capacitance,
usually an aluminum electrolytic capacitor is used.
Electrolytic capacitors typically have a limited
lifetime, namely 1000~7000 hours at 1050C
operating temperature.
Additionally, the electrolytic capacitors are usually
oversized. Therefore, the bulky electrolytic capacitor
not only increases the size of the microinverter but
also reduce the lifetime of the inverter. In short, using
electrolytic capacitor alone is far from being a
satisfying solution to power decoupling. Figure 3
shows LC power decoupling for a singlephase ac-dc
converter. The LC resonance filter can suppress the
DC-side ripple for sharing certain current with the
DC side. However, the resonance frequency is very
low (e.g., 120 Hz for a 60-Hz grid), the weight and
size of the passive components are comparatively
large, so we need to consider them. Additionally, the
voltage across the capacitor of the LC filter can be
much higher than the maximum dc-link voltage.
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Single-phase ac—dc converter with conventional
power decoupling
Active Power Decoupling Method
To resolve the drawback of the passive power
decoupling solutions, active decoupling methods are
created.
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Different ways of connection for power decoupling.
(a) Parallel mode; (b) Series mode
Therefore, the basic idea of active decoupling method
is the use of a new specific energy storage device
with relatively small size and long lifetime to instead
the original passive components. It is realized
through the addition of active switching devices
(such as diodes, transistors), and filters. This kind of
decoupling method usually involves a lot of
additional power semiconductor devices, which
increases cost significantly. According to the
connection way of the active decoupling circuit with
DC side, they are divided into series compensation
(decoupling circuit in series with PV), parallel
compensation (decoupling circuit in parallel with
PV). Figure 4 shows the schematic of parallel mode

and series mode.

3. System description

The presented battery current-sharing power
decoupling (BCSPD) circuit is mainly constructed by
a bidirectional dc/dc converter and parallel-connected
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with the PV modules and the PV inverter, as shown
in Figure 5. Compared with the traditional hybrid PV
power system as shown in Figure 4, We can see that
the DC/DC converter can be eliminated and there is
only a single power stage between PV modules and
load in the proposed system. So, the single-stage
hybrid PV power system is achieved by using the
proposed methods. The presented BCSPD circuit is
composed of an input capacitor Ci , two power
MOSFETs S1 and S2, an inductor L and an output
capacitor Co. Diodes D1 and D2 are the body diodes
of power MOSFETSs S1 and S2.
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FIGURE 5. The block diagram of the proposed
BCSPD circuit for PV power applications
Figure 6 shows the waveforms of the proposed
BCSPD circuit. Note that the gate-source voltages
Vgsl and Vgs2 are complementary and circuit works
like a synchronous switching buck/boost converter.
The duty cycle of the inductor voltage is controlled
by the gate-source voltages Vgsl and Vgs2. The
inductor current of the bidirectional dc/dc converter
iL can be written as (4) according to \olt-Second

balance law.

Thus, the simplified model can be plotted as Figure 7.
In which, the model of PV module equals a PN
junction semiconductor when sunlight can produce a
current source IPV .

FIGURE 7. The simplified model of the proposed
BCSPD circuit for PV power applications

In order to simplify the mathematical formulas and
circuit diagrams, resistors and capacitors with the
same resistance value or the same capacitance value
are represented by the same component numbers. The
transfer function of the lead

The gain margin and the phase margin should be
large than 20dB and 45° to ensure the proposed
system being stable. 2. The bandwidth should be
larger than 10fr to ensure the proposed system
tracking the input current of the PV inverter. 3. The
gain at switching frequency fpwm should be smaller
than —20dB to ensure the switching noise being small
enough. 4. The phase shift Pr of the ripple current
frequency should be close to zero to reduce the phase
shift error at frequency fr . 5. To meet these
compensation criteria, the frequencies of the zero and
poles in the lead compensation circuit

Fuzzy logic controller

A language rule set determines the fundamental
control action in FLC. The system decides on these
regulations. Mathematical modelling of the system is
unnecessary in FC since numerical variables are
transformed into verbal variables. Fuzzification, the
interference engine, and defuzzification are the three
components that make up the FLC. Seven fuzzy sets,
one for each input and one for each output, define the
FC. ii. Membership functions in a triangle for ease of
use. Fuzzification by the use of a continuous world of
speech (iii). IV. Mamdani's'min’ operator applies the
implications. v. The height technique defuzzification
system.
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Fig.(8) Fuzzy logic controller
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The measured waveforms when the proposed BCSPD
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4. Simulation results
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The measured waveforms when the proposed BCSPD
circuit works in daytime
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The measured waveforms when the proposed BCSPD
circuit works in daytime using fuzzy logic controller

A

The measured waveforms when the proposed BCSPD
circuit work at night using fuzy logic controller

Conclusion

A traditional PV inverter is divided into single-stage
and two stage. Although the single-stage PV inverter
has high power conversion efficiency, it has the
problem of low-frequency ripple in PV. This causes a
decrease in the efficiency of PV power generation.
The two-stage PV inverter can be buffered by a DC
bus without the problem of low-frequency ripple.
Therefore, the efficiency of PV power generation is
high. However, the two-stage PV inverter has one
more series-connected DC/DC converter than the
single-stage PV inverter, so the power conversion
efficiency is low. In order to overcome the above
problem, a novel CS-MPPT with ripple-reducing
technology for PV power applications was
successfully proposed in this paper. The proposed
system is a parallel-connected structure, so its power
conversion efficiency is as high as that of a single-
stage PV inverter. In addition, the proposed CS-
MPPT can track the MPP, regulate the load power
condition and reduce current ripple at the same time.
Therefore, a high efficiency of PV power generation
is also obtained. In order to assess the proposed
system performance, a 1200 W prototype was
designed and implemented. Experiment results show
that the proposed CS-MPPT with ripple reducing
system can generate a completely complementary
current ripple to reduce the PV modules current
ripple from 10 A to 700 mA and the PV modules
voltage ripple from 70 V to 5 V, obviously. Thus, the
power efficiency of the PV modules is increased as
theatrical prediction. The feasibility and excellent
performance of the proposed CS-MPPT with ripple
reducing system are verified by experiment results. A
novel BCSPD technology for PV power applications
was successfully proposed in this paper. The

proposed system is a parallel-connected structure, so
its power conversion efficiency is as high as that of a
single-stage PV inverter. In addition, the proposed
CS-MPPT can track the MPP, regulate the load
power condition and reduce current ripple at the same
time. Therefore, a high output power of PV power
generation is also obtained. In order to assess the
proposed system performance, a 1200 W prototype
was designed and implemented. Experiment results
show that the proposed BCSPD circuit can generate a
completely complementary current ripple to reduce
the PV modules current ripple from 10 A to 700 mA
and the PV modules voltage ripple from 70 Vto 5 V,
obviously. Thus, the output power of the PV modules
is increased as theoretical prediction. The feasibility
and excellent performance of the proposed BCSPD
circuit are verified by experiment results.
References

[1] 1. Vairavasundaram, V. Varadarajan, P. J.
Pavankumar, R. K. Kanagavel, L. Ravi, and S.
Vairavasundaram, ‘A review on small power rating
PV inverter topologies and smart PV inverters,”’
Electronics, vol. 10, no. 11, p. 1296, May 2021.

[2] M. N. H. Khan, M. Forouzesh, Y. P. Siwakoti, L.
Li, T. Kerekes, and F. Blaabjerg, ‘‘Transformerless
inverter topologies for single-phase photovoltaic
systems: A comparative review,”” IEEE J. Emerg.
Sel. Topics Power Electron., vol. 8, no. 1, pp. 805-
835, Mar. 2020, doi: 10.1109/JESTPE.2019.2908672.
[3] B. K. Santhoshi, K. M. Sundaram, S.
Padmanaban, J. B. Holm-Nielsen, and K. K.
Prabhakaran, ‘‘Critical review of PV grid-tied
inverters,”” Energies, vol. 12, no. 10, pp. 1-26, 2019.
[4] M. Y. Ali Khan, H. Liu, Z. Yang, and X. Yuan,
““A comprehensive review on grid connected
photovoltaic inverters, their modulation techniques,
and control strategies,”” Energies, vol. 13, no. 16, p.
4185, Aug. 2020.

[5] K. Zeb, W. Uddin, M. A. Khan, Z. Ali, M. U. Ali,
N. Christofides, and H. J. Kim, ‘‘A comprehensive
review on inverter topologies and control strategies
for grid connected photovoltaic system,”” Renew.
Sustain. Energy Rev., vol. 94, pp. 1120-1141, Oct.
2018.

[6] H. Hu, S. Harb, N. Kutkut, I. Batarseh, and Z. J.
Shen, ‘A review of power decoupling techniques for
microinverters with three different decoupling
capacitor locations in PV systems,”” IEEE Trans.

This article can be downloaded from https://ijerst.org/index.php/ijerst 1638



https://ijerst.org/index.php/ijerst

Int. J. Engg. Res. & Sci. & Tech. 2025

RSt

D
Ay
& >

252 International Journalof Engineering Research and Science & Technology

Power Electron., vol. 28, no. 6, pp. 2711-2726, Jun.
2013, doi: 10.1109/TPEL.2012.2221482.

[7]1 P. T. Krein, R. S. Balog, and M. Mirjafari,
““Minimum energy and capacitance requirements for
single-phase inverters and rectifiers using a ripple
port,”” IEEE Trans. Power Electron., vol. 27, no. 11,
pp. 4690-4698, Nov. 2012, doi:
10.1109/TPEL.2012.2186640.

[8] A. R. Gautam, D. M. Fulwani, R. R. Makineni, A.
K. Rathore, and D. Singh, ““‘Control strategies and
power decoupling topologies to mitigate 2w-ripple in
single-phase inverters: A review and open
challenges,”” IEEE Access, vol. 8, pp. 147533—
147559, 2020, doi: 10.1109/ACCESS.2020.3015315.
[9] L. Zhang, X. Ruan, and X. Ren, ‘‘Second-
harmonic current reduction and dynamic performance
improvement in the two-stage inverters: An output
impedance perspective,”” IEEE Trans. Ind. Electron.,
vol. 62, no. 1, pp. 394-404, Jan. 2015, doi:
10.1109/T1E.2014.2331015.

[10] M. Y. A. Khan, H. Liu, S. Habib, D. Khan, and
X. Yuan, ““Design and performance evaluation of a
step-up DC-DC converter with dual loop controllers
for two stages grid connected PV inverter,”’
Sustainability, vol. 14, no. 2, p. 811, Jan. 2022, doi:
10.3390/su14020811.

[11] G. C. Christidis, A. C. Kyritsis, N. P.
Papanikolaou, and E. C. Tatakis, ‘‘Investigation of
parallel active Filters’ limitations for power
decoupling on single-stage/single-phase
microinverters,”” IEEE J. Emerg. Sel. Topics Power
Electron., vol. 4, no. 3, pp. 1096-1106, Sep. 2016,
doi: 10.1109/JESTPE.2016.2552980.

[12] H. Watanabe, T. Sakuraba, K. Furukawa, K.
Kusaka, and J.-I. Itoh, ‘“‘Development of DC to
single-phase AC voltage source inverter with active
power decoupling based on flying capacitor DC/DC
converter,”” IEEE Trans. Power Electron., vol. 33,
no. 6, pp. 4992-5004, Jun. 2018, doi:
10.1109/TPEL.2017.2727063.

[13] S. Bhowmick and L. Umanand, ‘‘Design and
analysis of the low device stress active power
decoupling for single-phase grid connection for a
wide range of power factor,”” IEEE J. Emerg. Sel.
Topics Power Electron., vol. 6, no. 4, pp. 1921-1931,
Dec. 2018, doi: 10.1109/JESTPE.2018. 2794784.

[14] Y.-C. Chen, L.-R. Chen, C.-M. Lai, Y.-C. Lin,
and T.-J. Kuo, “‘Development of a DC-side direct
current controlled active ripple filter for eliminating

This article can be downloaded from https://ijerst.org/index.php/ijerst

the double-line-frequency current ripple in a single-
phase DC/AC conversion system,’’ Energies, vol. 13,
no. 18, p. 4772, Sep. 2020, doi: 10.3390/en13184772.
[15] Z. Yang, J. Zeng, Q. Zhang, Z. Zhang, V.
““A composite power
decoupling method for a PV inverter with optimized
energy buffer,”” IEEE Trans. Ind. Appl., vol. 57, no.
doi:

Winstead, and D. Yu,

4, pp. 3877-3887,  Jul.

10.1109/T1A.2021.3079162.

2021,

[16] E. Rikos, S. Tselepis, C. Hoyer-Klick, and M.
Schroedter-Homscheidt, “Stability and power quality
issues in microgrids under weather disturbances,”’
IEEE J. Sel. Topics Appl. Earth Observ. Remote
Sens., vol. 1, no. 3, pp. 170-179, Sep. 2008, doi:

10.1109/JSTARS.2008.2010557.

[17] R. Tonkoski, L. A. C. Lopes, and T. H. M. EI-
Fouly, ‘‘Coordinated active power curtailment of grid
connected PV inverters for overvoltage prevention,”’
IEEE Trans. Sustain. Energy, vol. 2, no. 2, pp. 139—

147, Apr. 2011, doi: 10.1109/TSTE.2010.2098483.

[18] M. Savaghebi, A. Jalilian, J. C. Vasquez, and J.
voltage unbalance
islanded droop-controlled

microgrid,”” IEEE Trans. Ind. Electron., vol. 60, no.
doi:

‘* Autonomous
in an

M. Guerrero,
compensation

4,  pp. 13901402,
10.1109/TIE.2012.2185914.

Apr. 2013,

[19] S. G. Varzaneh, A. Raziabadi, M. Hosseinzadeh,
and M. J. Sanjari, ‘‘Optimal energy management for
PV-integrated residential systems including energy
storage system,”’ IET Renew. Power Gener., vol. 15,

no. 1, pp. 17-29, Jan. 2021.

[20] A. A. A. El-Ela, R. A. El-Seheimy, A. M.
Shaheen, W. A. Wahbi, and M. T. Mouwafi, ‘‘PV
and battery energy storage integration in distribution

networks using equilibrium algorithm,”” J. Energy
Storage, vol. 42, Oct. 2021, Art. no. 103041, doi:

10.1016/j.est.2021.103041.

1639


https://ijerst.org/index.php/ijerst

