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Abstract- This paper introduces a grid-connected solar photovoltaic (PV) system and battery storage, which is implemented
using a three-level neutral-point-clamped (NPC) inverter. A new simplified space vector PWM method for a three phase three
level inverter is to be proposed. The number of switching states is a larger number in case of three-level inverters as compared
with a two-level inverter. In the proposed scheme, three-level space vector PWM inverter can directly use. This control
algorithm will be used to control power delivery between solar PV, and grid. It also has the capability of MPPT. The proposed
control topology can generate the correct AC voltage under unbalanced DC voltage conditions by using a vector modulation
technique. It can also control the charging and be discharging of battery storage systems in different levels of solar irradiation.
In this project area, a three phase three-level inverter using space vector modulation strategy has been modeled and simulated.

Simulations are done using Matlab Simulink.

Keywords- Battery storage, solar photovoltaic (PV), vector modulation.

I. INTRODUCTION

HE most concerns about the environment-friendly
electricity Tgeneration in the modern world has to replace
the conventional energy generation. Decreasing the fossil
fuels, the renewable energy sources such as solar and wind
energy generations have to lead as a green method [1].

In the modern world, there has increased in power
generation from renewables. Normally renewable-energy
sources like photovoltaic (PV) or wind power systems.
They are essentially endless and environmentally friendly.
Among these renewable-energy sources, solar energy is
the most attractive in standalone applications. The green
power generation is nature related and cannot control
easily. By applying renewable energy resources into the
power system, many changes may occur. Advanced power
electronic systems are needed to utilize to overcome these
crises [2].

In PV and wind energy generation system utilizing
maximum power from the source is one of the most
important functions of power electronic system. The rapid
development of the advance of the power electronics
technology has made several changes in static power
converter arrangements and industrial motor drive areas.

The Mainly Generating system requires two types of a
converter. Among these converters usually using dc/dc
converter is to facilitate the maximum power point
tracking (MPPT) of the PV array and also to use DC/AC
inverter to produce the appropriate dc voltage [3].

The solar and wind energy systems are unpredictable and
fluctuating nature. To overcome this concern the grid-
connected renewable energy system has accompanied by a
battery energy storage system. Grid connected system
required converters for controlling the battery charging
and discharging system and another converter required for
DC/AC power conversions. Thus here required many
converters and system will have higher cost and lower
efficiency.

In this paper design and study of a three-phase solar PV
system and Battery storage is integrating into the grid and
here taking only one three-level converter which having
MPPT capability and ac-side current control and also have
the ability to control the battery charging and discharging.

This structure will be better flexibility, reducing the cost,
better efficiency and also the power flow control. There
are several inverter topologies like transformer-based or
transformer-less inverters. These inverter topologies can
also have different levels of switching pattern.

Among this transformer-less inverters, the NPC is
applying to photovoltaic (PV) panels and the controlling
of these inverters. Several types of pulse-width modulation
(PWM) techniques are available. Neutral Point Clamped
Multilevel Inverter is a most popular technology in all
applications. The NPC can directly connect to the grid.
There is no need for any additional converters. Controlling
of NPC can be down based on SVPWM technique.The
modulation strategies to employ with PV inverters are
SPWM and SVPWM.
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SVPWM has wide range of switching frequencies, and
ease to the implementation in multilevel inverters. The rest
of this paper is organized as follows. Section Il introduces
the concept of a three-level inverter and its capacitor
voltage considerations and Concept of a space vector pulse
width modulation method for three level inverters. The
section 11l is explain about the proposed topology to
integrate solar and battery storage .In section IV describes
Simulation and validation of proposed topology

Il. CONCEPT OF A THREE-LEVEL
INVERTER AND ITS CAPACITOR
VOLTAGE CONSIDERATIONS

1. Concept of an Equivalent Three Level Inverter:

The neutral point clamped (NPC) three-level inverter was
first introduced by A. Nabae, I. Takahashi, and H. Akagi
in 1980 and published in 1981 [4]. They have been widely
used in several applications, like STATCOM, HVDC,
pulse width modulation (PWM) rectifiers, motor drives
and renewable energy applications [5], [6].
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Fig 1. Power circuit of the three-level diode clamped
inverter.
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Fig 2. Phase A of a 3 level inverter Table 1 Switching
pattern of a phase A of 3 level inverter.

NPC was also known as Diode Clamped Multilevel
Inverter. It is suitable for medium and high-level voltage
applications. As the No.of levels are increased switching
frequency will be reduced. NPC can be connected directly
to the grid. Fig. 1(a) Shows circuit topology for a three

phase three-level neutral-point-clamped inverter. Mainly
the converter has two capacitors in dc side to produce the
three-level ac-side phase voltages [6].

1. Concept of a space vector pulse width modulation
method for three level inverters:

In recent years controlling of three level NPC has been a
hot topic and some strategies have been proposed in [8],
[9].In these wvarious control strategies space vector
modulation (SVM) is one of the most commonly used
modulation strategies. These have many advantages of low
switching frequency and better output voltage quality [10].

Among this SVM method SVPWM is to be taken here.
However medium vectors will affect the neutral-point
voltage when SPWM applied to the model. It will result to
cause low- frequency oscillations in the neutral-point
voltage under high modulation conditions [11].

The total number of switching states of an " n Level
inverter is “N3”, So the total number of switching states in
a “3” level inverter is “33 ”.Normally 27 switching states
in the 3 level inverter but 24 states are active states and 3
zero states.

Fig 3. Space vector diagram for the three-level diode
clamped inverter.

From these Three switching states [1], [0] and [-1] can
represent the operation of each leg. Fig. 2 shows the space
vector diagram for the three-level neutral point clamped
inverter. Here the plane can be dividing into six major
triangular sectors (I to VI) by large voltage vectors and
zero voltage vectors. There each major sector represents
600 of a fundamental cycle. Within each major sector,
there are four minor triangular sectors [12].

Table 11 shows the option of three phase switching states
that are characterized by three inverter phases A, B, and C.

Here the voltage has four sets [13], [12].

e Zero vector - (V1, V2, V3) which representing three
switching states [1 1 1], [-1 -1 -1] and [0 O 0]. The
magnitude of V1, V2, and V3 stays Zero.

e Small vector -(V4 -V15) Magnitude is Vd/3.

e Medium vectors-(V17, V19, V21, V23, V15, V27) the
magnitude is 3 Vd.
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e Large vectors-(V16, V18, V20, V22, V24, V26),
having the magnitude of 2/3 Vd.

Various steps for applying for three levels SVPWM
inverter. They are

No of switching states

No of voltage vectors & equivalent voltages.

Sector identification.

Determining the region in the sector.

Calculating the active vectors switching time periods.
Generation of gating signal

Each major sector can be recognized by using space vector
phase angle (a). a is calculated and then find sectors. In
which the command vector V* is found. Also it is
determined as, If a is between 0 < o < 600 and V* will be
in major sector 1. If a is between 60 < a < 1200, and V*
will be in major sector 1I. If a is between 120 < a < 1800,
and V* will be in major sector.

If o is between 180 < a < 2400, and V* will be in major
sector IV. If a is between 240 < o < 3000, and V* will be
in major sector V. If a is between 300 < a < 3600, and V*
will be in major sector VI.

Table 1. Switching States of 3 Level Inverter.

Switching states [Sa | Sb | Sc | VoltageVectors
S1 0|0 |O Vo
S2 1 (1 (1 Vo
S3 2 |2 |2 Vo
S4 110 (0 V1
S5 1 (1 |0 V2
S6 0|1 |0 V2
S7 0|1 |1 V3
S8 0|0 |1 V4
S9 110 (1 V5

S10 2 11 |1 V6
S11 2 12 |1 V7
S12 112 (1 V8
S13 112 |2 V9
S14 111 |2 V10
S15 2 |1 |2 V11
S16 2 11 1|0 V13
S17 112 |0 V14
S18 0|2 |1 V15
S19 0|1 |2 V16
S20 110 |2 V17
S21 2 10 |1 V18
S22 2 10 |0 V19
S23 2 12 |0 V20
S24 0|2 |0 V21
S25 0|2 |2 V22
S26 0|0 |2 V23
S27 2 10 |2 V24

I1l. PROPOSED TOPOLOGY TO
INTEGRATE SOLAR AND BATTERY
STORAGE

New control configurations of a three-level inverter are
integrated to a battery storage and solar PV. A new control
will be applied in there and shown in fig. 3 is proposed,
there is no other converter is required to connect the
battery storage to the grid-connected PV system. It is the
major advantage in the medium and high power
applications. This model can reduce the cost and improve
the overall efficiency of the whole system. In the Fig.3
new proposed configuration of a solar PV is integrated
with battery storage system: In these figures, fig (a)
represents basic configuration; fig (b) improved the
configurations of the model. In this intended system, the
power can shift to the grid from the renewable energy
source.

As per the same time control of the system will request to
allowing charging and discharging of the battery storage
system. The suggested control system will able to control
the lower capacitor voltage (VC1), and this control method
is used for the charging and discharging of the battery
storage. This system has an ability to control the sum of
the capacitor voltages (VC1 + VC2 = Vdc) to reach the
MPPT condition. These conditions are done at the same
time of control operations. The total harmonic distortion
(THD) relatively low output of the inverter. The outputs of
the inverter have the correct voltage waveform. In this
system will reduce the total harmonic distortion (THD)
current on the AC side even under disturbed capacitor
voltages on the dc side of the inverter. The solar PV does
not produce any power continuously so the system cannot
work correctly. Add up a battery storage system in the
model for continues process. Here a single battery storage
system cannot be work properly.

The improved configuration is shown in the figure that is
two battery connected across the two capacitors. Where
the relays are used to connect this battery. When one of
the relays is closed, and the other relay is open, the
configuration in fig. 3(b) is similar to that in fig. 3 (a).

The accessibility of renewable energy source can be
produce power then the battery can be charge or discharge.
However, the solar energy is unobtainable the two relays
are closed and also allowing to the DC bus to transfer the
active or reactive power to the grid, or dc bus is absorbed
power from the grid side. It can be noted that these relays
are selected to be ON or OFF as essential; there is no
PWM control necessity. This PWM control condition it
has a flexibility of managing the two batteries. This PWM
control condition it has a flexibility of managing the two
batteries. The battery to be charging when power is
accessible from the renewable energy sources or the grid
side. The battery is has connected across the relay, when
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the battery is fully charged, then the relay is opened while
closing the relay the battery is to be charged. The attention
needs to the current through the inductor Lbatt must be
zero before the opening of any these relays to avoid
disrupting the inductor current and avoid of damaging
relay.

In fig. 3(b), three different relay configurations can be
obtained: 1) When the top relay closed; 2) when the
bottom relay is closed, and 3) when both relays closed.
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Fig 4. Proposed Configurations for Solar PV and Battery
Storage Integration (a) Basic Configuration; (b) Improved
Configuration.

1. Control Topology:

In this control topology, the inverter can be controlled by
using the SVPWM method. The process of creating gate
signals for the NPC inverter can generate after the
SVPWM control method. Here primarily find the active
and reactive power generation by the inverter to be
transferred to the grid. This can be determined using a
network supervisory block. This block will obtain based
on the solar PV generation, present battery variables also
the grid related data. Here figure 4 shows the useful block
diagram of the control scheme of "solar PV and battery
storage integration system to grid through three phase
NPC inverter”.

The block MPPT used for getting the maximum power
from solar PV. To finding the requested active and
reactive power generation by the inverter here using the
MPPT algorithms. Then Network supervisory blocks also
study about the MPPT state. Using the MPPT blocks to
maximum power from solar PV systems.

The MPPT algorithms based on the requested active (p*)
and reactive power (g*), and the grid voltage in the dg-

axis,vsd and vsq and the requested inverter current in the
dg-axis, id and iq can be obtained using
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Firstly find the reference value based on the balanced
operations of the system. The control technique performs
based on this value. After approaching the requested
reference voltage vector, a suitable sector in the vector
diagram can evaluate.

The relative errors of capacitor voltages are using for
determining which short vectors. Relative errors of
capacitor voltages given as,

v v
g = 1l £l

wl ,
1":1
Vi *—y [
€y :
1‘ 1-1

Lo

Also, this value dependents capacitor value and also
transient voltages. Due to the practical considerations like
size and cost, The value of LBAT is preferred to be low
and has been chosen to be five mH based our simulation
studies.

Where Vcl and Vc2 are the desired capacitor voltages,
and VC1 and VC2 are the actual capacitor voltages for
capacitor C1 and C2, respectively.

The selection of the short vectors will determine which
capacitor is to be charged or discharged. To determine
which short vector must be selected, the relative errors of
capacitor voltages and their effectiveness on the control
system behaviour are important. A decision function “F,”
as given, can be defined based on this idea

F =Glevcl — G2 evc2
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Fig 5. Functional block diagram of control scheme.

Where G1 and G2 are the gains associated with each of the
relative errors of the capacitor voltages G1 and G2 are
used to determine which relative error of the capacitor
voltages is more important and consequently allows better
control of the chosen capacitor voltage.

For example, for an application that requires the balancing
of the capacitor voltages as in traditional three-level
inverters, G1 and G2 must have the same value with equal
reference voltage values, but in the proposed application
where the capacitor voltages can be unbalanced, G1 and
G2 are different and their values are completely dependent
on their definitions of desired capacitor voltages. By using
V *c2 =V *dc -V and V *cl = V selecting G2 much
higher than G1 , the PV can be controlled to the MPPT,
and C1 voltage can be controlled to allow charging and
discharging of the battery.

Table 2. Parameters of The Simulated System

VHAT \.S(lm&‘) LHAT C}.C} L’ LS
6OV L350V SmH | 1000uE | 500 uH | 900 uH
r[ C[ Kp K1 Gl (i:
3Q [4 uF 29 1700 | 200

In each time step, the sign of F is used to determine which
short vectors are to be chosen. When F is positive, the
short vectors need to be selected that can charge C1 or
discharge C2 in that particular similarly, when F is

negative, the short vectors need to be selected that can
charge C2 or discharge C1 in that particular time step.

The role of LBAT is to smooth the battery current,
especially in the transient condition. A wide range of
values is acceptable for the inductor value; however,
decreasing its value will increase the current overshoot of
the battery.

IVV. SIMULATION AND VALIDATION OF
PROPOSED TOPOLOGY
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Fig 6. Block diagram of the simulated system.
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V. RESULTS

Simulations performed using MATLAB/Simulink for the
proposed system is shown in Fig.5. SVPWM switching
strategy applied to the system configuration and the
results. Fig.5 (a) shows phase voltage of three level
inverter. Fig 5(b) Shows the synchronization between
current injected to grid and grid voltage
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Fig. 6(a) and (b) requested active and reactive power, and
Fig. 6(c) show that PV voltage is controlled and getting
the maximum power from the PV module fig 6(d) shows
the battery charging and discharging. The power from PV
is more than grid powers the battery to be charging, and
PV power is less than the grid power the battery is starting
to discharging Fig. 9(e) shows the inverter ac-side current,
and Fig. 9(f) shows the response of grid-side currents with
a THD.

Fig. 10 shows the inverter waveforms in the required
system model.Fig. 10(a) shows the line-to-line voltage
Vab , and Fig. 10(b) shows the phase to midpoint voltage
of the inverter Vao. Fig. 10(c) and (e) shows Vao, Von,
and Van the average value of the PWM waveforms.

VI. CONCLUSION

In this paper, the performance of three level NPC is
integrating with renewable energy resource into AC grid
was presented. A new control algorithm of space vector
modulation has also been accessible to controlling the
power flow between solar PV and battery storage system,
and grid system, while MPPT operation for the solar PV
achieved instantaneously.

Three-level NPC voltage source inverter can integrate both
renewable energy and battery storage system. Three-level
vector modulation technique that can generate the correct
AC voltage under unbalanced dc voltage conditions has
proposed.

The system can control ac-side current, and battery is
charging and discharging currents at different levels of
solar irradiation. A detailed implementation and the
analysis done concerning the application of the SVPWM
control strategy on the three-level voltage inverter
presented using MATLAB/SIMULINK and also created to
simulate the switching patterns.

REFERENCE

[1] Jan Haase, Gerhard Zucker, “A Survey of Adaptive
Systems Supporting Green Energy in the Built
Environment,” IEEE Conference Publications Year:
2015 Pages: 0040009.

[2] M.manojkumar, k.Porkumaran “A survey of power
electronics interface for hybrid renewable energy
system” IEEE Conference Publications. Year: 2014
Pages: 1-9.

[3] Saritha balathandayuthapani, Edrington, Shawn
D.Henry “Analysis and control of a photovoltaic
system: application to a high penetration case study”
IEEE Journals Year: 2012, Volume: 6, Pages: 213 —
219.

[4] Hans-peter krug ,Tsuneo kume and Mahesh swamy
“Neutral- point clamped three level general purpose

inverter - Features, Benefits and Applications” IEEE
Conference Publications. Year: 2004, Volume:
1Pages: 323 — 328.

[5] Wei-dong Jiang, Shao-wu Du, Liu-chen Chang, Yi
Zhang, and Qin Zhao , “A Survey of Adapt Hybrid
PWM strategy of SVPWM and VSVPWM for NPC
Three-level  voltage source inverter” IEEE
Trans.Power Electron ,VOL. 25, NO. 10, OCTOBER
2010.

[6] Zhe Zhang, Ole C. Thomsen, Michael A. E.
Andersen, “Discontinuous PWM Modulation Strategy
with Circuit-Level Decoupling Concept of Three-
Level Neutral-Point Clamped (NPC) Inverter” IEEE
Transactions on Industrial Electronics. Year: 2013,
Volume: 60, Issue: 5 Pages: 1897 — 1906

[7] Arkadiusz Lewicki, Zbigniew Krzeminski, and
Haitham Abu- Rub, "Space-vector pulse width
modulation for three-level NPC converter with the
neutral point voltage control,” IEEE Trans. Ind.
Electron., vol. 58, no. 11, pp. 5076-5086, Nov.2011

[8] Ashish Bendre, Member, Giri Venkataramanan, Don
Rosene, and Vijay Srinivasan,” Modeling and Design
of a Neutral-Point Voltage Regulator for a Three-
Level Diode-Clamped Inverter Using Multiple-Carrier
Modulation”. IEEE Trans. Ind. Electron. 2006, 53,
718-726.

[9] P.K Chaturvedi; S.Jaim; P.agarwal” Reduced swithing
loss pulse width modulation technique for three level
diode clamped inverter”IET Power Electron.2011,
Pages: 393-399.

[10]Abdul Rahiman Beig.G.; Narayanan; V T
Ranganathan,”Modified SVPWM algorithm for three
level VSI with synchronized and symmetrical
waveforms” IEEE Trans.Ind. Electron Year:2007,
Volume: 54,Pages: 486 — 494,

[11]J. Pou; R. Pindado; D. Boroyevich; P. Rodriguez.”
Evaluation of the low frequency neutral-point voltage
oscillation in three- level inverter”. IEEE Trans. Ind.
Appl.Year 2005, Volume 52, Pages 1582-1588.

[12] Lavanya komma, Rangavalli vasa “Simulation and
Comparison of Three Level Inverter Using SVPWM
&SPWM”International Journal of Electrical and
Electronics Research. Year 2014 Volume 2. Page 21-
30.

[13]Hind Djeghloud, Hocine Benalla, “Space Vector
Pulse Width Modulation Applied to the Three-Level
Voltage Electro technic’s Laboratory of Constantine

[14]Marian P. Kazmierkowski and Luigi Malesani,,
“Current Control Techniques for Three-Phase
Voltage-Source PWM Converters: A Survey” IEEE
Trans. on Industrial Electronics, Vol. 45, No. 5, Oct
1998

[15]D. Zammit, C. Spiteri Staines, M. Apap, “Comparison
between Pl and PR Current Controllers in Grid
Connected PV Inverters” International Journal of
Electrical, Computer, Energetic, Electronic and
Communication Engineering Vol:8, No:2, 2014

© 2022 USRET
470



International Journal of Scientific Research & Engineering Trends
Volume 8, Issue 1, Jan-Feb-2022, ISSN (Online): 2395-566X

[16] Berrazouane, S.; Mohammedi, K. Parameter
optimization via cuckoo optimization algorithm of
fuzzy controller for energy management of a hybrid
power system. Energy Convers. Manag. 2014, 78,
652-660. [CrossRef]

[17] Arcos-Aviles, D.; Pascual, J.; Marroyo, L.; Sanchis,
P.; Guinjoan, F. Fuzzy logic-based energy
management system design for residential grid-
connected microgrids. IEEE Trans. Smart Grid 2016,
9, 530-543. [CrossRef]

[18] Derrouazin, A.; Aillerie, M.; Mekkakia-Maaza, N.;
Charles, J.P. Fuzzy logic controller versus classical
logic controller for residential hybrid solar-wind-
storage energy system. AIP Conf. Proc. 2016, 1758,
030055.

[19] Paliwal, P.; Patidar, N.P.; Nema, R.K. Fuzzy logic
based determination of battery charging efficiency
applied hybrid power system. J. World Acad. Eng.
Sci. Technol. 2012, 71, 1164-1168.

[20] Teo, T.T.; Logenthiran, T.; Woo, W.L.; Abidi, K.
Fuzzy logic control of energy storage system in
microgrid operation. In Proceedings of the 2016 IEEE
I'nnovative Smart Grid Technologies-Asia (ISGT-
Asia), Melbourne, VIC, Australia, 28 November—1
December 2016; pp. 65-70.

© 2022 USRET
471



