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Abstract

This project is aimed at developing a solar-battery energy storage (BES) system that will ensure continuous
power supply to loads even when the grid is unavailable. This system consists of a solar photovoltaic (PV) array,
a BES, the grid and residential loads within its vicinity. A new control is implemented, which enables the utility
grid, an FBES unit and PV array to supply the active power demand of residential loads. As BES and excess
PV array power are integrated and the excess power is sold back to the grid, the power control of this system
operates in numerous power modes, which is advantageous to end users. This is achieved through the creation
of an effective control logic of the grid-tied voltage source converter (VSC). Also, this system solves the issue of
integrating the power production of the solar PV source with an integrated power quality enhancement. A phase
locked loop (PLL) based upon cascaded delayed signal cancellation (CDSC) is employed in grid
synchronization in grid voltage distortion. The control developed using Matlab/Simulink results in a simple
implementation of the developed control. The result of the tests enables the determination of the effectiveness
of the implemented control in different operating conditions, such as the changing solar power generation, load
variations, and grid failure.

Keywords: Energy Storage, Power Quality, Quadrature Signal Generation, Solar PV Generation,
Synchronization, Voltage Control Mode.

1.Introduction

The world is grappling with a very huge issue as the demand of power is rapidly growing and resources of fossil
gasoline are becoming scarce. (1). The world power is becoming more towards a sustainable and efficient source
of power that will solve this issue. The other technology and solutions to strength generation that may be auspicious
are renewable energies (2). Sun power era, in comparison with traditional electricity sources, is far less costly and
additional eco-friendly. Also, the aggregate of efficiency that has been hastily increased, decrease in panel prices
and the influence of increasing strength payments has compounded the demand of solar PV arrays as a way of
generating their own power (3). Therefore, the implementation of renewable power systems into the local power
grid is the concept to focus on(4).

The first gifts of this system are the ability to feature value through the feeding of excessive strength to the grid
and the offset areas of sunlight hours strength of the basis (5). Nevertheless, among the top concerns of the solar
strength technology is that the amount of energy that is produced by the sun PV panel is stochastic and random
causing fluctuation and intermittency in the workings. A battery energy storage device (BES) is developed in order
to shed the intermittency within the PV power (6). The multiplied rate of BES is justified by operating BES in
islanding mode (IAM), that introduces uninterruptible energy to vital loads attached to the system all through a
strength loss. Furthermore, through the process of smoothing the energy input into a grid, BES provides the larger
centers in the grid-tied system. There have been several studies that have offered a sort of manage techniques
aimed at optimizing the size of BES whenever there is excessive use. Way of Jafari et al. (10), a predictive
electricity control manipulate has been put forward to exceptionally manage the to be had capability of the BES.
Through Tran et al. (11), a post of an electricity management manage has been made in regards to PVBES-related
grid interfaced structures.

To receive the benefits of time-of-use (ToU) power charges, BES stores grid strength in all off-height hours, and
expends it during peak call as needed. In order to achieve energy balancing within the system, Beniwal et al. Have
developed a multi-mode control. Here, the solar PV array provides the electricity required to meet the burden
demand and basing it at the peak demand of the grid, the surplus electricity is pumped in the grid and utilized to
price BES. Moreover, this generation is unable to provide the load with continuous electricity in the case of grid
breakdown. In foreign destinations such as India, massive grid outages are monumental and normal. Hence, there

54 https://joetsr.com/



A Novel PV-Battery Based Uninterruptable System to Improve Power Quality

must be a characteristic within both grid-connection mode (GCM) and an islanding mode (IAM). Consequently,
BES helps neighborhood hundreds during software energy outages.

2. System Configuration

The grid interfaced PV-BES system is a combination of a utility grid, solar PV array, and the BES unit as
demonstrated in Fig. 1. A boost converter is used to extract maximum power (MPE) and the DC link between the
BES unit and DC-DC bidirectional converter (DBC) is provided. The VSC allows the real power transfer between
the grid, the battery and the PV array. The point of common coupling (PCC) of the system is linked across the
ripple filter (R-C). This R-C filter removes switching ripples of VSC switching which are high. To this system, a
controlled solid-state switch (SSS), links this system to the main grid, in the case of grid-on and grid-off controls.
During GCM, the SSS is closed. In contrast, SSS is opened in an off-grid situation to break the grid connection
with PCC. The nonlinear loads are coupled to the PCC of the system.
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FIGURE 1 System configuration
3.Control Strategy
1.MPE Control for PV Panel
A few of the controller functions used within the machine are MPE on the sun panel, electricity manipulates to
cause a change mode of operation in GCM and voltage control to operate an IAM at some point of a grid outage.
Other features that are offered through VSC are the adjustment of grid energy issues, load repayment, and
mitigation of harmonic. The DBC provides the system with the capability to discharge and fee BES. This stage
incorporates details in the controls that had been utilized. A. PV Panel MPE Control A increase converter can be
used to interface PV array to the DC hyperlink of VSC with VDC. The PV array uses a P&O-MPPT methodology
[12] of MPE. This method generates the reference voltage (Vmpp) which is required to generate the switching
pulses of the increase converter. This is achieved through error minimization in the between PV array voltage,
VPV, and V mpp production of the gate pulse to the improve converter through a proportional integrator (PI)
controller (proportional gain KPB and essential advantage KIB). The output of the PI controller is called the
modulation index, and it is expressed as;

M- = [K=a+%] mep — Var) )
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2.DBC (DC-DC Bidirectional Converter) Control of BES.

In this topology the BES is coupled to provide the power equilibrium and to take care of an intermittent power
generation of a PV array. To this end, regulated charging and discharging of BES, are necessary in ensuring that
it does not deep discharge and overcharge. Should the power generated by the PV array be more than the required
power, then it will save this power back up. To control the power flow using BDC includes two feedback loops;
1) outer loop which regulates voltage and 2) inner loop which regulates current between the BES and is depicted
in Fig. 2. The transfer function (TF) is acquired through the linearization of DBC model expressed as,

Voo~ (1-D)(R,.-S*Ly)

} T ® 3 T 2
l,, 1+(s*R, *C,)+(1-D) .
o (8) _ (1-Cy Ry ) - v, )
d.(s) 1+ (s "l-u('..-. . sL, )+(1-DF R (1-D)
e 3)

Where, Cdc, is capacitance of VDC. LB and Rdc are the output inductance and resistance of converter,
respectively.

3.Voltage Source Converter (VSC) Control

VSC control, which includes MNSOGI-QSG-DQ current and voltage control in GCM and [AM respectively as
illustrated in Fig. 3, respectively. MNSOGI-QSGDQ The grid current control is developed to work in various
modes with deficient power mode (DPM), surplus variable power mode (SVPM) and constant grid power mode
(CPM). In GCM, the output of the current control is used to create the switching pulses of VSC on other modes.
The fundamental current of the loads, DC link loss component, the availability of the BES and generated PV power
determines the estimation of reference grid current. The stage and frequency of grid voltage are obtained.
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FIGURE 2 Circuit of bidirectional convertor with cascaded voltage loop control
converting the grid voltage into ab CDSC-PLL. What VSC control has to play in the work of GCM, is to provide
peak shaving, power smoothing in the grid and mitigation of harmonics and power factor correction (PFC).
1) Fundamental Frequency Component of Load
The fundamental frequency component of load refers to the nature of a load, which is so basic that it does not need
various mathematical formulations to be simplified or resolved.<|human[>1) Fundamental Frequency Component
of Load. The nature of a load is so fundamental that it does not require different mathematical formulas to be
simplified or solved.
The MNSOGI QSG filter as a QSG, which produces quadrature load current (i 2 ) in single phase and selects the
low-order harmonics of the load current. The MNSOGI-QSG [16] can utilize fundamental current of nonlinear
loads to produce a harmonic-free fundamental current. Fig. 4 represents the MNSOGI-QSG block diagram with
iL as the input of MNSOGI-QSG, o is the cut-off frequency, iL, i 2 and i3, iL are basic 3 components of iLL in i 2
and i 3, 2. The functions of MNSOGI-QSG [16] as transfer are defined as,
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2) Single Phase PLL Using ap-CDSC Operator

The DSC operator is used together with the SRF-PLL, in constructing the alpha beta DSC-PLL. Certain harmonics
occurring in the signal can also be reduced by a single DSC block. SRF-PLL includes a chain of 2, 4, 8, 16, and
32 delay-factors 2 alpha -Beta-DSC operator in CDSC-PLL. Such a combination of operators can filter out the all
harmonics and DC off-set of the grid voltage. Three cascaded DSC blocks are proposed to remove harmonics such
as DC offset in very distorted grid voltage in proposed structure. The transformation of Clarke will not be needed
in this structure since there is an input signal only. The single-phase grid voltage is assumed to be 2 alpha-axis
input signal with the set of 2 beta axis input signal set to zero are defined as,

v (t)=2v (1) =2V cos(0) =V cos(d)+V sin(H) ©
- 6

v, (1) =0=Vsin(6)+V sin(-6) o

In Laplace domain, the definition of the extraction of the fundamental frequency positive sequence component of
the grid voltage (vg) is done using a 20-21 0 -DSC operator as,

jex U

—_s

aﬂDSCn(s):% l+e" e”

-

®
Where, T is the basic period of vg and n is the delay factor. The rotation matrix R( theorem r ) which was used to
transform Fig. 5 is defined as,

cos(6) -sin(0)

R(O)=| .
sin(6,)  cos(6))

©))
The transfer function of the alpha Beta -DSC is however defined as,
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At aliasing point and beyond, the expression of alpha beta -DSC operator is negative at frequencies excluding
some high order harmonics (-31, +33, -63, +65) etc. The grid voltage of a2DSC is taken as aaxis input signal by
multiplying as shown at Fig. 4. In [20], the modeling and transfer of the single phase CDSC-PLL is discussed.

3) PV Feed Forward Term (IPVFF)

The grid tied system suffers from oscillations due to variation in the PV insolation and load changes. Thereby,

Lpyer = ﬁ
7
4) DC Link Loss Component (ILoss) for DC Link Voltage (Vpc) Regulation
In order to achieve decent performance of VSC, VDC desired to be regulated at constant level. To counter this
error, a PI controller (whose integral gain kidc and proportional gain kpdc) takes the voltage error, Vdce between
the reference DC link voltage, V * DC and the sensed VDC. The error of the PI controller is the resultant error
which is termed as ILoss (Power Loss Component). The governing equation of PI controller which regulates VDC

an

is given as,

Lo =Ko Voo =V )+ Ko [ (Vor =V

(12)
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This DC link loss component is added in the net component of reference current for regulating Vpc.

5) Constant Power Component constant grid Power

Under constant grid power mode (CGPM), the preprogrammed reference power (Pcgr) is supplied to the grid. To
this, a constant current component (Icd) is defined as,

2F

_ &Loar
lcd - v
d (13)

Where, Pcgr is the constant power input into the grid under nonlinear load and moderate PV insolation conditions.
The extent of reference power (Pcgr) to be supplied to the grid is varied, depending on load demand (PL) and
available PV power (PPV), and BES power (Pbat) in order to balance the power supply.

These components are used to obtain the reference current on the grid side. The reference current is in phase with
vg when the power is fed to the grid and similarity when the power is drawn in the grid, vg is phase opposite
reference grid current. The mode selection flow-chart is shown in Fig. 6. Here, the reference grid current in each
of the modes is generated.

6. Recent Current in GCM Injection of Real Power

The modes are distinguished in the system in the following way: 1) Deficient Power Mode (DPM; PPV<PL );2)
Surplus Variable Power Mode (SVPM), 3) Constant Grid Power Mode. Reference grid current of VSC control in
each of the specified modes can be estimated as follows.

1. DPM (PPV<PL):

In the operation mode, the deficit power (PL-PPV) is obtained at the grid, otherwise at the discharge of BES.
Rather than the grid, in case SOCmax>SOC when SOCmin, the BES is discharging to provide the missing power.
The maximum reference grid current of VSC control on DPM is given as,

Iy =1, =1y —Lyes Iy =1, (14)

¢
When SOC of BES is at a limit. BES is not connected to the DC link and the deficit power is introduced through
the utility grid. The highest point of reference current in this case is obtained as,

L, = 1,; — L pyyy +1 I, =1,

2. SVDPM (PPV<PL):

In this mode, the overall peak load demand is supplied through the PV array through VSC. In case it has excess
power, excess power is utilized in charging the BES up to the upper limit of SOCmax, not to charge it further, but
to feed the rest PPV to the grid.

SOCmax>SOCmin: the BES is charging. VSC Peak value of reference current is produced as,

o
Loss ®

(15)

Ly =1, =y +dgpc; 1y =1, (16)

SOCmax, indicates that BES is in full charge. Thus, BES is taken out of the DC connection and BES is employed
during peak power demand and in an emergency. In this

4.Matlab & Simulation Results

FIGURE 3 Simulation Circu It
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5. Simulated Performance

The grid-interfaced PV-BES system performance is analyzed on the basis of MATLAB/Simulink platform which
illustrates how the system can be operated in different modes depending on the power management. Table I shows
the simulated parameters of the system. Dynamic performance of the grid-interfaced PV-BES system to different
modes of GCM is shown in Fig. 7. 1) DPM: This system works in DPM between t=0.15s and t=0.3s. The load
demand is greater than the load on the system and is PL>PL_peak. This inadequate power is provided to the load
by the grid. Under this kind of operation, a VSC supplies the PPV to the local loads. To offset system power losses
and save system.

The performance of a grid-interfaced PV-BES system is discussed through MATLAB/Simulink platform to
illustrate the operation of the system in different modes depending on the power management control. Table I
shows the simulated parameters in the system. The dynamic performance of the grid-interfaced PV-BES system
in different GCM modes is shown in Fig. 7. 1) DPM: This system operates in the DPM of t=0.15s through t=0.3s.
The load demand in the system is PLpeak, and is greater than the extracted PPV. This inadequate power is provided
to the load by the grid. This is a form of operation where a VSC supplies PPV to the local loads. To allow the
system power losses to be compensated and maintain system power balance, the BES discharges. The grid power
is assumed to be positive during the period of time between t=0.15 s and t=0.3 s and the insufficient supply required
to power the load is drawn out of the grid as shown in Fig. 7.
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FIGURE 4 Dynamic performance at different operating modes during PV hour

5. Conclusion and Future work
The primary contributions of this work are on the strength of the system working in various operating modes. The
experimental experience of a grid interfaced PV-BES system is justified by the performance of such system where
the worst case of PV array insolation, load variation and grid unavailability are employed in transition between
grid interfaced modes. Moreover, the system will be operating in constant and variable power mode to offer power
smoothening and reduce the load on the distribution grid during peak demand. This system is also known to be
able to operate in an islanding mode to supply the load with the uninterruptable power.
The solar energy will have overtaken all other forms of energy sources and become the most important source of
electricity production in a major part of the globe; this will also have a positive impact on the climate change and
the environment.

e A solar panel to generate their electricity.

e  With the increasing technology, solar energy is going to be even cheaper.
The primary benefits of the system are the possibility to add value through the extra grid power and the
compensating parts of the daytime electricity needs of the building.
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