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Standalone Microgrid has implemented in Mat-lab/Simulink platform, which has two
Dispersed generation units based on a Solar Photovoltaic Generation and Wind Turbine
Generation, how to get the most of wind and solar energy by lowering investment and
operating expenses based on load power demand. The goal is to reduce one-time
investment and operation expenses over the lifecycle; the limits are utilization rate and
power supply reliability. The proposed system advantages, if Solar Photovoltaic
Generation is absent, Wind Turbine Generation meets the load power demand, in case of
a crucial situation, if Wind Turbine Generation is also absent, then Energy Storage System
meets the load power demand, which means the power supply is reliable to the remote
areas/limited load demand, besides in proposed system converters are reduced, so
investment reduces. Mathematical models of Solar Photovoltaic Generation and Wind
Turbine Generation are presented, to achieve Maximum Power Point Tracking of a Solar
Photovoltaic Array, the Perturb and Observe method is used. Proportional-Integral
controller used for Wind Turbine Generation, Solar Photovoltaic Generation, and Energy
Storage System-based Direct Current/Direct Current Bi-directional Converter. An
effective inductance filter is used for the mitigation of harmonics in the system. The finest
simulation results are obtained, it concludes the system is in balanced condition under
various loads with the Proportional-Integral controller and current total harmonic
distortions are within limits.

NOMENCLATURE
a ideality factor of diode > 1 DPG Dispersed Generation
b Boltzmann constant = 1.38 *10723 J/K DG Distributed Generation
Ego semiconductor energy bandgap=1.1 eV SPVG  Solar Photovoltaic Generation
G solar irradiance = 1000 W/m? WTG Wind Turbine Generation
K; Iss of SPVM at STC = 0.0032 WT Wind Turbine
q electron charge = 1.6*101°C ESS Energy Storage System
Ta nominal temperature (K) =298 K MPPT  Maximum Power Point Tracking
Tscs short circuit current, A SPVA  Solar Photovoltaic Array
T P-N junction temperature, K SPVM  Solar Photovoltaic Module
N, number of cells are connected in series SPV Solar Photovoltaic
\Y% diode terminals voltage, V PV Photovoltaic
Voes open circuit voltage, V P&O Perturb and Observe
gggONYMS Bi-directional Converter PI Proportional-Integral
DC Direct Current MG Microgrid
AC Alternating Current M Islanded Mode
THD Total Harmonic Distortion PCC Point of Common Coupling
L filter Inductance filter VSC Voltage Source Converter
RES Renewable Energy Source IGBT Insulated Gate Bipolar Transistor
SMG Standalone Microgrid I Load current
Vi Load voltage
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1. INTRODUCTION

Every country is shifting to renewable energy sources
(RESs) because of the greenhouse emissions. SPVA and wind
energy are popular among other RESs [1],[2]. The majority of
these renewable energy sources function as MGs. Because MG
improves the system’s quality and dependability [3].
Distributed generation has recently been a very hot research
subject due to the significant advantages of DG over
traditional centralized power generation [4]. Integrating RESs
into the present power system via a DG platform has piqued
interest [5]. MGs can function in three different modes: grid-
connected, islanded and transitioning between them [6]. There
are a number of obstacles to providing reliable MG operation,
notably in the IM [7]. The MG in the IM must be able to
balance power and deliver load currents, which may include
various harmonics and disturbances. Otherwise, the voltage at
the load will be greatly distorted, which can be dangerous for
sensitive loads or even induce voltage collapse in extreme
circumstances. As a result, proper load balancing (including
harmonics) is critical to the reliability of MGs [8]. Virtual
impedance, frequency droop, and angle droop regulation have
all been mentioned in the literature to ensure system stability
and load sharing across several generators in SMG [9].

DPG units, local grid factors, controls, and linked loads all
affect power quality in SMG [10]. Harmonics mitigation
requires both passive and active filters. Many strategies for
active filtering have been presented, including instantaneous
power theory, synchronous reference frame methodology,
adaptive control, and so on [11]. Battery storage systems were
combined with the MG in numerous distribution renewable
energy generating systems (DREGS) with various control
strategies to alleviate system instabilities [12],[13]. ESS is
required to deal with the stochastic nature of the major
renewable energy sources (solar and wind), as well as to
provide the load profile while maintaining stability and
reliability. In the near term, ESS serves as a grid-supporting
entity, ensuring system security and energy supply amid load
fluctuations. Long-term, ESS is utilized to fulfill load demand
when generation capacity is insufficient. To combat energy
shortages, batteries are commonly utilized for storage in
medium and small-scale energy systems. Furthermore, the
battery storage system (BSS) can be used to accommodate the
RES’s abrupt load or dynamic behavior. Finally, batteries are
more convenient to use and are popular worldwide [14]. In the
IM of operation, the storage battery is incorporated into the
RES-based DGs. The storage battery is important, according
to Alsaidan et al. [15] and Datta et al. [16] in islanded DGs.
Battery storage is essential in standalone Photovoltaic
applications due to the intermittent nature of PV power [17].
In some grid-connected installations, battery storage is
employed to enable the PV system to function in independent
mode to serve local loads during grid outages [18].

The PI control method especially in the islanded mode [25].
The number of series-connected PV panels and one common
MPPT [26]. Some of the downsides of SPV are addressed to
extract peak power from the system. For that MPPT
algorithms are used for better yielding of output power [27].
To generate electricity from the solar energy source,
photovoltaic (PV) modules technologies are used [28]. The
reliability-oriented performance assessment of hybrid switch
i.e., Hybrid Silicon-Silicon Carbide IGBT for Photo Voltaic
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applications is presented [30]. The structure of photovoltaic
cells is studied and proposed the algorithm for MPPT is
presented [31]. The realization of the network is an important
aspect in the research on extremely thin absorber for
application in the technology of 3D solar cells [32]. A Solar-
Hydrogen system usually consists of providing electric energy
to an electrolyzer by means of a solar panel array of
photovoltaic system. Further, this system generally uses
batteries and DC-DC converters to modulate and condition the
electrolyzer voltage [33].

Where PV system alone installed for meeting load demand,
it can supply the power in sunny time, during the night PV
system generates zero power, this problem is overcome by the
proposed system or this system significance is, it reliable in
balancing the system and continuous in supplying the load
power demand during the night with wind generation system,
even if total generation is inadequate to meet the load power
demand at the crucial situation, then ESS works as a backup
energy source and meet that demand. In the proposed system,
the ESS is treated as a single storage system to balance
generation and loads in islanded mode. Besides, would like to
mention that, combining the two DPGs (SPVG & WTG) in
this paper, could generate more power or increase the capacity
of the system when compared to the established individual
system capacities of respective generations. The proposed
system, based on SPVG-WTG-BATTERY used the least
possible converters including only one inverter i.e., VSC is
used (the system to work efficiently ie., for easy
synchronization of the above subsystems are combined at the
DC side), when compared to the same system synchronization
at AC side converters requirement/investment or the above
individual ~ systems power  conversion  converters
requirement/investment. Thereby concluding that the
proposed system reduces one-time investment.

In this paper, the SMG configuration-based two DPG units
- SPVG & WTG with ESS-based DC/DC BDC, are presented,
for the reliable power supply or uninterrupted power supply in
remote and isolated areas, thereby electric utility rate increases
with RESs and with reduced power converters, an SMG
configuration is developed, which in terms of reducing the
investment. ESS or DC/DC BDC battery bank (as shown in
Figure 1) is only a source of backup energy and an effective L
filter is used to reduce harmonics with no losses.

This paper is organized as follows. The proposed SPVG-
WTG-BATTERY-based SMG configuration is presented in
section 2. Section 3: describes mathematical modeling for
SPVG System. In section 4, mathematical modeling for WTG
system. Section 5, is simulation results and discussions.
Finally, section 6 is the conclusions.

2. PROPOSED SYSTEM CONFIGURATION

The proposed configuration, which has SPVG and a
permanent magnet synchronous machine driven by WTG, is
shown in Figure 1. To make easy synchronization for various
DPG units integration, a diode bridge rectifier rectifies the
power from the WTG and feeds it to the DC PCC through a
boost converter II, and boost converter I connect the SPVG to
the same dc-link. The combined dc power is fed to the PCC
through a three-phase VSC (Universal bridge i.e., universal
three-phase power converter that consists of six IGBT
switches connected in a bridge configuration as shown in
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Figure 1). The SMQG is strengthened by ESS or a battery bank-
based DC/DC BDC. DC Synchronization of SPVG, WTG, and
ESS is made effectively and in order to reduce harmonics at
PCC, an effective L filter is used. A delta-star transformer is
used to ensure galvanic isolation between the load and the rest
of the system.

The presented system works based on the generated power
from SPVG & WTG, as well as the load power demand. If the
generated power from SPVG & WTG, is greater than the load
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power demand, ESS is in the charging mode. In case power
from SPVG & WTG is less than the load power demand, then
ESS starts discharging, i.e., to balance the power in the system,
supplying power to the load. During the night, generated
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load power demand, meanwhile restoration works can be
carried out.

Linear!

MNaonlinear

Vygpltitmm

Sy 5{1:11 S'qi} L filter

locids

DC/DC ;
E boost converter |

. SPVG |

H

V&C :

Figure 1. Proposed SMG configuration.

Figure 2. Equivalent circuit of Solar Photovoltaic panel.

3. MATHEMATICAL MODELING FOR SOLAR
PHOTOVOLTAIC GENERATION SYSTEM

A PV cell’s operation is based on the photoelectric effect’s
basic principle. The photoelectric effect is a phenomena in
which an electron is released from a conductive band as a
result of matter absorbing sunlight of a specific wavelength
and is then conducted [19].

The corresponding SPV equivalent model is presented in
Figure 2 [20] or [21], a current source, a diode, series
resistance (Rs), and shunt resistance (Rq) are included in it.
Standard spectral distributions are often used to assess SPVA.
In most cases, we determine using standard test conditions
(STC).

The STC is as follows:

Solar Irradiation = 1000(W/m?);
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Spectral Density = 1.5 AM;

The temperature at which the cell functions = 25°C

The practical-world SPVAs are made up of several SPVM,
and the observation of features at the terminals necessitates the

inclusion of further parameters into the fundamental equations
[20] or [21] is given below

The current under illumination known as the photocurrent
(1,,)-1,,1sgivenas,

1530)
(4y)

Under dark, the SPV system has a saturation current .

(1

I,=1_+K x(T—298)><(

1y depends on each cell temperature and is given below,

1 1
q*Eg“*[i‘?]
T 3
I, :Imx(?nj xe (@)
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The reverse saturation current (/) is a current produced

by the small reverse voltage when pn junction diode is reverse
biased. It is given by the following expression:

1
I — SCs ( 3 )

s PV es
axNyxbxT
e -1

Shunt current (IS") which is the current of SPV system when
it generates a low —resistance for the electrical current value.
The low-resistance is known as the shunt resistance. The
variation of the shunt current withe outup voltgae, the serie
resistnwce(Rs) and the shunt resistance is given by

3 V+(I><RS)
e Rsh

The current generated by the SPV system or the current we can
get from a such system is the output current (/). It is given
by:

“)

ax(V+(IxR,))
axN xbxT

I=1 ]—1 ~I,

ph

—1I,|e

Sungrid SG-175M5 (mono-crystalline) make of 175W
Module is considered to develop the SPVM in
Matlab/Simulink platform [22], and the datasheet parameter
values cited in Table 1, were used to construct the module. The
key specifications of Sungrid SG-175M5 SPVA are 25°C, 1.5
AM, and 1000(W/m?).

Table 1. Key electrical parameters of the Sungrid SG-175M5

SPVA/SPVG
Parameters Ratings
Rated Power 2.6kW
Power Tolerance +5, -0 (%)
Open Circuit Voltage (Vocs) 436V
Short Circuit Current (scs) 548 A
V maximum power point (VMPP) 352V
I maximum power point (/MPP) 497 A
Max System Voltage (Vmax) 1000 V
Voltage Temperature Coefficient (of Vocs) -0.38% (%/°C)

Current Temperature Coefficient (of Zses) 0.10% (%/°C)

Power Temperature Coefficient (of Prasea) -0.47% (%/°C)

Number of solar cells per SPVM (N.) 36
Number of SPVMs connected in series (Ns) 15
Values for operation under standard test

conditions (STC)

Perturb and Observe, Incremental Conductance, Fuzzy
Logic, and other MPPT approaches have been proposed in the
literature. The P & O algorithm is popular and simple. In this
study, the P & O technique is employed to extract the most
energy from SPVG. SPVG voltage (Vspvi) and currents (Ispve)
are monitored and perturbed to track maximum power point.
The change in power is calculated, from these monitored and
perturbed data.

The MPPT unit takes Vspvg and Ispyg as inputs and outputs
duty cycle. In the simulation circuit, the above MPPT unit is
used as closed-loop control.

4. MATHEMATICAL MODELING
TURBINE GENERATION SYSTEM

FOR WIND

One of the most critical parameters determining wind power
generation is wind speed. Wind speed fluctuates over time due
to several factors such as weather and seasons, creating
unpredictability in wind power generation. To answer this
problem, a probability distribution function is used to explain
how wind speed changes over time, say over a month. There
are numerous probability distribution functions that describe
the properties of wind speed distribution. The two-parameter
Weibull distribution is used in this paper. The probability
density function of it is

f(v)z(ﬁjx(zj“w—(if o

C C

where, k is the scale parameter, c is the shape parameter, and
v is the wind speed. If the average wind speed
v and wind speed variance o is known, then

o -1.086
e
v

\%

1) ®
F(l + j
k

- l n 2 1 n -
Where,v=—z, v.,oo=——)  |v.—v
n i=1 n— 1 i=1\ *

CcC =

)2 ,and

F(a) is the Gamma function, which is defined as

F(a) = Jy”_le_ydy
0

The power output characteristics curves of different wind
turbines are distinct. Since, the power output characteristics of
wind turbines are related to their rated power [23] or [24], in
this study, the power output of small wind turbine can be
calculated using

k k
Vi—v
PN (nvsy,)
Y
r c
By (v)= P, (vr <v< vf) 9)
0, (v<vcorv>vf)

where, P, is the rated power of the WTG, v, is the cut-in speed,
v, is the rated speed, vris the cut-out speed, and £ is the scale
parameter of Weibull distribution. Monthly wind speed
averages and variances can be estimated using wind farm
monthly wind speed data, and monthly Weibull distribution
parameters can be obtained using (6) to (8).

The likelihood of wind speed is greater than or equal to a
specified value can be determined using the formula below
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v k
P(VZV):e (“J (10)

The monthly wind turbine power generation can be
estimated using (9) and (10).

The following are the characteristics of a wind turbine: 1kW
rated power, 3 m/s cut-in speed, 9 m/s rated speed, and 18 m/s
cut-out speed. In order to develop the Matlab/Simulink of 1kW
WT, the datasheet parameters (cited in Table 2) were
considered from the ECOROTE-1000 make. The PI controller
is used for control of wind energy conversion system-based
permanent magnet synchronous machine. Boost converter I1 is
connected to the output of the diode bridge rectifier.

Table 2. Key parameters of the IlkW WT/WTG of
ECOROTE-1000 make

Parameters Ratings/Values
Rated Power 1kW
Maximum Power 1.2kW
Cut-in wind speed 3 m/s
Rated wind speed 9 m/s
Cut-out wind speed 18 m/s
Rotor diameter 12m
Number of blades 3
Output voltage (V,ms) 353V
Output current (Irms) 31A

5. SIMULATION RESULTS AND DISCUSSIONS

To make the 2.6kW capacity of SPVG, a 175W SPVM is
developed first, then fifteen 175W modules are connected in
series on Matlab/Simulink platform.

SPVG rating is 2.6kW and WTG rating is 1kW. The total
system generates 3.6kW in islanded mode. 1kW load power
demand is considered, then the following simulation results
are presented at different common points of the system,

BATTERY

Py _STRING_1

individual system outputs, and load side. Also, 2kW and
3.5kW loads of respective load voltage and load current
waveforms are presented. Further, current THDs are
maintained in limits and their relevant details with graphs are
presented.

In the proposed system, two DPG units - SPVG and WTG
(WT AC output rectified for easy synchronization at the DC
side) and ESS (based on DC/DC BDC) are connected to the
DC PCC and made effective DC synchronization at 600 Volts
(V) and the same system connected to load power demands via
VSC with L filter, at this point done a performance analysis of
this system, discussions and observed finest simulation results
at dynamic load conditions as well compared output results
before the L-filter placing and after the L-filter placing are
presented and explained an effective L filter mitigated the
harmonics in the system i.e., switching harmonics are
effectively attenuated without losses and maintained the
current THDs are in limits. In the system, above cited
controller, techniques/approaches, and filters are well
maintained the system in balanced under dynamic load
conditions.

PI controller used in the proposed system for voltage
regulation of SPVG, WTG, and ESS at DC PCC or at DC
synchronization point with the proportional gain (K,,) value
0.01 and integral gain (Ki) value 0.1. Controlling of PI
controller on the ESS is charging the battery in buck mode,
while generation is more than load demand and discharging
the battery in boost mode if generation is less than the load
demand, apart from the P & O MPPT control method for the
SPVG system. Electrochemical energy storage (i.c.,
battery/ESS) is at 320V DC and its capacity is 2.08kWh
(6.5Ah), DC/DC BDC inductor value is 2.5mH. Further, the
common point DC is converted into 3-phase AC via VSC, then
with an L filter (As per [29], calculated the L filter value for
this proposed system, found and considered the L value S00uH
i.e., 0.5mH is very much suitable for the harmonics mitigation
and to maintain the THDs in limits) connected to the load
(linear/non-linear). The developed simulation circuit of the
proposed system is shown in Figure 3.
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Figure 3. Simulation circuit of the proposed system.
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Figure 4. (a) Simulation results for SPVG output voltage and
current, (b) WTG output 3-phase AC voltage (c) WTG output
3-phase AC current.
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Figure 4 depicts the outputs of the SPVG and WTG systems.
Figure 4 (a) describes the SPVG output voltage and current
results, initially from 0 to 0.003 sec the voltage magnitude is
gradually increased to 532V and the current magnitude is
gradually reduced to 0 from 6.5A. Both voltage and current
maintained their magnitudes steady after 0.003 sec. Respective
magnitudes are indicated and therefore the maximum power
(Pmax) generated from SPVG is 2.6 kW. Figure 4 (b)
describes the WTG 3-phase ac output voltage magnitude is
maintained under steady around 1kV, except very less time
interval 0 to 0.02 sec in the beginning. Figure 4 (c) is of WTG
3-phase ac output current results and initially zero up to 0.02
sec.

Figure 5 results are of Wind system voltage and current at
diode-bridge rectifier (as shown in Figure 1) output, some
kinds of ripples are seen in the results. Wind AC 1,000V is
converted to DC 253V with a rectifier. Further, steps up this
voltage to a steady voltage of 600V DC via boost converter 11
and maintained its magnitude constant with the WTG
capacitor (Cwrg) - 400uF, these results are indicated in Figure
6. The SPVG gives 532V DC and steps up this voltage to 600V
DC viaboost converter 1. The battery steps up the voltage from
320V to 600V via BDC. Boost converter I inductor (Lspva)
value is 3mH and Boost converter II inductor (Lwrg) value is
12mH.
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Figure 5. Rectified voltage and current of Diode-bridge
Rectifier in Wind system.
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Figure 6. Simulation results of voltage and current at DC
synchronization point, also the same results indicate, the
output voltage and current of the boost converters at
respective individual SPVG and WTG systems.

Figure 6 indicates the simulation results of voltage and
current at DC synchronization point / DC PCC and also the
same results are nothing but, the output voltage and current of
the boost converters at respective individual SPVG and WTG
systems. The constant voltage fed from the two DPGs of boost
converters with their respective capacitors Cspvg (SPVG
capacitor) and Cwrg to the DC PCC is maintained steady from
0.03 sec before that voltage is raised from 0 sec. In current
magnitude, a very small ripple was observed during the steady
condition. Finally, conclude that DC synchronization is made
effectively.
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Figure 7. (a) Simulation results of VSC 3-phase AC voltage,
(b) VSC 3-phase AC current, and the same point/results
indicate before the filter insertion point.

In Figure 7, voltage and current results are indicating the
outputs considered before the filter point i.e., just the 3-phase
AC outputs (voltage and current) of VSC, after the conversion
of DC system to AC system via VSC. Initially, the voltage and
current magnitudes are high for the first few secs, this may be
considered a transient period and later their magnitudes are
steady.
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Figure 8. (a) Simulation results of Load Voltage (VL), (b)
Load Current (I.) at 1kW load with filter.
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Figure 9. (2) Simulation results of Vi, (b) I at 2kW load
with filter.
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Figure 10. (a) Simulation results of Vi, (b) I at 3.5kW load
with filter.

The finest waveforms of load voltage and load current are
presented for 1kW load after using the L-filter in Figure 8, and
the maximum 3-phase AC load voltage is 565.68V i.e., the
RMS value of load voltage (Vrms) is 399.99V, so Vrus is
considered 400V. Further, 3-phase load voltage and load
current results are presented for 2kW, and 3.5kW loads with
filter in Figures 9, and 10 respectively. From the results, could
observe the load current magnitudes are changed with respect
to their load power demands as cited above. The above results
indirectly indicate that the PCC of 3-phase VSC AC and 3-
phase load points has been made successfully. Therefore, it
can be concluded that the system is controlled (with the
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proposed controller) and balanced under various load power
demands.

Signal

é’k \\\\ //' \\\\ o \ : %
01

0.11 012 _043 014 015 0.16

0 0.01 002 003 004 005 0.06

Tire (s)
Time (s)
— FFT analysis
FlienasLs = (50Hz) = 4.081 , THD=0.97%
B Fundamental (50Hz) = 4.078 , THD=0.17% =
B - H
5 0.5
=1 £
L1 B oL
2 200 400 600 80 1000 I} 200 400 600 800 1000

Frequency (Hz) Frequency (Hz)

(@) (b)

Figure 11. Harmonic spectra of R phase, I at various time
intervals without the filter.

Signal Signal
VANVANVAN Y ANVAVAN
\ 0 \
3 X S 2 e it N 0
C 00RO I 0.0° BRO.0S A 0.0 B0 01 011 012 043 014 015 016
Time (s) Time (s)
FFT analysis FFT analysis
T Fundamental (50Hz) = 4.073 , THD=3.15% H (50Hz) = 4.082 , THD=0.83%
21 2.4
‘s o
205 02
& o
go goll
= L] 200 400 600 800 1000 0 200 400 600 800 1000

Frequency (Hz) Frequency (Hz)

(a) (b)

Figure 12. Harmonic spectra of Y phase, I, at various time
intervals without the filter.
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Figure 13. Harmonic spectra of B phase, I, at various time
intervals without the filter.
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Figure 15. Harmonic spectra of Y phase, I, at various time
intervals with the filter.
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Figure 16. Harmonic spectra of B phase, I, at various time
intervals with the filter.

Load current THD results of the proposed system without
filter and with filter are shown in Figures 11 to Figure 16.
Figure 11,12 and 13 are dealing with the current THDs without
the filter and Figure 14, 15, and 16 are dealing with the current
THDs with the filter. In Figure 11, (a) indicates, that the
current THD is 0.17% for the R phase with a time interval from
0 to 0.06 sec, and (b) indicates current THD is 0.97% for the
R phase with a time interval from 0.1 to 0.16 sec, these values
are without the filter. If considered the same phase with the
filter, the current THDs are shown in Figure 14, (a) at the time
interval 0 to 0.15 sec, the current THD is 0.19%, (b) at the time
interval 0.5 to 0.65 sec, the current THD is 0.01%. Figure 12,
(a) shows Y phase current THDs for the time interval 0 to 0.06
sec with 3.15% THD, and (b) indicates 0.1 to 0.16 sec time
interval with 0.83% THD without the filter.

Figure 15, (a) shows for the same Y phase at the time
interval of 0 to 0.15 sec, the current THD is 1.94% as well 0.5
to 0.65 sec time interval, current THD is 0.01% in (b). In the
same manner, load current THDs for the B phase at various
time intervals are presented. Therefore, it can be concluded
from the above observation, that the current THDs are
improved with filter i.e., harmonics are reduced in the
proposed system.

6. CONCLUSIONS

The proposed Standalone Microgrid based on two DPG
units; SPVG and variable speed WTG, has been found to
function safely when constantly supplying load power demand
at regulated voltage. PI controller is used in the proposed
system of SPVG, WTG, and ESS for voltage regulation and
DC synchronization. In the MPPT approach, the P & O
method has been simply implemented in a simulation
environment to attain high levels of performance from SPVA

and without oscillations around MPP (Maximum Power Point).

The ESS has only been used as a backup energy source, and
its synchronization with the DC PCC has been accomplished
successfully without causing system instability. Using an
effective L filter, switching harmonics are effectively
attenuated without losses. The finest results for the suggested
system are shown and current THDs are within the limits, also
presented. Hence, it represents the system is balanced. Finally,
it is concluded that the proposed system, along with the
controller employed in this study for SPVG-WTG-
BATTERY based SMG, may be used for ensuring reliable
power supply in remote and isolated places, besides with
reduced investment.

The above-proposed system is developed or limited
capacity/rating and sufficient to meet the isolated low power
demands with conventional controlled approaches. Future
directions are to increase the above system of individual DPG
capacities, besides some more DPGs introduced to the same
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system with advanced controlling/artificial intelligence
techniques and with economic optimization for better results
or a better-improved system to meet the isolated large area
demands. So that, to increase the RESs utilization rate more.
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