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Abstract— A grid-connected electrical phenomenon power
grid or grid-connected PV power grid is electricity
generating star PV power grid that's connected to the utility
grid. A grid-connected PV system consists of star panels,
one or many inverters, an influence acquisition unit and grid
affiliation instrumentation. They vary from tiny residential
and industrial upper side systems to giant utility-scale
alternative energy stations. Not like complete power
systems, a grid-connected system seldom includes Associate
in Nursing integrated battery resolution, as they're still
terribly dear. Once conditions are right, the grid-connected
PV system provides the surplus power, on the far side
consumption by the connected load, to the utility grid.
During this paper bestowed completely different techniques
used for connecting the star PV system with AC or metric
weight unit grids. This paper useful for researchers and
students in future for study the various techniques for star
PV grid connected system.
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I. INTRODUCTION

Photovoltaic (PV) power provided to the utility grid is
gaining a lot of and a lot of visibility, whereas the world’s
power demand is increasing [1]. Not several PV systems
have to date been placed into the grid thanks to the
comparatively high price, compared with a lot of ancient
energy sources like oil, gas, coal, nuclear, hydro, and wind.
Solid-state inverters are shown to be the enabling
technology for golf shot PV systems into the grid.

The price of the PV modules were within the past
the main contribution to the price of those systems. A
downward tendency is currently seen within the value for
the PV modules thanks to a vast increase within the
production capability of PV modules. as an example, the
worth per watt for a PV module was between four.4 7.9
USD in 1992 and has currently minimized to a pair of.6 3.5
USD [2]. The price of the grid-connected electrical
converter is, therefore, changing into a lot of visible within
the total system value. A value reduction per electrical
converter watt is, therefore, necessary to form PV-generated
power a lot of enticing [4]. Focus has, therefore, been placed
on new, cheap, and innovative electrical converter solutions,
that have resulted in an exceedingly high diversity among
the inverters, and new system configurations.

This paper starts with examination of the strain for
the inverters, got wind of by utility grid firms, the PV
modules, and also the operators. This is often followed by a
historical review to check however these demands were
achieved within the past, however they're reached these
days, and maybe however they're going to be completed
within the future. Next follows a summary of some existing
power electrical converter topologies for interfacing PV
modules to the grid. The approaches square measure any
mentioned and evaluated so as to acknowledge the foremost

appropriate topologies for future PV inverters, and, finally, a
conclusion is given.

Electricity is accepted together of the driving forces
of the economic development of all the nations. The
challenge of incessantly generating electricity and meeting
the growing demands is intimidating for each developed and
developing countries, exerting tremendous pressure on the
energy infrastructure. In developing countries wherever
quite five hundredth of the population resides in rural
regions, price of delivered electricity becomes terribly high-
priced and unaffordable to the agricultural poor giving rise
to reduced commonplace of living and social inequity. as an
example, in India, an awfully high concentration of the
population (more than 70%) lives in rural regions and
around four-hundredth of the full population lives with none
access to fashionable energy services [1]. to stay pace with
the present rate of growth of demand for power, the first
energy provide must be augmented threefold and power
generation must be augmented multiple, that third of the
nation’s gross domestic product must be invested with
annually [2, 3].

The high prices of delivered electricity may be
attributed to sturdy dependence on centralized energy
systems that operate totally on fossil fuels and need vast
investments for establishing transmission and distribution
grids which will penetrate remote regions [4]. Any a lot of,
the fuel combustion ends up in the emission of objectionable
gases rising issues regarding the global climate change and
different health hazards.

In order to counter these issues there's a robust
want for various systems of power generation and
distribution. in contrast to the centralized energy systems, on
the opposite hand, decentralized energy systems square
measure largely supported renewable energy sources,
operate at lower scales (a few kWh scale) each within the
presence and absence of grid, and simply accessible to
remote locations attributable to generation of power within
the closeness of demand web site. Therefore,
implementation of decentralized energy systems will handle
the agricultural electrification imbroglio effectively by
providing environmentally benign, property and reliable
energy provide. Globally, the full share of decentralized
power generation within the world market augmented to
seven.2% in 2004, up from seven-membered in 2002 [5].
within the case of recent capability addition for power
generation, output from decentralized generation saw an
incredible growth from thirteen in 2001 to twenty fifth in
2005 [6]. In 2006, twelve months of the electricity generated
from capability addition was of decentralized kind.
Considering the benefits decentralized systems provide, the
forecasts have foreseen an extra increase within the share of
decentralized power systems within the world energy
situation [7]. If decentralized energy strategy is adopted,
total worldwide savings square measure calculable to
achieve a pair of.7 trillion greenbacks by 2030 [5,8].
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Il. DIFFERENT TECHNOLOGY FOR SOLAR PV GRID
CONNECTED TECHNOLOGIES

Maximizing performance of a grid-connected electrical
phenomenon (PV)-fuel cell hybrid system by use of a two-
loop controller is mentioned [1]. One loop may be a neural
network controller for max point following that extracts
most obtainable alternative energy from PV arrays below
varied conditions of insolation, temperature, and system
load. A real/reactive power controller (RRPC) is different
loop. The RRFT achieves the system’s needs for real and
reactive powers by dominant incoming fuel to electric cell
stacks still as change management signals to an influence
acquisition system. Results of time-domain simulations
prove not solely effectiveness of the projected laptop models
of the two-loop controller however additionally its relevancy
to be used in stability analysis of the hybrid power station.
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Fig. 1: Simplified overall diagram of PV-fuel cell hybrid
system [1]

The one of the method contributes in distinguishing
the necessity for resolution management issues for group
action a PV-fuel cell hybrid powerhouse to a utility grid by
employing a two-loop controller. The positive facet that
power generation of a PV plant largely takes when a
system’s peak demand is a smaller amount appealing as a
result of its feature of intermittent power outputs on a
unsteady weather. Combining a cell powerhouse with a PV
plant had already been evidenced to be possible so as to
attack such a PV’s inherent drawback [1].

A neural network primarily based controller is
adopted to stay track of most power points [1] of the PV
array as a result of its nonlinear 1-V characteristics match
well with a NN application. Check simulations disclosed
that the planned methodology is ready to create the PV array
accurately tracks the height power conditions even
sometimes of speedily dynamic insolation. A Pl-type
controller is planned for the cell powerhouse to satisfy the
system’s needs for real and reactive powers. Satisfactory
dynamic responses verify effectiveness of the developed
management theme as may be seen from the pc simulation
results.

Detailed analysis, simulation and hardware results
of a replacement solar electrical phenomenon electrical
converter configuration interconnected to the grid are
bestowed [2]. From the simulation and experimental results

it's confirmed that the harmonic distortion of the output
current wave of the electrical converter fed to the grid is
among the stipulated limits ordered down by the utility
corporations. To reap the alternative energy, it'd be
fascinating if the energy conversion units are easy, reliable,
and of low price and high potency. High potency is achieved
by the employment of all the power generated for the unit
and even contribute to the gird whereas the energy isn't
used.
The results indicates that the electrical converter
into account has a plus that tiny size filter is needed ensuing
to less weight and consequently turning into economical.
Results show the practicable of the novel electrical
phenomenon electrical converter connected to the utility.
Further, adoption of an easy management strategy ought to
create the electrical converter additional reliable. The value
of this electrical converter also will be comparatively low as
minimum variety of power devices is employed to execute
this configuration. It’s additionally evident from the
experimental result, that the harmonic distortion of the
output electrical converter current wave at totally different
electrical device voltages levels is maintained among the
required regulation limits of the utility. All the on top of
blessings has created the electrical converter configuration
extremely appropriate for grid connected electrical
phenomenon application. New residential scale photovoltaic
(PV) arrays are commonly connected to the grid by a single
dc—ac inverter connected to a series string of pv panels, or
many small dc—ac inverters which connect one or two panels
directly to the ac grid. In one technique [3], proposes an
alternative topology of non-isolated per-panel dc—dc
converters connected in series to create a high voltage string
connected to a simplified dc-ac inverter. This offers the
advantages of a “converter-per-panel” approach without the
cost or efficiency penalties of individual dc-ac grid
connected inverters.
Buck, boost, buck-boost, and Cuk converters
square measure thought of as potential dc—dc converters
which will be cascaded. Matlab simulations square measure
won’t to compare the potency of every topology still as
evaluating the advantages of accelerating value and quality.
The buck so boost converters square measure shown to be
the foremost economical topologies for a given value, with
the buck best suited to long strings and therefore the boost
for brief strings. Whereas versatile in voltage ranges, buck-
boost, associate degreed CUk converters square measure
perpetually at a potency or as an alternative value
disadvantage. New residential scale electrical phenomenon
(PV) arrays ( 3kW) square measure normally connected to
the grid by one amongst 2 approaches—a single dc-ac
electrical converter connected to a series string of PV
panels, or several tiny dc—ac inverters that connect one or 2
panels on to the ac grid. A “converter-per-panel” approach
offers several benefits as well as
1) Individual panel most electrical outlet pursuit, which
provides nice flexibility in panel layout, replacement,
and unfitness to shading;

2) Higher protection of PV supplys and redundancy within
the case of source or device failure;

3) Easier and safer installation and maintenance;

4) Higher knowledge gathering.

All rights reserved by www.ijsrd.com 768



Solar PV Grid Connected System- Review & Method
(IJSRD/Vol. 5/Issue 10/2017/191)

N 4
L
T I l
I L 11,
ey
1 i = | 1~~~
B & \
i 1
p 10 1T

| N [ J—

| [
l—'.

il IV : i ey
s [P E | | T
:.“nl.. T I;DI aa

|
PR — f— AC itor
! |
'JLA,‘]_LI’fML‘ - Wwi
1 L 1 e
— wte
== o —
B |

Fig. 2: Comparison of three grid connected PV inverter
topologies discussed in the text—a single dc—-ac inverter
connected to a single dc PV string (top); a module integrated
dc—ac inverter for every PV panel (middle); or the proposed
series connected panel integrated dc—dc converters
connected to a centralized dc—ac inverter (bottom) [3].

An electrical converter for grid-connected electrical
phenomenon_systems [4] which might globally find the
utmost outlet of the panel over wide insolation and feed the
alternative energy to the grid. Its structure principally
integrates a antecedently developed most purpose trailing
technique and output current shaping perform into a buck-
boost-derived convertor then inverts the formed current
through a grid frequency bridge to the grid. rather than
having a storage capacitance connecting in parallel with the
convertor output, series affiliation is employed, in order that
the desired capacitance voltage rating is below that in
classical inverters. most significantly, the electrical
converter output current harmonics area unit less sensitive to
the capacitance price. A 30-W laboratory epitome has been
engineered. The trailing capability, inversion potency, and
large-signal responses at totally different insulations are
investigated. careful analysis on the electrical converter
performance has been performed. The theoretical
predictions area unit verified with the experimental results.
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Fig. 3: Circuit schematics of the proposed inverter [4]

One of the strategies proposes a high performance,
single-stage electrical converter topology for grid connected
PV systems [5]. The projected configuration cannot solely
boost the typically low electrical phenomenon (PV) array
voltage, however may convert the star dc power into prime
quality ac power for feeding into the grid, whereas pursuit
the utmost power from the PV array. Total harmonic
distortion of the present, fed into the grid, is restricted as per
the IEEE-519 customary. The projected topology has many
fascinating options like higher utilization of the PV array,
higher potency, low price and compact size.
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Fig.4. Complete schematic diagram of the proposed single-
stage grid connected PV system along with the control
strategy [5]

Further, as a result of the terribly nature of the
projected topology, the PV array seems as a floating supply
to the grid, thereby enhancing the general safety of the
system. A survey of the prevailing topologies, appropriate
for single-stage, grid connected PV applications, is dole out
and an in depth comparison with the projected topology is
conferred. A whole steady-state analysis, together with the
planning procedure and expressions for peak device stresses,
is enclosed. Necessary condition on the modulation index
M ” for curving pulsewidth modulated management of the
projected electrical converter topology has conjointly been
derived for discontinuous conductivity mode operation. All
the analytical, simulation and experimental results area unit
conferred.

The experimental results conferred show a boosting
of solely concerning one.5 times, the projected system is
predicted to possess cheap boosting capability (typically 3—4
times), which implies that low PV array voltages (typically
50-100 V range) is boosted up to levels capable of
interfacing with the grid voltage (115 V or 230 V ac
systems). This has been verified victimisation pc
simulations.

Projected configuration is very appropriate for AN
integrated answer (e.g., plug-and-play sort ac modules) for
PV systems. During this work [5], MOSFETS area unit used
as shift devices. If low loss devices, like IGBTS, area unit
used the potency is additional improved. Experiments with a
DSP based mostly laboratory image have shown
encouraging results.
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effectiveness of the planned model with high exactitude and
high potency.
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Fig. 5: Circuit diagram of proposed maximally parallel PV
system [6]

Solar electrical Photovoltaic (PV) arrays in
transportable applications area unit usually subject to partial
shading and fast fluctuations of shading. Within the usual
series-connected wiring theme, the residual energy
generated by partly shaded cells either can't be collected (if
diode bypassed) or, worse, impedes assortment of power
from the remaining totally light cells (if not bypassed). Fast
fluctuation of the shading pattern makes most point (MPP)
pursuit difficult; typically, there'll exist multiple native
MPPs, and their values can modification as apace as will the
illumination.

In planned approach, a transportable solar PV
system that effectively eliminates each of the said issues is
delineated and well-tried [6]. This technique is capable of at
the same time increasing the ability generated by each PV
cell within the PV panel. The planned configuration consists
of associate array of parallel-connected PV cells, a low-
input-voltage  increase  power convertor, and a
straightforward wide band dimension MPP huntsman.
Parallel-configured PV systems area unit compared to
ancient series-configured PV systems through each
hardware experiments and pc simulations. Studies results
demonstrate that, below complicated irradiance conditions,
the ability generated by the new configuration is roughly
double that of the standard configuration. The star PV
system will be wide utilized in several shopper applications,
like PV vests for cell phones and music players.

With the increasing penetration of electrical
phenomenon (PV) grid into the utility network, the difficulty
caused by the fluctuation and irregularity of PV power
output attracts additional attention. so as to predict the
hourly power output for a PV system with none complicated
meteorologic instrumentation, a NARX network-based
prediction model is planned [7]. Hottel’s radiation model is
applied to calculate clear-sky radiation incident on any
inclined surface at any time. Moreover, prognosis
knowledge from public websites area unit taken because the
variables that depict the cloud standing in future days.

By giving enough historical knowledge, the
network will be well trained. Whereas prediction power
output, the NARX network may regulate its weights in step
with the forecast error. Thanks to its adaptation to time-
varying input, the planned technique will predict PV power
output accurately though the weather changes suddenly.
Prediction results of a roof-top PV grid verify the
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Fig. 6: The proposed power output forecast NARX network

A grid-connected electrical phenomenon (PV) grid
with high voltage gain is projected, and also the steady-state
model analysis and also the management strategy of the
system square measure given [8]. For a typical PV array, the
output voltage is comparatively low, and a high voltage gain
is obligatory to comprehend the grid-connected operate. The
projected PV system employs a ZVT-interleaved boost
device with winding-coupled inductors and active-clamp
circuits because the 1st power-processing stage, which may
boost an occasional voltage of the PV array up to a high dc-
bus voltage. consequently, associate correct steady-state
model is obtained and verified by the simulation and
experimental results, and a full-bridge electrical converter
with two-way power flow is employed because the second
power-processing stage, which may stabilize the dc-bus
voltage and form the output current. Two compensation
units square measure added to perform within the system
management loops to realize the low total harmonic
distortion and quick dynamic response of the output current.
Moreover, an easy maximum-power-point-tracking
methodology supported power balance is applied within the
PV system to cut back the system complexness and value
with a high performance.
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Fig. 7: Control block of two-stage grid-connected PV
system
An improved most electric receptacle (MPP)
trailing (MPPT) with higher performance supported voltage-
oriented management (VOC) is planned [9] to resolve a
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quick dynamical irradiation downside. In VOC, a cascaded
management structure with Associate in nursing outer dc
link voltage management loop Associate in Nursingd an
inner current management loop is employed. The currents
square measure controlled in an exceedingly synchronous
orthogonal d, letter of the alphabet frame employing a
decoupled feedback management. The reference current of
proportional—-integral (PI) d-axis management is extracted
from the dc-side transformer by applying the energy-
balancing control. What is more, so as to realize a unity
power issue, the g-axis reference is about to zero. The
MPPT management is applied to the reference of the outer
loop control dc voltage electrical phenomenon (PV).Without
PV array power activity, the planned MPPT identifies the
right direction of the MPP by process the d-axis current
reflective the ability grid aspect and therefore the signal
error of the PI outer loop designed to solely represent the
modification in power thanks to the dynamical part
conditions. The strong trailing capability below apace
increasing and decreasing irradiance is verified by
experimentation with a PV array imitator.
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Fig. 8: Grid-connected PV system with the proposed MPP
tracker [9]

I1l. PROPOSED METHODOLOGY

The diagram of a grid interfaced solar electrical power
system is shown in Fig 8. The electrical device is connected
to the grid through interfacing electrical converter. Ppv is
that the real power from the SPY, Pa is that the real power
flow within the grid, PL is real power needed by load and Q
is that the reactive compensation needed by load. The
$64000 power from SPY at any instant is offered at the DC
link of the device through a DC-DC converter.

Pc PL
=1

)

Q-+ harmonies
Q +harmonic compensation Ppv

Linear/ Non-
linear load

Reference Settings

DC-DC
converter

Sensed Parameters

SPV module

Fig. 9: Block Diagram of Grid Connected PV system

The real power accessible at the dc link is injected
into the grid to feed the native masses at PCC, and any
further power accessible is pumped-up into the grid and
absorbed by different masses at distant points within the
system. If the important power from the PY isn't sufficient
to dynamic weather to fulfill the load demand at PCC, then
the extra power demanded is taken from the grid.
Additionally to real power injection, the interfacing
electrical converter is controlled to act as a shunt active
filter for the native masses and minimizes the facility quality
problems at the grid aspect thanks to these masses.

Tives Fhase Souve

system
The performance of the power system is tested in
MATLAB/STMULINK. A 415V, 50Hz 3 phase supply with
load is taken into account as grid within the simulink model
for testing. PV panel is shapely supported equivalent circuit
of cell [8]. The SPY power is offered at the dc link of the
electrical converter through dc-dc power conversion stage.
The electrical converter feeds the $64000 power into grid
and performs active filtering. The operating of the system is
tested principally below two conditions, once PV power is a
smaller amount than load demand and once PV power

offered is larger than load demand.

Linear Non linear
Parameter load load
Active power demanded by 10KW 10KW
load (PL)
Reactive power demanded by 7500V AT Zero
load (Qi)
Photovoltaic power (Ppy) 25KW 25KW
DC link voltage (Vdc) 800V 800V
Ripple inductor 5mH 3mH

Table 1: Simulation Model Parameter

IVV. SIMULATION RESULT

The performance of the management is tested in a very
system feeding linear masses. Fig ten shows the ability flow
at completely different elements of the system and Fig
eleven shows the voltage and current waveforms. The
operating of the system is tested in a very condition once the
PV power (25kW) is larger than the load demand. at the
start the active power demanded by the load is 10kW and
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reactive power demand is 7500VAR. Since the load demand
is a smaller amount than the PV power out there, the
additional power is fed to the grid. The reactive power
demanded by the load is paid by the PV electrical converter.
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Fig. 11: Real power demanded by load PL (W) (b) Reactive
power demanded by load QL (V AR) (c) PV power P pv
(W) (d) Reactive power compensation by inverter Qc
(VAR) (e) Active power flow in grid PG (W) (f) Reactive
power flow in grid QG (V AR) (g) DC Link voltage V de

At t=0, ISs the load is reduced to 0.5. The active
power demand is currently 5kW and reactive power demand
is 3750VAR. Because the PV power is constant, the power
fed to the grid will increase and also the compensation
provided by the electrical converter is reduced. At t=0.2s the
load is applied and power flow changes back to the initial
conditions.

Load is reduced to [*frl] at t=0.15s and applied once more
at t=0.2s. The power flow variations square measure shown
in Fig twelve and variations in current square measure
shown in Fig twelve. Once the load is ten kilowatt, the PV
power is taken by the load and what's deficient is provided
by the grid. At t=0.15s, once the load is reduced the ability
taken from the grid is reduced. The grid acts as buffer
energy storage for the Spy system thereby saving the price
of battery. In each the conditions, the electrical converter
provides reactive power compensation and also the grid
current is often maintained in-phase with the grid voltage
shown in Fig 13.
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Fig. 13: (a) Phase voltage (VG) (b) Source Current (IG) (c)
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Fig. 12: (a) Phase voltage (V,) (b) Source Current (1,) (c)
Load Current (Id), (d) Inverter Current
When the PV power (4k W) is below the load
demand (10kW), the deficient power is taken from the grid.

Fig. 13(a): Phase A Voltage (Vsa), Source current (Isa) and
Load Current (lla)

V. CONCLUSION

The application of grid connected electrical phenomenon
system as shunt active filter is incontestable within the
paper. The performance of the system is tested with linear
and non-linear hundreds in software package. The
interfacing electrical converter of the SPY system provides
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harmonic elimination and reactive power compensation to
the native hundreds additionally to real power support. The
PV power is employed to feed the native hundreds and also
the further power obtainable is pumped up into the grid.
Once the PV power obtainable isn't comfortable to satisfy
the native hundreds, further power needed to satisfy load
demand is taken from the grid.

The supply voltage and current area unit created to
be in introduce the system with linear inductive load. The
system feeding nonlinear hundreds, the harmonics within
the grid aspect area unit eliminated and also the doctorate is
maintained inside limits.

This review has lined a number of the standards
that inverters for PV and grid applications should fulfill, that
concentrate on power quality, detection of islanding
operation, and system grounding. The strain expressed by
the PV modules have conjointly been reviewed; particularly,
the role of power decoupling between the modules and also
the grid has been investigated. a vital result's that the
amplitude of the ripple across a PV module mustn't exceed
3.0 V so0 as to possess a utilization potency of ninety eight at
full generation.

Finally, the fundamental demands outlined by the
operator have conjointly been self-addressed, like low price,
high potency, and long time period.
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