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Abstract: Renewable energy technologies such asThe wind power development in the country is laygel
photovoltaics, solar thermal electricity usingdish-stirling recent period which has been found to be quite ésgive. At
systems, and wind turbine power are environmentallypresent India is fifth in the world after GermarlySA,
advantageous sources of energy thaan be considered for Denmark and Spain in terms of wind power. It hasrbe

electric power generation. The expenses of renewakhergy . : N .
technologies have decreased in recent years, so that anobserved that the private sector is showing interesetting

ever-increasing number of applications can tEeonomically Of Wind power projects. The energy contained in wWied
justified by utilities. The integration of generation from resource is more difficult to quantify on a natibsaale
renewable energy sources into electric power disttion because its characteristics can change significdntim
systems isa reasonable way for electric utilities to apply location to location and with height above the grduThe
renewable energy resources, since it pladks sources near wind energy collected by a wind turbine depe on
Fhe load with more efficient operation..The in.terﬁnginv.erter many different factors, including the blade aiirfdesign
is controlled to perform as a multi-function devicedy o4 constryuction, the mechanical linkage designethctric

incorporating active power filter functionality andhis inverter is - .
used to inject power generated from Renewable Energyr&es to generator design, and the effects of the locaatemear the

the grid. The obijectives of this paper is to deyeln assessment 9eénerator. With the advancement in power electsoaiod
methodologyfor renewable energy electric generation anddigital control technology, the DG systems can nb&
energy storage facilities integrated intoelectric power actively controlled to enhance the system operatigih
distribution systems which addresses the distributeehefits of improved PQ at PCC. However, the extensive useoufep
electricity generatiorfrom renewable sources and their true value glectronics based equipment and non-linear loadBGE
to the system, and to apply the methodologycasestudies. The  yanerate harmonic currents, which may deteriotetetiality
renewable energy sources which are interconnected t ., e [3]4]. Generally, current controlled tage source
distributed network with interfacing power electraminverter is . ’ . .
analyzed for power quality enhancement by usingm_ve(ters are used to interface the mtermntentSRE
MATLAB/SIMULINK software. distributed system. Recently, a few control streedor grid
connected inverters incorporating PQ solution haeen

Index Terms— Renewable Energy Sources (RES), interfacingProposed. In [5], an inverter operates as actidector at a

inverter, Power Quality, Active power filter. certain frequency to absorb the harmonic currensimilar
approach in which a shunt active filter acts asvacti
I. INTRODUCTION conductance to damp out the harmonics in distiouti

network is proposed in [6]-[7]. In order to compates for
reactive power and higher harmonic components or to
jmprove power factor, the active power (P) and tigac
power (Q) should be controlled independently [8hribver,
the above system needs over-dimensioning some qiatte
power converter in order to produce reactive polethe
converter at rated active power by means of intérfp
inverter. Here, the main idea is the maximum atian of
inverter rating which is most of the time undeimétl due to
intermittent nature of RES [9]-[10]. It is showntims paper
that the grid-interfacing inverter can effectivély utilized to
perform following important functions: 1) transfef active
power harvested from the renewable resources (veioidy,
etc.); 2) load reactive power demand support; Iyecu
harmonics compensation at PCC; and 4) current anbal
and neutral current compensation in case of 3-phasie
system.

Renewable energy systems such as PV, sdlarmal
electricity such as dish-stirling systems, and WT are
appropriate solar and wind technologies that can
considered for electric power generation at therifigtion
system level. Other renewable energy technologesh as
the solar central receiver, hydro-electric eagation,
geothermal, and large wind farms are normathynected
to the grid at the sub-transmission or transmisdiorel
because of the higher power capacities of thegestyf
systems. Presently, PV and WT technologies appedret
the most viable candidates for integration into pow
distribution systems as presented in [1]-[2].
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loads or utility in order to exchange power. Modeld
dynamic of each of this part may have influencesyatem
operation. But here for simplification it is considd that DC
side of the units has sufficient storage and canmsidl as a
constant DC source. Hence only DC-AC inverter miodel
and control investigated in this paper. A circuibdel of a
three-phase DC to AC inverter with LC output filterfurther
described in Fig 1. The system consists of a DQagel
source (Vdc), a three- phase PWM inverter, an duifier
(Lf and C with considering parasitic resistancdildr- Rf).
Sometimes a transformer may be used for steppinthep
output voltage and hence Lf can be transformerdtahce.
The carrier-based PWM technique fulfils such a iregpoent
as it defines the on and off states of the switdieme leg of
a VSI by comparing a modulating signal Vc (desaedutput
voltage) and a triangular waveform,\(carrier signal). In

practice, when Vc > Y the switch S. is on and the switch is
off; similarly, when Vc < \4 the switch S. is off and the switch

is ON. The PWM technique allows an ac output vatamgbe
generated that tracks a given modulating signal.
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Fig 1. PWM interfacing inverter

A special case is the SPWM technique (the modtgatirh

signal is a sinusoidal) that provides in the linesgion an ac
output voltage that varies linearly as a functioh tioe
modulation index and the harmonics are at wellrasfi
frequencies and amplitudes. These features simpiiéy
design of filtering components.

lll. ACTIVE POWER FILTERS

The active filters are commonly used for providiraymonic
compensation to a system by controlling currentrizamics in
supply networks at the low to medium voltage disttion
level or for reactive power or voltage control athvoltage
distribution level. These functions may be combirieda
single circuit to achieve the various functions trered
above or in separate active filters which can &témch aspect
individually. The block diagram presented in sattghows
the basic sequence of operation for the activerfi¢t shown in
Fig 2. The shunt active filters are by far the masdely
accept and dominant filter of choice in most indast
processes.

The objective of the shunt active filter is to slypppposing
harmonic current to the nonlinear load effectivegulting in
a net harmonic current.
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Fig 2. Block diagram of active power filter opecati

The objective of the series active filter is to ntain a pure
sinusoidal voltage waveform across the load. Thachieved
by producing a PWM voltage waveform which is added
subtracted against the supply voltage waveform. difzéce

of power circuit used in most cases is the voltiagePWM
inverter without a current minor loop. The actiileef acts as

a voltage source and thus it is often a prefermddtisn of
harmonic producing loads such as large capacitdedio
rectifiers with capacitive loads. This diagram skowarious
sections of the filter each responding to its olassification.
The block diagram shown in figure represents thg ke
components of a typical active power filter alonighvtheir
interconnections. The reference signal estimataritors the
harmonic current from the nonlinear load along with
information about other system variables. The efee
signal from the current estimator, as well as otignals,
rives the overall system controller. This in tprovides the
control for the PWM switching pattern generatore dutput

of the PWM pattern generator controls the powecuiir
through a suitable interface. The power circuit the
generalized block diagram can be connected inlparsgries

or parallel/series configurations, depending on the
transformer used.

IV. SYSTEM DESCRIPTION AND MODELLING OF
CASE STUDY

The block diagram of proposed Renewable Energy cgsur
based distributed generation system connectecetddHink
of a grid-interfacing inverter is shown with intecing
inverter in Fig 3. The voltage source inverter keg element
of a DG system as it interfaces the renewable grsengrce to
the grid and delivers the generated power. The REpbe a
DC source or an AC source with rectifier coupleditdink.
Usually, the fuel cell and photovoltaic energy s®mgr
generate power at variable low dc voltage, whiteariable
speed wind turbines generate power at variablecétage.
Thus, the power generated from these renewablecesur
needs power conditioning (i.e., dc/dc or ac/dc)obef
connecting on dc-link. The dc-capacitor decouples RES
from grid and also allows independent control afivarters
on either side of dc-link. Due to the intermittevature of
RES, the generated power is of variable nature.
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Fig 3. The proposed Block diagram of Renewableidisted inverter interfacing network

The dc-link plays an important role in transferritigis inverter is keenly controlled to attain balancedispidal grid
variable power from renewable energy source toge. currents at unity power factor (UPF) despite ofhhig
RES are represented as current sources connectéte tounbalanced nonlinear load under varying renewable
dc-link of a grid-interfacing inverter. The fourtleg of generating conditions. The waveforms of grid vadisggrid
inverter is used to compensate the neutral cuafdoad. The currents, unbalanced load current and invertereotsrare
duty ratio of inverter switches are varied in a powaycle such shown in Fig.4 from which it is clear that the ines
that the combination of load and inverter injecfmalver interconnected grid system superior to that of mveational
appears as balanced resistive load to the gridr@dngation environment. The corresponding active-reactive pews

of dc-link voltage carries the information regaglithe grid, load and inverter are shown in Fig.5 to Fidr8m these
exchange of active power in between renewable soand figures it is clear that, the Positive values ofidgr
grid. Thus the output of dc-link voltage regulatesults in an active-reactive powers and inverter active-reactiosvers
active current. The multiplication of active currenmponent imply that these powers flow from grid side towalaisd and
with unity grid voltage components generates thHeremce from inverter towards load respectively and haseweliable
grid currents for the controller. The referencedgneutral with the proposed method of interconnection of ekw
current is set to zero, being the instantaneousaddralanced through an inverter. When the power generated from
grid currents. While performing the power managememenewable sources is more than the total power déma the
operation, the inverter is actively controlled itk a way that load, the grid-interfacing inverter with the propdscontrol

it always draws/ supplies fundamental active pofn@n/ to  approach not only satisfies the total load activd eeactive
the grid. If the load connected to the PCC is ridaturrent of power demand but also delivers the excess generated
load. sinusoidal active power to the grid at nearly urmptywer

factor.
V.SIMULATION RESULTS

In order to verify the proposed approach to achieve
multi-objectives for grid interfaced inverter fedsDsystems
connected to a 3-phase 4-wire network, an extensive
simulation study is carried out using MATLAB/Simuli
software package. A 4-leg current controlled vatagurce
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Fig 4. Simulation results: (a) Grid voltages, (b)d3Currents
(c) Unbalanced load currents, (d) Inverter Currents
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Fig 5. Simulation results of PQ-Grid
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Fig 6. Simulation results of PQ-Inverter
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Fig 7. Simulation results of PQ-Load
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Fig 8. Simulation results of DC Voltage

VI. CONCLUSION

This simulation results presented is a novel cérfoan
existing grid interfacing inverter to enhance tloavpr quality
at the load end for a 3-phase 4-wire DG systerhadt been
shown that the grid-interfacing inverter can becsssfully
utilized for power conditioning without affectingsinormal
operation of real power transfer to the load circtie
simulation results concludes that the grid conrecte
Renewable energy system can be used to send thmoreer
from non conventional source end to the grid andlsb
operate as active power filter with fast responkigh
accuracy of tracking the DC-voltage reference, atrdng
robustness to unexpected load variations
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