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Abstract— This paper aimsto improve the antiislanding
detection response time and to reduce the total haronic
distortion induced by the sdar PV grid tied inverter. Load
sharing methodology was also strategizecto improve the
efficiency of the inverter by supplying only real pwer to the
load whereas the reactive power demand of the loads
supplied from the electric utility grid supply. The proposed
model uses an accurate modeling of commercially ala@ble
polycrystalline solar PV module usingspecifications sourcec
from SAM software of NREL, USA. MPPT algorithm is based
on incremental conductance with integral voltage autrol
technique. An improved PFD antiislanding detection method
is proposed to improve the power quality. The proposed
method has shorter island detection time and improed NDZ
compared with the classic PFD method when they havihe
same THD. The performance of the propod method is
verified by simulation using MATLAB/SIMULINK.

Index Terms— Anti-islanding, Load sharing, SAM software
of NREL, MPPT, incremental conductance with integral
voltage control technique, PFD antislanding detection
method, improved NDZ, MATLAB/SIMU LINK .

|. INTRODUCTION

India has one of the highest potentials for effexdtyi
using renewable energy sources. Greater relianc
renewable energy sources offers enormous econsou@l,
and environmental benefits. The Sun is an abunda
inexhaustible and cost and pollution free sourcpasier for
mankind. Sunlight has by far the highest theorkpotential
of the earth’s renewable energy sourd&ghin the basket ¢
Renewable Energy resources, Solar Photovoltaic F
plays an importat role. Photovoltaic's offer consumers
ability to generate electricity in a clean, quieidareliable
way.

Il. STATEMENT OF THE PROBLEM

Grid Tied Solar Systems possesses inheadvantages;
conversely it's not without disadvantages. As ailteG
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(distributed generation) inverter interconnecti@suits in
operating situation which does not occur in ceizteal
power systems. These operating situation preseigue
engineering challenges DG interconnection. This proje
deals with this particular operating situation tlaturs a
the interconnection or Point of Common Coupling @
between grid tied solar PV plant and the rest ef ibwetr
system in the event of a faulted conditior situation
hereafter refer to as Islanding. One of the nevhrimal
issues created by DG interconnection is uninteati
islanding. Islanding occurs when a portion of tigribution
system becomes electrically isolated from the radei of
the power gstem, yet continues to be energized by
connected to the isolated subsys.
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I1l. SCOPEOF WORK

This project will involve examining the nationaliliny
network to identify potential unintentional islandi
conditions; subsequén an equivalent of all the portions
the network with potential for islanding will be gatuced
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This equivalent prototype model of the network edmihg
the island/s will then be used to develop a Ma8ahllink
model. The model will contain anti islanding relagach as,

rate of change of frequency (ROCOF), vector surge,

over/under voltage relays, over/under current eelapd
over/under frequency
governing their operation. The model will be sinteth
under a predefined or intentional islanding conditiso as
to evaluate and determine the performance of thelsgs
for the purpose of assisting electrical protecgogineers in
selecting the most appropriate protective deviaas their
corresponding settings for DG systems. Also the grow
sharing between PV system and the utility grid viié
designed to provide maximum reliability and maximum
power transfer to the load.

Rs

MW

/

I Jsu \\ +

RSH

(@) (b)
Fig 2. (a) Equivalent circuit of a solar cell (th&
schematic symbol of a solar cell

IV. MODELING OF PV PANEL

To understand the electronic behavior of a soldyités
useful to create a model which is electrically &glént, and
is based on discrete electrical components wholsaviie is
well known. An ideal solar cell may be modeled bguarent
source | in parallel with a diodeplin practice no solar cell
is ideal, so a shunt resistancg, BRnd a series resistance R
component are added to the model. In Fig 2, theltieg
equivalent circuit of a solar cell is shown on ta#. Also
shown, on the right, is the schematic represemati@a solar
cell for use in circuit diagrams. From the equiwaleircuit it
is evident that the current produced by the sadtlris equal
to that produced by the current source, minus wisth
flows through the diode, minus that which flowsatingh the
shunt resistor.

I'=1,—1Ip—Isy 1)
Where

| - output current

I, - photo generated current

Ip - diode current

lg - shunt current
The current through these elements is governetidy t
voltage across them:

Vi=V+ Igs (2
Where

V; = voltage across both diode and resistgr R

V = voltage across the output terminals

| = output current

Rs = series resistance
By the Shockley diode equation, the current divktteough
the diode is:

relays based on the principal

I = I e[”“jl'] —_ I :3
D 0 { } ( )

lo= reverse saturation current (ampere)

n = diode ideality factor (1 for an ideal diode)
g = elementary charge

k = Boltzmann's constant

T = absolute temperature At 25°% ~ 0.0259 volt.

By Ohm's law, the current diverted through the shesistor
is
Yi

RsH

Iy = (4)

Where
Rsy = shunt resistance.

Substituting these into the first equation produdhe
characteristic equation of a solar cell, whichtedasolar cell
parameters to the output current and voltage

I1=1 -1, {exp [ 1} (5)

MATLAB Simulink was used to model the PV Module
by constructing its equivalent circuit. Shockleyodt
equation was used to exactly model the internalalio the
equivalent circuit.

q(V+IRs)
nkT

V+IRg

RsH

Va
Ig = Lsqt (em -1
Where
Id — Diode current
Isat— Reverse Saturation Current
Vd- The voltage across the diode
VT- The thermal voltage
n — The ideality factor, also known as the quality
factor
Thermal Voltage is given by the equation

(6)

KT

q

Vp = (7)

Where
g — Elementary charge
k — Boltzmann's constant
T — Absolute temperature
Sunpower  SPR-305-WHT  Module
proceedings in this paper.

for  further

V. PROPOSEDMPPTMETHOD

The In order to operate a photovoltaic (PV) system
within its MPP, and considering the irradiance and
temperature variation, a maximum power point tragki
algorithm is needed to search and maintain the pealer.
The Incremental Conductance comes from the fadt itha
uses the derivative of the PV system conductanagrder to
determine the operating point position in relatioMPP. In
this work, the algorithm was modified in order telude an
integral regulator. The integral regulator mininsizbe error
ol/loV+I/V where the regulator output will be equal tatg
cycle correction. The power output from the sola¥ P
modules is:

P=VxI (8)
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Maximum power point is obtained wheh = 0 when the MPP is achieved the system operation [®imbt
d changed, unless the climate conditions are alspgeith The
controller can control the duty cycle (d) of theneerter

<

apr d(VpyxIpy) al . . .
W = oy = Vev Xy Iy 9) directly to find the MPP. Fig 3 shows the Flow @af the
Incremental Conductance Algorithm.
PPy~ 0 if 22 > — 2BV o the left of MPP; &
oVpy Vpy oVpy
a0
pv _ jf lov. — _ 2PV ot the MPP:
oVpy Vpy oVpy
11)
9Prv — jf v < _ 2V 41 the right of MPP;
oVpy Vpy oVpy
(12) VOV (k-1 FAY V=V (k-1)>AV VO =V(R-1)-AV V)=V (k-1)+AV
¥
_dWpyxlpy) _ Ipy + Vpy X ey _ 0 (13) VOV )
aVPV VPV (k= 1)=1(kp
Olev _ _ Ipv
avpy  Vpy (14) Fig 3. Flowchart of the Incremental Conductance MIPP

The present value and the previous value of thar sol algorithm.

module voltage and current are used to calculaes#ues
ol_PV of and V_PV. IfoV_PV=0 and |_PV=0, then the
atmospheric conditions have not changed and theTMPP o ) )
still operating at the MPP. 1§V_PV=0andl_PV>0, the A solar grid-tied inverter converts the variableedt
amount of radiation has increased, raising the Melfage. ~ current (DC) output of a photovoltaic (PV) solanpkinto
This requires the MPPT to increase the PV moduteaiing ~ & Utility frequency alternating current (AC) thancbe fed
voltage to track the MPP. Otherwise, @_PV<0, the into a_commermal ele_ctrlca_l _grld or used by a lpo#-grid
amount of radiation has decreased, lowering the Mpplectrical network. Itis a critical BOS (BalanceSystem)—
voltage and requires the MPPT to decrease the Pdulmo Component in a photovoltaic system, allowing the o$
operating voltage. Ifal_PV)/(oV_PV )=-1_PV/V_PV , then ordln_ary AC.—powered equipment. .SOIar inverters have
(3P_PV)IEV_PV )>0, and the PV module operating point is SPecial functions adapted for use with photovol&iays,
to the left of the MPP on the P-V curve. Thus, B¢ including maximum power point tracking and antaislling
module voltage must be increased to reach the MpgProtection.
Similarly, if (AI_PV)/((6V_PV )=-I_PVI/V_PV, then
(6P_PV)/eV_PV )<0 and the PV module operating point A PhaseLock Loops
lies to the right of the MPP on the P-V curve, singathat Phase-locked loop or phase lock loop (PLL) is atredn
the voltage must be reduced to reach the MPP.isnatrk,  system that generates an output signal whose pisase
a small marginal error could be added to the mamimu rejated to the phase of an input signal. While ehare
power conditions such that the MPP is assumeddordt  several differing types, it is easy to initiallysuialize as an
alpy . Ipy electronic circuit consisting of a variable freqogn
[m'i_m] <é (15) oscillator and a phase detector. The oscillatoregges a

The valuee of was determined with consideration of the per|0d_|c S|gngl. The phase deteCth compares thaepbf
that signal with the phase of the input periodignal and

trade-off between the problem of not operating #yat the adjusts the oscillator to keep the phases matdBeaging

MPP and the possibility of oscillating _around ihiﬂ'_also the output signal back toward the input signal for

e o o g el S S T ompancon s calld a fecback loop sce Teiupies

controller to improve the incremental conductancethod Back' toward the input forming a loop. Keeping thput
S and output phase in lock step also implies keefliegnput

minimizing the error between the actual conductarmakthe and output frequencies the same. Consequenthdditian

incremental conductance, because the compensatobeca to synchronizing signals, a phasé—locked loop cacktan

adjusted and updated according to the system ngcess input frequency, or it cén generate a frequency thaa

Besides, this controller can reduce the rippleliagicins in multiple of the iﬁput frequency. The simple blodlgtam

steady-state minimizing the issues involving digita of PLL is shown in fig 4 ’

resolution implementation. This method can be seem@n '

adaptative solution once it presents large stegssithen the

PV operating point is far from the MPP, then thepssizes

are reduced according to the distance of MPP amallyi
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Fig 4.Block Diagram of Phase Locked Lc

The first step in this process is to express thasme:
threephase voltages in the stationary reference frarhes
is achieved through the transformation,

Va 2 1 _é _é Va
[VB]=§0 5 G| (16)

2 2 ¢

The stationary reference frame voltage, and \f are then
transformed into the synchronous reference fre

according to,

V;1 _[cosb,  —sindp] [V,

[Vd] - [sin 5, cosé, ] [Vp]
Whereg,, is the estimate of the phase given by the PL
can be shown that

(17)

where \{ is the magnitude of the easured AC voltage
Assuming §; - 5,) is small, (3) can be approximatec

Va = =V(6; = &) (19)

It follows that the goal of the PLL is to dri\-V4 to zero.
This can be achieved with good performance by usi
proportionalintegral (PI) controller for the loop filte

F(s) = K, + (20)
Defining
8, = w, (21)

Manipulating the equationssociated with the PLL give
x = K3(8, — 68,) (22)
wy = K4(6t - 6p) +x (23)
WherekK; = K4K;K, andK, = K;K,K,.

The Simulink Model of thelesigned PLL is shown in fic.

Fig 5.Simulink Model of the PL

B. Anti-Islanding Protection
One of the new technical issues created by
interconnection like grid tied solar inverters @ntentional
islanding. Islanding occurs when a portion of tigribution
system becomes electrically isolated from the rade of

the power system, yet corties to be energized by DG
connected to the isated subsystem (shown in Fig

Fig 6. Utility Network before and after islandingd
occurrec

Solar gridtie inverters are designed to quic
disconnect from the grid if the utility grid godown. This is
an NEC requirement that ensures that in the evéra
blackout, the grid tie inverter will shut down toepent the
energy it produces from harming any line workers vaine
sent to fix the power gridTypically, according to IEEI
1547 a DG bould be disconnected within 100 to 300
after loss of main supply. Ideally, the fault slibube
detected by the DG protection system and the Dgped
before the formation of an island. To achieve tbéch
distributed generator must be equipped win islanding
detection device or anti islanding devi.

C. Proposed Anti-1slanding Detection Method

The Proposed Islanding detection model combine
under/over frequency relayith reduced NDZ masking
using alLogical process. The system uses a disciecond
order filter of frequency KHz with an voltage sensor
sense the grid voltage and an per unit conversloonkk
This sampled signal is now fed as an input to tiserdte
phase lock loop. Then the output frequency is coeg
with lower and uppefrequency limits and masked by
AND gate to reduce the NDZ. The magnitude is a
converted to actual value and grid failure is diete
effectively by a combination of these log

VII. POWERFLOW REGULATOR

The proposed power regulator uses an ligent load
sharing technique so that it is able to extractrttaximum
power from the Solar PV array and put it to usec8ithe
power generated from the PV panel is DC it hasaaative
power generation associated with Recent technologies
have degined the solar PV inverters to provide reac
power support to the load by artificially introdogia phas
lag between the output voltage and the current. tBese
inverters when operating under reactive power mbds
lower efficiencies compared toal power mode. So in this
proposed model the inverter is designed in suchag t@
provide only real power to the load, whereas thactree
power demand of the load is drawn frthe grid. The Load
sharing between Solar PV system and the utilityl gsi
achieved by making the negative sequence of the
current to match with the load current using a éttmller.
All the parameters are converted into their pet ualues
and processed in the PI Controller. Finally a diteithree
phase PLL is used tproduce the reference signal to
PWM Pulse generator. The PWM pulse generator gers
the gate signals to the 3 phase six pulse investeroduce
an output in same magnitude and phase as the gjtaty.
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VIIl. RESULTSAND ANALYSES

A. Output of the Proposed MPPT Algorithm

The effectiveness of the MPPT algorithm used irs thi -

project has been evaluated based on varying thar sol
irradiance in real time. From the fig 7, it is algeseen that
the Solar Module starts to produce the maximum paiaset
could be extracted from the irradiance availabléhat point

of time. The MPPT block is triggered on at 1.5 sets) to
illustrate the variation of power output of the pawith and
without MPPT.

Fig 7. Output Power of Solar Module with variation
Irradiance

B. Output Voltages and Current during Normal

Operation

It can be clearly seen from the output voltages and

currents of the inverter and grid in figures 9, 1Q, 12
respectively the voltages remain almost constaangbeak
to peak value of 622 Volts, in other words equalt®
Volts line to line rms ac voltage. The inverterpmuttcurrent
varies according to the variation of the solardiaace and
the remaining current is being supplied from thiel,gthere
by maintaining the load voltage and current as tons
values as shown in fig 8. The MPPT block is enatded
0.25 seconds for this simulation and it is cleasijdent that
after the turning on of MPPT the inverter outpudrts to
current reach its maximum rated value.

i | I
o o5

Fig 8. Load Voltage and Currehf
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~ than 2 cycles (i.e., 40 milliseconds).
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Fig 10. Inverter Voltage
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Fig 12. Grid Voltage

C. Anti-Islanding Response

The response of the system to prevent itself fogméam
uncontrolled island in the power system during eélient of
grid outage has been evaluated by simulating thleyut
circuit breaker to open at 0.4 seconds and the-l8lathding
response of the proposed method in this project das
response time of 9 milliseconds. The figures 13 add
clearly illustrate the shutdown of the system aftetecting
the grid outage. Figure 15 clearly shows the openinthe
load side circuit breaker at 0.409 seconds whickesidhe
response time to be 9 milliseconds which is vergimiess

aFig 13. Inverter Current during Islanding Detection
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