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A Combined Technique For Elimination
Of Islanding Phenomenon
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ABSTRACT

As a growing tendency substanual number of PV-systems arc interconnecied to the uuility on
medinm and distribution levels. Due to disconnection of some faulty secuons , a number of PV's
could be cw off from the grid but continue to operate . this generates what is called the islanding
phenomenon . Active lechiuques 10 suppress this phenomenon utilizing a reacior or a capacitor
show a considerable change of voltage and frequency from nomunal values . This paper
introxiuces a novel combined technique 1o eliminate the islanding phenomenon with maintawned
power quality operation of the isolated sections .

INTRODUCTION

The residential uulity - interactive photovoltaic power system show promise of widesp..uu
applicauon as an altemauve enerzy source . In this concept the PV-sysicms operate with the
inverters in parallel with the utility feeder and use the utility as an infinilc energy source (o
supply encrgy when needed and to accept any surplus PV generated energy . It is clcar that these
PV systems could not only conserve significant amount of non- reversible fuels, but also have
significant social and environmental impacts .

From un clectric utility's viewpoint, distributed PV demand-side generstion sysiems can be
econommucally evaluated by considenng the encrgy benefit. capacity benefit and dollar per wat
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calculations . The evalusuion could use hourly ulility cost and performance data as a funcuon of
the ulrlity’s load duration curve. Weighied average capital cost of 8.78 % logether with a social
discount rate of 3% allow that the cnergy and capacity benefit valucs calculated cquate (o an
allowable inswlled PV sysiem cost of $ 4,724 . The higher the allowable installed cost, the casier
it will be for the PV-industry 10 erier the utility market (1] .

However, if the economical aspects of PV-systems show promising future, sutl some operational
problems (0 be addressed and resolved . One of these problems is the “islanding” or 1solaied
opecation of PV-disperssed®imits, which usually refers 10 the contnued generation from gnd-
connecied PY-sysiems following the interruption of utility power

Such islanding or ror-on conditions may pose a safety hazard 1o utility personnct or esdanger the
wntegrity of protective and other utlity equipments. Line crew personned, working to repair a frult
occurring on the grid, may mistakenly consider the load side of the lire to be  inactive; in fact
islanded PV sources may be feeding power back to the utility grid through power conditioning
units. These unmits arc aormally designed to shut down when such evenis occur. Also, depending
upon the duration of an islanding condition, awomatic reconnection of the PV sysiem may
present severe resynchronization problems with consequent detnimental effect vpon the integrity
of the utility equipmeat [2]

Main measures of islanding phenomenon are classified into o catcgories; the first one includes
passive moeasurcs such as abnormal vollage and frequency , phase monitoring, harmonic
monioring and frequency change rate monitoring. The second category includes the active
measures such as frequency bias and output power vanation measures. The optimum method has
cleared thai the abrormal voltage and frequency delection are the most relighle measures to
identify this phenomenon)3).

One acuve technique to suppress this pbenomenon is 10 introduce a reactor which results of
increasing  the voliage and docreasing 1he frequency. Another technique implementing the
insertion of a capacior shows the contra trend; the voltage drops while the frequency rises. [Lis
clear that in both techniques. a considerable vaciation from the nominal values 1akes place which
affects the power quality(4].

Now the question 10 be answered s ; if 2 combined technique implementing reacior and
capacitor, 0 achieve suppressing of the islanding phenomenon and maintaining the voltage and
frequency close to their nominal values, could be realized? The proposed lechsique is a tnal 0
investigate this possibility .

ELIMINATION TECHNIQUES
in this section the three techniques: reactor insertion, capacitor insertion and the corabined
technique are introduced . The first iwo techaiques arc brelly reforred. Tt is assumed that the data
of load profile of the country-wide distribution lincs follows the standard pariern in 1he residential
area, as well as that the PV-sysiems has no storage barnery.

Reactor Technique

Figure (1) represents the modeled dispersed PV-sysiem connected to the foad through inverter,
step-up transformer and medium T.L. which arc represented with equrvalent reactance L1. The
reacior L is (o be connected across ihe load duning islanding. For the heavicst loading conditions,
figure (2) shows the  mathcmatical simulauon of the load voitage with a clear declination from
nominal voltage . The load nominal vollage is that value at zcro Lwme, which 15 taken as reference
valuc (100 '%4) .
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Fig(1):Equivalent circuit for Fig.(2): Load voltage for
reactor technique reactor techaique

Capacitor Technique
The cquivalent circuit and load vollage charocienstics afler insertion of a capacitor bank are

shown in figurc (3) and figurc (4). respectively. The mathemadical simulation assures a sharp nsc
followed by slower declination  in Joad vollage due to capacitor connection
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Fig(3):Equivalent ciccuit for
capcifor technigue Fig(4):Load voltage for capucitoc technique

Combiucd Techoique

In 1lus wehnique two vananis are coasidered | a reacior bank is (0 be connecied followed by the
connection of @ capaciior bank wivich wall be refered to as reactor / capacitor vanani  the second

vanant studies the connection of a capacuor bank followed by a reactor bank . which will be

refered to as capacior / reactor vanani . The equivalent cuircuit is gve in figure (5)
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Fig(5):Equivalent circuit for combined technique
DISCUSSION OF RESULTS

For the teactorfcapacitor lechnique .figure (6) shows a drop in load voltage of 39.2 % the iniual
value followed by slower recovery and a second drop .

Siudying the effeck of changing the capacity of the reactor bank shows a sheht vanation , but
maintawing the same trend , which is clearly given in Ggure (6)  Figure (7) is the Joad voliage
for different Joadmg conditions  The heaviest Joading condinon R1 shows a drop of 39.3 % of
initial value , for B2 a drop of 32.5 % . which for R3 a drop of 23.4 % are recorded .
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Fig. (6) 1 Joad voltage for dilferent reactors in reacior / capacior technique .
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Considering the capacitor / reactor lechmque , Fig (8) gives the general trend of Joad
voltage vanation with a quick rise fol! by slower recovery trying 10 reach the initial value for
different loading conditions . For R1, the maximum i§ 1.79 times the initia) value , 2,75 umes
for R2 and 6.3 times for R3 with a duration of aboul one cvcle Changing the capacity of
capacilor bank results in having higher peak valucs ; 4.29 times and 6.9 times the nitial valuc as
shown in figure (9)
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Fig,(7) : Load voltage for different foading conditions in reactor / capacitor technique
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Fig.(8): Load voltage for difTerent foading coadition in capacitor / reactor technique,R1>
R2 > R3

RI, R2, R3

The comparison eof the (wo varmants declared that the capacitor / reactor technique is to be
implemenied considenng some design and operauonal constraints

To overcome the disadvaniage of voliage peak value fault current himuer devices should be
installed which will in retumn allow the decreasing of the ratod installed circunt breakers and

CquIpment curreni capacity
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Fig. (9) : Loau voltage for different capacitors incapacitor / reactor technique
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CONCLUSION

As the resuits show |, 1he combined technique could realize a conditional inproved system
performance afler islanding. Since Ihe analysis indicales that the degree of smprovement depends
upon Iwo faclors, namely the inslalled capacinies of reactor bank and capacitor bank. as welt as
lheir comneclion uming . A pre-calculations of these values should be adequatcly done

Concerning  the installed capaciuies. the pre-calculations could be donc as those of protection and
toad flow analysis, winch arc classified as off-hme caleulavions. Cn the other hand. the
dcicrmination  of connection timing and diffcrent combinations of capacitor / reacior banks
should be donc on-linc duc 10 the intermiven( naiure of PV-systems and vanable loading
condinons This could be performed via an inielligent control sysiem, fod constandly by the PV-
system gencrauon, load condition as well as grid-connccuon status. So i case of islanding. the
wnicliigent conurol system could make the required decision | when the capacilor and reaclor
banks arc to be connected |, satisfying given upper and lower vollage hmus.
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