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ABSTRACT

Islanding refers to the condition in which one oonm
distributed generators continue to power a sectibthe
network even though grid power from the electtilityis

no longer present. Unwanted islanding can be damgeto
utility workers, who may not realize that a circiststill
powered. Furthermore, because the present elettrica
systems are not designed to work under these ¢ondit
the unwanted isle is uncontrolled with reference to
protection system in case of fault, rated valuegattage
and frequency. Finally, reclosing the circuit oo active
island may cause problems with the utility's equptn

For that reason, a smart grid must prevent islagdor
detect it and immediately clear the situation.

In this work the unwanted island generation and
maintaining are analyzed for a 4-wires LV grahgposed
by a mix of generators and loads. Both single-plesed
three-phase generators are considered, in ordéatee an
unbalanced grid with realistic topology. Analysis i
performed using the Real-Time Digital Simulator [FS)
installed in the Enel Test Center of Milan.

The purpose of this work is to evaluate the resk rof
islanding, analyzing different scenarios and takintp
account transitory phenomena and capability limitfs
generators.

INTRODUCTION

It is well known that a large amount of Distributed

Generation (DG) produces problems on Distributiad a

Transmission grids in terms of voltage and freqye

values. Network voltage is influenced by DG actieattive

power injections in MV and LV grids. Frequency asions

can happen in case of imbalances between load and

generation in the national grid, due to netwoiybems or

misevaluations in the control procedures; the high

penetration of renewables, that can have fluadnatin the

injected power, increases the probability of thegents.

In order to mitigate the situation, National Reg¢is, under

the pressure of Transmission System operators, have

defined new operational rules for DG. Typical audtio

functions introduced in Italy in the last month:are

- Volt/VAr regulation (Q-V), for voltage control

- Active power drop-based frequency regulation (Fef),
frequency control.

Thanks to this Volt/VAr regulation, the reactivewer
exchanged between DG and grid, or DG power faddor,
regulated according to the delivery point voltaigelimit

% I & "#$

Lilia Consiglio
Enel Distribuzione alit
lilia.consiglio@eoen

IMULATOR

Giorgio Di babo
Enel Distribuzione — Italy
giorgio.dilembo@enel.com

Giovanni Valvo
Enel Distribuzionetaly
giovanni.valvo@enal.co

voltage variations. In the active power drop-based
frequency regulation, the generated active power is
regulated according to grid frequency, to stabtfimepower
system.

In Italy the voltage regulation, for DG connectedhe LV
grid, is defined by the Italian Technical Stand@il 0-21

[1] while the frequency regulation is defined bg ti84-12
Deliberation” of the Italian Electrical Energy art@las
Authority (AEEG) [2].

However, both voltage and frequency regulatioreated to
stabilize the national grid, have the secondafgcefof
stabilizing the unwanted islanding situations.

THE UNCONTROLLED ISLANDING

In certain situations in active LV network, if aeder
breaker is opened, isolating the network located
downstream, the frequency of the isolated cirdslaid)
derives so as to reach a steady-state value wypatatly
depends on the active power imposed by the loa@s3to
Network voltage follows a similar behavior: itsatly-state
value, depends on the reactive power imposed byp#uts.
Frequency and voltage variations depend on therdigna
behavior of loads and DG.

It is important to note that DG dynamics exist afsthe
generators are based on power electronic convegears
solar or wind distributed generators). In this ¢ag@amics
are determined by active and reactive power regrdatnd
by frequency/phase meters (typically PLL- Phasekkdc
Loop), equipping the relevant inverters.

In order to clarify the consequent islanding, we aaalyze
frequency variation phenomena in the simple system
represented in Figure 1. The described approdiesid on
several hypothesis (hpl, hp2, hp3 and hp4) whilchva
simple analysis, without impacting the generalitgl dhe
validity of the results. With this model it is pdsde to
mathematically calculate the islanding frequendy&aln
the picture we have a grid-tie inverter regulateth va
power-frequency drop function. The active power
proportional integral (Pl) regulator acts on theeirier
voltage phase shift [3].

The reactive power PI regulator acts on invertdtage
amplitude. In the P-f drop block “A” represent® tho-
called frequency dead-band and “B” represents tog d
band. Normally the inverter works in the frequengad
band and the MPPT algorithm is enabled, but wheretts
a frequency drift, the systems works in the dropdband
the Maximum Power Point Tracking (MPPT) algorithen i
disabled.
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Pset = K(Wpy - W)+ Py
Figure 1. The considered inverter based DG.

The inverter voltage at the delivery point is:

Vg =V, cog(npt +d) =V, cos/, 1)
whereV,, 1, andd are respectively the modulating wave
amplitude, angular frequency and phase shift. When
angular frequencyy, is considered as constant and equal to

the rated value (hp 1), a frequency drift is pdssimnly
thanks to thed phase shift variation.

The PLL measures the dynamic phagg providing the

angular frequency,, (a PLL is used as a frequency

meter). For simplicity (hp 2) the PLL dynamic, tygily due
to the Pl regulator integrated into the PLL, iscantsidered
(the PI “speed” is infinite). Because the PLL measuhe
derivative value ot/ , it is possible to write:

Wo =SJy =g + 97 (2)
which represents the PLL transfer functios (s the

Laplace complex variable, the Laplace operator).
The P-f drop block transfer function (in the dragnt) is:

Poet = K(Wpy - wy)+ Py (3)
wherek is the drop constant (in [W/(rad/s)J; and

are respectively drop band active power and angular
frequency, (see Figure 1). The active power regulat
transfer function is (considering only the integrait of the
PI regulator, with gairk; ):

K

k
d:(Pset' Pg)?lz k(WPLL' Wd)"' Pd Pg_s (4)
where Py is the inverter generated active power. Deriving

the phase shif? from (2) (with the simplification hp3:

ny @uy , because in the “84-12 deliberation” the values of

these quantities are very close toghether (0.3[3x)and
using it with (3) in (4) we can write:

- Ki K
wo =-Fy 1- kek + Py 1- kxk + "y (5)
If we consider thak Xk, 1 (hp 4, because both quantities

are typically greater than 1), the previous equiatian be
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rewritten as:

1 1
WL = PgE - Ry I“L ) (6)
This represents the relation between the genesattide
power and the grid frequency, when the generatoksio
the drop band also in islanding (the relation ikdvia the
drop band independently by islanding).
Equation (6) can be rewritten as:

Py = k(Wpr - )+ Py 7)

This is identical to (3). In other words the genera active
power-frequency behavior is imposed by the P-fpdro
characteristic, also in islanding functioning.Histlast case,
equation (6) allows to calculate the islanding frexcy,
knowing the active power imposed at generator teaisi

If, for example, the generator feeds a single ladith
absorbsB,_, the frequency working point can be viewed as

the interception between the generator charadterisie
equation (6) and the load characteristic.

Figure 2 represents this concept for a constaneptvad:
when the main grid is present, the generator wairitee red
point and the load works at the blue point. Duritanding,
the new working point will be the black one, duetle
concepts above mentioned, derived by (6).

Figure 2. The frequency working point in the island.

As said before, the new working point, in terms of
frequency, depends on the active power imposetheat t
generator terminals.

All these concepts can be also applied to the gelta
considering the regulator of the reactive powerthe
generator. If this regulator is driven by a reaztpower-
voltage drop (Q-V), the islanding working point {@mms of
voltage) will be the interception between the Qeénegrator
characteristic and the reactive power imposed at th
generator terminals. If, for example, the genertdeds a
single load which absorb®, , the voltage working point

can be viewed as the interception between the gter
characteristic and the load characteristic.

Figure 3 represents this concept for a constaneptoad:
when the main grid is present, the generator watritse red
point and the load works at the blue point. Duiglgnding
the new working point will be the black one.

Figure 3. The voltage working point in the island.
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Generally, loads’ active power also depends onglidge,
then islanding frequency can be also a functiothefgrid
voltage. In other words, in general, we can write:

fisland =f (P’V) (8)
From a mathematical point of view the islandingdogbur
of a big network is not so easy, due to a big nundie
equations related each other. In this case simulgti
represent the practical solution to analyse theeagmena,
Removing also all simplifications used in the mathécal
model (hp 1, hp2, hp3, and hp4).

Figure 4. The simulated LV grid.

THE REAL-TIME DIGITAL SIMULATOR

Simulations are performed using the Real-Time Rlgit
Simulator (RTDS) installed in the Enel Test Centér
Milan. This fully digital machine, shown in Figurg,
consists of a big number of calculators that wangarallel,
in order to numerically simulate the network vittyduilt

in its software environment. Digital and analog damted
values are both available through software-to-hardw
interfaces, based on Digital/Analog converters. sThi
important feature allows to connect real deviceke(l
protection relays, regulation and control devicesthe
simulated virtual grid. In this way the real poveststem
behavior can be dynamically and completely analyaed
safety environment.

Figure 5. The Real-Time Digital Simulator (RTDS) in tre
Enel Test Center of Milan.

THE SIMULATED GRID DESCRIPTION

This study has been realized simulating a threesgoha
network, represented in Figure 4, supplied by a Dyl
MV/LV transformer. Three feeders composes the gnid:
urban, one rural and one mixed (urban and ruraygidver
an equivalent load connected to the LV busbar siteslthe
rest of the LV network.
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In order to have an unbalanced grid, both singtethree-
phase loads and generators are present. The loachuma
power (cumulative) amounts 159 kW (power factorPF
0.9). Loads are represented by the constant P,@mpow
model. The generated active power (cumulative) also
amounts 159 kW, divided into 6 x 10 kW plants (éhre
phase), 3 x 20 kW plants (three phase), 4 x 6 kavitpl
(single-phase), 5 x 3 kW plants (single-phase).

The generators’ active power regulation is freqyetrop
based, as stated in the “84-12 deliberation” oBleetricity
and Gas ltalian Authority (AEEG). Also the interéac
frequency protections are set according to thiadsted
(wide frequency thresholds, 47.5 Hz to 51.5 Hz)eTh
generators reactive power regulation is voltagesthased,

as reported in the Italian Standard “CEIl 0-21". &aiors
power factor capability is modelled as stated e“tBEI O-
21" standard. Active and reactive power Pl regukato
implemented in RTDS are represented in

Figure 6. As said before, all simplification hypesis (hp 1,
hp2, hp3, and hp4) have been removed in the RTDS
simulations. The angular frequenmy is not constant but is

provided by the PLL, themy = g, . The PLL, used as

frequency meter, is based on the Park Transformaitial
its scheme is depicted in Figure 7.

In the simulation the electric islanding has besrated
opening the secondary substation (SS) MV breaker.

Figure 6. PQ PI regulators in RTDS.

Simulations description

In the study the load has been changed, maintaining
constant the generation at 159 kW. After each tiaridhe

MV transformer breaker is opened and the islanding
maintaining event is checked. Each variation cpoeds to

the 10 % of the peak power (10 % of 159 kW). Farhea
step the island duration is measured(i.e. the beteveen

the breaker opening and the last generator interfac
protection tripping.

Figure 7. The Park Transformation-based PLL used in
RTDS simulations.
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In Figure 8 we can see the island maintaining jbdggi If
the generation is very close to the load (or eqtia)island
is not stable (in Figure 9 is represented the dstduration
time). This phenomenon occurs because the redotike
consumption is high and, during the islanding, itsinbe
supplied by generators. Moreover generators mypgilgu
reactive power absorbed by LV feeders. Then gemerat
trip due to minimal voltage threshold.

When the generation is higher than the load (sger&i8
and Figure 9) the islanding becomes permanenthlesta
Generator feeds the LV grid in terms of active egattive
power. It is important to note that the grid is atamced. In
fact the Dy MV/LV transformer, opened on the MV esid
“turns” and balances the power between phasesrd-ifu
and

Figure 11 represent the island voltage and frequeéuncdng
the islanding steady state.

Figure 8. The island maintaining possibility.

Figure 9. The island maintaining time.
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Figure 10. The island steady-state voltage.
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Figure 11. The island steady-state frequency.

Finally, when the generation is very high, comparethe
load, the island is not stable (see Figure 8 agdrEi9).
This phenomenon occurs because the big gap betasen
and generation creates a big transient on gen&rator
regulator causing the user interface protectiapgpitrg.

CONCLUSIONS

The study reported in this paper demonstrates ttieat
unwanted (or uncontrolled) islanding is possibte {oth
LV and MV grid). The islanding probability becomesry
high when the generators are regulated with drgjg$oin
terms of active power-frequency (P-f) and reacpigever-
voltage (Q-V); in fact these logics are designest for
stabilization purposes.

We underline that the islanding steady state, imseof
frequency and voltage, depends on generators adl lo
dynamics. Another parameter influencing it is tad
behaviour, as a function of both frequency andagait
Moreover the generators (e.g. PV inverters) dynamic
depends on the implementation of all the regulati@ng.
the firmware, in case of inverters). Each type exfigrator
(e.g. PV inverter built by different manufacturersn
potentially have a different dynamic behaviour.

From the Distributor point of view, a reliable stdun, to
avoid the uncontrolled islanding, is the impleméntaof a
remote control system able to clear this possybilitn the
MV network, Enel Distribuzione is developing an iant
landing solution based on the remote trip of theegator
breakers in case of possible islanding situations.

This approach can also be extended to LV netwaikag
into account the big extension of this networks &ma
related costs.
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