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1. Introduction

In the recent years, there is an increasing interesting for distributed generation (DG)
units with their installation to the low and medium voltage level of distribution net-
works to continuous increase all over world [1]. DG units have brought many signifi-

cant benefits to electric power networks such as reduction in transmission and distribu-
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tion line losses, improvement of system voltage profiles and the load factor, deferment
in capital investments for transmission and distribution networks infrastructure, reduc-
tion of emissions and the overall improved system security, efficiency, and reliability
[2] [3]. The increasing installations of DGs have also brought several negative impacts
such as: increased thermal constrains on utility’s assets, voltage level control issues, re-
versed power flows, and network protection issues which form a significant challenge
against further DG deployment [4]-[7]. Protection challenges arise from the fact that
DG penetration may pose serious issues on the normal operation of utility protection
schemes, such challenges include: false tripping of feeders, blinding of protection, in-
creased or decreased fault levels, unintentional islanding, unsynchronized reclosing,
and prevention of automatic reclosing [8].

There is a close relationship between islanding and reclosing problems, as unwanted
islands may lead eventually to unsynchronized reclosing. Due to the unpredicted beha-
vior of power systems with unintentional islanding many technical standards state that:
any DG unit installed at a distribution feeder must be automatically tripped should the
feeder become disconnected from the network, this situation is called: “Anti-Islanding
Protection” [8] [9]. Anti-Islanding may reduce DG units’ efficiency as well as network
reliability if DG units were prevented operation despite of their supply support benefits
[1]. New developments in DG technologies such as gas turbines, diesel engines, hydro
turbines, and wind energy conversion system (WECS) promises more efficient and
greener power production [10]. Many studies have been conducted on distributed gen-
eration in terms of generation technology, generation resources availability, supply
quality and reliability, as well as protection. While previous work on islanding pheno-
menon in power systems focused on many different aspects those in particular to this
study were related to intentional (planned) and unintentional islanding, anti-islanding
detection, and protection from islanding.

Those studies examined the dynamic and steady state behavior of selected systems
during grid-connected and islanding operation, hence certain conclusions about is-
landing whether or not it was a viable option will be made depending on the proposed
control strategies as well as the existing DG capacity. While some studies focused on
allowing islanding, others aimed to address the problems related to islanding protection
and tried to suggest new methods for islanding detection [11] [12]. The results revealed
that although wind turbines accounted for small portion of the installed DG capacity,
most wind turbines needed to be disconnected in order to preserve system frequency
within the permissible range if islanding operation was considered, this is related to the
insufficient reserve and inertia issues of intermittent energy sources [12]. The study al-
so suggested a new approach to enable successful islanding with the presence of wind
generation and results were promising. This approach was based on demand as fre-
quency controlled reserve (the DFR technology). This technology provides support to
islanding frequency at the presence of intermittent generation by performing demand
side management on many end-users loads. Since it was found that disconnecting large

number of end-users loads such as electric heating, freezers, and refrigerators for short
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period of time not affecting those loads performance but it returns considerable benefit
in terms of load reduction to preserve frequency [12]. The unintentional islanding was
investigated as a part of an islanding study proposed a power sharing approach to im-
prove the dynamic behavior of an islanded micro-grid system [13]. The dynamic beha-
vior of the islanded part was studied by means of PSCAD/EMTDC software package.
The control strategy capability in providing frequency and voltage control to the is-
landed system was observed. Due to the major contribution from the primary frequen-
cy control units, the gas unit added a smoother regulation to the island frequency by
injecting less real power. Furthermore, voltage regulation was successful in bringing the
bus voltage to the permissible range after unplanned islanding has been detected [13].
A new anti-islanding detection method was proposed [14] as part of new requirement
for utilities in order to provide protection from islanding negative impacts such as: out-
of-phase reclosing, electric shocks from supposedly de-energized islands, and power
quality degradation. The new proposed anti-islanding method detects islanding by cal-
culating frequency slip and acceleration between two systems using time synchronized
measurements, this method was referred to as islanding detection scheme based on
wide-area measurement (IDS_WA) [14]. Results showed that islanding detection
scheme based on local area measurement method (IDS_LA) detects islanding success-
fully if the existing power mismatch between utility grid and DG connected network is
large. Meanwhile, IDS_LA failed to establish reliable detection within certain period of
time when the power mismatch was small. IDS_WA method managed to detect island-
ing regardless of the existing power mismatch as simulation results revealed [14].

The current study investigates the feasibility of islanding operation to provide sup-
port at the event of utility outages as well as to observe the effect of unintentional is-
landing on a realistic MV network with four different distributed generation technolo-
gies (diesel, gas, hydro and wind) along with their excitation and governor control sys-
tems. The master-slave islanding method for controlling the distributed generation
units during grid-connected and islanding operation has been used. The obtained re-
sults have been validated through various case studies that have shown that a suitable
planned islanding transition could provide support to critical loads at the event of elec-

tricity utility outages.

2. Islanding Phenomenon in Power Systems

Islanding phenomenon is an electrical condition in power distribution networks that
involves distributed generation units. It appears when a zone or an area of distribution
network supplied by both power grid and DG gets isolated from grid supply due to any
reason, and the DG units continue to energize some or the entire load presented within
the isolated section. This implies that the distribution utility loses control over supply
in the island and can guarantee neither supply quality nor stability [15] [16]. Tradition-
ally, distribution networks used to be passive networks and it did not have any power
sources injecting power into grid, therefore any fault used to occur in the network was

dealt with by utilities” protection schemes on at basis. However the introduction of DG

KD
+%%, Scientific Research Publishing



L. Ekonomou et al.

at distribution level made this assumption void and further investigation and research
were needed to address the issue of islanding in power systems [17]. In other words,
when the amount of power generated by multiple DG units connected at the LV grid
matches the absorbed amount of power by loads connected to the same network; utility
protection units may fail to detect this situation as no power is flowing through utility
grid and that may indicate islanding situation, bearing in mind that DG units may
self-disconnect following islanding occurrence without any consideration to the loads
presented in the island [16].

Islanding may pose threat to the distribution system especially if it occurs acciden-
tally to a part of the system that was not designed to operate in such conditions. The
most potential hazards unintentional islanding may bring to a system if it occurs are
the: a) power quality degradation (varied voltage and frequency levels that usually ex-
ceed the permissible limits), b)out of phase re-closure, c) loss of grounding (improper
grounding of DG units and loads within the island), and d) safety concerns [17] [18].
Concept of islanding detection is based on monitoring the DG units’ output parameters
and sometimes the grid parameters to notice any change in them, and then conclude
whether or not islanding has occurred. On that basis, islanding detection techniques
can be categorized into remote and local techniques, while the latter can be divided into
passive, active, and hybrid [17]. Remote techniques use certain communication be-
tween utility substation and DG. They detect islanding with high degree of reliability
and accuracy, however their implementation costs are quite expensive compared to the
local techniques [17] [19]. The main principal of local techniques is the measurement
of the main electrical parameters (voltage, current, frequency, etc.) at the DG side [19].
Local techniques are sub-categorized into: a) passive techniques that monitor the elec-
tric parameters at DG side and compare them with predefined values, b) active tech-
niques that work by injecting certain disturbances at the output of the DG unit and de-
pending on the amount of change in the electric parameters, islanding might be de-
tected if that amount was considerable, and c) hybrid techniques that employ a combi-
nation of both active and passive techniques, where active techniques are used when

passive techniques suspect islanding situation [17] [19].

3. Methodology

3.1. Conditions for Islanding and Grid-Connected Operation

DG units are not usually set to participate in regulating the frequency of the grid nei-
ther the voltage during a grid-connected mode. They are set to operate in a constant
power mode and that is to provide fixed level of real power at high power factor (PF),
while the grid frequency and voltage levels are determined by the utility control sys-
tems. The governor system attached with those DG units is responsible for providing
that constant level of real power, while the excitation and automatic voltage regulation
system ensures the constant reactive power output through automatic voltage regula-
tion reference [13] [20].

However, when there is a transition from the grid-connected mode to the islanding
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mode whether it was for intentional or unintentional reasons, these external power
control systems are bypassed and new control systems take over depending on the is-
landing method agreed upon by the utility and the DG units’ operators. If this is not the
case, then existing governor and excitation control systems remain operating at a pre-
defined reference values chosen according to international standards for safe and stable
operation whilst in the islanding mode [13] [20].

Moreover, operating part of the distribution networks in islanding mode needs to
take into consideration certain limits for frequency, voltage and harmonics. These lim-
its must be derived from international standards such as those listed in Table 1, and
that ensure a safe, reliable, and standard quality supply to all end users loads existing
within the island [21]. According to the IEEE 1547-2003 standard, distributed genera-
tion units are required to cease energizing the part of the network they supply during
certain clearing times should the voltage across the system falls within the correspon-
dent voltage ranges illustrated in Table 2. Clearing time is defined as the time taken by
the DG unit to de-energize its supplied part of the network completely after an abnor-
mal condition has occurred [22] [23]. As for the system frequency, according to the
IEEE standards 1547-2003 and 1547.2-2008, DG units are required to cease energizing
their supplied part of the network within pre-defined clearing times should the system

frequency lies within the specified frequency ranges of Table 3. Depending on the DG

Table 1. Standard power systems voltage and frequency limitations [21].

Voltage Window Frequency Window Reference Standard
0.9to 1.1 Uy 0.99 to 1.01 fy, IEEE P1547
0.8 to 1.15 Uy 0.94 to 1.02 fy VDE 0126, OVE E2750 (partly)
0.8 to 1.2 Uy 0.994 to 1.006 fy DK 5950

Table 2. IEEE abnormal voltage range clearing times [22].

Voltage Range (Percentage of Nominal Voltage) Clearing Time in Seconds
V <50% 0.16
50% <V < 88% 2
88% <V <110% Normal Operation
110% <V < 120% 1
V =120% 0.16

Table 3. IEEE abnormal frequency range clearing times [22].

DG Capacity Frequency Range Clearing Time in Seconds
f>504 0.16

DG<30 kW 494<£<504 Normal Operation
f<494 0.16
f>50.4 0.16

DG>30 kW 49.8 <f<50.4 Normal Operation

47.5<f<49.8 Adjustable 0.16 - 300

f<475 0.16
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unit capacity the frequency limits and their correspondent clearing times may be fixed
or field adjustable. In order to make the islanding mode a feasible option, two key states
need to be addressed, studied, and planned fully and completely. Those states are: a) the
transition from grid-connected into islanding mode, and b) island operation after dis-

connection from utility control [24].

3.2. Master-Slave Islanding Method

This islanding strategy aims to adjust the control systems of a selected DG unit follow-
ing the transition to islanding situation. This adjustment will change the control mode
from fixed power generation control (P-Q) to become fixed frequency and voltage reg-
ulation control (V-f), thus the selected DG unit will be acting as a swing source and is
called the master unit [20] [25] [26]. However, the remaining DG units in the island
will not see any changes to their control systems and they will remain the same as
grid-connected operation and that is constant power control (P-Q), hence those units
are called slave units. Operational power values of the slave units will normally be de-
termined by an auxiliary control system of the master unit and it will be sent via slow
communication channels between the master DG unit and the rest of slave DG units

within the island.

4. Distribution System Description

The test network used for this study (Figure 1), is part of a realistic MV network with a
nominal voltage of 20 kV [27]; it consists of the utility main feeder NETZ rated at 110
kV, with (2000 - 1000) MVA for max-min initial symmetrical short circuit apparent
power. The HV/MV part of the network consists of two transformers each rated at
110/20kV, and 30 MVA rated apparent power. The MV network consists of five feed-
ers, while the investigated part of that network Feeder#2 is connected to the MV net-
work at the point of common coupling; this feeder consists of four generators which is
the scope of interest for the examined case studies. The remaining two generators are
connected to feeders number 3 and 4 respectively. Technical data of the six distributed
generators can be found in Table 4. All of the feeders’ lines are made of copper cable
lines with a cross sectional dimension of 3 x (1 X 95) mm?, the corresponding lengths
for all the lines in the MV network are illustrated in Table 5 [27].

Table 4. DG units’ characteristics [27].

Generator Name  Rated Nominal Voltage (kV)  Rated Apparent Power (MVA) Neutral Point
GEN1 20 3 Ungrounded
GEN2 20 3 Ungrounded
GEN3 20 3 Ungrounded
GEN4 20 3 Ungrounded
GENS5 20 3 Ungrounded
GEN6 20 3 Ungrounded
6 0:%: Scientific Research Publishing
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Table 5. Test network lines lengths in km [27].

Line Name Length (km) Line Name Length (km) Line Name Length (km)
L1-1 1.00 L2-7 0.50 L4-3 1.00
L1-2 0.50 L2-8 0.70 L4-4 0.80
L1-3 0.80 L2-9 0.70 L4-5 0.50
L1-4 0.80 L2-10 0.70 L4-6 0.50
L1-5 1.00 L2-11 1.00 L5-1 0.50
L2-1 0.50 L3-1 1.00 L5-2 0.80
L2-2 0.50 L3-2 1.00 L5-3 0.80
L2-3 0.80 L3-3 1.00 L5-4 1.00
L2-4 1.00 L3-4 1.00 L5-5 0.70
L2-5 1.00 L4-1 1.50
L2-6 1.00 L4-2 0.80

The remaining part of the MV network, the loads, is as follows: Loads L1-1 to L1-5,
L3-1 to L3-3, L4-1 to L4-6, and L5-1 to L5-5 are all with 0.8 MV A apparent powers with
0.95 lagging PF [27]. As for loads on the studied Feeder#2, they are as follows: L2-1,
L2-2, L2-5, 1L.2-8, 1L2-9, L2-11, and L2-12 are rated at 0.4 MV A, while loads L2-3, 1L.2-4,
L2-6, L2-7, and L2-10 are rated at 0.8 MV A; all loads are with 0.95 lagging PF [27]. This
MV network is shown in Figure 1.

5. Dynamic Models of the Network Components
5.1. The Load Model

The load model selected for the purpose of the dynamic simulation is a static exponen-
tial load model. Naturally, loads consist of static and dynamic components which are
derived from the nature of the load whether it was residential, commercial, or industri-
al. Static load models describe the dependency of load active and reactive power as
function of the system voltage and/or frequency at one specific instant of time. While
on the other hand dynamic load models describe this relation at any instant of time,
hence static load models are not time dependent [28]. However, static load models have
been sufficient enough to be used for a very long time to study load behavior for both
the static and dynamic components [28], therefore and for the sake of simplicity the
static exponential load model has been used throughout this study to describe the static
components for all the loads presented in the island and to approximate their dynamic
components.

Equations that can describe the load power dependency as function of system voltage

and frequency under the static exponential load model are [29] [30]:

nP
u Af
P=P|—| |[1+=—F
O(UOJ [ i f0 P] W
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LX) Islanded Feeder

Figure 1. Studied network single line diagram.

nQ
Q=Q, Ui 1+%Fq @
where:

P is the ongoing active power of the load,
Q is the ongoing reactive power of the load,
P, : is the nominal active power of the load,
Q, : is the nominal reactive power of the load,
U is the magnitude of ongoing node voltage,

U, : is the nominal system voltage,
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f, : is the rated system frequency,
Af : is frequency difference from rated frequency,
nP is the dependence of load active power on voltage,
nQ: is the dependence of load reactive power on voltage,
F, : is the dependence of load reactive power on frequency, and
F, : is the dependence of load reactive power on frequency.
Typical values for the loads used for all four case studies dynamic simulation were
[28]:
nP=1,nQ=2=0and =-1

5.2. DG Units

The diesel, gas and hydro DG Units are modeled as a single-mass synchronous ma-
chine. The machine electrical system is represented in the d-q-0 frame with two rotor
windings on each axis. The excitation and governor systems of the machine are also in-
cluded in the simulation model. The parameters for the diesel, gas and hydro units dy-
namic model used in this study are shown in Table 6. The wind DG unit is modeled as
a direct drive synchronous generator. Rotor and generator shafts are mounted to the
same shaft without gear-box. The generator is a permanent magnet synchronous gene-
rator designed for low speed. The permanent magnet machine dynamic model used for
this study is the one embedded in Neplan and has the parameters of Table 6. Perma-
nent magnet synchronous generator output is injected to the utility grid through back-
to-back pulse width modulator (PWM) convertor. The convertor system ensures that
both generator and grid currents are sinusoidal and it can enable for variable speed
control. To achieve regulation of the current components for the grid side PWM, the
regulator used ensures regulation for both d-axis and g-axis of the current components
in a very fast inner control loop. Meanwhile, the slower outer control loop that regu-

lates the reactive and active powers is used to define the current references [31].

6. Case Studies

The distribution network was built using Neplandesktop power systems simulation tool

and according to each case study the correspondent distributed generation technology

Table 6. Synchronous machine dynamic model parameters for the four different types of DG units.

Synchronous Machine

R . X Stator Mechanical
Dynamic Model Synchronous Reactances Transient Data Sub-transient Data .
Resistance Data
Parameters
XXX X X T T ox T T H
(p-w) (p-w) (p-w) (puw)  (pu) (sec) (sec) (pw)  (puw) (sec) (sec) (MW*s/MVA)

Diesel DG unit 1.6 0.95 0.105 0.33 0.70 4.0 1.2 0.24 0.30 0.05 0.05 - 1.76
Gas DG unit 1.5 0.75 0.1 0.256 0 0.53 1.20 0.168 0.184 0.03 0.03 - 1

Hydro DG unit 1.236 0.75 0.155 0.345 0.70 4.17 1.20 0.264 0.211 0.03 0.19 - 3.12
Wind DG unit 1.05 0.75 0 - - - - - - - - 0.042 5

9
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is injected to the network on Feeder#2 to enable the study of the dynamic behavior of
each DG technology following an islanding occurrence under the same operational
values for the rest of the network components.

The current IEEE standards prevent the operation of distribution system in islanded
conditions, where the DG unit is still supplying part of or the total load within an island
at the event of utility outage. This is related to system control, protection, and person-
nel safety issues [24]. The current control scheme in the network normally trips the DG
units within 2 seconds as indicated earlier in the standard voltage and frequency clear-
ing times (Table 2 and Table 3). However it is assumed that those clearing times were
adjusted and relaxed to enable the planned and unplanned islanding operation to run
smoothly without interruption by the utility’s protection units during the tests for all of
the four case studies. The total rated system load distributed throughout Feeder#2 for
the following four case studies is set to be (6.46 + j 2.125) MV A, however depending on
the dynamic response of the load this rated value may undergo slight changes according
to the type of units presented in the island as well as the islanding method used.

In this study, it is assumed that the DG units are considered for autonomous opera-
tion at the planning stage. This implies that all the used DG units have the capability by
working together for each case study, within the range of their rated power, to supply
the total load in the islanded part of the network without affecting the island desirable
operational voltage and frequency limits. This level of power redundancy ensures that
no loads in the islanded part of the network have to be disconnected during the island-
ing mode to re-establish the generation with demand balance in real time [32] [33].

The dynamic response of the system is studied in the four case studies by observing
the changes in frequency, voltage, real power, and reactive power across the islanded
section following the transition from utility connected mode to islanded mode using
the master-slave islanding method. Two transition conditions were used throughout
the first three case studies using the disturbances of the dynamic transient stability
module inside the used power simulation tool Neplan, these are: CB opening (by open-
ing a logical switch on the upper or lower side of line LIN2-1) and that demonstrated
the planned islanding transition condition, while the other transition condition, the
unplanned islanding, was achieved by triggering a three phase short circuit fault at line
(LIN2-1) at a certain distance on the line and that caused the line to be tripped from
both sides after some deci-seconds due to the assumed protection scheme used by the
local utility. As for the forth case study, only one transition condition was used in order

to less complicate the case, hence only the planned islanding transition was used.

6.1. Case Study A: Islanding of Diesel Only Units

In this case study all four DG units (GEN1, GEN2, GEN3, GEN4) are diesel based units
connected to buses N2_4, N2_7, N2_9, and N2_11 respectively as illustrated in Figure
1. In this sub-case scenario, GEN_D2 is selected to be the master DG unit and it was set
to operate at 60% of its rated capacity with almost unity PF of 0.99 (ie, (1.8 +j 0.25)
MVA), while the remaining there DG units were selected as slave DG units and were

10
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control following the islanding occurrence, while to keep the remaining three DG units

Neplan has been configured to allow the control systems of GEN_D2 to become (V-f)
Gen_D1

set to operate at 50% of their rated capacity with 0.95 PF (ie, (1.5 + j 0.5) MVA each).

generation in (P-Q) control through main-

and Gen_D4 as constant

>

Gen_D3

>

taining the pre-configured state of control for their governor and excitation systems
As mentioned earlier the transition from the grid-connected mode to the islanding
mode occurred by opening the upper CB of LIN2-1 at t = 2 seconds. The results ob-
In this sub case scenario the transition from grid-connected mode to island mode oc-

6.1.1. Planned Islanding of the Diesel Units (Case A1)
tained from the dynamic simulation are shown in Figure 2.
6.1.2. Unplanned Islanding of the Diesel Units (Case A2)

before and after the islanding mode.

0.00

Master-Slave: N2-11-WE

Master-Slave: N2-7-WEl—— Master-Slave: BUS_2-W

Master-Slave: N2-9-WEI

l—Master-Slave: N2-4-WEI
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T
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'
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I— Master-Slave: N2-4-VT

Figure 2. Diesel case master-slave planned islanding results (case Al).
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Figure 3. Diesel case master-slave unplanned islanding results (case A2).

curred by setting a 3-phase fault at LIN2-1 at t = 2 seconds and opening both CB’s at

both ends of LIN2-1 to clear the fault at t = 2.4 seconds. After running the simulation,

results were obtained as shown in Figure 3.

6.2. Case Study B: Islanding of Gas Only Units

In this case study all four DG units (GEN1, GEN2, GEN3, GEN4) are gas type units

pectively as illustrated in Figure

and N2_11 res
1. The master unit was set as GEN_G2 and was loaded at 60% of its rated ca

>

, N2_9

, N2_7

connected to buses N2_4

pacity with

almost unity PF of 0.99 (ie, (1.8 +j 0.25) MV A) which was the case for the diesel mas-

y were loaded by 50%

of their rated capacity with 0.95 PF (ie, (1.5 +j 0.5) MVA each), again the same as the

and Gen_G4 the
slave units of the previous case study. Neplan has been configured to allow the control

>

Gen_G3

>

ter unit. As for the slave units Gen_G1

system of GEN_G2 (the master unit) to become (V-f) control following the islanding
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occurrence, while to keep the remaining slave units in constant generation as (P-Q)
For this sub case scenario, the planned transition was achieved again by opening CB of
In this sub case scenario, the transition occurred by setting a 3-phase fault at LIN2-1 at
t = 2 seconds and then clearing the fault at t = 2.2 seconds by opening both CB on
In this case study all four DG units (GEN1, GEN2, GEN3, GEN4) are hydro units con-

LIN2-1 at t = 2 seconds. The obtained results are presented in Figure 4.

6.2.2. Unplanned Islanding of the Gas Units (Case B2)
LIN2-1. The obtained simulation results are shown in Figure 5.

6.2.1. Planned Islanding of the Gas Units (Case B1)
6.3. Case Study C: Islanding of Hydro Only Units

control before and after islanding.
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Figure 4. Gas case master-slave planned islanding results (case B1).
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Neplan has been configured to change the control system of Gen_H2 from (P-Q) to
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actly the same settings of the previous two case studies for the sake of continuity and
(V-f) control following islanding in order to follow the islanding transients and recover

establishing an equal foundation to base the conclusions. Hence, GEN_H2 was the

0.95 PF for master and slave units respectively (ie., master at (1.8 + j 0.25) MVA) and
the system voltage and frequency, while to keep the (P-Q) control mode for the re-

they were loaded at 60% of rated capacity with 0.99 PF and 50% of rated capacity with
slaves at (1.5 +j 0.5) MV A each).

this sub-case scenario, the selection of the master and slave units was set to follow ex-

maining slave units before and after islanding.

master unit while Gen_H1

nected to buses N2_4

Figure 5. Gas case master-slave unplanned islanding results (case B2).
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6.3.1. Planned Islanding of the Hydro Units) (Case C1)

In this sub-case scenario, the transition procedures were achieved again by opening CB

of LIN2-1 at t = 2 seconds exactly as in the planned master-slave islanding of the diesel

and gas units in the previous two case studies. After running the simulation, results

were obtained as shown in Figure 6.

6.3.2. Unplanned Islanding of the Hydro Units (Case C2)

In this sub-case scenario, the unplanned transition was identical to the one of the gas

master-slave unplanned islanding sub-case. The obtained simulation results are shown

in Figure 7.

6.4. Case Study D: Islanding of Mixed Units

In this case study two WECS (wind energy conversion system) were modelled via Nep-

lan. The single line diagram that relates to each WECS is shown in Figure 8(a) and
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Figure 8(b). Each wind DG unit has a rated capacity of 2 MVA and 3.3 kV rated vol-
tage, and were connected to the investigated feeder via a (20/3.3) kV, 2MVA transfor-

mer at the correspondent bus. WECS single line diagrams were built under different

network layer in Neplan and were shortened at the main network diagram as Gen_W1

gestion on the main diagram. Both WECS’s were connected

to Feeder#2 at buses N2-4 and N2-7 respectively, this WECS layout and point of con-

and Gen_W?2 to avoid con

nection were the same for the following three sub-case studies. Generators PMSM1 and

PMSM2 were configured to operate in (P-Q) mode before and after islanding, and were

loaded at 75% of their rated capacity with a unity PF (ie, (1.5 + j 0) MVA).The mas-

ter-slave islanding method was applied to the remaining other DG technologies (diesel,

gas, and hydro), however no changes occurred to those units in terms of unit ratings.

Therefore, each unit had 3 MVA rated capacity and a 20 kV rated voltage. The pre-

mentioned situation regarding the four DG technologies remained unchanged during

the simulation of the following three sub-case scenarios. Table 7 demonstrates DG
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units’ arrangements for the purpose of the mixed case.

6.4.1. Planned Islanding of Two Diesel & Two Wind Units (Case D1)

In this sub-case scenario the two DG Units (Gen_W1, Gen_W2) are two wind based
units connected to buses N2-4 and N2-7 respectively, while the other two DG diesel
based units (Gen_D1 and Gen_D2) are connected to buses N2-9 and N2-11, respec-
tively of Figure 1. In this sub-case, Gen_D1 was selected as the master unit while

Gen_D2 was the slave one. The pre-islanding situation was as follows: master and slave

N2-4 N_W11 N_DC1 N_Wi1
20 kv RAWT 33KV pwmiwii] 115KV pwwmwi] S-3 KV TUR_Wi
; = ~x il |
~Ny — :1‘—\_, -
‘
= =]
[DC-Shunt 1
(a)
N_W22 N_DC2 N_w2
N2-7 3.3 kV 1.15 kV. 3.3 kV
20Ky TRA_W2 PWM_W22 PWM_W2| TUR_W2
p = ~
== |
=) =]
Rec Wz
|DC-Shunt 2
(b)
Figure 8. WECS single line diagram: (a) unit 1 and (b) unit 2.
Table 7. DG units’ arrangements for the purpose of the mixed case.
Correspondent Gen.  Correspondent Gen.  Correspondent Gen. Correspondent
Generator . . . .
Name (wind &diesel Name (wind &gas Name (wind &hydro Node of
Name R
sub-case) sub-case) sub-case) Connection
GEN Gen_W1 Gen_W1 Gen_W1 N2-4
GEN Gen_W2 Gen_W2 Gen_W2 N2-7
GEN GEN_D1 GEN_G1 GEN_H1 N2-9
GEN GEN_D2 GEN_G2 GEN_H2 N2-11
GEN GEN5 GENS5 GENS5 N3-2
GEN GENG6 GENG6 GEN6 N4-4

K2
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units were loaded at (1.8 +j 0.25) MVA and (1.5 + j 0.5) MV A respectively, while wind
units were loaded at (1.5 + j 0) MVA. The obtained simulation results are shown in

Figure 9.

6.4.2. Planned Islanding of Two Gas & Two Wind Units (Case D2)

G1 was selected as the master unit while Gen_G2 was the slave

In this sub-case, Gen

one. The pre-islanding situation was exactly as the pervious sub-case scenario. The ob-

tained simulation results are shown in Figure 10.

6.4.3. Planned Islanding of Two Hydro & Two Wind Units (Case D3)

H1 was selected as the master unit while Gen_H2 was the slave

In this sub-case, Gen

one. The pre-islanding situation was exactly as sub-case D1. The obtained simulation
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Table 8 summarizes the main outcomes obtained from this study; hence it gives a brief
picture of the problem and the key index to understand it. The table contains also
comments about the reasons that the islanding attempt has failed. The planned island-
ing proved to be feasible option for most of the cases investigated, however some cases
islanding feasibility needed certain agreements between utility and DG units’ operators.
Besides the unstable behavior of the system following unplanned islanding for all cases
tested, it could also lead to DG units’ rotor damage, due to the power variations rec-
There is indeed a pivotal role for the anti-islanding protection schemes embedded
within distribution networks, since the unintentional islanding effect brings severe
examined unplanned islanding sub-cases, where DG units were given the permission to

orded from the individual unplanned sub-case studies.

outcomes on end users’ loads

7. Results

Figure 10. Simulation results for planned islanding of two gas and two wind units (case D2).
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operate freely without interruption. That was only to demonstrate the size of negative
impact it could leave on real distribution systems with DG units, whenever uninten-
tional islanding occurs without having the proper anti-islanding detection and protec-
tion schemes.

Frequency variations were related directly to the existing active power mismatch
prior to islanding, the type of DG technology, and the governor system associated with
them. While voltage variations were function of the existing reactive power mismatch
prior to islanding and the type DG unit technology; however only one excitation system
was used therefore it was not enough to determine the effect of different excitation sys-
tems on voltage behavior.

Operating DG units at close to unity PF will yield better impact on DG units and
utility grid during grid-connected mode; however it will cause voltage dips following
islanding. A major increase was noticed on all master units loading for all of the cases

studied, while PF was reduced simultaneously.
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Table 8. Results summary.

Islanding Islanding

DG Technology =~ Sub-case Number  Results Figure . Comment
Scenario Attempt
Al Figure 2 Planned Succeeded -
Diesel
A2 Figure 3 Unplanned Failed Voltage and frequency limit violation
Bl Figure 4 Planned Conditional Success Frequency limit adjusted to t>5.2 sec
Gas
B2 Figure 5 Unplanned Failed Voltage and frequency limit violation
C1 Figure 6 Planned Conditional Success Frequency limit adjusted to t>9.6 sec
Hydro
C2 Figure 7 Unplanned Failed Voltage and frequency limit violation
Islanding is not ded f¢ 1 d
Wind & Diesel D1 Figure 9 Planned Conditional Success shan %ng 1S 1o r.ecommen ecforpro (')nge
periods to avoid DG rotor over-heating
Wind & Gas D2 Figure 10 Planned Failed Lower frequency limit violation
Wind & Hydro D3 Figure 11 Planned Failed Upper and lower frequency limits violation

Only one out of the nine master-slave sub-cases returned reliable response (from the
diesel subcase Al study), while three master-slave sub-cases required some certain
agreement concerning frequency and voltage settings (B1, C1 and D1 subcases). Finally,
five master-slave sub-cases failed to preserve the safe islanding conditions (A2, B2, C2,
D2 and D3 subcases).

8. Conclusions

The dynamic behavior of a realistic MV network with existing distributed generation
following a planned and unplanned islanding has been investigated. The dynamic si-
mulation results were obtained according to different types of DG technologies (wind,
hydro, diesel and gas).

The need for dynamic simulation in systems with distributed generation is a necessi-
ty for proper islanding planning and abnormal operation prediction. However, certain
standards regarding voltage and frequency limits needed to be relaxed in order to make
this islanding study possible.

Operating DG units at close to unity PF yields better impact on DG units and utility
grid during grid-connected mode; however, it causes voltage dips following islanding.
A major increase was noticed on all master units loading for all of the cases studied,
while PF was reduced simultaneously.

Finally, with more improved governor and excitation systems, the dynamic behavior
of the network during planned islanding could improve. While higher DG units’ capac-
ities (or more units injected through network) as well as with higher units’ inertia more
reliable and stable response will be achieved; hence intentional islanding will be more

reasonable in avoiding future unnecessary supply outages.
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