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Abstract—Power system islanding can improve the continuity 

of power supply. Synchronous islanded operation enables the 

islanded system to remain in phase with the main power system 

while not electrically connected, so avoiding out-of-synchronism 

re-closure. Specific consideration is required for the multiple-set 

scenario. In this paper a suitable island management system is 

proposed, with the emphasis being on maximum island flexibility 

by allowing passive islanding transitions to occur, facilitated by 

intelligent control. These transitions include: island detection, 

identification, fragmentation, merging and return-to-mains. It can 

be challenging to detect these transitions while maintaining syn-

chronous islanded operation. The performance of this control 

system in the presence of a variable wind power in-feed is also 

examined. A Mathworks SimPowerSystems simulation is used to 

investigate the performance of the island management system. 

The benefit and requirements for energy storage, communications 

and distribution system protection for this application are consid-

ered. 

 
Index Terms—Distributed generation, frequency control, load 

sharing, phase control, phasor measurement, power system 

islanding, power distribution control, synchronization 

I.  INTRODUCTION 

HERE is potential to improve power system security by 

enabling sections of the distribution network to separate 

from the main power system and operate autonomously as 

power system islands. An increasing capacity of Distributed 

Generation (DG) connected at the distribution level [1], and 

the incorporation of technological advancement in digital con-

trol [2] and modern communications [3, 4] into power system 

operation, means that many more power system areas are suit-

able for islanding schemes. 

Thus, of late, power system islanding and microgrids have 

been receiving worldwide interest [5, 6, 7]. However, for is-

landing to become widespread the major technological issues 

of power quality, protection, out-of-synchronism re-closure 

and earthing must be addressed [1]. Furthermore, new sophis-

ticated methods of control and island management will be re-
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quired to allow the potentially large number of separate island-

ed areas to operate simultaneously and adjacently. 

Ideally, islanding can be used to add flexibility to the opera-

tional capabilities of DG and the distribution network. In this 

paper the authors explore a method to perform islanding con-

trol and synchronization of autonomous multi-set distribution 

system islands, where the island boundary is not necessarily 

known or clearly defined. The islands may be of arbitrary size, 

containing varying numbers and types of DG, based on load-

generation match and other system conditions at the time of 

islanding. 

To achieve this, the concept of synchronous islanded opera-

tion is introduced. The objective is to control all the islands to 

remain in synchronism with each other and the main power 

system, and is achieved by appropriate control and the trans-

mission of a reference signal from the main power system. 

This would allow the fast reconnection of islands without the 

danger of out-of-synchronism re-closure.  

Such a system could facilitate the amorphous forming and 

merging of islands in a manner which minimizes the disruption 

to customers that may otherwise occur following the opening 

of a circuit breaker. The island’s boundaries may be ill defined 

and comprehensive knowledge of those circuit breakers that 

remain closed and those that remain open is not required. In 

addition, when a number of islands merge, synchronization is 

provided using measurements remote from the actual point of 

connection, thus negating the requirement to have synchroniza-

tion relays at every possible connection point. 

The authors have already performed significant work in the 

single-set scenario, which determined that the governor control 

system of DG could be used to control phase on an indefinite 

basis [8, 9]. The results indicate that with a sophisticated gov-

ernor and suitable communications structure, this is indeed 

feasible in the single-set case. Experimental work was also 

performed to determine suitable boundaries within which to 

control the phase angle [10]. A range of ±60° was proposed, 

this being no worse than a sudden three phase short-circuit, 

which the DG is designed to withstand, and is a significantly 

wider window than current synchronization schemes operate 

with [11, 12]. It is acknowledged that this may not be accepta-

ble for all DG, and so these limits could be reduced, however, 

these are intended as maximum limits and the control system 

will ensure that the normal phase difference is much lower. 

However, multiple-set operation is a more likely scenario 

and several additional challenges have been identified, which 

are complicated by the tight frequency control requirements of 
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synchronous islanding [13]. The challenges considered in this 

paper are: a multiple-set island management scheme specifical-

ly for phase controlled islands; load sharing; suitable multiple-

set frequency and phase difference control; the effect of sub-

stantial renewable generation with variable power output on 

the control scheme; protection co-ordination; and communica-

tion requirements. Enabling technologies for this wide-area 

scheme will be synchrophasors, Internet communications and 

supervisory levels of control external to the DG. 

II.  ISLAND MANAGEMENT 

Several authors have proposed strategies for identification 

and splitting of the network into stable and maintainable is-

lands, largely relying on prior knowledge of the system’s sta-

tus. Examples are splitting based on closely matched load and 

generation [14, 15], generators that tend to swing together or 

slow coherency [16], predefined cells [6], and inverter domi-

nated and highly automated microgrids [5, 17, 18]. 

In this paper the authors propose an islanding management 

strategy that could work in conjunction with these methods, 

but can also give islands that have not been pre-defined the 

best chance to continue operation. Additionally, the strategy is 

compatible with the idea of controlling phase difference of all 

islands to be in synchronism with the main power system, and 

thus each other. 

An island management scheme, in addition to providing 

stable steady-state control, must also be able to detect and 

cope with the various transitions and reconfigurations that may 

occur during islanding. These are as follows: island detection 

and identification, island fragmentation or DG loss, return-to-

mains detection, island merging, and island shut-down [19]. 

These islanding state transitions are shown in Fig. 1. 
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Configuration

Utility 

Network

 
Fig. 1. Islanding state transitions 

The proposal is that not all island reconfigurations will oc-

cur ‘actively’ with prior-knowledge of the system operator, or 

will be executed by the utility’s control system. One example 

is the mal-operation of protection. Thus a suitable monitoring 

and control scheme is required which can act ‘passively’ as 

well as ‘actively’. The aim is, where possible, to use algo-

rithms which operate locally at the DG, for speed and reliabil-

ity. However, a supervisory controller will provide a commu-

nication link between all DG to ensure stability, continuous 

operation and correct performance of certain operations. Such 

a structure encompassing local control at the DG (primary) and 

supervisory wide-area control (secondary) is shown in Fig. 2. 

The control system must be tolerant to telecommunication 

delay and be robust to temporary communication outages. Fur-

thermore, it is envisaged that Internet Protocol (IP) communi-

cation will be used, as this would provide a low cost and feasi-

ble solution for the distribution network. Time-stamped phasor 

measurements [20] will play an important role in the operation 

of a multiple-set synchronous island. 
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Fig. 2. Local and supervisory control levels for multiple-set islanding 

A.  Island Identification 

It is proposed that island detection be performed locally at 

each DG for maximum speed of operation. On the detection of 

islanding, each DG initially assumes it is in single-set opera-

tion and changes its control function accordingly. Island detec-

tion may be performed using synchrophasor measurements 

[21], as the reference signal from the main power system is 

available for phase difference control during synchronous is-

landed operation. 

This scenario of assumed single-set operation cannot be 

maintained indefinitely in the multiple-set case. This is be-

cause the control systems will conflict with those of other DG 

if they are not coordinated, leading to, for example, hunting or 

integrator windup. So it is a requirement of the supervisory 

controller to identify which DG are in each island, and initiate 

an appropriate coordinated control strategy, load sharing, etc.  

It is proposed that voltage phase angle be used to identify 

DG in the same island, or ‘island membership’, by comparing 

phasor measurements at the supervisory controller. Once the 

island is identified, steady-state control functions, such as real 

power load sharing, can begin. 

B.  Island Fragmentation and Distributed Generator Loss 

 The island may fragment into smaller islands, or a DG may 

be lost from the island. Continued operation will require a re-

configuration of the control system. The supervisory controller 

must ensure that all DG perform full frequency and phase con-

trol as required, and that load sharing between the separated 

DG is suspended. The supervisory controller can detect island 

fragmentation by monitoring the voltage phase angle between 

each generator. 
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DG loss, and in many cases the act of island fragmentation, 

will cause a frequency transient and phase deviation. Synchro-

nous islanded operation can only continue if this load imbal-

ance, or any other load disturbance, does not cause the ±60° 

limit to be exceeded. The phase deviation is also influenced by 

the DG speed of response and the system inertia. 

C.  Return-to-Mains and Island Merging 

It is necessary to know when return-to-mains or island 

merging has occurred in order to change DG control modes 

and ensure stable operation. However, it is difficult to detect 

return-to-mains or island merging when each islanded power 

network is held in phase with the main system. This is because 

only minimal power system transient is observed. Since return-

to-mains detection is not as critical as other functions, and can 

be performed on a timescale of tens of seconds, there are a 

number of possible solutions. These include: knowledge of all 

circuit breaker status; islanding detection techniques not based 

on frequency or phase deviation; power line carrier signals; 

controller limits being reached when the DG attempts to con-

trol the infinite bus, assuming a decision is made before pro-

tection operates; and power perturbations by the islanded DG, 

which may reduce power quality. 

A further method is proposed; based on the assumption that 

the grid connected phase difference is more stable than the 

islanded system phase difference. The variance of the phase 

difference is calculated from a set of phasor measurements 

taken over a specified period of time [19]. For example, 2 or 3 

seconds of phasor measurements sampled at 25 Hz would be 

suitable. A low variance can be considered equivalent to elec-

trical connection. If the variance remains below a certain 

threshold for a number of calculations, then return-to-mains is 

assumed to have occurred and an appropriate controller recon-

figuration can be activated. Thus, the return-to-mains detection 

would operate on a timescale of 5 -10 seconds which, as pre-

viously stated, is acceptable. The phase difference must be pre-

filtered if noise and erroneous values are not to affect the op-

eration of this function. Laboratory results for this technique 

are given in [19]. 

Island merging can be detected by monitoring the variance 

of the voltage phase angle between individual DG, and would 

be performed at the central supervisory controller. Again, a 

low variance between the phasor measurements of different 

DG would be equivalent to electrical connection.  

A flow chart for the island management scheme and con-

troller selection is shown in Fig. 3. 

III.  ISLAND CONTROL 

As there may be considerable distance between DG, a suit-

able supervisory control system is proposed that could operate 

effectively using IP communications and relatively slow in-

formation update rates, of the order of several seconds. 

A.  Multiple-Set Control 

In a multiple-set isochronous frequency or phase controlled 

island, using a single set to perform the master control is easier 

to implement than a multiple-set control option, and does not, 

to the same extent, rely upon communications, adequate con-

troller design and careful tuning. 

However, multiple-set control has some advantages: more 

control options are available, all DG in the island can respond 

to disturbances as one set or in the most appropriate manner, 

following a disturbance all generators respond to control phase 

difference, and following the loss of a generator there will be a 

faster return to stable synchronous islanded operation. 

In schemes with many DG performing primary proportion-

al, integral, derivative (PID) control functions, measurement 

errors can cause the control systems of each generator to con-

flict. The solution is an accurate measurement of variables 

combined with communications between sets. Typically this is 

available for DG in close proximity to one another, in the same 

building for example [22]. A similar scheme could be applied 

using modern communications methods, and a secondary con-

trol loop as in Fig. 2 to facilitate multiple-set phase difference 

control and load sharing. 

The controller used at each DG is shown in Fig. 4. The 

phase and frequency references are taken from the reference 

power system, a location on the main network, which may be 

used to allow synchronous operation of several adjacent is-

lands. Data are collated from all DG at the supervisory con-

troller before the load set-point for each DG is calculated and 

transmitted periodically to the DG. Thus, as well as permitting 

load sharing, this set-point can prevent control errors causing 

wind-up in the integral functions of the DG governors. 
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Fig. 3.  Flow chart for island management and controller selection 
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Fig. 4. DG frequency, phase difference and load sharing controller 

An enhanced governor with additional control inputs can be 

used to improve the response. It was shown in [8] that a gov-

ernor with supplementary inputs [23] could significantly im-

prove the phase control by reducing the frequency deviation. 

The inertia from DG not involved in phase difference con-

trol, while beneficially reducing frequency deviation during 

load disturbances, can actually slow the recovery and increase 

the maximum phase difference. 

B.  Load Sharing 

For an island to maintain satisfactory operation it is conven-

ient that load is shared either equally or following some other 

strategy, among the DG. Frequency droop is the well estab-

lished method typically employed for real power load sharing 

between multiple DG within an island, and others have pro-

posed its use for load sharing in multiple-set microgrids 

[18, 24]. This method uses frequency to ‘communicate’ load 

settings between DG. However, it is often desirable to control 

frequency to a nominal value, that is, isochronous frequency 

control. Isochronous operation of multiple DG requires com-

munication or some form of hard wiring [22]. In the case of 

synchronous islanded operation, a frequency set-point is a pre-

requisite and so droop for load sharing is not an option. Thus, 

and because DG may be some distance apart, a control strategy 

that provides load sharing via communications is required 

[13]. 

From a system stability perspective, the load-frequency 

control set-point should not be updated too frequently, typical-

ly 2-4 seconds [25]. This allows sufficient time to acquire data 

from the system, make a decision and send the information 

back to the generators. 

An additional difficulty for synchronous islanded operation 

is that changing the generators’ real power set-points can in-

troduce a frequency disturbance and thus increase phase devia-

tion. This problem can be relieved by introducing a rate-limit 

for any real power set-point adjustments. When the generator 

is controlled by a Proportional, Derivative (PD) phase differ-

ence controller and PID governor [13], as can be represented 

by Fig. 4, a ramp of power output will introduce a steady-state 

phase difference error during the time of ramping. Thus a bal-

ance must be achieved between the desired rate-of-change of 

power and the acceptable steady-state phase difference error. 

Thus, as shown in Fig. 4 the load sharing input has a low gain 

and only feeds into the integral input of the governor. 

While in this case it is acceptable to share voltage and reac-

tive power by using voltage droop, it would be beneficial to 

use a similar communications based scheme.  

IV.  SIMULATION 

To illustrate how an island management scheme might be 

expected to operate, a model of a distribution system has been 

constructed in Mathworks SimPowerSystems, shown in Fig. 5. 

This 11 kV distribution network has three types of DG: a 

2 MVA diesel generator, a 4.5 MVA gas turbine, and a 

2.5 MW fixed-speed wind farm consisting of several coherent 

induction machines and 0.75 MVAr at fixed capacitance for 

reactive power support. Only the diesel generator and gas tur-

bine participate in the synchronous island control. They are 

capable of island control functions, such as real power load 

sharing and phase difference control, as discussed in Sec-

tion III. Reactive power is shared between them using a volt-

age droop based load compensation method, since it is suffi-

cient to maintain voltage within statutory limits during syn-

chronous islanded operation. This could be upgraded in future 

implementations due to the presence of communications. The 

wind farm has been added to create a realistic, but more diffi-

cult, scenario for the phase controller. Power output data from 

an actual wind farm has been used, thus giving the simulation 

the benefit of a real-world variation in wind power output. The 

variable wind power output means that the other DG in the 

island must continuously adjust their power outputs to control 

phase. The load, totaling 4.5 MW, is distributed along the 

feeder and is modeled as constant impedance static load. 

Parameters for the components of the simulation model are 

provided in the appendix. 

2.5 MW  Wind Farm

4.5 MVA  Gas Turbine

2 MVA  Diesel Generator

33/11 kV

33/0.69 kV

11/0.415 kV

Circuit Breaker 1

Circuit Breaker 2

0.75 MVAr

Grid

0.3 MW

0.85 MW

3 MW

0.6 MVAr
0.35 MW

 
Fig. 5.  Diagram of simulated network 

A.  Island Management System 

Island management for each DG follows the flow chart in 

Fig. 3. Detection of islanding is performed locally, while is-

land identification, fragmentation and merging detection are 

performed by the supervisory controller. Return-to-mains can 

be performed locally, but communication with the supervisory 

controller is preferable. 

The presence of the wind farm is also identified by the su-

pervisory controller, although it is not involved in the control 

of this island. Identification of all DG and major rotating loads 

would allow system inertia to be estimated, and could form the 

basis for having adaptive governor gains in reconfigurable 

islands. 
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B.  Simulation Results 

The simulation shows how the island transfers through the 

different states. Islanding is initiated by the opening of Circuit 

Breaker 1 in Fig. 5 at t = 30 s. Fig. 6 shows frequency, phase 

difference and real power during the process of island for-

mation, detection and identification. Satisfactory steady-state 

synchronous islanding control is achieved within 4 seconds, 

although equal load sharing takes longer to occur. The for-

mation transient suggests a minimum setting for automatic re-

closer delays of at least 10 seconds should be used [26]. Load 

sharing is performed slowly in this control system to reduce 

the associated phase error, observed in Fig. 6 as a negative 

phase offset from t = 36 s onwards. 

Fragmentation and merging are initiated by the opening and 

closing of Circuit Breaker 2 in Fig. 5 at t = 55 s and t = 80 s 

respectively. Circuit Breaker 1 closes at t = 110 s, causing the 

island to return-to-mains. Fig. 7 shows the phase difference 

and real power during island fragmentation, merging and re-

turn-to-mains transitions. With the load imbalance caused by 

island fragmentation of 160 kW it is possible to maintain 

phase difference within the ± 60° limits. Following larger load 

imbalances caused by fragmentation or DG loss, synchronous 

islanding can only continue if it can be assured that open cir-

cuit breakers will not close until stability is achieved. 
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Fig. 6.  Island formation, detection and identification 

Return-to-mains and merging detection using the voltage 

phase variance method works well in the presence of varying 

load, or when the wind farm is in the island. During the time 

when the diesel generator is isolated and subject to constant 

load, there is no phase variance as observed in Fig. 7 from 

t = 65 s to t = 80s. This may cause the management system to 

misidentify return-to-mains. In the simulation correct operation 

of these functions is only achieved by the periodic switching of 

a small load (0.25% of the generation capacity in the ‘diesel’ 

island). However, return-to-mains and merging detection 

should be easier to apply in practice due to noise and meas-

urement errors causing small variations in controller output 

and thus alternator speed [19]. 
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Fig. 7.  Island fragmentation, merging and return-to-mains 

V.  ADDITIONAL CONSIDERATIONS 

A.  Control with Significant In-Feed from Renewables 

The implication of high capacities of renewable resources 

on the ability of islands to keep within frequency and voltage 

limits must be considered. From the perspective of phase con-

trol, the difficulty is attributable to the variable and limited 

controllability of the power output from renewables such as 

wind turbines. 

In the current simulation studies the real power output of 

the renewable source is derived from actual measurements 

taken from a 2.5 MW wind farm, thus giving the synchronous 

island a realistic wind power variation. The wind power output 

data used in the simulation ranges from 34% to 60% of the 

installed capacity. It is documented by Lundsager et al [27] 

that isolated wind-diesel systems of this size (≈ 5 MW), with 

normal frequency variation allowances, might currently sustain 

an average wind energy penetration of 25% - 35%, rising to 

60% or more in the future. 

Frequency variation is particularly restricted for synchro-

nous islanded operation, and the result is that higher penetra-

tions of wind energy may be a hindrance to phase control, par-

ticularly for fixed-speed induction machines. In this case study 

the short-term power variation associated with an average 

wind penetration of approximately 24% can be comfortably 

balanced. In Fig. 7, after the island fragmentation transient, 

from t = 60 s to t = 80 s, the ‘gas-wind’ island can be held 

within ±30°. When island merging occurs with the faster re-

sponding diesel engine t = 80 s, control is improved and phase 

can be kept to around ±15°. Thus it is observed that faster re-

sponding generation is beneficial in this type of island. 

The solution to this control issue would be to combine the 

advanced control strategy introduced in the previous section 
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with renewable energy technologies better suited to aiding 

control response. One example is to replace induction ma-

chines with Doubly Fed Induction Generators (DFIG) to re-

duce short term variability and provide additional control ca-

pability [28, 29, 30]. The benefit obtained from DFIG is due to 

the fast response of the storage in the converter. It follows that 

fast acting energy storage would be ideal for phase control. 

Energy storage for medium term intermittence of renewa-

bles (minutes to hours) is an integral part of many microgrid 

systems [5]. Fast acting energy storage, such as battery or fly-

wheel, and a suitable energy storage control system that can 

balance or smooth short term load-generation mismatches 

quickly (second or sub-second) would significantly increase 

the in-feed from renewables possible in a phase controlled 

system.  

There are occasions, however, where either curtailment of 

renewable in-feed or load management would be necessary to 

ensure a load-generation match and to provide the required 

frequency stability in the island for phase control. 

B.  Island Protection 

Power system islanding will involve significant grid recon-

figuration, especially if maximum flexibility of operation is to 

be attained.  

Conventional overcurrent protection will be unsuitable due 

to lower fault current from DG. Other techniques, such as volt-

age-restrained directional overcurrent [31] could be used to 

detect faults, and Permanent Magnet Generators (PMG) may 

be required on synchronous machine interfaced DG to supply 

fault current. However, protection selectivity will be an issue 

due to the gentle voltage gradients that will be observed in 

islands, and when fault paths change due to reconfiguration. 

Islanded distribution networks will require a protection system 

which is dynamic and adaptable with the facility to cope with 

network reconfigurations and DG connections and disconnec-

tions. It is difficult to envisage protection in islanding capable 

networks without communications. 

As reliable communications will be a prerequisite for stable 

islanding, it can also be used for protection. In [32] the authors 

proposed that a multiple-level strategy to assist protection se-

lectivity could be used. These levels include protection based 

on local measurements; fast communications between adjacent 

relays in a type of logic selectivity scheme; and a supervisory 

level that operates on a longer timescale to update protection 

time grading settings to those appropriate for the current, and 

likely future, system conditions, incase the logic selectivity 

fails. The objective is to maintain as much selectivity as possi-

ble during network reconfigurations or temporary communica-

tion outages.  

It is a likely scenario that an island will be formed by the 

clearing of a fault. However, this is a situation where island 

stabilization may be more difficult, as DG can move out-of-

phase during the fault and on fault clearing will need to pull 

into synchronism. This means DG will need fault ride-through 

capability, so that generator protection does not operate before 

the fault has a chance to clear. During major faults, DG may 

need to be isolated from all loads. This would be followed by 

restoring the downstream side of the distribution network by 

merging islanded areas together. 

The earthing arrangement must allow the island to remain 

earthed at all times. Solutions include connecting the star point 

of the generator to earth or switching in an earthing transform-

er once loss-of-mains is detected [33], or to use neutral voltage 

displacement to detect earth faults [34]. 

Automatic re-close has the benefit that temporary faults will 

only cause short interruptions. However, this technique may 

not be so important when islanding is used. As previously 

mentioned, automatic re-close time scales do need to be ex-

tended, or removed, when synchronous islanding is a possibil-

ity.  

Fuses are solely a simple overcurrent device, and may have 

to be phased out as primary protection in distribution networks 

capable of islanding. 

C.  Communications Requirement and Availability 

Observing the current roll-out of communications technolo-

gies would indicate that increased availability and reliability of 

broadband communications throughout the distribution net-

work is inevitable, whether this is directly a result of Smart 

Grid applications or other consumer markets. Thus the re-

quired communications for power system islanding will be-

come available independently to many, if not all, DG sites, and 

thus not be a financial barrier to islanding. 

The communications network must be capable of transmit-

ting a significant amount of data, some of which will be time 

critical. Control systems can be designed to be as resilient as 

possible to packet loss and latency. 

Security is an issue being dealt with for a magnitude of ap-

plications [35]. As communications is deemed secure enough 

for many sensitive applications, then this is also true for power 

system islanding. 

For long-term islanding to be possible, a high reliability of 

communications is a necessity. Naturally, the fall back during 

a communications outage is to disconnect DG and form small-

er conventionally operated and protected islands. It is envis-

aged that with correct attention, communications will indeed 

be suitably reliable, but must still operate even when the power 

system is in crisis. 

VI.  CONCLUSION 

An island management scheme suitable for synchronous is-

lands has been proposed. By endeavoring to have undefined 

islanding locations, this system can reduce the chance of load 

being unnecessarily excluded from the island, and permits 

maximum flexibility to be attained by the islanded system. The 

scheme will be enabled by communication links and a supervi-

sory controller. 

However, the necessary detection of island transitions may 

not be straight forward in a system held in synchronism with 

the utility by appropriate control. Thus, suitable methods of 

detection have been introduced and illustrated by Mathworks 

SimPowerSystems simulation. These include detecting island-
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ing, detecting island fragmentation, and identifying the DG in 

each island by monitoring the voltage phase difference be-

tween each pair of units, and between individual units and the 

utility.  

Island merging and return-to-mains can be detected by 

monitoring the variance of voltage phase angle. A low vari-

ance can be assumed as equivalent to electrical connection. 

These transitions were difficult to detect in simulation without 

a varying load in the islanded system, however, a voltage 

phase angle variance method would be more discriminating on 

actual plant.  

Accurate load sharing was shown to be achievable during 

synchronous islanded operation when a supervisory controller 

is employed. A load sharing scheme was implemented that 

introduces minimal phase difference error during the load shar-

ing process. The scheme can also eliminate the control con-

flicts that affect multiple-set phase difference control. Multi-

ple-set phase difference control is beneficial due to its fast 

response to disturbances and for the continuation of synchro-

nous island control following the loss of a generator. 

As islands will likely contain a considerable proportion of 

renewables which have variable power outputs, the control 

system must be able to cope with the fluctuation of power. The 

simulation indicates that appropriate control of the DG in the 

island can provide stable phase control with the power varia-

tions caused by a significant penetration of wind generation. 

Additional phase control support for the island could be pro-

vided by other types of renewable technology, energy storage 

and load management. It is suggested that the communication 

links can also be used to facilitate an adaptive protection sys-

tem for the island. 

This paper has proposed island control techniques that will 

be useful as part of future Smart Grids. The benefits of wide-

scale power system islanding are matched by a high level of 

interest in the area. This field of work covers a substantial 

range of power system related disciplines with many challeng-

es to be addressed.  The adoption of new technologies by the 

distribution power system, such as broadband communica-

tions, will be a major step in achieving this. The authors look 

forward to continuing to work in this exciting area.  

VII.  APPENDIX 

The parameters for the synchronous machine of the gas tur-

bine [36] and diesel generator [37] are in Table I, along with 

the governor parameters, and the exciter parameters, which are 

represented by the IEEE AC5A model [38]. Induction genera-

tor parameters are provided in Table II [39], and transformer 

parameters are given in Table III. All 11kV lines have an im-

pedance of 0.33 + j0.19 Ω. 

 

TABLE I 

SYNCHRONOUS MACHINE, GOVERNOR AND EXCITER PARAMETERS 

MVA 4.5 2.0

kV 11.0 0.415

H MWs/M 1.05 1.48

Ra pu 0.01 0.01

Xd” pu 0.17 0.15

Xd’ pu 0.25 0.22

Xd pu 2.95 2.65

Xq” pu 0.31 0.25

Xq pu 1.35 2.0

Tdo” s 0.055 0.03

Tdo’ s 5.5 3.5

Tqo” s 0.27 0.2

Xa pu 0.153 0.135

Time-constant s 0.4 0.2

Upper limit pu 1.2 1.2

Lower limit pu -0.1 -0.1

Droop R = 1/K pu 0.05 0.05
Proportional gain Kp 11 18

Integral gain Ki 9 24

Derivative gain Kd 2.2 2.4

Phase controller gain 0.005 0.005
Load share integrator gain 0.1 0.1

Tr s 0.01 0.01

Ka pu 400 500

Ta s 0.02 0.01

VRmax pu 7.3 13

VRmin pu -7.3 -13

TE s 0.55 0.35

KE pu 1 1

Kf pu 0.03 0.03

Tf s 1 1

Asat pu 0.67049 0.21686

Bsat pu 0.06479 0.48113

Xc 0.05 0.05Load compensation

Synchronous machine parameters

Governor Parameters

Exciter Parameters

Inertia constant

Rated voltage

Power rating (nominal p.f. = 0.8)

Exciter saturation function parameter

Exciter saturation function parameter

Feedback time constant

Feedback gain

Exciter constant

Exciter time constant

Minimum regulator output

Direct axis synchronous reactance

Direct axis transient reactance

Direct axis sub transient reactance

Stator resistance

Direct axis transient time constant

Direct axis sub transient time constant

Quadrature axis synchronous reactance

Quadrature axis subtransient reactance

Armature leakage reactance

Quadrature axis subtransient time constant

Prime 

Mover

PID

Maximum regulator output

Regulator time constant

Regulator gain

Regulator input filter time constant

Unit
Gas 

Turbine
Diesel Component Description

 

TABLE II 

INDUCTION GENERATOR PARAMETERS 

Component Description Unit Value

Nominal voltage kV 0.69

Rated output (p.f. = 0.9) kW 500

Stator resistance pu 0.0067685

Cage resistance pu 0.0063

Stator leakage reactance pu 0.08212

Mutual unsaturated reactance pu 0.09642

Rotor mutual reactance pu 3.6296

Pole pair 2

Inertia kgm
2

130
 

TABLE III 

TRANSFORMER PARAMETERS 

Voltage Ratio (kV) R(pu) X(pu) Base (MVA)

33/11 0.005 0.06 20

11/0.69 0.01 0.05 6
11/0.415 0.01 0.05 3
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