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ABSTRACT

The phenomenon of unintentional islanding, which occurs when a distributed
generator (DG) continues to feed power into the grid when power flow from the
central utility source has been interrupted, can result in serious injury to the linemen
who are trying to fix the line. Several strategies have been proposed in the past to
avoid such an occurrence. Of the existing islanding detection propositions two
schemes one of which is an active technique (the positive feedback technique) and the
other one a passive technique (the VU and THD technique) are found by the author to
be very effective but not without drawbacks. The principles of these strategies are
combined to obtain a new hybrid islanding detection technique for synchronously
rotating DGs. Simulation results show that the proposed hybrid technique is more
effective  than  each  of  the  above  schemes.   Simulation  results  are  given  for  two
testbeds to verify the advantages of the proposed hybrid islanding detection
technique.
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CHAPTER 1

INTRODUCTION

As per IEEE STD 1547-2003 [1], distributed generation is defined as electric

generation facilities connected to power systems through a point of common coupling

(PCC). In the early days of electricity, there were no inter-connected grids. Electric

power was produced close to the point of consumption [8]. So, the electric power

industry originally started off using distributed generation. Later on, with the emergence

of new technologies, power was produced at one location and was transmitted over long

distances at a high voltage to the consumers. This led to a reduction in the per unit cost of

power. It also led to a higher reliability of supply since the failure of one unit in a large

interconnected  system  didn’t  have  a  significant  effect  on  the  whole  system.  By  the

beginning of twentieth century, the backbone of the electric power industry consisted of

large power industries dispersed all over the country, with each local company having a

monopoly over the geographical region of operation [2]. These companies owned the

generation,  transmission  and  distribution  systems  in  their  regions  of  operation.  As

technology still progressed and time went by, the power industry started getting more and

more competitive. To make reasonable profits the new industries, set up to meet the ever

increasing power demand, had to make investments exceeding a billion dollars. Such

huge investments take decades for a pay-back.  Furthermore any considerable increase in

demand had to be met with an increase in generation, which consequently meant an

additional investment in generation and reinforcement of transmission lines. All these
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factors coupled with deregulation of the electric power supply and an availability of a

new league of distributed generators (DGs) lead to a renewed interest in distributed

generation. It should however be noted that distributed generators need not necessarily be

renewable. In fact the DGs could be classified into renewable and non renewable [2] as

shown in Figure 1.

Of all the available DG technologies, due to their higher efficiencies, fuel cells and

micro turbines have been receiving the highest research attention [2]. Table 1 given

below gives an overview of the status of present distributed generation technologies.

Figure 1. Classification of distributed generators.

Distributed Generators

Renewable Non-Renewable

Wind, Solar
Geothermal, Ocean

Micro-Turbines, Fuel Cells
Internal Combustion Engines

Distributed Generators

Renewable Non-Renewable

Wind, Solar
Geothermal, Ocean

Micro-Turbines, Fuel Cells
Internal Combustion Engines
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The availability of a wide variety of DG technologies gives the customers a wide

range  of  combinations  of  cost  and  reliability  [3].  For  instance  if  a  customer  such  as  a

ranch owner is located far from the utility supply, then the cost of getting a DG of his

own would be lower than paying for a line to be laid out till the ranch. In this

circumstance DG would be a viable option if reliability of the supply is not an issue. On

the other hand for institutions, like hospitals, where reliability of supply is very critical,

DGs can be used as back up supply to increase the reliability of supply at an increased

Table 1. Comparison of Different DG Technologies [15]

DG
Technology

Standard
Diesel/Gas
Generator

Micro-
turbine

Generator

Photovoltaic
(PV)

Wind
Turbine

Fuel Cell

Dispatchable Yes Yes Yes(With
storage)

No Yes

Available
Capacity

500kW-
5MW

500kW-
25MW

1kW-1MW 10kW-1MW 200kW-
2MW

Efficiency of
commercially
available
generators

35% 29-42% 6-19% 25% 40-57%

Energy
Density
(kW/m 2 )

50 59 0.02 0.01 1.0-3.0

Capital cost
($/kW)

200-350 450-870 6600 1000 3750

O&M Cost
($/kW)

0.01 0.05-0.0065 0.001-0.004 0.01 0.0017

NOx (lb/Btu)
Natural Gas

0.3 0.1 n/a n/a 0.003-0.02

NOx(lb/Btu)
Oil

3.7 0.17 n/a n/a n/a

Technology
Status

Commercial Commercial Commercial-
Residential

Commercial Commercial-
Residential
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capital  cost.  Apart  from  the  aforementioned,  DGs  offer  perks  such  as  clean  power,

ancillary benefits and national security advantages. In short the benefits of DG can be

summarized as given below [4], [5], [6], [7]

1. Emergency backup: In case of a utility power failure distributed generators could

be used to provide power to critical loads such as hospital, thus serving as a

backup power supply.

2. Improved system performance: Reduction in power demand from the utility

would result in improvement in the system performance.

3. Increased reliability: In countries where reliability of utility power is low,

industries could invest in distributed generators to ensure a continued supply of

power.

4. Potential utility capacity addition deferrals: For an increase in load beyond the

transmission line’s capacity, addition of a DG at the consumer’s end reduces the

demand from the utility and hence the transmission line reinforcement could be

deferred.

5. Combined heat and power: The waste heat from the generators could be used for

useful purposes such as space or water heating, thus producing both heat and

power.

6. Green Power: Due to growing environmental concerns, people don’t want a huge

power industry in their vicinity. Much of the centralized power generation stations

are power plants which have large amount of 2CO  emission, which is a subject of

global debate over its potential to accelerate global warming. Under such a
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scenario DGs that run on renewable sources such as wind could be a very

attractive option.

7. Ancillary Service Power: DGs can be used to provide ancillary services for the

utility such as spinning reserves (spare generation available to the grid, which is

synchronized with the utility supply, running at zero load and ready to generate

power when needed) or supplemental reserves (reserve generation which is

available to the grid but is not connected to the system. It is capable of going

online and meeting an increase in demand within a short period of time). DGs

could also be used to supply reactive power.

8. Advantageous for National Security: Most of USA’s power comes from

centralized generation. This makes power disruption an easy task for the

terrorists. Instead, if a considerable portion of the power comes from DGs which

are dispersed all over the country, then that makes power supply a less vulnerable

target for the terrorists.

9. In a real time pricing environment when the price of electricity is high during the

day due to high demand in power, the customer could turn on dispatchable

distributed generators like fuel cells to reduce the amount of power bought from

the utility. Distributed generation thus serves as a hedge against price fluctuations.

Although DGs have been getting a lot of attention in the recent past, the prospects of

their widespread adoption is not certain [7]. There are economic and technical concerns

involved that act as hindrances in the wide spread use of DGs.
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Economic Concerns

In  an  open  market  cost  is  a  dominant  factor  for  the  survival  of  a  technology.  The

following  economic  concerns  need  to  be  addressed  before  the  wide  spread  adoption  of

DGs.

• Uncertainty about market potential: Although it is believed that DG prices would

fall in the future, the two most widely mentioned highly efficient DG

technologies, namely fuel cells and micro-turbines, are not widely commercially

available. Besides, the financial feasibility to the customer is what finally decides

whether  or  not  to  invest  in  a  DG.  For  instance  for  a  customer  who  has  a  large

expense on heating loads, combined heat and power generation would be an

attractive option, but for a customer who only needs the power, investing in a DG

might prove expensive.

• Difficulties in recovering utility costs: Utilities have to recover the cost of the

distribution system and spinning reserves. If customers start setting up their own

DGs for their power requirement and buy only a small amount of power from the

utilities, it would be very difficult for the utilities to recover past investments (or

the embedded costs). It would also increase the burden on customers who rely on

the utility for their power demands.

Technical Concerns

Distribution systems have been traditionally designed as radial systems, and the time

coordination of protection devices at the distribution level is a standard practice used by
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the utilities.  However,  insertion of a DG downstream of the loads or protection devices

changes the traditionally radial nature of distribution system and hence may necessitate a

change in protection strategy [10, 11]. As shown in Figure 2, these problems include

protection issues, voltage and frequency issues, operational issues and minimizing the

need to upgrade the system for accommodating DGs [9].

Before we proceed with further discussion of these issues a few terms need to be

defined. The following terms have been defined in consistency with IEEE STD 1547 [1].

Figure 2. Technical issues involved in the use of DGs.
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Microgrid (MG): The portion of the grid connected to a DG which is isolated from the

utility grid by a CB at the point of common coupling (see Figure 7 ahead in the thesis).

Island: A condition where a part of the grid, connected to the DG (the micro-grid or MG)

is isolated from the utility-connected grid by the opening of the CB at point of common

coupling (PCC).

Unintentional islanding: If the islanding was unplanned, then the islanding is called

unintentional islanding. In literature islanding usually refers to unintentional islanding.

Protection Issues

Distribution systems have traditionally been designed as radial systems [10], and time

coordination of protective devices at the distribution level is a standard practice used by

utilities. The insertion of a DG downstream of the loads or protection devices changes the

traditionally radial nature of the distribution system and hence may necessitate a change

in protection strategy [11]. Some of these protection issues are discussed below.

Fuse-Fuse Coordination [11]. Figure  3  shows  a  DG  connected  to  a  utility

distribution system through fuses. Circuit breakers and other protective devices have been

excluded from the figure for clarity of the diagram. For a fault occurring at location B,

fuses A and B would see the same fault current injected by the utility grid. Fuse B should

act faster than fuse A to isolate a minimum part of the system. Now consider an abnormal

condition  where  the  utility  grid  is  faulted  at  location  A.  In  this  case  both  fuses  see  the

same fault current which is injected by the DG. Under this scenario fuse A should act

faster than fuse B to isolate a minimum part of the system. It is clear that the fuse-fuse
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coordination requirement for an upstream fault in the presence of DG, is in contradiction

with the fuse coordination requirement in the absence of DG.

Recloser-Fuse Coordination [11]. In rural areas circuit protection is often done by

the coordination of fuses and auto reclosers. Figure 4(a) shows a radial distribution line

feeding a load. For a fault occurring at location A, the recloser is normally programmed

to make two short reclosing attempts, and if the fault persists, it will make a longer

reclosing attempt before it goes to lock out. In a reliable system the fuse would operate

during  the  long  reclosing  time  of  the  auto  recloser   so  that  power  will  continue  to  be

supplied to the portion of the line between the fuse and the recloser.

Figure 3. DG connected to utility grid.
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Now consider Figure 4(b) where a DG is inserted between the fuse and recloser. On

the occurrence of the fault, at the first reclosure attempt the DG might inject enough

current to trip the fuse. Therefore, even in case of a temporary fault, the fuse may blow

leading to a blackout downstream of the fuse.

Figure 4. Reclosure-Fuse co-ordination (a) before insertion of DG  (b) after insertion of
DG.
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Relay-Relay Coordination. Fig. 5 shows a distribution line protected by the circuit

breakers CB1 and CB2, controlled by relays R1 and R2, respectively. For a fault

occurring at location B, in the absence of the DG, CB1 and CB2 would see the same fault

currents, and for reliability purposes, relay R2 would trip before relay R1. This is the

conventional  protection  scheme used  on  radial  lines  with  no  downstream power  supply

sources. But, the insertion of the DG could have serious effect on the above protection

strategy.

Assume that  a  fault  now occurs  at  location  A in  Fig.  5.  Again  both  circuit  breakers

see the same fault current which is injected by the DG. In this case, CB1 should trip

before CB2. However, this relay coordination is in contradiction with what was originally

planned for.

Figure 5. Effect of insertion of DG on relay-relay co-ordination.
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 Over Voltage Considerations [5].    In  Figure  6  a  DG  source  is  connected  to  a

three phase line. CB2 isolates the DG from the grid. A fault occurs between phase C and

neutral at location 1, and as a result excessive current would cause CB2 to trip. Since the

DG is still feeding the faulty system, the neutral is practically connected to the C phase.

Hence, the potential of neutral essentially rises to that of phase C. If a load is connected

between phase A and the neutral towards the upstream of CB1, it will experience a line to

line voltage across each phase as the neutral is at the potential of phase C. This over

voltage could damage the load [12]. It is therefore necessary that the DG be effectively

grounded to avoid such an occurrence [12]. According to [12] for electromechanical

DGs, the following conditions should hold for effective grounding.

1

0

X
X

< 3  and
1

0

X
R < 1

where

=0X Zero sequence impedance of the DG

=1X Positive sequence impedance of the DG

=0R  Zero sequence resistance of the DG

Voltage and Frequency Issues

Once an unintentional island (defined earlier) occurs, it has to be detected within two

seconds, and the point of common coupling should disconnect the bus to which the DG is

connected , from the utility grid. Once this happens an island or a micro-grid is formed,

where a portion of the grid is supplied solely by DGs, and the utility has no control over

these supplies. It is essential that the frequency and voltage of the micro-grid be quickly
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restored after disconnecting from the utility grid. Bringing the frequency and voltage

within permissible limits as quickly as possible and keeping them there is a technical

challenge currently being investigated world-wide.

Operational Issues

Certain operational issues may arise when a DG is connected to the utility grid. Two

important issues are:

• Nuisance tripping(s). The DG may have no power export agreement with the

utility. Under such a condition, if a large load connected to the micro-grid goes off,

Figure 6. Over voltage considerations.
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the DG may not be able to reduce its generation fast enough. This may lead to a

power export for a duration greater than permissible, which would cause the CB at

the point of common coupling to trip. This CB tripping is referred to as nuisance

tripping [13].

• Maintaining power quality of micro-grids. In case the micro-grid is importing a

significant amount of power from the utility, if islanding occurs, there may not be

enough installed capacity to supply all the loads connected to the micro-grid. In such

cases loads have to be selectively dropped to ensure supply of quality power to

critical loads. On the other hand, if the micro-grid is exporting power to the utility

grid, the micro-grid voltage and frequency may rise after islanding. In such cases,

proper use of a fast acting dump load or generation reduction may be needed.

Minimizing the Need for Modifying
Distribution Systems when DGs are Added

The IEEE Standard for interconnecting distributed resources to electric power

systems [1] sets the requirements which the DGs have to meet before connecting to the

utility. The introduction of new or increased generation can have the following key

effects on the electrical system to which embedded generation is connected [14].

• Unintentional islanding.

•  Increase in fault level which may necessitate switchgear replacement.

• Alter  power  flows  and  voltage  profiles:  The  insertion  of  DG  affects  the  local

voltage and the power imported by the local load from the utility.

• System upgrade: The insertion of DG may necessitate upgrading of some
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system components.

• Switching/control arrangements.

• Protection system and settings.

• Earthing system arrangements.

  Among the above issues unintentional islanding is the most important concern

regarding the use of DGs. Figure 7 shows a DG source connected to an existing utility

line near a load center. For a fault at the location shown, CB1 would trip, but the DG may

not be able to inject enough current to trip CB2. This condition where the portion of the

grid  in  between CB1 and  the  DG is  energized  solely  by  the  DG (and  the  utility  has  no

control over it), is called islanding.

Unplanned or unintentional islanding could have severe implications [10], some of

which are given below.

• Line worker safety can be threatened by the DG sources feeding a system after

Figure 7. An instance of islanding.
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the primary energy sources have been opened and tagged out.

• Public safety can be compromised as the utility does not have the capability of

de-energizing the DG sources energizing the downed lines.

• The voltage and frequency provided to the customers connected to the island

are  out  of  the  utility’s  control,  yet  the  utility  remains  responsible  to  those

customers.

• Protection systems on the island are likely to be uncoordinated, due to change

in the short circuit current availability.

• The islanded system may be inadequately grounded by the DG interconnection.

• Utility breakers or circuit re-closures may reconnect the island to the greater

utility system when out of phase, causing over currents and CB tripping.

For  safe  operation  of  power  systems  to  which  DGs  are  connected,  unintentional

islanding should be properly detected. There are many proposed ways to detect this

condition. In the next chapter some common islanding detection schemes will be

explored. Based on two of these existing techniques a new islanding detection technique

is proposed in chapter 3. The new proposed technique is tested on two systems to prove

the validity of the proposed scheme. The proposed technique is the crux of this thesis.



17

CHAPTER 2

EXISTING ISLANDING DETECTION SCHEMES

There are many proposed techniques for detection of an island. These techniques, as

shown in Figure 8, can be broadly classified into remote and local techniques [16]. Local

techniques can be further classified into active and passive techniques. Remote

techniques for detection of islands are based on communication between the utility and

the DGs. Although these techniques may have better reliability than local techniques,

they are expensive to implement and hence uneconomical. Local techniques rely on the

information and data at the DG site. Passive methods depend on measuring certain

system parameters and do not interfere with the DG operation. Several passive techniques

have been proposed which are based on monitoring voltage magnitude [17], rate of

change of frequency [18], phase angle displacement [19], or impedance monitoring [20].

If the threshold for permissible disturbance in these quantities is set to a low value, then

nuisance tripping becomes an issue, and if the threshold is set too high, islanding may not

be detected. In active methods, the DG interface control is designed to facilitate islanding

detection by providing a positive feedback from either frequency or voltage [21].

Among the existing islanding detection techniques, two techniques, namely the

positive feedback (PF) technique [22] and voltage unbalance and the total harmonic

distortion (VU/THD) technique [23], seem to be the most promising ones. However, both

of these techniques have their own flaws which are discussed later on in this chapter. In

this thesis a new technique is proposed that combines the principles of [22] and [23]. The
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proposed technique, as can been seen in the simulation results shown ahead, has an

ascendancy over the techniques proposed in [22] and [23].

In  this  chapter  we  take  a  brief  look  at  the  above  techniques  and  then  take  a  deeper

look into two techniques on which the hybrid proposed technique is based, namely the

voltage unbalance and total harmonic distortion (VU/THD) technique [23] and the

positive feedback (PF) technique [22].

Remote Techniques [16]

 The most reliable way of islanding detection is to have communication between the

utility and the DG. Even though this technique is efficient it is very expensive at the

present time and hence uneconomical to implement.

Figure 8. Islanding detection techniques.
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Power Line Carrier Communications (PLCC) [25]:

 In Figure 9 a PLCC based system is shown where a DG is connected to utility grid.

In this technique the transmitter sends a low energy signal through the line connecting the

transmitter to the receiver. Once islanding occurs, the receiver stops getting signals from

the transmitter, and the absence of signal from the transmitter is used to indicate

islanding.

Supervisory Control and Data Acquisition (SCADA)
Based Anti-Islanding [26]:

 In this technique the SCADA systems monitor the auxiliary contacts of a circuit

breaker. When the circuit breaker trips, the installed SCADA system identifies this

breaker and sends this information to a central control station. This information is used to

identify the islanded area and trip the PCCs in the islanded area.

Figure 9. Use of PLCC for islanding detection [16].
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Local Techniques

Local  techniques  rely  on  the  information  and  data  at  the  DG  site.  They  consist  of

active and passive techniques. Passive methods depend on measuring certain system

quantities (e.g. voltage, frequency) and do not interfere with the DG operation. In active

methods, the DG interface control is designed to facilitate islanding detection by

providing a positive feedback from either frequency or voltage [21].

Active Techniques:

Some of the prominent active techniques have been considered ahead. Most of the

other existing techniques are basically slight variations of the techniques discussed

below.

Detection of Islanding by Adding Perturbations in DG Output [28].   In  this

technique at regular intervals perturbations or disturbances are added to the DG output

voltage. Then the voltage and reactive power through the inter-tie (or Point of common

coupling) is measured. In the utility connected mode, these perturbations do not cause a

significant change in the voltage or reactive power export at the PCC. If there is a big

change in these measured quantities at the PCC it indicates that the DG is not connected

to the utility grid, and hence it is concluded that islanding has occurred. The flowchart for

this technique is shown in Figure 10 [28].

Active Frequency Drift Method of Islanding Prevention [29]. In this technique the

DG is interfaced to the grid through a power electronic inverter. When the inverter
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converts the DC input into AC, instead of converting it to utility frequency, the output

current waveform of the inverter has a slightly different frequency than the utility supply.

An illustration of the current and voltage waveform are shown in Figure 11.

Figure 10. Detection of islanding by adding perturbations.
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T1 is half the time period for inverter current output, T2 is half the time period for the

terminal voltage frequency of the inverter and tz is called the dead time. In the non

islanded or utility connected mode, the terminal voltage and hence T2 is maintained by

the utility.

The inverter tries to maintain chopping fraction at a constant value. As soon as

islanding occurs, assuming a purely resistive load, voltage at the inverter terminals would

be in phase with the inverter current output. Since the inverter tries to maintain chopping

fraction  to  a  constant,  it  increases  the  output  frequency  of  the  inverter  current.  But  the

voltage still remains in phase with inverter current. So the inverter tries to increase the

frequency even more. This process continues until the frequency crosses the permissible

window of operation of the inverter.

Figure 11. Active frequency drift for islanding detection.
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Positive Feedback Technique [24]. The PF technique is one of the most dominant

existing islanding detection techniques [24]; it works by giving the DG a positive

feedback of voltage and frequency. As long as the DG connected part of the grid or the

micro-grid (MG) is connected to the utility grid, the frequency and voltage of the MG

stays at the nominal level. However, as soon as the utility supply is disconnected, e.g. due

to an electrical fault, the positive feedback of the DGs push the MG frequency and

voltage beyond the permissible window of operation of the interfacing inverters, and as a

result,  they  will  shut  down.  In  the  PF  technique  it  is  assumed  that  a  DG  is  interfaced

through an inverter. This technique works, but it has some serious drawbacks. If there are

several DGs (connected to the utility grid), they together may push the voltage and

frequency error higher due to positive feedback. As a result the PF technique could

destabilize the utility grid. Another drawback of this method is that it makes it impossible

for  an  island  to  have  autonomous  operation.  Therefore,  in  the  event  of  a  utility  power

outage, any consumer connected to that island will go without power.

Since this is one of the two techniques on which the proposed new technique is based,

a deeper look is taken into the working of this technique.

• Sandia Frequency Shift (SFS):

This method shown in Figure 12 is a modification of active frequency drift. In the

active frequency drift technique the chopping fraction (cf) is a constant. In the SFS

technique however the cf is made a function of error in the line frequency [24].
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)(0 lineffaKcfcf −+=                                                     (1)

Where

cf = chopping fraction

=0cf chopping fraction set for utility connected operation mode

K = a constant to accelerate the process

af = frequency of the voltage at the inverter terminals

Figure 12. Sandia frequency shift method of islanding detection.
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linef = frequency of the utility supply = a constant

When the inverters are connected to the utility grid, the utility maintains the

frequency at 60 Hz. So linea ff −  is approximately zero. Therefore cf  is a small value

and the frequency of the inverter current is close to the utility frequency. But when

the utility is disconnected even though linef  remains at 60 Hz, af  changes because the

inverter frequency is slightly different from the utility frequency. According to

equation (1) this error is pushed higher and higher. Finally the frequency crosses the

permissible window of operation of the inverter and the inverter is shut down. The

following are the set trip points for this technique.

Table 2

Tripping Time Settings for Different Frequencies

Set point for the frequency Time before switching off (cycles)

>63 Hz 0.5

>60.5 Hz 5

<59.5 Hz 5

<57 Hz 0.5

• Sandia Voltage Shift (SVS)



26

The principle of this method is similar to that of SFS method. The inverter

increases the amplitude of its current output for an increase in the voltage at the

terminals of the inverter and vice versa. This will cause a higher voltage error. This

does not happen in the utility connected mode, but as soon as islanding occurs, the

voltage error is pushed higher until the permissible window of operation is crossed.

Then, the inverter shuts down. The set points for the tripping are as follows.

Table 3

Tripping Time Settings For Different Voltages

Set point for the voltage Time before switching off (cycles)

>145 V 1

>132 V 100

<110 V 100

<60 V 5

<30 V 1

Passive Techniques:

Loss of Mains Detection by
System Impedance Monitoring [20]. Principle: In this technique a sudden spike in

the equivalent impedance of the system is used to detect islanding.

Working: In the system shown in Figure 13 [20] a high frequency signal of a few kHz is

injected  into  the  system.  When the  utility  side  circuit  breaker  is  in  closed  position,  the

impedance between points A and B consists of impedances Z1, Z4 and Z2 in parallel.
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This impedance is low and hence the voltage across high pass (HP) filter is low. Once the

CB at the utility side opens, the equivalent impedance between A and B is raised to the

value of Z4 in parallel with Z2. This increase in impedance causes an increase in the

voltage across the HP filter. This sudden increase in voltage across the HP filter is used to

indicate loss of mains (i.e. islanding).

The authors of this paper in [20] refrain from calling this technique either active or

passive. Since no perturbation is added to the DG output, we call this technique a passive

technique.

Drawback: A big load switching could be mistaken for loss of mains or islanding.

Fig 13. System setup for islanding detection by impedance monitoring.
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Detection of Voltage Magnitude and Frequency [17].  In  [17],  it  is  given  that  as

per official guideline for islanding detection in Japan, a deviation of voltage and

frequency outside the permissible window of operation can be used as a criteria for

islanding detection.

Rate of Change of Frequency [18].  In this technique a relay is set such that if the

rate of change of frequency is higher than a preset value, the relay trips. In this technique

the set point for maximum permissible rate of change of frequency is a critical value. It

should be selected such that the change in frequency during normal utility connected

operation does not cause a false tripping but an islanding should cause the relays to trip.

The trip setting for the relay depends on the size of the DG installed.

 Islanding Detection by Monitoring Phase Displacement [19]. In this technique

the output voltage of the DG is monitored for a sudden change in phase. At the instant of

islanding the output current from the DG suddenly changes. This causes a jump in phase

of  the  DG  output  voltage  due  to  a  change  in  the  voltage  drop  across  the  synchronous

reactance of the alternator (DG). The maximum permissible shift in phase is selected in

such a way that normal load switching doesn’t cause a false tripping but islanding is

detected.

Voltage Unbalance (VU) and Total
Harmonic Distortion Technique (THD) [23]. In this technique the VU at the DG

terminals and THD of the DG current are monitored and used for islanding detection. VU

at the DG terminals is defined as follows
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Voltage unbalance (VU) = 100
1

2 ×
V
V                   (2)

where 1V  and 2V  are  the  positive  and  negative  sequence  components  of  the  DG

output voltage, respectively. This technique exploits the fact that any change in DG

loading causes a spike in the THD and VU of the DG. Any significant spike in either of

these monitored quantities is used to send a trip signal to the circuit breaker (CB) at the

Point  of  Common  Coupling  (PCC),  which  connects  the  MG  to  the  utility  grid.  The

drawback of this technique is that a load switching can cause a spike in these quantities

even if the DG is connected to the utility grid, and as a result, a false tripping of the CB at

PCC could occur.

   This is the second technique on which the proposed technique is based. A more

detailed explanation of the algorithm used in this technique is given below.

• Voltage Unbalance (VU)

The average value of VU over one cycle is given by

∑
−

=
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i
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The variation in VU is given by
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VU                            (4)
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where

N is the number of samples taken per cycle

t is the monitoring time

savgVU ,  is the reference value of VU. This value is initially set to the VU under

steady state conditions. If tVU∆  remains within -100% and 50% for one cycle, then

savgVU ,  is updated by tavgVU , . This means that savgVU ,  is updated only if the

variation in VU is small.

• Total Harmonic Distortion (THD) in Current

100
1

2

2

×=
∑

=

I

I
THD

H

h
h

                                               (5)

where 1I  is the RMS value of the fundamental component of current, hI  is the RMS

value of the thh    harmonic component of the current.

The average value of THD over one cycle is given by

∑
−

=
−=

1

0
,
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i
ittavg THD

N
THD

                                                                     (6)

The variation in THD is given by
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100
,

,, ×
−
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t THD

THDTHD
THD                            (7)

where

N is the number of samples taken per cycle

t is the monitoring time

savgTHD ,  is the reference value of THD. This value is initially set to the THD under

steady state conditions. If tTHD∆  remains  within  -100%  and  75%  for  one  cycle,

then savgTHD ,  is updated by tavgTHD , . This means that savgTHD ,  is updated only if

the variation in THD is small.

 In this technique the authors have also defined and measured a quantity called

‘Three-Phase voltage magnitude variation’. Although this quantity is a part of the

algorithm, it doesn’t play a role in the islanding detection process. The reason being

that VU and THD are much more sensitive than voltage magnitude variation. Hence

to keep the analysis simple, three phase magnitude variation has been omitted from

this discussion.
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In the algorithm proposed in [23] there are two rules

Rule 1: %75>∆ tTHD  or tTHD∆ <-100%

Rule 2: %50>∆ tVU  or %100−<∆ tVU

 The simplified algorithm for the technique is given in Figure 14.

Figure 14. Simplified algorithm for VU/THD scheme.
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CHAPTER 3

PROPOSED ISLANDING DETECTION SCHEME

The proposed hybrid islanding detection technique combines principles of the PF

(active) technique and the VU/THD (passive) technique, thus making it a hybrid of active

and passive techniques. Here the three phase voltages are continuously monitored at the

DG terminals and VU is calculated for each DG. THD is not used in this hybrid

technique because during the simulations it was found that VU was more sensitive to

disturbances than THD. Any disturbance applied to the DGs, e.g.  as a result  of random

load changes (switchings) or islanding, could result in a spike in the VU. To discriminate

between the VU spike due to islanding and that due to other reasons, another feature has

been added to this technique. Whenever a VU spike above the set threshold is observed,

then the frequency set point of the DG is gradually lowered from 60 Hz to 59 Hz in one

second. In the simulations given ahead, the following threshold value has been used.

Maximum permissible VU spike = avgVU×35 (8)

where

=avgVU average value of VU over the past one second

Once the frequency set point is lowered, the frequency of the DG output voltage is

continuously monitored. If the frequency falls below 59.2 Hz within the next 1.5 seconds,

it  indicates  that  the  utility  grid,  to  which  the  DG is  connected,  is  not  energized,  that  is

islanding has occurred, and the DG should be disconnected from the grid. As a result, a

trip  signal  is  sent  to  the  CB  at  PCC,  the  frequency  set  point  is  returned  to  60  Hz,  and
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autonomous operation of the MG is achieved. If after lowering the frequency set point,

the frequency at the DG terminals remains close to 60 Hz, it is concluded that the utility

grid is energized and islanding has not occurred. As a result the DG frequency does not

drop. The exceeding of VU over its permissible range could be a result of load switching

or  other  transient  disturbances  which  do  not  severely  affect  the  operation  of  the  power

system. In this case the frequency set point is restored back to 60 Hz.

The proposed technique would work even for low penetration of non-synchronous

DGs  such  as  fuel  cells  connected  to  the  MG.  Once  the  synchronous  DGs  lower  their

frequency set point, they act as additional motor loads on non synchronous DGs which

could result in the overloading and shutting down of these DGs.

According to IEEE STD 446-1995 [30] for small engine generators, used for

emergency supply, a 5% frequency change can be tolerated up to 5 seconds and the

technique proposed in this paper conforms to this standard. The algorithm for the

proposed technique is shown in Figure 15.

Simulation Results on Test System I

 The proposed islanding detection technique was tested on two systems. The first

system was taken from [31] and the second one was extracted from the IEEE 34 system

[32].

The first system, shown in Figure 16 is composed of a 13.8-kV, three-feeder

distribution subsystem consisting of 20 nodes. The 13.8-kV distribution substation is

equipped with a three-phase 1.5 MVAr, fixed shunt-capacitor bank at node 7, four loads

and two synchronous DG units with excitation and governor control. The load and DG
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capacities are given on the figure. The part of the system to the downstream of PCC 1 is

called MG1, and the part downstream of PCC2 is called MG2. Nodes at PCC1 and PCC2

have a synchronizing switch to check for in phase (synchronous) operation of the MG

with the utility grid before closing the corresponding CB (not shown in the figure).

Figure 15. Proposed islanding detection technique.
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In  the  system  shown  in  Figure  16,  the  phase  voltages  are  monitored  at  the  DG

terminals, and the positive ( 1V ) and negative sequence ( 2V ) voltages and voltage

unbalance
1

2
V

V  are calculated from it. Any VU spike over the permissible value given by

(8) is investigated for islanding according to the algorithm given in Figure 15. Details for

the study system can be obtained from the original diagram in [31] which is reproduced

in Appendix A.

 The following disturbances were simulated: At t=35s load 3, connected to MG2,

Figure 16.  First study system.



37

switches  on  and  at  t=40s  load  2  connected  to  MG1  switches  off.  Both  of  these  load

switchings cause VU spikes at the corresponding DG terminals. At t=45s an upstream CB

at node 9 opens and the utility supply goes out, thus causing an unintentional islanding.

Islanding causes a VU spike at both DGs. The purpose of these tests is to show how the

proposed technique discriminates between load switchings and islanding.

The simulation results for the above system are given in Figures 17 to 21. Initially the

system is under normal operation with both MGs isolated from the utility at their

respective PCCs. Both MGs run at 60.02 Hz before connecting to the utility. This is done

to bring the MGs in phase with the utility grid before making connection to the grid. The

phase difference between the utility grid and each MG is checked by the synchronizing

switches placed at PCC1 and PCC2.

In Figure 17 a VU spike at DG1 terminals can be seen at t=25.97s. This spike is due

to the closing of the CB at PCC1. The VU spike detection algorithm for DG1, given in

Figure 15, activates immediately after MG1 connects to the utility. Hence this VU spike

caused by connection to the utility is ignored. Another VU spike is observed at t=26.86s

which is due to closing of the CB at PCC2. This spike, being lower than the value given

by (8), is also ignored.

At t=35s, load 3 in MG2 switches on. This switching, doesn’t cause a big change in

the loading of DG1. As a result, the VU spike seen by DG1 is lower than the limit set by

(8), and is again ignored.

At t=40s load 2 in MG1 switches off. This load switching causes a large spike in the

VU monitored at DG1 terminals, and is used to lower the frequency set point of DG1
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from  60  to  59  Hz.  It  can  be  seen  in  Figure  18  that  the  frequency  set  point  for  DG1  is

lowered at t=40s. Because the utility grid is energized, in spite of reducing the frequency

set point of DG1 for 1.5 seconds, the frequency of DG1 remains close to 60 Hz. Hence,

islanding is ruled out and the frequency set point is restored to 60 Hz.

At t=45s the CB at node 9 (Figure 16) opens, causing islanding. As indicated in

Figure 17, at t=45s, islanding causes a large spike in the VU at DG1 terminals. Figure 18

shows that soon after reducing the frequency set point at t=45s, the frequency drops very

rapidly and falls below 59.2 Hz, resultantly a trip signal is sent to PCC1 and the

frequency set point is promptly restored to 60 Hz. It can therefore be concluded that

islanding is efficiently detected within a short span of time (in about 0.21 seconds).

Figure  19  shows  the  VU  spikes  at  DG2.  At  t=26s  a  VU  spike  is  observed  due  to

closing of the CB at PCC2. This spike is ignored since the islanding detection algorithm

for DG2 was not activated. This algorithm activates promptly after this closing of the CB

at PCC2.

At t=35s, load 4 has switched in and a VU spike is seen at the DG2 terminals. This

spike is large enough to be acknowledged. Figure 20 shows that reduced frequency set

point doesn’t drop the frequency below the set limit of 59.2 Hz at DG2 terminals. Thus

islanding is ruled out at t=36.5s.

In Figure 16, load 2 at MG1 switches off at t=40s and causes a large spike at DG2

terminals. As seen in Figure 20, this spike is again ruled out for islanding after lowering

the frequency set point to 59 Hz for 1.5 seconds. It is noticed that lowering of frequency

set point, does not lower the frequency at the terminals of DG2.
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As a result of a large VU spike, which is observed at t=45s due to islanding (Figure

19), the frequency set point of DG2 is lowered, this causes a quick fall in the frequency at

DG2 terminals, as shown in Figure 20. Soon after the frequency reaches 59.2 Hz, a trip

signal is generated and the CB at PCC2 opens. The frequency set point is restored back to

60 Hz, and MG2 continues autonomous operation.

One of the purposes of the proposed islanding detection technique is to reduce the

negative impact of the PF technique on the utility grid. In the proposed technique only the

DG that detects VU spikes larger than the set threshold value will change their frequency

set point. The magnitude of the VU spike seen by each DG depends on the size of the DG

and the distance from the disturbance. Comparing Figures 18 and 20, it is noticed that

when load 3 (in MG2) is switched on at t=35s, only DG2, which is in the vicinity of the

disturbance, changes its frequency set point (Figure 20), while the frequency set point of

DG1, remains unchanged (Figure 18). This is a huge advantage over the PF technique,

where all the DGs (connected to the utility grid) work together at all times to try to

destabilize the utility frequency and voltage.

The effective speed of islanding detection for the whole system can be observed from

Figure 21. The CB at node 9 opens at t=45s. Thus islanding occurs at this instant. In

Figure 21, it is indicated that power to the intermediate load A is cut off by t=45.21s, that

is 0.21 seconds after islanding. This means that, by t=45.21s both PCC1 and PCC2 have

opened, which means, islanding is detected in 0.21 seconds.

It should also be mentioned that all the VU spikes detected in this proposed technique

last longer than 0.05s.
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Figure 17 VU at DG1 terminals versus time.

Figure 18. Frequency and frequency set point of DG1 versus time.
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Figure 19. VU measured at DG2 terminals versus time.

Figure 20. Frequency and frequency set point of DG2 versus time.
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Simulation Results on Test System II

 Figure 22 shows the second test system, which is an extract from the IEEE 34-bus

system [32]. The transmission line parameters for the power system are given in

Appendix-B. The system of Figure 22 is composed of two MGs, one at node 856 (PCC1)

and the other at node 810 (PCC2). Both these PCCs are equipped with synchronizing

switches. Node 800 is connected to a 24.9 kV 60 Hz utility supply with X/R ratio of 15.

There is a voltage regulator between nodes 814 and 850.

Figure 21. Current to intermediate load A versus time in seconds.
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Figure 22. IEEE 34-bus extract.

Figure 23. MG1.
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The MG connected to node 856, shown in Figure 23, is equipped with a 5 MVA, 24.9

kV synchronous DG. It has two switching loads and one steady load. The loads are 1+j1

MVA each, with one switching on at t=45s and the other switching off at t=50 sec. MG2,

shown in Figure 24, is supplied by a 2.5 MVA synchronous DG, which has a steady load

(0.5 MW) and a switching load of 1+j1 MVA, switching off at t=55s.

An unintentional islanding occurs when CB at node 802 opens at t=50s. Simulation

results given in Figures 25-29 show that the two MGs disconnect themselves from the

utility grid in 0.15s, which is well within the 2s limit set by [1].

Figure 25 shows the VU spikes at DG1 terminals. The CB at PCC1 closes at t=11.74s

(not shown in the Figure), and MG1 connects to the utility grid. At this instant the VU

spike detection algorithm for DG1 starts operating. A VU spike due to the closing of the

CB at PCC2 occurs at t=35s. Also, VU spikes due to MG load switchings (in Figures 23

and 24) occur at t=45, 50 and 55s. These are all small enough to be ignored; see (8). At

Figure 24. MG2.
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t=60s the CB at node 802 opens and islanding occurs. As a result, a large VU spike is

detected at the terminals of DG1 (Figure 25). This causes a drop in the frequency set

point  from  60  Hz  to  59  Hz,  as  shown  in  Figure  26.  As  soon  as  the  frequency  of  DG1

drops to 59.2 Hz, a trip signal is transmitted to the CB at PCC1, which isolates MG1 from

the utility grid, and its frequency set point is restored to 60 Hz. Thus sanctioning

autonomous operation of MG1.

Figure 27 displays the VU spikes at DG2 terminals. VU spike detection algorithm for

DG2 starts immediately after MG2 is connected to the utility at t=34.89s. The load

switchings at MG1 cause VU spikes at DG2, but they are small according to (8), and are

ignored. However, the VU spike due to a load switching in the proximity of DG2, at

t=55s, is large and hence causes a change in the frequency set point of DG2. From Figure

28 it can be seen that, in spite of lowering the frequency set point at t=55s, the frequency

still remains close to 60 Hz; islanding is therefore ruled out. Islanding occurs at t=60s,

and the VU spike at the terminals of DG2, as seen in Figure 27, is large enough to be

detected. A reduction in the frequency set point causes a significant drop in the

frequency. As soon as the frequency drops to 59.2 Hz, a trip signal is  sent to the CB at

PCC2 and MG2 disconnects from the utility grid. The frequency set point of DG2 is now

restored to 60 Hz, thus permitting an autonomous operation of MG2.

In Figure 27 it can be seen that the VU spike due to load switching at MG2 at t=55s is

much larger than the spike due to islanding at t=60s. Had VU/THD technique been used

by itself, then a false tripping would have resulted at t=55s. It is therefore clear that the
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hybrid islanding detection technique proposed in this paper is superior over the VU/THD

technique proposed in [23].

The islanding detection speed for the overall system of Figure 22 can be seen in

Figure 29. The CB at node 802 opens at t=60s, thus causing islanding at that instant. It is

seen in Figure 29 that at t=60.15s current through load A is cut off. This means that, by

t=60.15s both PCC1 and PCC2 have opened, which means islanding is detected within

0.15s. This is well within the 2 second window set by [1] for islanding detection.

Figure 25. VU measured at DG1 terminals.
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Figure 26. Frequency and frequency set point of DG1.

Figure 27. VU measured at DG2 terminals.
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Figure 28. Frequency and frequency set point of DG2.

Figure 29. Current to load A.
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CHAPTER 4

CONCLUSION OF THESIS AND FUTURE WORK

The increasing price of electricity, the deregulation of electric supply and availability

of a wide variety of distributed generators has brought about a new era of distributed

generation. Distributed generation offers advantages such as reduced transmission losses,

voltage and reactive power support to the grid, improved system reliability, and

decreased cost per unit of energy. Although distributed generation offers many benefits

as a nascent field of technology, it faces many obstacles due to economic and technical

reasons,  which  are  presented  in  chapter  1  of  this  thesis.  A  technical  issue  called

unintentional islanding is the most prominent among them, and hence is considered in

more detail. This thesis reviews the prominent islanding detection techniques and looks at

their implementation feasibility, their impact on the utility, and their probability of

causing false tripping. In an attempt to overcome these drawbacks a new hybrid

technique involving both active and passive schemes is proposed. The proposed

technique combines the principles of PF[22] and VU/THD[23] and overcomes their

drawbacks. It is observed that in the proposed technique, only the DGs in the vicinity of

load switching change their frequency set point. This is a huge advantage over the PF

technique, where all the DGs work together to destabilize the utility grid. The proposed

technique also permits autonomous operation of the MG as opposed to the PF technique,

which doesn’t permit autonomous operation.
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It is also shown that VU/THD technique could confuse a large load switching for

islanding and hence cause a false tripping. The proposed technique is able to efficiently

discriminate between load switchings and islanding.

It is therefore concluded that the proposed hybrid islanding detection technique,

which includes a combination of an active and a passive technique, has an ascendancy

over the existing techniques.

Future Work

In this thesis only synchronously rotating DGs were considered. As a continuation of

this work, it is proposed that DGs with power electronic interface, be included in the

model to include both synchronous DGs and non synchronous DGs such as fuel cells,

photovoltaic power generation connected to the utility grid. The power electronic

interface would have an inverter that has two modes of operation as follows

Mode 1: Normal operating mode, where the inverter converts the voltage from a DC

link to utility frequency, 60 Hz.

 Mode 2: Load switching and islanding mode: When a VU spike is seen at the

inverter terminals as a result of load switching or islanding, the inverter is made to run

with a negative chopping ratio (see Figures 11 and 30). Thus effectively the inverter is

run at a lower frequency than the utility grid. If the frequency at the inverter terminals

doesn’t fall below 59.2 Hz in 1.5 seconds, islanding is ruled out. If it does fall below 59.2

Hz, then it indicates islanding and a trip signal is sent to the CB at the point of coupling.
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The limitation of this technique, however, is that all the synchronous DGs

downstream of the MG containing the inverter should have the proposed hybrid islanding

detection technique incorporated in their systems.

Figure 30. Implementation of proposed technique.
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DETAILS OF THE SYSTEM IN FIGURE 16 [31] 
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PARAMETERS OF THE MODIFIED IEEE 34 -BUS NETWORK 
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Line parameters    R=0.538 /km, X=0.4626  /km

From
Node

To
Node Distance km R L

800 802 0.786 0.423 9.65e-4
802 806 0.527 0.283 6.47e-4
806 808 9.823 5.285 1.20e-2
808 810 1.769 0.951 2.17e-3
808 812 11.43 6.149 1.40e-2
812 814 9.061 4.875 1.11e-2
814 850 0.003 0.0016 3.73e-6
816 824 3.112 1.674 3.81e-3
824 826 0.923 0.496 1.13e-3
824 828 0.256 0.137 3.14e-4
828 830 6.230 3.351 7.64e-3
854 856 7.110 3.825 8.72e-3
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The details of the simulink model of the first test system, shown in Figure 16, are

given in Figures A1 through A5.

Figure A1. Condensed form of first test system.
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Figure A2. Part A of Figure A1.
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Figure A3 Part B of Figure A1.
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Figure A4.  Part C of Figure A1.
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Figure A5. Part D of Figure A1.
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Due to very complicated nature of the model, the island  configuration is not shown

here. Shown below is the principle of working of the synchronous switch and its simulink

model.

Before we proceed with the discussion it is necessary to point out that sinusoidal

waves  can  be  represented  by  the  projection  of  rotating  phasors  on  Y axis.  Suppose  we

measure the line voltages on both sides of the circuit breaker (CB). Let us call line

voltages  on  one  side  as  AB,  BC & CA and those  on  the  other  side  of  the  CB as  A’B’,

B’C’ & C’A’. To check if the line voltages on both the sides of the CB are in phase the

following equations have been used

0'' =− BAAB                                                                           (A.1)

0'' =− CBBC                                                                          (A.2)

If both these equations hold true at the same time, then the voltages on both sides of

the CB are in phase. It is necessary for both these equations to be true at the same time.

Consider the case shown in Figure A6, where the projection of the phasors on the Y axis

represent their absolute values. Even though the voltages are not in phase, (A.1) is

satisfied. Only when both (A.1) and (A.2) are satisfied, the voltages on both sides of the

CB are in phase. In simulation however instead of equating (A.1) and (A.2) to zero, a

small  window of  error  has  been  permitted.  The  reason  being  that,  how close  (A.1)  and

(A.2) gets to zero, depends on the step size used.
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Figure A6  Principle of working of synchronous switch.
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Figure A7 Simulink model of synchronous switch.
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