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Development of a Robust Anti-Islanding
Algorithm for Utility Interconnection of
Distributed Fuel Cell Powered Generation
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Abstract—In this paper, a robust anti-islanding algorithm for
distributed fuel cell powered generation (DFPG) is proposed.
Three different islanding scenarios are explored and presented
based on analysis of real and reactive power mismatch. It is
shown via analysis that islanding voltage is a function of real
power alone, whereas its frequency is a function of both real and
reactive power. Following this analysis, a robust anti-islanding
algorithm is developed. The proposed algorithm continuously
perturbs ( 5%) the reactive power supplied by DFPG while
simultaneously monitoring the utility voltage and frequency. If
islanding were to occur, a measurable frequency deviation takes
place upon which the real power of DFPG is further reduced to
80%; now a drop in voltage positively confirms islanding, and the
DFPG is safely disconnected. This method of control is shown to
be robust, able to detect islanding under resonant loads, and fast
acting (operable in one cycle). Possible islanding conditions are
simulated and verified with analysis. Experimental results on a
0.5-kW fuel cell inverter system connected to 120-V 60-Hz utility
are discussed.

Index Terms—Anti-islanding algorithm, distributed fuel cell
powered generation (DFPG), islanding.

I. INTRODUCTION

LOW COST and clean performance benefits have influ-
enced fuel cell as a preferred choice for utility interactive

distributed power generation. Fig. 1 shows the typical dis-
tributed fuel cell powered generation (DFPG) connected to
utility [1]. However, interconnection of DFPG with utility
raises several major issues and technical difficulties. Islanding
is an important issue of concern as more and more indepen-
dently controlled DFPG systems are connected to the power
distribution system. Islanding phenomenon occurs when utility
is intentionally or accidentally disconnected from network and
the DFPG continues to energize local loads. This condition
causes danger to maintenance personnel arriving to service en-
ergized isolated feeder [2]. Further, unsynchronized reclosure
of utility to formed isolated loads results in damages to fuel
cell inverters. This concern is addressed in IEEE Std. 929-2000
[3] and IEEE Std. 1547 [4].

Several islanding detection algorithms have been developed
in the past decade [5]–[10]. These algorithms can be categorized
into two major approaches.
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Passive

• Over/under voltage and frequency detection [5].
• Phase jump detection [5].
• Voltage harmonic monitoring [6].

Active

• Output power variation [7].
• Active frequency drift [8], [9].
• Sliding mode frequency shift [8], [10].

Over/under voltage and frequency detection approach, the in-
verter is shut down when the utility voltage/frequency deviates
from set values. While the method is simple, it fails to detect is-
landing when the inverter generated power closely matches with
the connected loads [11]. In the phase jump detection method,
the phase of inverter current is instantaneously synchronized at
zero crossing with phase of voltage via phase lock loop (PLL)
circuitry. Considerable phase difference can be identified as an
occurrence of islanding. However, this method fails when the
load power factor is unity [11]. In the voltage harmonic moni-
toring method, it is envisioned that in the absence of the utility
(islanding) results in excessive harmonic voltage due to mag-
netizing current drawn by power transformers etc., [2], [11].
However, setting an appropriate harmonic threshold to discon-
nect the inverter is nearly impossible due to presence of non-
linear loads. This renders the harmonic monitoring method as
impractical [6].

Active methods try to overcome the shortcomings of passive
methods by introducing perturbations in the inverter output. In
the output power variation method, the inverter real power is
periodically perturbed, and the voltage is continuously moni-
tored. When islanding occurs, voltage fluctuations become ap-
parent due to real power mismatch. This information is used
to initiate shut down procedure. This method requires multiple
DFPGs connected to the utility to be synchronized. If synchro-
nization is not done, the method becomes ineffective due to the
averaging effect [7]. Active frequency drift (AFD) method in-
troduces small increase/decrease in the frequency of inverter
output current while monitoring the frequency of the voltage.
A measurable deviation in frequency of the voltage indicates
islanding. However, this method has been shown to fail when
the load phase angle matches with the phase offset generated by
perturbing the frequency [8], [12]. Sliding mode frequency shift
(SMS) method applies similar strategy as AFD. In this method,
the starting angle of inverter current is controlled. Under is-
landing, a measurable frequency deviation is observed. This
method also fails when the load phase angle equals the starting
angle [8], [12], [13].
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Fig. 1. Fuel cell power conditioner control system for supplying power to the utility (utility interface).

In response to these concerns, this paper explores the devel-
opment of a robust anti-islanding algorithm. The proposed algo-
rithm continuously perturbs the reactive power supplied
by DFPG while monitoring the utility voltage and frequency.
It is shown that by perturbing DFPG reactive power by
results in observable frequency deviation when is-
landing occurs. To further positively confirm islanding, the pro-
posed algorithm reduces the DFPG real power output to 80%. If
the terminal voltage drops below 0.9 per-unit, the DFPG is dis-
connected. This method of detection is shown to be robust and
fast acting (operable in one cycle) and it significantly reduces
the nondetection zone (NDZ) compared to all other detection
method. Several possible islanding conditions are simulated and
verified with analysis. Experimental results, on a 0.5-kW fuel
cell inverter connected to 120-V 60-Hz utility are discussed.

II. ANALYSIS OF REAL AND REACTIVE POWER MISMATCH

Islanding voltage and frequency can be calculated analytically
basedonrealandreactivepowermismatchat the instant theutility
disconnected. Fig. 2(a) shows power flow diagram of DFPG and
connectedloadin thepresenceofutility.Fig.2(b)showstheutility
disconnected and and are defined as real and reactive
power mismatches at the instant of disconnection.

For the purpose of analysis, DFPG is modeled as a current
source and the load is represented by equivalent parallel RLC
elements. Per phase equivalent circuit of the system for this con-
dition is shown in Fig. 3.

For clarity, the term “islanding voltage ” is defined as the
voltage at inverter terminal and the load terminals. The term
“islanding frequency ” is defined as the frequency of inverter
output when the utility is disconnected.

Let
real power output of the DFPG;
reactive power output of DFPG;
real power output of the utility;

Fig. 2. Interconnection of DFPG source to the utility and the load: (a) normal
condition and (b) under islanding showing the power mismatch at the instant the
utility is disconnected.

reactive power output of the utility;
capacitive reactive power (of the load);
inductive reactive power (of the load);
real power mismatch between DFPG and utility;
reactive power mismatch between DFPG and utility;
islanding voltage;
nominal system voltage.

Since the load is represented by equivalent RLC elements
which connected in parallel, islanding voltage across R and par-
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Fig. 3. Equivalent circuit of the DFPG and the load at the instance the utility
is disconnected.

allel LC is the same. Impedance of parallel LC (Fig. 3) in a func-
tion of frequency is expressed as

(1)

where is the islanding frequency. Further, can be ex-
pressed in terms of and variables as

(2)

Equating (1) and (2), we obtain

(3)

The quality factor of the connected load is defined as [1]

(4)

Equation (3) can be expressed in terms of as

(5)

From (5), the islanding frequency is expressed as

(6)

Voltage at the instant utility disconnected (islanding voltage)
can be calculated from

(7)

The islanding voltage can be expressed as

(8)

where

(9)

From the previous analysis the following can be concluded.

1) The islanding frequency is a function of DFPG real
power , reactive power , and the resonant fre-
quency of the load as shown in (6).

2) Voltage at the inverter terminals at the instant the utility
disconnected is a function of the ratio of real power of the
DFPG and the load as shown in (8).

Fig. 4. Variation of islanding voltage V (in Fig. 3) versus�P .

3) Islanding voltage increases when and de-
creases for vice versa.

4) The worst case condition occurs in the following scenario
when DFPG real power is equal to the real power of the
load, i.e., , and the corresponding reactive
powers are also equal . For this condition, the
voltage and the frequency at the inverter terminals con-
tinues to be the same as when the utility was connected.
Under this condition the inverter fails to notice the dis-
connection of the utility and continues to operate, hence
causing islanding. When the above described conditions
are nearly met, the variation in voltage and frequency may
be small and may escape detection. This zone is called
non-detect zone (NDZ).

III. ROBUST ANTI-ISLANDING ALGORITHM DEVELOPMENT

To detect islanding effectively, it is necessary to have good
understanding of all possible islanding conditions. Three major
islanding scenarios are explored, and a robust anti-islanding al-
gorithm is developed and presented in this section.

Case 1) is large:
When the real power of DFPG and that of the load

are not equal, is large. Under this condition, if
the utility is disconnected, then from (8), it is clear
that the inverter terminal voltage will vary widely.
Fig. 4 shows the variation of the islanding voltage

as a function of . According to the IEEE Std.
929-2000 [3], the inverter operating voltage should
be within the range of . If these
operating limits are chosen, islanding condition can
be detected effectively only if (Fig. 4).

Case 2) is small and is large:
In the case the real power of DFPG and the load

are nearly equal, i.e., is small; however, the re-
active power of DFPG and the load differ ( dif-
ference is larger). Upon disconnection of the utility,
the relationship derived in (6) confirms that a change
in frequency occurs. Fig. 5(a) shows variation of
the islanding frequency as a function of and

. Fig. 5(b) shows islanding frequency variation
as a function of when is zero. It is noted
that the variation is also a function of the quality
factor of load [see (6)]. According to the IEEE
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Fig. 5. Variation of islanding frequency: (a) variation of Islanding frequency
(in Fig. 2) as a function of�P and�Q variables for q = 2:5 and (b) frequency
versus �Q as a function of q when �P � 0.

Std. 929-2000 [3], the inverter operating frequency
should be within the range of 59.3 to 60.5 Hz. There-
fore, the DFPG must disconnect when the frequency
is out of these limits. However, if this condition is
chosen for islanding protection, the inverter (DFPG)
will fail to disconnect when the load ,

, and [see Fig. 5(b)].
Case 3) and are small

It is clear from case 1 and case 2 analysis
that a small results in an insuf-
ficient change in voltage (Fig. 4) and small

results in inadequate change in fre-
quency (Fig. 5) to effectively disconnect the DFPG
and prevent islanding. This zone is commonly
known as nondetection zone (NDZ) for the passive
methods to detect islanding and shown in Fig. 6.
Thus, the focus of the proposed algorithm in this
paper is to reduce the NDZ as detailed in Section IV.

IV. PROPOSED POWER CONTROL ALGORITHM

The focus of the proposed algorithm is to reduce the NDZ
to near zero. The algorithm consists of two steps. In step 1,
the reactive power of DFPG is continuously perturbed by

while maintaining the real power constant. Both the
voltage and frequency simultaneously are monitored. The ratio
of to is expressed as

(10)

Fig. 6. Exist of nondetection zone (NDZ) of over/under voltage and frequency
method.

where denotes the reactive power perturbation and is set to
5% (or 0.05 per-unit). For this setting, a noticeable frequency
deviation can be observed when the load (see Fig. 5).
From (6), the islanding frequency for this perturbation can be
calculated as

(11)

The frequency deviation is defined as

(12)

When the utility is connected, it can be assumed that the DFPG
is operating in parallel with a stiff voltage source. The constant
real power or reactive power variation supplied
by the DFPG does not have any significant effects upon the fre-
quency or the voltage respectively at the point of interconnec-
tion. However, when the instant the utility is disconnected, a
change in is noticeable due to perturbation in .
When the change in observed, the possi-
bility of islanding is considered to be somewhat higher since it
is within the specified limit of IEEE Std. 929-2000 [3], (59.3 to
60.5 Hz). This change is observed for at least for four consecu-
tive cycles. If during this period the frequency change increases
rapidly, then islanding is confirmed, and the DFPG is discon-
nected. However, if continues to be within the above speci-
fied limits, the proposed algorithm reduces the DFPG real power
to 80% (i.e., 0.8 per-unit) for another 10 cycles as a part of step
#2. If the magnitude of the voltage falls below 0.9 per-unit,
the occurrence of islanding is confirmed, and the DFPG is safely
disconnected. In case the magnitude of the voltage is normal
the DFPG is allowed to continue its operation. The proposed
two step approach (described above) is robust and fast acting.
Fig. 7 shows a flowchart of the proposed robust anti-islanding
algorithm.

V. SIMULATION

In this section, simulation results are presented to illustrate
the effectiveness of the proposed anti-islanding algorithm.
Three possible islanding cases are simulated. The DFPG is
represented by a voltage controlled current source, and its fre-
quency is monitored every half cycle by a resetable integrator.
Table I shows the parameters used in the simulation of the
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Fig. 7. Robust anti-islanding detection algorithm.

TABLE I
SIMULATION PARAMETERS

TABLE II
SUMMARY OF CALCULATION, SIMULATION AND EXPERIMENTAL RESULTS

system. Real and reactive power mismatches ( and )
are defined in Table II and in Section II.

In Fig. 8, for case 1: real power mismatch between DFPG
and the loads is large ( and

). Under normal condition, the DFPG continuously
supplies constant real power ( ,

Fig. 8. Simulation results for case 1: �P is large: (a) islanding voltage and
(b) islanding frequency of �P = �0:5 and �Q = 0.

) to the load. At instant the load disconnected, the
magnitude of the voltage immediately drops to 0.70 per-unit
[Fig. 8(a)] due to insufficient real power supplied from the
DFPG [see (8)]. The occurrence of islanding can be easily
detected by monitoring the under voltage. It is noted that the
frequency does not alter significantly since is zero.

Fig. 9 shows the simulation results for case 2: for
and . In this case, the DFPG real power
is same as the load ; however, the DFPG reactive power

exceeds by 0.1 per-unit. At the instant the utility is
disconnected, it is seen that the magnitude of is unaltered,
but the frequency increases to 61.25 Hz. This new operating fre-
quency results from a larger reactive power mismatch [see (6)].
Since this exceeds the IEEE Std. 929-2000 [3] specified limit
(59.3 to 60.5 Hz), islanding condition is positively confirmed.

Fig. 10 shows the simulation results for case 3: both the real
and reactive power mismatches are small (
and ). For this condition to exist, the DFPG real and
reactive power must match the connected load. That is

and . From the previous analysis, it is clear
that this is the most difficult scenario to detect islanding. The
proposed robust anti-islanding algorithm is employed. In this
case, the DFPG real power is maintained constant, and its reac-
tive power is perturbed by . At the instant the utility dis-
connected, from Fig. 10(b), it is noted that a frequency devi-
ation is observed Hz . According to the pro-
posed algorithm, the DFPG is allowed to continue its operation
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Fig. 9. Simulation results for case 2: �P is small and �Q is large:
(a) islanding voltage and (b) islanding frequency of�P = 0 and �Q = 0:1.

as long as frequency variation is within the specified limit (59.3
to 60.5 Hz). In the mean time, the algorithm recognizes the fre-
quency variation for over four consecutive cycles, and the DFPG
real power is then reduced to 80% level for the next ten cy-
cles. It is noted in Fig. 10(a) the terminal voltage magnitude
is reduced to 0.9 per-unit, thus positively confirming islanding.

VI. EXPERIMENTAL RESULTS

Fig. 11 shows the experimental setup of a single phase
fuel cell inverter rated at 0.5 kW, 120 V, 60 Hz connected to
the utility. The inverter is controlled in current control mode
employing a TMS-320-F243 digital signal processor (DSP).
The proposed robust anti-islanding algorithm is implemented
in DSP via software. Under normal condition, the inverter
(DFPG) is programmed to continuously supply the available
fuel cell power to the utility. The reactive power of the inverter
is constantly perturbed by as described in Sections II–V.
Both real and reactive power supplied by the DPFG can be
controlled by altering the phase shift between utility voltage
and inverter current.

Fig. 12 shows the normal operation of the DFPG when con-
nected to the utility. Fig. 13 shows significant terminal voltage
drop to 0.70/unit due to large real power mismatch

which described in islanding case 1. It is
noticed that inverter current is increased after reduction of ter-
minal voltage to maintain constant output power. Fig. 14 shows

Fig. 10. Simulation results for case 3: �P and �Q is small and a robust
anti-islanding algorithm is applied (a) islanding voltage and (b) islanding
frequency of �P � 0 and �Q � 0.

Fig. 11. Experimental setup.

noticeable frequency change when islanding case 2 occurs. Fre-
quency is increased to 61.3 Hz due to reactive power mismatch

, but terminal voltage remains the same as nom-
inal utility voltage because of zero real power mismatch. Fig. 15
shows the noticeable frequency deviation Hz
when islanding occurs for case 3. The inverter (DFPG) con-
tinues to operate (Fig. 15) for four cycles and initiates the real
power reduction to 0.8 per-unit, upon which the voltage is
shown to reduce confirming islanding. Experimental results of
all three cases are compared to simulation results and analytical
equations (Section II) in Table II.
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Fig. 12. Experimental result of normal operation of the DFPG connected to the
utility, CH2: fuel cell inverter voltage (V ) 250 V/div, CH3: fuel cell inverter
current (I ) 4 A/div, CH4 terminal voltage (utility voltage, V ), 250 V/div.

Fig. 13. Experimental result of islanding case 1, CH1: period of terminal
voltage 2.60 ms/div, CH3: fuel cell inverter current (I ) 10 A/div CH4: terminal
voltage (islanding, voltage, V ), 250 V/div.

Fig. 14. Experimental result of islanding case 2, CH1: period of terminal
voltage 2.60 ms/div, CH3: fuel cell inverter current (I ) 10 A/div CH4: terminal
voltage (islanding, voltage, V ), 250 V/div.

VII. LIMITATION

The proposed power control algorithm discussed has been
shown to be a viable technique. However, if multiple DFPGs
of smaller power ratings are connected to the utility, and each
of them operates independently, then the proposed power con-
trol algorithm may fail and/or malfunction [14]. To overcome
this barrier, a cross correlation index of a rate of change of fre-
quency with respect to reactive power variation can be intro-
duced and islanding can be detected. Even though the change in

Fig. 15. Experimental result of islanding detection by the developed robust
anti-islanding algorithm, CH1: period of terminal voltage 2.60 ms/div, CH3: fuel
cell inverter current (I ) 10 A/div CH4: terminal voltage (islanding, voltage,
V ), 250 V/div.

frequency deviation is relatively small , if the fre-
quency deviation strongly depends on the output reactive
power variation (i.e., a cross correlation index ),
the occurrence of islanding can be confirmed. This correlation
approach is shown to be more accurate and applicable in mul-
tiple DFPG’s connected to utility.

VIII. CONCLUSION

In this paper, a robust anti-islanding algorithm for utility inter-
connection of distributed fuel cell power generation (DFPG) has
been presented. It has been shown via analysis that the islanding
voltage depends on real power mismatch alone, and the islanding
frequency is a function of both real and reactive power. Following
toanalysis, the robustanti-islandingalgorithmhasbeenfullyana-
lyzed and developed. This detection method has been shown to be
robust and fast acting (operable in one cycle), and it significantly
reduces the nondetection zone. Simulation and experimental re-
sults confirm the effectiveness of the proposed method.
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