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1. INTRODUCTION

The inverter-based distributed generation (DG) system incorporated by renewable energy such as
photovoltaic, wind power and fuel cell etc. toward supply power intended for the network and local load.
Photovoltaic energy have turn out to be more prominent for DG system when compare to other renewable
energy resources [1-2]. It is being extensively applied to shelter environment and makes the power industry
enlargement sustainable. In regulate to formulate certain the safe operation in cooperation the arrangement
and the DG, the DG has to be operational with islanding detection utility [3-4]. Islanding is the condition of
creating Power Island like a segment of the utility scheme in case of a widespread interruption in the central
power grid. All through islanding conditions constant power provide to load is maintained smooth in a case
of main grid stoppage and DG source energizes the load pending the main grid is resynchronized through DG
[5]. A maximum disruption of 2 seconds is essential for the islanding detection study wherever scattered
network, RLC load and DG system are associated at the point of common coupling (PCC) [3-4]. The study of
islanding circumstances can be sub-divided into three sections i.e. the arrangement of islanding, operation
during islanding and resynchronization [6-10].
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The technique of islanding detection classified mainly remote and local. The local methods auxiliary
classify in passive or active. Passive method has huge nondetection zone (NDZ) and depending on the
situation will not be accomplished to identify islanding. Active methods have smaller NDZ, except it causes
extra current harmonics problems [11]. Remote method support detection has a just right concert, although
the system and process cost is extremely prominent, required telecommunication strategy and sensors
installed on the side of utility. According to the drawbacks of remote and local methods, the hybrid method is
a better performance, reduce NDZ, superior power quality and system cost are cheaper [12].

This paper presents islanding detection technique of DG system through phase locked loop (PLL).
PLL consists of two loops i.e. an inner loop scheming the DC link voltage and an outer loop scheming the
active (lg) with reactive (l5) orthogonal current components. The object of the islanding detection technique is
to eliminate the NDZ and detection time meets the requirement set out in the standards. The used of the DC-
DC boost converter to eliminating the additional controller for steadiness the DC link voltage, where a
appropriate assortment of inductor and capacitor is important.

The description of this paper classified in following section: section 2 provides problem formulation
of islanding detection and overview of the islanding recognition techniques with system study of islanding
detection illustrate in section 3. Section 4 describes modeling of PV module, maximum power point tracking
(MPPT) technique, a design of the boost converter and inverter control strategy with a discussion of PLL and
proportional-integral (P1) regulator. MATLAB based simulation results for predictable technique is presented
in section 5 and overall conclusion of this paper is presented in section 6.

2. PROBLEM FORMULATION

The voltage and frequency are coordinated by the electric power system, when a main grid is
working in healthy condition. However, when a fault occurs to the utility grid, these values are no longer
recognized and they are strongly dependent on the local load associated in the direction of the PCC. The
locally distributed generator and its interaction with the local load, on the other hand may cause dangerous
situations not only to the equipment but to personnel. The IEEE standard 929-2000 was created to provide
strategy, which frequency and voltage restrictions the distribution grid [3-4]. Table 1 show the frequency and
voltage limits intended for the utility grid.

Table 1. Islanding Detection Time of Frequency and Voltage Limits for the IEEE STD 929-2000

Parameters Range Detection time (cycles)

Frequency (Hz) Frequency < 59.3 6
Frequency > 60.5 6
Voltage < 50 6

50 < Voltage < 88 120

Nominal voltage (%) 88 < Voltage < 110 normal operation

110 < Voltage < 137 120

137 < Voltage 2

The main situation is correlated to the unceasing power insertion by the DG after the main grid is
not there. This happens when the voltage and frequency limits correspond with those determined through
standard at the instant of islanding. Algorithm presents delineate of the pseudo code intended for
islanding detection.

Procedure calculate voltage and frequency at PCC
Check for the condition
if voltage < 0.88p.u or voltage > 1.1p.u and frequency < 51.5Hz or frequency > 49.3Hz then
return calculate voltage and frequency at PCC
Else
islanding detected

end if

end procedure

Algorithm: Pseudo code for islanding detection
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The islanding detection techniques have been developed to speed up the islanding detection so as to
meet the detection situation in time of the standards.

3. ISLANDING DETECTION TECHNIQUES
3.1. Islanding detection techniques: overview

Islanding detection methods can be commonly categorized into two types: local and remote method.
Local methods be further sub-divided into the passive, active and hybrid method. Remote method is further
subdivided into utility and communication-based method [13-16]. Categorization of islanding detection
techniques describes in Figure 1.

Islanding Detection Techniques ‘

|
v

‘ Remote Techniques ‘

¢—‘—¢

Local Techniques

v y v
Passive Active Hybrid Utility Communication
Method Method Method Method Based Method

Figure 1. Categorization of islanding detection techniques

Table 2 shows the various islanding detection methods and their performances during operational
principle, the size of NDZ, detection time, power quality disturbances, system cost, multiple DGs operation,

an effect on the distribution system and influence by the number of connected inverters [17-19].

Table 2. Comparison of islanding detection method based on different parameters

Parameters Local method Remote method
Passive Active Hybrid Utility Communication
Operating Monitoring of Injecting disturbances, = Combination of Small significance Communication
principle system negative sequence passive and active impedance installed between grid
parameters at components or method and DGs
pPCC harmonics
NDZ Large Small Small None None
Power quality ~ No degradation Degraded Degraded but lower No degradation No degradation
Effect than active method
Multiple DGs  Possible Not possible Possible Possible Possible
operation
System cost Low Medium High Very high Extremely high
Response Short Shorter than passive Longer than active Fast Faster
time method method
Operation Small power Possible in high Q- Possibility lower Impedance sized out Impossible if
failure difference factor than passive or of the minimum occurs of Ferro-
between utility active method variation of phase resonant
and local load
Effect on None Direct influence on Lower than active None None
distribution power system method
system
Associated None Yes Yes None None
inverter
Influence

The remote method of islanding detection is better than local islanding detection methods, except at
the increased cost and complexity [20-23]. Local methods are more preferable because they are dependent on
the measurement of local parameters, free from noise in communication, cheaper etc.
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3.2. System study for islanding detection

Recommended test study of islanding detection arrangement consists of an inverter-based DG,
parallel RLC load and the grid represented through a source following impedance. The equipped mode of the
DG depends on whether the circuit breaker is closed or not [3-4]. The inverter-based DG such as photovoltaic
structure is usually configured with the MPPT algorithm. Since islanding detection time is extremely small,
the output power is able to measure unvarying through the detection. As a result, by a constant DC source
following a three-phase inverter, the DG is considered as a unvarying power source. Figure 2 shows the
islanding detection system which consists of two modes of operations i.e., grid-connected mode and islanded
mode. During the standard operation or grid-connected mode, the DG within the microgrid will be
operational in unvarying current control mode and within islanded mode, the current control approach
switched to voltage control approach [24].
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. DC
Paria +J Qeria
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. — L fier Circuit Lg Rg
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Figure 2. Islanding Detection Models

Equation 1 describes the active and reactive power enthusiastic by the load when DG is associated
toward the utility grid in grid-connected mode [23-25].

Voce = Ve {‘ (1)

V2
1 Ploag = Pog +ARq = 3—Z%

R
w® .
Qloas = Qoo + 401 =3V 2pec gﬁ -wC3

The resonant frequency (f_¢) and quality factor (Qy) of parallel RLC load are defined like:

ch = ; (2)
2nLC

Q, = R\E ©)

Islanded mode incidental from eq. (1) that if the active power disparity (AP) =P aq - Poc=Pariq iS
not identical to zero. The PCC voltage resolve drop or raise it does not depends on DG operates on unity
power factor or not. The quantity of voltage divergence depends upon on the assessment of AP. If the active
power orientation of the DG is set to be constant, AP can be expressed as follows [24-25]:

x o
AP = Py ;2 -IE (4)
@Q+arvy &

where, AV represents the voltage disparity and it can be expressed as:

AV = Vecci =Vecc (5)
Vecc

where Vpcc and Vpec j describes the PCC voltage before and after islanding.
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4. PROPOSED TECHNIQUE

Three-phase two-stage grid-connected inverter is collected of two conversion stages, the first-stage
is DC-DC hoost converter i.e. used to boost the PV section output voltage and organize the PV voltage which
regulates the operation of a module at maximum power point (MPP). The regulated voltage of DC-DC boost
converter is attended to the DC link, which is an input of the DC-AC inverter. The DC-AC inverter suitable
for maintaining the DC link voltage and control the output current. PLL intended for AC power output of the
inverter is synchronized with the grid and islanding detection purpose when grid frequency and voltage is
below and above IEEE standards limits. The explanation of proposed technique is categorized in following
i.e. modeling of PV module, maximum power point tracking (P&O), a design of boost converter and inverter
control strategy.

4.1. Modeling of PV module
A photovoltaic module is created by concerning many solar cells in series and parallel, it consists of
a current source, a diode, and series-parallel arrangement resistors as seen from Figure 3.

"‘l 'S“i Rs I

" CD Vy R !

Figure 3. Equivalent circuit of single diode PV module

The characteristic equation for a photovoltaic cell is specified by [26-29]:

& +R18 UV+R| (6)

_ G &

AN KTO .
where, Vy, g—; indicates the thermal voltage of the PV arrangement, K represents Boltzmann constant
q %)

(1.3806503*10% J/K), a represents ideality factor generally preferred in the range 1<a<1.5, q indicates
electron charge (1.60217646*107*° C).

4.2. Maximum power point tracking

Perturb and observe (P&O) algorithm is extensively used in MPPT because of their simple structure
and real-time implementation is easy. By the help of MPPT controller, produce duty cycle to trigger the boost
converter switch [30-31]. The mathematical illustration of P&O algorithm [32] is given as follows

dP . P()-Pk-1)
dVPV (k) - VPV (k) 'va (k - 1) Q)

The operating point is perturbed from time to time by shifting the voltage in PV system. The
working voltage of PV section is disconcerted by a small rise and the consequential change in power (AP). If
AP is positive, the working point reached secure to MPP. If AP is negative, the operating point has moved
distant from the MPP and direction of perturbation encouraged inverted reverse towards MPP [32-33].

4.3. Design of boost converter

The boost converter is step up the value of input DC voltage and gives by an output. The main
components of a boost converter are an inductor, a diode, a capacitor and high-frequency IGBT switch
[34-35]. In this paper, the duty cycle of converter switch is generated from MPPT technique and operating
switching frequency at high to generate maximum power. Representation circuit diagram of boost converter
as depicted in Figure 4. The equations for an inductor (L), a capacitor (C) and Duty cycle (D) are
given by [34]:
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Figure 4. Circuit diagram for boost converter

-V.
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L=VaDT o %DV,
i, AV, Rf Y
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here, Ai indicates inductor ripple current and AV indicates capacitor voltage ripple, T is the time
period (sec).

4.4. Inverter control strategy

The control system of an inverter is based on PLL for determination of frequency and voltage to
islanding detection. PLL consists of two loops i.e. an outer loop scheming the DC link voltage and an inner
loop scheming the active (Ig) and reactive (I;) orthogonal current components. The orientation setting for the
Ig component is determined by an external voltage controller at the same time as the value of the I,
component is set to zero to keep up unity power factor. The output power of three-phase inverter is
coordinated through grid using a PLL.

PLL is designed for the mainly determination of the frequency and angle orientation at the PCC, it
consists of four components i.e. Clark’s transformation, Park’s transformation, Pl regulator and an integrator.
dqO0 to abc transformation is called Clark’s transformation and abc to dq0 transformation is called Park’s
transformation. These transformations in the PLL method will generate a three-phase balanced waveform
through a 120° phase shift which can be given as input to the inverter. PI regulators are used for scheming the
errors in the output of the grid frequency and grid voltage magnitude. Clark’s and Park’s transformation
equation are given below:

Clark’s transformation:

gg sin(wt) %cos(wt) %ﬁ
oy ¢ 2 w10 @)
glquu_%m wi-Z) cost-=) =y, V, V]
g/u g 3 3 33
]
’ Esm a)t+2—ﬂ) cos(wt%—ﬁ) 13
& 3 37 34
Park’s transformation:
& U
8§ 0 %in(wt) cos(wt) ]3
€' & o1 2n 7 ©)
= il i
gbﬁ gln(wt 3) cos(wt 3) Iuﬁg/d Vi ol
cu & u
gin(a)ﬁz—ﬂ) cos(a)t+2—ﬂ) 14
¢ 3 3 u

Where, V, V,, V. are the constant quantity and Vg Vg V, are stipulated quantity of
three-phase voltage.

The block diagram of inverter control for projected islanding detection process is specified in Figure
5. It includes three-phase reactive current components, outer voltage loop intended for power control and
inner loop intended for grid voltage control.
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Figure 5. Diagram of inverter control

The projected control system requires two types of measurements i.e. three-phase output currents of
the DG (Ipg) and a voltage at PCC (Vpcc). The Ipg and Vpec are changed into d-q mechanism by the park’s
transformation. In Figure 6 d-g mechanism of currents are denoted by ig and igand d-g mechanism of voltage
are denoted by ug and ug. The igrs control the active power supplied through the DG while ig.r controls the
reactive power output of the DG, with iq.s set equal to zero rejection reactive power is supplied through the
DG and the DG operates at unity power factor. Then by transitory these reference currents during the phase
angle transformation i grerand i*qref are obtained by Equation. (10) [34-35].

g*dref 3: g:osef - sin6; Egdref }ﬂ
g*qref E &inﬁf cos0, @qref 3

i"grer and i*q,ef are compared with iy and iy, which are inverter output currents and pass through a
current regulator to the outputs Vrer and Vrer. Varer and Vrer transform to eq and eq given with Equation (11).

(10)

;ed =V, +V, - L, wi, {l )
e =V +V +L i
i q qref q f d

The inverter terminal voltages eq and e, are used to evaluate the modulation index and phase angle
which are considered from Equation (12).

\/
f =tan?t 9 (12)

— 2 2
m= dref +V qgref V
dref

When the DG is associated to the utility grid, Equation (13) and (14) describe the power flows and
the active and reactive power consumed by the load.

2
VPCC

I:)Load = I:)DG + I:)Grid = 3 (13)

1
QLoad = QDG +QGrid = 3VPZCC (ﬁ' prC) (14)

It can be incidental from Equation (13) that if Pg,ig is not zero earlier than the grid detachment, the
PCC voltage will collapse or go up during islanding because of the active power disparity AP (AP = Pygaq -
Ppg). Thus, the voltage dissimilarity can be utilized to detect the islanding and the quantity of voltage
divergence depends on the value of active power mismatch. If the active power of DG is set constant, the
active power disparity can be expressed as follows:

An Enhanced Control Strategy for the Stable Operation of Distributed Generation... (Yatindra Gopal)
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& 1

DP= PDGE

1 (15)
(1+ DV) 5

and AV can be expressed as

*

VPCC - VPCC

VPCC

DV =

Similarly, it can be seen from Equation (12) that the amount of disparity in the frequency depends
on the significance of both active and reactive power disparity previously islanding occurs. If the DG
operates at a unity power factor and there is rejection active power disparity throughout islanding, the
reactive power divergence AQ (AQ = Qoag - Qps) can be written in expressions of the frequency disparity
as follows:

2 2
— 3\/F’CC & f

= - (16)
bR 2pf|_§1 (f + Df)?

5
5

and Af can be expressed as

SPWM is implemented to establish the on-off signals of inverter switches. This category of interface
can organize the DG active and reactive power output.

5. RESULTS AND DISCUSSIONS

In this section of the paper, the result of projected method to detection islanding mode is designed
for the MATLAB platform. For checking the islanding condition circuit breaker on the utility side is twisted
to the open condition. The projected islanding detection technique is implemented with a PV-based inverter
and intended to reenergize the system when islanding is detected. The main system parameters are given
in Table 3.

Table 3. Parameters of the System Study

Parameter Value
PV array maximum power output 100 kW
DC link voltage 317V
Inverter switching frequency 1980 Hz
Filter resistance 2 mQ
Filter inductance 0.2 mH
Load active power 100 kW
Load quality factor 1
Grid frequency 60 Hz
Grid short-circuit power 2500 MVA
Grid X/R ratio 7

The amount of output power generate by PV module depends on operating voltage of the array. The
output voltage and current of the MPPT based PV structure devoid of boost shown in Figure 6.

The generated duty cycle from the MPPT algorithm width of the pulse is modified according to
desired output, generated output duty cycle pulse through MPPT which gives to converter switch is shown
in Figure 7.

To an increase the desired level of PV output voltage it interfaces with a DC-DC boost converter.
The voltage should be increase from 80V to 317V approximately. The boosted output voltage from DC-DC
converter shown in Figure 8.

Figure 9 shows the voltage and current of the inverter and Figure 10 show the supply voltage of the
main grid. Initially the system in grid-connected mode, at 0.1 second there is a disparity in the main grid
through changing the voltage. In the same way there is a change in inverter part which is instead of the
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islanding. The voltage change deliberately creating an annoyance in the main grid. This disturbance is
detecting by the breaker switch by the help of interval investigation in the inverter elevation which is
detecting main grid frequency and voltage. At 0.1 second the limits of voltage are exceeding. So, the breaker
switch is shedding the microgrid from the main grid. There will be a disparity occurs in all parameters like
voltage, current, and power of the scheme. This disparity in voltage, current, and power is balanced with the
help of the DG structure for the duration of the islanding mode of operations.

Harmonic patterns under grid-connected mode i.e. the grid supports local load and exports power
toward the grid as shown in Figure 11. From Figure 11 it is observed that the low order harmonics
(THD=1.04%) are presented in FFT plot.

Simulation FFT investigation for islanded mode i.e. the inverter supports local load and exports zero
power to the grid, are shown in Figure 12.

Figure 13 shows simulation results of inverter voltage at PCC when the islanding detected within
0.002 second. It is established that the islanding can be detected effectively and the detection time is in 2
seconds when the projected technique is applied.
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Figure 6. Output voltage and current of MPPT Figure 7. Duty cycle output of MPPT P&O algorithm
based PV module without boost

=3
S

] e i
L B I Il
0 e € LA BT i
S - I SR |
v - o VAL
B’ZOO 150 v Ty v
> Time (s)
100——= ©
0,»’ g A BB
0 005 01 015 02 0% 03 0% 04 045 05 S s
Time (S) o 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 05
Time (s)
Figure 8. DC-DC converter output between Figure 9. Output of inverter voltage and current
voltage (Volt) and time (5)
N f —— ohased Fundamental (60Hz) = 12.92 , THD= 1.04%
{WV — phasely’
50 —— phase’c”
2 T 4
g g
g 0 § 3
g 2
> G 2
8
g,
ot S S N R
0 005 01 015 0.2 025 03 035 04 045 05 o ) 2 4 6 8 10 12 14 16
Time 5) Harmonic order
Figure 10. Grid output voltage Figure 11. Simulation FFT analysis for grid current

in phase ‘a’

An Enhanced Control Strategy for the Stable Operation of Distributed Generation... (Yatindra Gopal)



156 a ISSN: 2252-8792

Fundamental (60Hz) = 1.286 , THD= 10.01%

Inlasdiang occurs (140 1y) [slandiag detected (10 102y

100 L 'Y . ¥ g detec |
é 80 B {
E 60 : o |
S
& | 11
g { ‘

0 L {

0 2 4 6 8 10 12 14 16 18 20
Harmonic order
Figure 12. Simulation FFT plot for inverter current Figure 13. Output inverter voltage when islanding
in phase ‘a’ detected

Table 4 shows the comparison of values during grid-connected and islanding mode based on
different parameters.

The comparison between passive, active and projected islanding detection procedure, it is observed
that the passive technique have short detection time but large NDZ, active technique small NDZ but long
detection time. The projected technique has no NDZ and medium detection time. Table 5 shows the
comparative investigation of passive, active and proposed technique.

Table 4. Comparison of Different Parameters in Grid-connected and Islanded Mode

S. No Based on Value
1 THD (Grid-Connected Mode) 1.04 %
2 THD (Islanding Connected Mode) 10.01%
3 Islanding Occurs Time 0.1ls
4 Islanding Detected Time 0.102 s
5 Non Detection Zone 0
6 Impact on System Not Significant
7 Ability to Reconnect Grid Yes
8 Impact on Power Quality No

Table 5. Comparison between the Projected and Classical Islanding Detection Techniques

Techniques Non-detection zone Detection time
Passive Large NDZ Short
Active Small NDZ Long

Proposed approach Zero 0.002 second

The comprehensive investigation of passive, active and projected technique based on NDZ and
detection time. The proposed technique is appropriate for islanding detection for the reason that of no NDZ
and very short detection time.

6. CONCLUSION

In this paper, voltage and frequency control for islanding detection scheme has been projected for the
operation of the islanded and grid-connected mode is demonstrated through MATLAB Simulink. In ordinary
condition system supports constant control mode of current after islanding, scheme switched to voltage
control mode. The PLL is intended for the determination of PCC reference frequency and angle. Ina PLL, PI
regulator is used for controlling the output inaccuracy of frequency and voltage magnitude of a grid. The
comparative analysis based on passive, active and proposed approach, in proposed technique islanding
detection time is 0.002 second which is suitable for IEEE standard and NDZ is zero.
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Nomenclature

Vpce PCC voltage before islanding AT Difference between nominal and
actual temperature
Ve Grid voltage P(k) Present power
Poc Inverter active power P(k-1) Previous computed power
Qbe Inverter reactive power Vpy(K) PV present voltage
Parid Grid supply power Vpey(k-1) PV previous voltage
idref DG reference active current m Modulation index
gref DG reference reactive current ¢ Phase angle
lo Saturation current of diode Ls Inductance of filter
Ns Series connected cell Rs Equivalent PV array series resistance
T Diode p-n junction Rsh Equivalent PV array shunt resistance
temperature
lpvin Photocurrent at standard P\oad Load active power
analysis condition
K; Short circuit current QLoad Load reactive power
/temperature coefficient
G Irradiation on device surface  f Grid frequency
G, Nominal irradiation
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