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A decentralized control strategy to bring back frequency
and share reactive power in isolated microgrids with virtual power plant

Amir KHANJANZADEH, Soodabeh SOLEYMANTI*, and Babak MOZAFARI

Electrical and Computer Engineering Department, Science and Research Branch, Islamic Azad University, Tehran, Iran

Abstract. In this paper, a novel Power-Frequency Droop Control (PFDC) is introduced to perfectly bring back the system frequency and share
the reactive power in isolated microgrid with virtual power plant (VPP). The frequency-based power delivery must be essentially implemented
in VPP which can operate as a conventional synchronous generator. It has been attained by enhancing the power processing unit of each VPP
to operate as an active generator. The inverter coupling impedance which has been assigned by the virtual impedance technique has reduced the
affected power coupling resulting from line resistance. The reference has been subsequently adjusted to compensate the frequency deviation
caused by load variation and retrieve the VPP frequency to its nominal value. In addition, the line voltage drop has compensated the voltage
drop and load sharing error to obliterate the reactive power sharing imprecision resulting from the voltage deviation. The voltage feedback
confirms the correct voltage after compensating the voltage drop. As an illustration, conventional PFDC after a load change cannot restore the
system frequency which is deviated from 50 Hz and rested in 49.9 Hz while, proposed PFDC strategy fades away the frequency deviation via
compensating the variation of the frequency reference. Likewise, the frequency restoration factor (y) has an effective role in retrieving the
system frequency, i.e., the restoration rate of the system frequency is in proportion with y. As a whole, the simulation results have pointed to

the high performance of proposed strategy in an isolated microgrid.
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1. Introduction

Due to the environmental anxieties regarding pollution, spe-
cies extinction, climate changes, deposit acid and suchlike,
the increasing efforts to decrease the carbon emissions from
the energy sector has created an all-round interest in renew-
able energy and related technologies, which has led to prog-
ress and innovation of renewable based technologies [1]. The
continued growth of scientific endeavors in this field leads to
incremental installations of Renewable Energy Sources (RESs)
such as Wind Turbine (WT), Photovoltaic (PV), Fuel Cell (FC),
and Battery Energy Storage (BES) accompanied by providing
exceptional opportunities for cost-effective load schedule and
demand response program [2—4]. Microgrid including these
resources has provided a reliable electrical power for sensitive
loads via large integrated VPP [5, 6].

According to the synchronous generator features, the PFDC
is suggested to be applied for isolated microgrid as well as
VPP control in the decentralized peer to peer control structure.
Due to the dominance of the short transmission line resistance,
power coupling problem appears during PFDC operation [7, §].
Hence, it is very likely that the transient and dynamic operative
condition of microgrid to be broken down [9]. An extra inductor
can be added to the transmission line, and Virtual Impedance
Technique (VIT) decouples the active and reactive power to
accurately share the power and enhance the system stability
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toward utilizing the PFDC for low voltage microgrid [10, 11].
Due to proportionate output active power of VPP with the sys-
tem frequency, load changes and perturbations can deviate the
frequency from its operational value. Hence, the frequency
deviation turns to be an eminent issue for droop control-based
isolated microgrid [12, 13].

As a consequence, it can decrease the power quality, power
system stability, load availability and electricity customer ser-
vice [14, 15]. However, a trivial deviation appears in voltage
caused by line voltage drop. Due to mismatch in impedance
of transmission lines, and their subsequent voltage drop has
created voltage deviation. Therefore, the reactive power has
not been accurately exchanged according to the rate of droop
factors. Inaccurate share of the reactive power has not provided
nominal active and reactive power for loads and steady-state
and dynamic stability for VPP accompanied by its relevant elec-
trical efficiency [16].

Centralization of the constructed microgrid is feasible
through communication links to exchange the control signals
between power system and renewable resources, i.e., collect-
ing the information from the power system and dispatching
the required command to VPPs toward control of microgrid.
Despite that, decentralized droop control strategy will be more
efficient and applicable during absence or viability of the
communication links [17]. Due to the direct controllability of
droop control with the shared power with respect to RESs based
on apparent power ratings, decentralized control approaches
have autonomously operated with lack of communication link,
and accordingly enhance the reliability with more simplifica-
tion, whereas many drawbacks and problems will be revealed
[18-20].
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Since the previous approaches necessitate the communica-
tion link to support the required coordination among RESs, dif-
ferent centralized and distributed coordination control strategies
have been schemed and proposed for microgrids in [21-30],
that contain: unity synchronous control owing to the state-feed-
back controller [21-24], the distributed cooperative-adaptive
voltage-frequency controller [25, 26], the centralized compen-
sative controller [27, 29], and synchronous signal-producing
controller [30]. To attain almost independent communication,
event triggered-communication strategy [31], two-layer inter-
mittent-communication strategy [32], and the sparse-commu-
nication strategy [33] have been suggested. Even though the
accurate control has been attained during lower communication
application and feasible communication deterioration, but dis-
ruption in control strategies in [21-30] can be appeared that
decentralized control strategy has to be considered. The droop
controller has been directly ameliorated to refrain from creating
the communication-link. Hence, VPP necessitates the relevant
information concerned itself. Control strategies suggested so
far include conventional decentralized secondary voltage-fre-
quency control strategy with regard to adaptive state estimator
[34], the reactive power sharing control strategy with regard
to voltage compensation [35], dynamic state estimator with
respect to nonlinear particle filter [36], voltage drop compensa-
tion using adaptive virtual impedance strategy [37], and virtual
negative impedance control strategy [38]. As a consequence,
decentralized control strategy has effectually ameliorated the
reliability, self-adaptability and upgradeability of microgrid.

In this paper, a novel decentralized control strategy is pro-
posed accurately restore the frequency and share the reactive
power in isolated microgrids with VPPs. By adjusting the
frequency reference signal via compensating the line voltage
drop toward enhancement of the voltage droop factor, and also
incorporating the output voltage feedback at terminal of the

voltage droop, PFDC structure has conclusively upgraded. The
voltage droop factor has been enhanced via compensating the
line voltage drop, and reactive power has been accurately shared
during the unchanged states with existence of the voltage dif-
ference. The exactness of reactive power sharing strategy will
be guaranteed by output voltage feedback loop that the relevant
feedback reference has been attained with in accordance with
the required reactive power.

2. Consideration of inverter coupling
impedance to construct droop control
of power-frequency

Figure 1 presents the equivalent circuit of the understudy
power system. The output voltage is indicated by £/ 6, where,
E¢ /0 indicates the sending-bus voltage. S, P and Q respec-
tively indicate the output apparent, active and reactive powers
provided by VPP, and i; indicates the line current. Z; and Z;
are respectively the line impedance and the inverter coupling
impedance. The inverter links the VPP to the microgrid. The
value inverter coupling impedance has been tuned by virtual
impedance technique.

The output active and reactive powers of a VPP are given
as follows:

P= [Ezcos((p) — EE cos(op + 8)} z!

€]
0= [Ezsin((p) — EEsin(¢ + 8)} z!

where, Z = Z; + Z,. It is worth mentioning, the perturbation of
AE and A6 in the equilibrium point (E,, J,) causes the output
power variation. Linearizing Eq. (1) leads to:

Z1120=Ry X1 Eg6

i,
—

Loadl

Zip Zo=R Xk

Fig. 1. Network equivalent circuit with impedances of inverter coupling and line
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AP = [0P/38]AS + [0P/OE] AE

(2)
AQ = [00/08]AS + [00/0E | AE
where:

dP/08 = E,E,sin(¢ +8,)Z "
OP/OE ~ [[ZE - EJ COS([)] 7z ‘5 o

. 3)
0Q/88 = —E,E,cos (o +8,)Z "
00/0E ~ [[2E — E,]sing| 2! ’8 i

As for Eq. (3), OP/OE and 0Q/06 are highly sensitive due to
low value of ¢ in low voltage microgrid. That is to say, there
is a solid link between both the active and reactive powers in
PFDC strategy. According to Fig. 2, considering 0° < ¢ < 90°,
the variations of frequency and voltage have respectively
affected the reactive and active power, and present the power
coupling. The active and reactive power respectively depend on
the voltage and frequency with ¢ = 90° and present the power
decoupling. Since ¢ plays an important role in power coupling,
the inverter coupling impedance has been applied to adjust ¢ to
90° in low voltage microgrid.

E

A

A

Fig. 2. Variations of power coupling with different angles for line
impedance

There are two alternatives to decrease the line resistance,
adding: high virtual inductance and high negative virtual resis-
tance. Note that, the additional inductance can create undesired
harmonics [19]. Hence, the inverter coupling impedance must
be tuned based on the negative virtual resistance, i.e.:

Z ] — —R L- (4)
However, the resistance of short transmission line has been

removed, and the short-transmission line becomes inductive.
Since the value of ¢ is very small and ¢ becomes 90°, thus:

cos(¢p+8) = —sind ~ -8

: )
sin(@ +8) = cosd~ 1.
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Substituting Eq. (5) in Eq. (1) leads to:

5= ( X1 j.P
E,E
X

E—E, = (ESE)Q.

Deriving the voltage difference between VPP; and VPF,
becomes AE = (AX; - AQ)/E. Discarding the inverter coupling
impedance results in AE'= (AX; - AQ + AR, - AP)/E;. Accord-
ing to the line types in low voltage microgrid, the resistive part
is more varied as compared to inductive part, i.e., AR; >> AX;,
in such a way AE' > AE. So, the reactive power has been inac-
curately shared. If VPP, and VPF, have same capacity, then
AE' = AFE due to the continual and accurate share of the active
powers, i.e., AP = 0 while, the reactive power has been shared
with the continual accuracy. That is to say, the inverter coupling
impedance can cause accurate sharing of the reactive power.

Based on PFDC, Eq. (6) can be represented as follows:

(6)

{fzfnJraP -

E=E,+ pO
where, f,, E, are respectively the rated frequency and voltage

references, and «, [ are respectively the frequency and voltage
droop factors.

_ (fmin - fn)
Pmax
ﬁ . (Emin - En) (8)
O

where, i, and E,;, respectively indicate the minimum fre-
quency and voltage of VPP, also, P,,, and Q.. respectively
indicate the maximum active and reactive power of VPP.

3. Suggested frequency restoration strategy

By detecting the variation of active power in VPP using Wavelet
Transform (WT), the frequency deviation can be attained. The
required reference has compensated the frequency deviation
to restore the frequency, and also it can be promptly restored
via assigning the exponential reduction mode of the frequency
deviation.

3.1. Frequency reference variation. Figure 3 presents the curve
of frequency droop, and /, indicates the conventional droop
curve that changes to /; or /, during the reference variation.
f() and P(¢) respectively indicate the frequency and output
active power of V The frequency deviation is defined by, and
its relevant variation is, f, () indicates the frequency reference.
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Fig. 3. Characteristic of frequency variation in frequency droop control

As for the /,, the frequency in e and d points deviates from the
nominal value with respective frequency deviations Af(j — 1)
and Af(j) during the variation of the active power to P(j — 1)
and P(j). Hence, the frequency deviation has proportionally
related to the active power. Thus, a decentralized frequency
restoration control strategy is proposed for VPP.

The active power variation must be promptly and reliably
detected to accurately restore the frequency. Due to instan-
taneous detection of the signal variation by WT, it has been
commonly implemented to detect the parameter variation in
the microgrid [39]. A continuous wavelet transforms (CWT)
for P(¢) at translating factor S and scaling factor o can be
presented as follows [34]:

Wo (0= jP(t)://(t — B)a.dt o

|a|

w(t) indicates the wavelet function. CWT coefficients have
been separated using P(¢), and can be presented as follows:

Cla, ) = j P(6)W,, 5(2).dt.

These coefficients have been promptly increased with small
value during variation of P(¢). Being greater than a particular
threshold, detection of the variable has been performed. Even
so, a low perturbation in power can lead to the miscalculation
in spite of the absence of variation in power. +1% threshold of
active power is defined according to the admissible magnitude
variation of power perturbation. It must be considered that the
variation in active power that the magnitude becomes over than
higher threshold has been figured out.

No assuming the demand at initial instant and active power
variationatt =1, ---, j, -, n(j > 2), the active power variation
set can be presented by following matrix:

(10)

T
A = [AP(0) -~ AP(j) -+ AP(n)] (11)
where, AP(j) = AP(j)— P(j — 1) indicates the active power
variation which is identified by CWT at t = j. As for Eq. (7),
6f(¢) at the same time can be given as follows:

8/(j) = m.AP()).

The matrix of frequency reference variation considering
Af,(0) =0 is given as follows:

B =-mA = [Af,(0)+ AL, () - Afy(n)]"

where, Af, (/) = fu(J) = fu(J — 1) = =8/(j) to counteract 5 (/)
identifies the value of frequency reference variation at t = j.

The matrix of frequency references considering the initial
frequency f,(0) = 50 is given as follows:

(12)

(13)

F = [10) = £,(7) - £,n)] (14)
In accordance with Eq. (11-14), Eq. (15) will be:
(C—E)F=mA (15)

where, E indicates the unit matrix, and C indicates the constant
matrix:

1 0 0
1 0 0 0
C= 0 0 (16)
0 0
L 0 0 -1 0_(n+1)><(n+1)

The varying frequency reference parts have composed
F. Due to the defined initial frequency f,(0) = 50 Hz, F can
be attained. With respect to Fig. 3, point a from /; and point
b from /, respectively illustrate the enhancement of droop
scheme. The frequency deviation has been combined with the
original reference to compose the pertinent frequency refer-
ences in the points of ¢ and b. The clue of variations in refer-
ence can be founded in the deviation between points of a and
e rather in the points of b and d. The frequency reference must
be adjusted from f,,(j — 1) to f,() during the load variation
at j, or else, the frequency deviation of 8f( ) appears at the
point of c. As a consequence, the active power variation is
related to the reference variation. By adjusting the frequency
reference and counteracting the frequency deviation, the final
frequency has been accurately restored during the admissible
active power range.

3.2. Design and analysis of restoration rate. The variation of
frequency reference is here considered with additional control
part 67,(¢) to Eq. (7), i.e.:

[=150)+aP(j)=

— |:fn(j — D)+ 8f,(t) + aP(j — 1)] (17)

where, 6f,(¢) has been determined as a pertinent operator that
must be stabilized during steady-state condition.
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The variation rate of 6f,(¢) can be presented as follows:

4en0) _ 7.6/ (1)

7 (18)

where, y indicates the frequency restoration factor, and &/ (¢)
indicates the variation of frequency deviation. This paper
applies 0f,(t) counteract 6f(¢) toward 5f,(t) = — 5/(¢). There-
fore, the frequency deviation dynamic during the mentioned
variation rate can be attained by:

dof()  d(ef@)
7R =—v.0f(1). (19)
By solving Eq. (19), following equation is achieved:
8f (1) = —dse™ (20)

where, d; represents a constant value. The variation of frequency
deviation has been significantly suppressed at satisfied rate via
determination of the y. Figure 4 presents the suggested frequency
restoration control strategy that both the active power and fre-
quency reference of VPP have been saved during any variation.

_{ . R. X. Bus
Filter Line impedance
P=v,ioitVagiog

abe/dq l:

O=Vogios-Vodiog

]

Energy Storage

( Decentralized local database J<—

Virtual impedance

Voltage synthesizer

Fig. 4. Suggested decentralized control strategy for VPP

Proposed P-f droop control

4. Suggested reactive power sharing control

The problem reactive power sharing has been here formulated
which is to be correctly performed. Voltage drop of the line has
been here compensated to augment the voltage droop factor. In
addition, the output voltage feedback loop by means of low-
pass filter has been accordingly constructed. An exact tracking
performance can be attained by rational tuning the parameters.

4.1. lllustrating inaccurately the reactive power share. Two
VPPs in parallel with each other connected to the microgrid
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have shared an identical voltage with similar nominal voltage.
Therefore, substituting Eq. (6) into Eq. (7) leads to:

(X O) B0~ (Xu0))

Es El

- B0, (21

As for the abovementioned equation, the reactive power
sharing can be presented by:

%_@f— ’j

0" (%)

s

(22)

Considering Eq. (8), % — Dt has been attained. In case

! o Qmax,k
of satisfying % =+ %, the following consequences have been
Ll k
attained:
% & or % Ormax . (23)
Ql ﬂl Ql Qmaxl

Substituting Eq. (23) into Eq. (7) for acquiring £, # E,,
and illustrating the line impedance difference has resulted in
the voltage difference and reactive power sharing inaccuracy.
Fig. 5 illustrates the voltage droop scheme. /, and /; indicate
the conventional droop curves, /;- and /, indicate the new droop
curves caused by compensating the voltage drop and enhanced
voltage droop factor, £}, E; and Oy, O, respectively indicate
the output voltage and reactive power, accordingly E,., £, and
O, Op respectively indicate the required output voltage and
reactive power, E;, and E;; indicate the voltage drop of the
lines. Without U;, and Uy, the same E;., E; causes the correct
share of reactive power O, O, at operation points of # and u.
Provided /, and /; have been applied to control VPP, and VPP,.
the inaccuracy of reactive power sharing O, and Q, reveals at
the operation points 7 and s. The voltage drop of the line has
been compensated to minimize this inaccuracy.

lk and 11 —_—
lkrand Z]' --------

Increase of line

O O Owx O Or

Fig. 5. Characteristics of voltage droop strategy

4.2. Modified voltage droop control by LVD. Due to inevita-
bility of the voltage difference resulting from the voltage drop
of the line, the characteristics of the voltage droop has been
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increased via compensating the voltage drop that the reactive
power can be accurately shared with no concern of the voltage
difference. According to Fig. 5, VPP, and VPP, have been con-
trolled by /- and /; i.e., the operation points have altered from
the points of  and s to the points of p and ¢, accordingly the
pertinent Q. and O, have been attained in spite of £, # E,. The
control equation of and can be attained via composing Eq. (6)
with Eq. (7) which is:

E=E,+ (X,0)E;' +p0 =

O (24)
—E=E,+ (B +X.E")0.
Substituting Eq. (6) into Eq. (24)
E=E+ (X,E")O=E,+ (B +X.E")0. (5

Considering VPP, VPP, and E, # E;, Eq. (26) will be
attained:

% _ & % o Qmaxk

= or = . (26)
Ql ﬁl Ql Qmaxl

Equation (26) illustrates the upgraded voltage droop
approach in Eq. (24) that the reactive power has been accurately
shared, whereas, eliminating the variation in actual voltages
will not occur.

4.3. Output voltage feedback loop. The output voltage feed-
back loop has been considered for the terminal of the voltage
droop to certify the voltage delivery after a satisfactory share
of the reactive power. Then, appropriate feedback reference
can be attained by lowpass filter. Including the feedback part,
Eq. (24) of VPP will be enhanced by:

Edes B Ei

27
14+ Ts @7

Xpi
Ei:En+(ﬁi+E_)Qi+gi
where, g; indicates a trivial gain, 7 indicates the lowpass filter
time constant. E ; indicated the desirable voltage and refer-
ence of the feedback control, and can be represented by:

X
Edes,i = En + (ﬁl + E_Lj Qdes,i

1 e8)
Qdes,i = 1 Ql

ﬁizgzl E

where, 3, presents the voltage droop factor of VPP, N presents
the number of VPPs, O, presents the output reactive power of
VPPs, and E, ; presents the desirable reactive power for satis-
factory share of the reactive power. The supplemental feedback
part in Eq. (27) has appropriately provided the desirable output
voltage. As E4.; to be attained for all VPPs, Q4. has been
delivered to accurately sharing the reactive power. Eq. (27) is
represented by a common droop formula, i.e.:

E; = (E, + 8E;) + Gi(ﬁi + XLiEs_l)Qi (29)
where,
8i Xpi
SEi =T el it = es, i
1+Ts+g,(ﬂ EY)QC” 30)
o 1+ Ts
' 14 Ts+g

The value of g; must be highly decreased during no impact on
the accuracy of the voltage tracking toward, 6F; ~ 0, G; ~ 1.
Therefore, the last version of Eq. (29) almost becomes Eq. (24),
i.e., feedback control strategy has not approximately deterio-
rated the characteristics of the voltage droop.

5. Simulation

The single-line diagram of a conventional microgrid includ-
ing two VPPs along with virtual inverter coupling impedance
is presented in Fig. 1. All analyses have been simulated using
MATLAB/SMULINK. The microgrid has been operating in
the no-load condition prior to # = 0 s. VPPs have identically
shared the overall power loads. Three scenarios are considered
to analyze and evaluate the functionality of reactive power,
frequency, and voltage. The conventional and suggested control
strategies have been compared with each other to validate the
performance of the suggested control strategy for restoring the
frequency and sharing the reactive power during the load vari-
ations. Furthermore, the system stability during the VPP pertur-
bation has been evaluated. The frequency restoration capability
has been also appraised with different y accompanied by the
function of voltage feedback loop. The following scenarios
have accurately analyzed the performance of proposed control
strategy.

5.1. Load variation strategy. The step-up load change i.e.,
25 KW + 30 KVar at t = 1 s is considered to reveal the per-
formances control strategy toward frequency tracking, while
the generation power is 2 MVA. By detecting the active power
variation, the frequency deviation is revealed. The required
reference has compensated the frequency deviation to restore
the frequency. The coefficients have been promptly increased
during active power variation. Defining the initial system fre-
quency i.e., 50 Hz, matrix of frequency references has been
attained with respect to Fig. 3 which illustrate the droop scheme
enhancement. The frequency deviation has been combined with
the original reference to compose the pertinent frequency refer-
ences. By adjusting the frequency reference and counteracting
the frequency deviation, the final frequency has been accu-
rately restored during the admissible active power range. The
variation of frequency deviation has been significantly sup-
pressed at satisfied rate via of the frequency restoration factor.
Based on decentralized control strategy presented in Fig. 4, both
the active power and frequency references of VPP have been
saved during the variation conditions. The simulation results
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are provided in the Fig. 6. As for the Fig. 6a, after entrance of
the load into the microgrid at = 1 s, the conventional PFDC
cannot restore the system frequency in its nominal value, and
deviated from 50 Hz. Fallowing that, it is rested in 49.9 Hz.
That is to say, the frequency deviation appears with presence of
the conventional PFDC through the variation of active power.
Conversely, the proposed PFDC strategy fades away the fre-
quency deviation as shown in Fig. 6b. By compensating the
variation of the frequency reference, the system frequency has
been promptly retrieved into 50 Hz during load changes.

On the other hand, the voltage and reactive power sharing
results are respectively presented in Figs. 7 and 8. Figures 7a
and 8a present the conventional PFDC, and Figs. 7b and 8b
present the suggested PFDC. According to Figs. 7a and 8a, the
raise up reactive power caused by the characteristic of the volt-
age droop decrease the voltage. Even so, different line imped-
ances cause appearance of voltage deference within 1.5 V. With

respect to Fig. 8a, the reactive power has been inaccurately
shared with presence of the conventional PFDC. The steady
state value of reactive power under this variation is within
150 Var. The overall reactive powers of VPPs are lower than
the load demand, which can provide system abnormality. As for
Fig. 8b, both the VPPs have accurately and identically shared
the reactive power i.e., 1500 Var in spite of voltage difference
by means of suggested PFDC. These comparative results have
essentially validated the high performance of suggested PFDC,
and also the voltage feedback loop has assured the accurate
share of the reactive power.

5.2. Impulsive VPP perturbation. An impulsive VPP per-
turbation signal has been inserted to the microgrid at =1 s.
Figure 9 shows the power system responses with presence of
the suggested control strategy. According to Fig. 9a, the system
frequency has been promptly retrieved into 50 Hz after 0.1 s. In
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Fig. 6. Frequency responses during the step-up load change, a) with conventional PFDC, b) with proposed PFDC
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Fig. 8. Reactive power response during step-up load change, a) with conventional PFDC, b) with proposed PFDC
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Fig. 9. Power system responses during the impulsive VPP perturbation with proposed PFDC, a) frequency, b) reactive power

addition, the effect of perturbation in the steady-state frequency
restoration is very trivial. As for the 9b, the reactive power has
been accurately shared, and its steady state value is not affected
by perturbation. It can be concluded that the suggested control
strategy has assured the prompt restoration of the system fre-
quency and the exact share of the reactive power during the
impulsive VPP perturbation.

5.3. Different values of y. In this scenario, the values of 50
and 1200 are considered for y to evaluate the restoration per-
formance of the system frequency. As can be seen in Figs. 10a
and 10b, the suggested control strategy with higher y value can
promptly retrieve the system frequency with much less impact.
That is to say, the restoration rate of the system frequency is in
proportion with y. Therefore, high value of y within permissible
constraints provided that the restoration capability of the system
frequency is not to be affected of course in the real microgrid.

6. Conclusion

In this paper, a novel upgraded droop control strategy is pro-
posed to accurately restore the system frequency and share
the reactive power in the isolated microgrids. The suggested
decentralized control strategy has just modified the parameters
of droop control according to the corresponding local infor-
mation of the VPP. Therefore, the system did not need any
communication that the reliability rate would be increased.
The functionality of reactive power, frequency, and voltage
has been thoroughly analyzed with consideration of three dif-

50.002 T

ferent possible scenarios. The proposed control strategy has
been compared with conventional control strategy to deal with
the restoration capability of the system frequency and accurate
share of the reactive power during the load perturbation. By
compensating the variation of the frequency reference, the sys-
tem frequency has been promptly restored during the disturbed
conditions. Of course, the restoration capability of the system
frequency has been more enhanced by choosing large y. Also,
the reactive power has been accurately shared via droop com-
pensation scheme. For some detailed results, the conventional
PFDC cannot restore the system frequency by a load variation
which reveals 0.1 deviation from 50 Hz, while proposed PFDC
strategy retrieves the nominal frequency via compensating the
variation of the frequency reference. Furthermore, y exhibits
its effective role to retrieve the system frequency that only
a trivial transient condition with 0.001 Hz magnetite and 0.01
s duration is appeared for y = 1200. Similar results have been
obtained for other conditions.
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