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Abstract: In the ever-growing enslavement in modern life on electricity may impose a large burden on power grids (PGs).
This dependency disturbs the demand/supply gap and may lead to undesirable frequency fluctuations. In the poorest situation,
these variations may results in blackouts. In this paper, the gap between the demand and supply may be controlled by using
renewable energy power generation subsystems such as electrical vehicles (EVs), photovoltaic system (PVs), which may play
a crucial role in reducing the fluctuations to a great extent. This paper proposes a novel scheme for efficient frequency control
in PGs environment by utilising renewable energy sources. These renewable energy sources acts in the wickedest situations
and work in close coordination with PGs. The variation in frequency and power in power grid is controlled by hybrid Fuzzy-
PID Controller as soft computing technique. A time domain approach based on mathematical models are studied for PI, PID
and hybrid Fuzzy-PID Controller. It can be concluded from the simulation results in this paper that the proposed hybrid Fuzzy-
PID controller gives good results and reduce the gap between demand and supply and also reduce the undesirable frequency

fluctuations in the power system.
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I. INTRODUCTION

The present scenario of electrical power system is that the
electrical energy has become indispensable requirement of
power industry and modern life, in recent developing days
its demand increases in steps at rapid pace. Due to this, the
conventional electric grids suffer from frequency/power
failure and load shedding issues. Thus, their upgradation is
essential to cater these issues to restore grids stability. Use
of renewable energy sources (RESs) is one such important
initiative that aims to modernize the conventional power
grids to make them more efficient, reliable and protected.
Moreover, PGs can be accommodated with renewable
energy subsystems such as PV-EV DG Systems [2]. With
two reasons frequency variations arise i.e. due to supply
voltage and demand fluctuations. These fluctuations if not
regulated properly, may causes undesirable events leading
to complete blackouts. So, frequency can be visualized as
the pulse of PGs which help in estimating its overall health
conditions. These frequency fluctuations are usually
regulated at two levels, i.e. primary and secondary. PVs and
EVs are utilized as renewable energy sources and are
interconnected with PGs. These are those alternatives which
not only support frequency, but are economical too, since
they have rechargeable batteries and act as distributed
energy sources (DESs). Thus, PVs and EVs can instantly
rebalance frequency deviation by either supplying, or
withdrawing energy from PGs [2]. Moreover, use of EVs
for supporting various ancillary services is more cost
effective as the utilities need not to bear any installation and
maintenance cost unlike, other renewable energy sources.

A. MOTIVATION

Various researchers have suggested the effectiveness of
EVs and PVs for restoring PGs frequency fluctuations.
However, limited work has been done related to regulation
of EVs and PVs simultaneous charging and discharging

which provide wider prospectus to efficiently utilize them
for frequency support. Therefore, this work focuses on
efficient frequency support by regulating EVs energy and
PVs energy at acceptable rates based on the different types
of controllers such as PI, PID and hybrid Fuzzy-PID
Controller.

B. CONTRIBUTION

The summary of major contribution of this paper is

mentioned as follows:

(i) Hybrid Fuzzy-PID Controller for interconnected grid
with PV-EV DG system have been modelled using soft
computing techniques which regulates the charging and
discharging rates of EVs for efficient utilization of these
for overall frequency support.

(i) The used soft computing techniques cater the energy
demands of EVs and PVs while supporting frequency
unlike the other previous schemes.

C. ORGANIZATION

This paper is organized as for Section Il represents the
system framework along with its working. Section Il
represents the problem formulation. Hybrid Fuzzy-PID
Controller has been illustrated in this section. Section 1V
represents simulation and results. Finally, the paper is
concluded in Section V.

Il. THE PROPOSED FRAMEWORK OF THE HYBRID
SYSTEM

The proposed hybrid interconnected grid with PVs, EVs,

DGs system of power generation and energy storage system
is shown in fig. 1.
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Fig. 1. MATLAB model of the hybrid power Generation/energy

storage system.

It comprises of two core units namely hydro-thermal power
generation units connected with EV and two Photovoltaic
systems. The generation systems further comprises of
generation control system, turbine generation unit and
regulation unit. The turbine generation unit is responsible
for power generation and the output of this unit is fed to the
regulation unit which provides regulatory signals to
generation control system based on frequency variations.
Generation Control System has a vital role in controlling
turbine unit’s production with respect to load variations.
Hence, generation unit not only provides the power but also
helps in achieving primary frequency regulation [1]. Here,
EV and PVs are only studied for exchanging energy power
with the studied ac system. Both the EV and PVs are
assumed to have enough capacity to store and release
surplus energy as demand by the generating interconnected
grid. When the load demand increases, the EV and/or PVs
can release enough energy to the connected load within a
very short time. And EV will store surplus energy generated
by the generating station.

A. WORKING METHODOLOGY

The working methodology of the proposed scheme is
modelled using Fig.1. The generated power is continuously
monitored by the regulation unit using a frequency
measuring device called frequency transducer. This
transducer provides regulation signals to generation control
system based on measured frequency. These signals can
either be positive, or negative. Positive signals are generated
when-ever load exceeds the supply and vice-versa. These
signals are then relayed to AG(S) equipped with an intelligent
hybrid Fuzzy-PID based controller. This controller ensures
for overall frequency stabilization.

B. FUZZY LOGIC CONTROLLER

Fuzzy logic is a thinking process or problem-solving control
methodology incorporated in control system engineering, to
control systems when inputs are either imprecise or the
mathematical models are not present at all. Fuzzification is
process of making a crisp quantity into the fuzzy. They
carry considerable uncertainly. If the form of uncertainly
happens to arise because of imprecision, ambiguity, or
vagueness, then the variable is probably fuzzy and can be

represented by a membership function. Defuzzification is
the conversion of a fuzzy quantity to a crisp quantity, just as
fuzzification is the conversion of a precise quantity to a
fuzzy quantity. There are many methods of defuzzfication,
out of which smallest of maximum method is applied in
making fuzzy inference system. For Load Frequency
Control the process operator is assumed to respond to
variables error (e) and change of error (ce). The fuzzy logic
controller with error and change in error is shown in fig.2.

- H

)
Fig. 2 Fuzzy Logic Controller

The variable error is equal to the real power system
frequency

Deviation (Af ). The frequency deviation Af is the

difference between the nominal or scheduled power system
frequency (fy) and the real power system frequency (f).
Taking the scaling gains into account, the global function of
the FLC output signal can be written as.

AR, = F[n.e(k), n..ce(k)] @
Where n, and n. are the error and the change in error
scaling gains, respectively, and F is a fuzzy nonlinear
function. FLC is dependent to its inputs variables of the
input control signals, e(k) and ce(k), with a sampling time of
0.01 sec is given. Seven number to triangular membership
function (MFs) namely NegativeBig (NB), Negative
Medium (NM), Negative Small (NS), Zero (ZO), Positive
Small (PS), Positive Medium (PM) and Positive Big
(PB)are used. The range on input (error in frequency
deviation and change in frequency deviation) i.e. universe
of discourse is -0.25 to 0.25 and -0.01 to 0.01, the numbers
of rules are 49.

I11. PROBLEM FORMULATION

Frequency fluctuations possess significant problems for
power systems and are primarily caused due to imbalances
between load and generation. Standard swing equation is
used to model these imbalances [5] as follows.

MAw
_ == 2
Pmech Pelect At ( )
Where Ppecn and  Peer represent mechanical power of the
turbine and electrical power output of the generator
respectively. M is inertia constant and denotes the angular

speed of generator’s rotor as expressed in (3). Substituting

the value of @ in (2) redefines it to (4).

w=2mf

©)
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Equation (4) relates power imbalances with frequency (f)
variations. Hence, frequency can be considered as an actual
measure for these imbalances. They can be managed by
various frequency regulation techniques. Normally,
frequency regulations achieved with the help of generators
at two levels, ie., primary and secondary. Primary
frequency regulation responds to frequency deviations by
altering governor’s speed and controlling the valves for
steam flow. The regulated steam flow further controls Pecn
with an intent of matching Pg.ee;  to load fluctuations (Pjgaq).
The following equation represents the correlation for the
same.

AP

elect —

®)

AP,

load

These imbalances are regulated by adjusting turbine’s

AP,

mech Which can be expressed using the below equation.

aw,

AP, . =AP 4 +—+P2
dt

mech

(6)
W, denotes the stored kinetic energy in generator’s rotor
and P,g;f, is the old load on this generator. The rate of

increase in Wy, can be determined as follows.
2
Af

Wk :Wko( fO +f_J

0

load

()
Where W, denotes rotor’s kinetic energy at nominal
frequency (f)) and Afrepresents frequency changes. The
rate of change of Wy is given by,

dw,  2W,, ( dAf
dt — f, [ dt j

(8)

old l.

load has a dependency on frequency and is mentioned

using the given equation.
ap old

load

of

D =

9)
In the above equation, D represents the change with respect
old

to change in ~ '°a _ Now, rewriting (6) using (8) and (9) as

follows.
AP — 2W,, dAf

load + DAf
f, dt

AP

mech —
(10)

Converting the above equation into per unit format as

mentioned below.

2H dAf
AI:)mech - AI:)Ioad = + DAf (11)
0
Where H is the per unit inertia constant is given by,
ALY (12)
G

rated

In the above equation, Gueq and H represents generator’s
rating and time during which energy is stored in rotating
machines as mechanical inertia respectively. H Plays a
vital role in determining system’s sensitivity frequency
variations against power imbalances. In large power
systems, H ranges from 6 seconds or more. However, in
small power systems, this value is comparatively small.
Therefore, in small systems, large frequency variations are
observed even against minor power imbalances. If extra
load is added to these systems during frequency variations,
then it may lead to wear and tear of control valves.

Characteristics of PV Output Power

The output power (in watts) of the studied PV system is
determined by

P., = 7S¢ - 0.005 L, + 25
(13)

Where n ranging from 9% to 12% is the conversion
efficiency of the PV array, S = 4084 m’ is the measured
area of the PV array, ® =1 kKW/m? is the solar radiations,
and Ta is ambient temperature in degree Celsius. The value
of PV depends on Ta and @ because n and S are constant.
In this, Ta is kept at 25 “C and Ppy is linearly varied with ®
only. The transfer function of PV is

K
G > PV _
PV ( - 1 STPV

AP,
A

(14)

IV. SIMULATION AND RESULTS

This section presents the case for studying time domain
performance of the proposed hybrid power generation/energy
storage system. Each case has EV and PV as random
renewable sources to combine with the power generation
systems, in this presented work two areas hydro-thermal
interconnected power system with renewable energy
subsystems such as PV-EV DG Systems has been developed
by using PI, PID and hybrid fuzzy-PID controllers to
illustrate the performance of load frequency control using
MATLAB/SIMULINK package. The parameters used for
simulation are given in appendix. Three types of simulink
models are developed. Frequency and tie-line power
variation plots for thermal and hydro cases are obtained for
1% step load change in system frequency are shown in
following figures 3 to 11. Fig 3. Shows the change in
frequency in area-1 using Pl controller. In this graph the
frequency first undershoot to
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Fig. 3 Change in frequency in area-1with PI controller

100 Fig. 6 Change in frequency in area-1with PID controller

Fig 6. Shows the change in frequency in area-1 using PID
controller. In this graph the frequency first undershoot to -
0.03 hz, then it overshoot to 0.01 hz. In area-1 the settling

' time is 30 sec
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Fig 4. Shows the change in frequency in area-2 using PI
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controller. In this graph the frequency first undershoot to - Fi9- 7 Change in frequency in area-2 with PID controller
0.05 hz, then it overshoot to 0.02 hz. In area-2 the settling

time is 40 sec. Fig 7. Shows th_e change in frequency i_n area-2 using PID
controller. In this graph the frequency first undershoot to -
T 0.05 hz, then it overshoot to 0.01 hz. In area-2 the settling
0015 1 [ time is 30 sec.
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Fig. 5 Change in tie-line power with PI controller

Fig. 8 Change in tie-line power with PID controller

Fig. 8 Shows the change in tie-line power using PI controller.

Fig. 5 Shows the change in tie-line power using PI I_n th?s graph the power overshoot to 0.017pu. The settling
controller. In this graph the power overshoot to 0.015pu. ~ time s 30 sec.

The settling time is 40 sec.
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Fig.9 Change in frequency in area-lwith hybrid fuzzy-PID
controller

Fig 9. Shows the change in frequency in area-1 using hybrid
fuzzy-PID controller. In this graph the frequency first under
shoot to -.03 hz, then it overshoots to 0.02 hz. In area one the
frequency is controlled up to 49.97 hz. This oscillations are
due to the presence of PVs.
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=

Change in Frequency(hz)
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Fig.10 Change in frequency in area-2 with fuzzy-PID
controller

Fig 10. Shows the change in frequency in area-2 using hybrid

fuzzy-PID controller. In this graph the frequency first
undershoot to -0.03 hz, then it overshoot to 0.01 hz. In area-2
the frequency is controlled to  49.97hz. The sustained
oscillations are due to the presence of PVs.
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Fig.11 Change in tie-line power with fuzzy-PID controller

100

Fig 11. Shows the change in tie-line power using hybrid
fuzzy-PID controller. In this graph the tie-line power ranges
between -0.05 to 0.05 which is in the tolerable range. The
sustained oscillations are due to the presence of PVs.

V. CONCLUSIONS

PID controller Gives better response but its performance
deteriorates when system complexity increases such as non-
linearity. The hybrid fuzzy PID based controller gives the
best performance, but the control engineer faces different
kind of challenges to design such a controller. The evaluation
of the performance on this developed fuzzy based LF
controller for hydro-thermal system has yielded the following
conclusions:

Load frequency control for hydro-thermal system with FL
controller gives the best control strategy in this pool to
achieve better reliability of the power supply. FL controller
reduces the peak error of frequency and tie-line, settling time
is considerably reduced and the steady state error is zero,
which improves the overall system’s performance. This
improvement is advocated through optimization of ACE
which is also incorporated. The proposed FL controller
performance is compared with the conventional PID
controller; finally simulation result shows that hybrid fuzzy-
PID controller provides superior performance.

APPENDIX-1

Parameters are as follows:
f =50 Hz, R1 =R2= R3= R4 =2.4 Hz/ per unit MW, Tgi=
0.08sec, Tpi=20sec; P tie, max =200 MW ; Tr =10 sec
; Kr=0.5, H1=H2=H3=H4=5sec; Pri=2000MW, Tti
=0.3sec;
Kpl=Kp2=Kp3 = Kp4 = 120 Hz.p.u/MW,;
Kd=4.0;Ki=5.0; Tw=1.0sec;Di=8.33*10%p.uMW/Hz.;
B1=B2=B3=B4=0.425p.u.MW/hz;ai=0.545;
a=2*pi*T12=2*pi*T23=2*pi*T34=2*pi*T41=0.545,delPdi=
0.01

NOMENCLATURE

T is Time constant.

Afis System frequency deviation.

@ is Solar irradiation (kW/m?).

EV is Quantities of electric vehicles system.
PV is Quantities of photovoltaic system.
Pmech Mechanical power of the turbine

Perect €lectrical power output of the generator
M inertia constant

Wy stored kinetic energy in generator’s rotor

P, is Total average power generation.
P, is Net average power of PV and EV to the system.

Ps* is Command of average power absorbed by loads.
K is Gain.
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