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Abstract-This paper focuses on the exploration of grid integrated
hybrid generation comprising of Photovoltaic (PV) and Wind
Energy Conversion Systems (WECSs) using the Cuttlefish
Algorithm (CFA). PV and wind energies are opposite because
sunny days are normally calm, and strong winds frequently occur
on cloudy days or at night. Hence, a hybrid PV and wind power
system is more reliable than either individual source in terms of
delivering uninterrupted power. The regulation of the DC voltage
is the key issue in this configuration. The conventional PI
controller is inaccurate in regulating the DC voltage. The PI
controller gain tuning using optimization techniques provides
good DC voltage regulation and less Total Harmonic Distortion
(THD). Hence, CFA is proposed for the tuning of PI gains. The
performance parameters such as DC voltage regulation and THD
of CFA are analyzed.

Keywords-photovoltaic; wind energy conversion system; PWM; PI;
AWT; PR; PSO; CFA

L INTRODUCTION

The quick advancement of power electronics has increased
the amount of solar and wind energy applications. Solar energy
and wind energy are generally considered to be incompatible
with one another due to the fact that calm winds are more
typical on cloudy days or at night, whereas sunny days
typically include calm conditions. As a result, a hybrid PV and
wind power system is more reliable than any independent
source in terms of delivering continuous electricity.
Conventionally, a large energy storing battery bank [1] is
adopted to reliably supply power and maximize power from PV
arrays or wind turbines [1, 18], both of which are intermittent.
The battery is not an environmentally friendly product, it is
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expensive, has a limited life cycle, it is large and heavy [2],
and, pollutes the environment with chemical waste. As a
consequence, it is fairly usual practice to link renewable energy
sources like solar or wind to the main power grid directly. The
integration of wind and solar power hybrids into the grid
system is an area that is explored in this study.

II.  MODELING OF THE HYBRID GENERATION SYSTEM

The structure of the projected PV and wind based hybrid
renewable generation power system is depicted in Figure 1 and
its comprehensive stipulations are listed in Table I [3].
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Fig. 1. Schematic representation of a hybrid generation system connected
to the grid.

The block diagram of the hybrid renewable generation
power system including WEC, PV, inverter, and grid is
depicted in Figure 1. The wind energy based power is
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converted to the dc supply and then the PV supply is integrated
[4]. The combined voltage at the dc link is converted to ac
supply using a standard inverter for the integration of the ac
power grid. The filter is used between the inverter and the grid
for obtaining quality signal. Two converters are brought
together to form a back-to-back converter. The connection
between a Grid Side Converter (GSC) and a Machine Side
Converter is made via a DC-bus capacitor (MSC) [3]. The
vector control method is utilized so that the VSI can be
controlled. The vector control is constructed using two
different loops. The first loop is responsible for regulating the
DC-link voltage and the second loop is in charge of controlling
the amount of the current that is injected. When compared to
the voltage loop, the current loop is intended to react more
quickly to any disturbance that may occur [3].

Wind turbines generate mechanical power by capturing
wind [11], as shown in (1):

TpR2Cp (B, DV® (1)

where R and p denote the radius of blades and air density, f is
the pitch angle, and A the tip-speed ratio. The wind speed is
denoted by v. C, represents the utilization coefficient of wind
energy [11]. Equation (2) expresses the wind turbine
mechanical acting torque [11]:
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where w,,, = /1% denotes the mechanical angular velocity. The

PMSG is a type of power conversion machinery that converts
mechanical energy to electrical energy. The Park
transformation, also known as dq transformation, is used to
transform the time varying quantities into DC quantities.

Equations (3) and (4) present the voltage expression of
PMSG in a 2-phase rotating d-q axis system [3]:

dl
Lgq did = —Rglgq + wequIsq +Via (3
dal.
qu dstq = _Rslsq — Welsqlsg — wep + Vsq )

where Vg and V;, are the stator voltages in the d-q components
and Iy and I,4 are the d and q current components in the rotor
flux. The stator resistance is denoted by R,. L,; and L,, are the
equal inductances of stator d-q axis in the surface mounted
PMSG. w, and 1 denote the electrical angular speed and
permanent magnet chain respectively.

Equation (5) represents the electromagnetic torque of
PMSG [11]:

T, = 1.50,[(Lsq — Lsq ) salsq + VIsq]l  (5)

Equation (6) expresses the mechanical properties of a
system that employs a dynamic one-mass model:

T =] 52+ Bon +T, (6)
The transmission system's moment of inertia and the
coefficient of self-damping are denoted by J and B

respectively.

The PV array is depicted in Figure 1, where N, represents
the number of cells connected in series and N, the number of
modules connected in parallel. In this particular instance, the
array denoted by I, can be written as:

v Rsl
lpw = Nplp = Nyl [exp [ (S22 + B2)] — 1]
Ne (Vev | Rslpy
Rsh(Ns + Np ) (7)
Considering zero sequence components in a 3-phase system
is not necessary because there is no circulation path. Equation
(8) depicts the three-phase balanced voltage:

Voa sin wt
Vb | =V, [sin(wt + 1200)] ®)
Vge sin(wt — 120°)
Control systems make it possible to improve the

effectiveness as well as the quality of the electricity that is
generated by a wind energy conversion system. They are
closed-loop feedback systems that control switching elements
in active power conversion stages. Initially, the rotational speed
of the generator can be sensed and controlled using an active
rectifier and a Proportional Integral (PI) controller. Also, the
grid-side inverter PWM signal can be used to regulate the
system. It can be adopted to keep the DC link at a constant
voltage [13-17], which will decouple the grid from power
fluctuations caused by wind variations.
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Fig. 2. Overall control block illustration for MSC.
generation of I, (b) Control block illustration.

(a) Reference

The overall control method for the PMSG [1, 4, 9-12] based
wind energy power system is depicted in Figure 2. The
reference torque is generated in a torque control scheme by
measuring the generator speed. The Park transformation is used
to convert the measured 3-phase current in the stator into a d-q
component. Thus, the stator current is equal to the g-axis
component. Thus, torque is controlled by only changing the
stator current in the q-axis direction. It is determined whether
the measured d-q stator currents are greater than the reference

www.etasr.com

Nagaraja et al.: PV and Wind Energy Conversion Exploration based on Grid Integrated Hybrid ...



Engineering, Technology & Applied Science Research

Vol. 12, No. 6, 2022, 9670-9675 9672

d-q currents in the stator, and the difference is connected to the
PI controllers [8], which produce the stator reference voltages
in the d-q components. The reference voltages in stator of d-q
components are transformed to the reference 3-phase stator
voltages V,, V,, and V, and are sent to the PWM, which
generates the converter switching pulses.

Voave

To

PWM
abe

Iog rep Vag

Fig. 3. Control block diagram of the GSC.

The GSC's role is to ensure that the dc-link voltage stays
the same all the time [5]. Figure 3 depicts the block diagram of
the control of GSC. The current reference (I, r¢) is generated
using the PI+AWT method. The GSC output current is
converted from abc signal to dq signal and the components of
this current are compared with the reference currents lyg ref
and I, 4 rof. This design is made up of one outer voltage loop
and two inside current loops, which are connected. The dc-link
voltage loop provides the reference d-axis component of grid
current. It is necessary to match the reference and measured dc-
link voltages, and vector control is used to handle errors. The
reference d-axis grid current is produced by the PI+AWT
controller. The inner Proportional-Resonant (PR) controller
produces the d-q axis grid voltage from the d-axis reference
grid current and the actual d-axis grid current. Park
transformation is adopted to convert the d-q voltage
components into natural abc grid components. The actual 3-
phase abc grid voltage components are then sent to the PWM
generator, which generates the firing pulses to the VSC. Figure
4 depicts the PR controller's block diagram. The PR control
method has a high gain at the resonant frequency, which
ensures that a little steady-state inaccuracy is presented
between the actual and the reference signal. The PR controller
is composed of a proportional and a resonant term.

Error | K
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>

Fig. 4.
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Block diagram of the PR current controller.

III. CUTTLEFISH OPTIMIZATION SCHEME

Cuttlefish is a species of mollusk and it is well-known for
its ability to change color in such a way that it either blends in
with its surroundings or puts on a spectacular show. The

program is designed to function in a manner analogous to the
color-changing systems that are present in cuttlefish. The
patterns and colors that can be observed on cuttlefish are the
result of light being reflected off of the several layers of cells
within the animal, including chromatophores, leucophores, and
iridophores. Reflection and visibility are both taken into
consideration by the CFA as important activities. The visibility
process replicates the visibility of matching patterns, whereas
the reflection process models the mechanism that controls how
the light is reflected. The patterns and colors that may be seen
in cuttlefish are the results of light being reflected from
multiple layers of cells. The complete steps of the CFO
algorithm are depicted in the flowchart of Figure 5.
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Fig. 5. Flowchart of the CFO algorithm.

IV. SIMULATION RESULTS AND DISCUSSION

The performance of proposed grid-connected HRES is
analyzed using the MATLAB simulation results. The proposed
work was simulated in 4 cases: constant wind speed and
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irradiation, variable wind speed and constant irradiation,
constant wind speed and variable irradiation, and variable wind
speed and variable irradiation. The PR controller was adopted
as the current controller. The CFA was adopted for dc voltage
regulation and its performance was compared with
conventional controllers', such as the AWT controller and the
PSO algorithm. The simulation parameters are listed in Table I

[7].

TABLE 1. SIMULATION PARAMETERS
Description | Value
PMSM parameters
Stator phase resistance Rs 2.8750Q
Ld (H), Lq(H) 8.5mH, 8.5mH
Inertia (kg.m’) 0.0019
Friction factor (N.m.s) 0.001
No. of poles 4
Flux linkage 0.175 v.s
DC link parameters
DC link capacitor 4700 uF
Reference DC voltage 800V
GSC parameters
Switches IGBT
Switching frequency 7000Hz
Filter inductance 6 mH
Grid parameters
Voltage 400V (r.m.s)
Frequency 50 Hz
Source resistance 0.01Q
Source inductance 2uH
Turbine parameters
Reference wind speed 12m/s
Reference voltage 1.2 pau
PV Parameters
Open Circuit Voltage V. 435V
Short Circuit Current /. 2.783 A

A. Case 1: Constant Wind Speed and Irradiation

In this case, the wind speed value was set at 12m/s and the
PV irradiation was maintained constant and equal to 1000W/m*
throughout the simulation as shown in Figures 6 and 7
respectively.
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Fig. 6. Constant wind speed.
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Fig. 7. Constant PV irradiation.

The CFA response curves are presented in Figure 8. The
DC link voltage when using the CFA algorithm has a value of
800V and it is tracking the reference voltage after 0.06s. All the

grid voltages are sinusoidal in nature and balanced. The
response curves of the grid voltage and current are also
presented in Figure 8.
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Response curves of CFA (case 1): (a) DC link Voltage, (b) grid
Voltage, (c) grid current.

B. Case 2: Variable Wind Speed and Constant Irradiation

In this case, the variable wind speed depicted in Figure 9
was applied. The wind speed was 12m/s from 0 to 0.2s, it
reduced to 8m/s at 0.2s, changed to 10m/s at 0.5sec, and
changed back to the initial value at 0.8s.
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Fig. 9. Variable wind speed.
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Voltage, (c) grid current.
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The response curves using CFO are presented in Figure 10.
The DC link voltage using the CFA algorithm has a value of
800V and it is tracking the reference voltage after 0.06s. All the
grid voltages are in sinusoidal nature and balanced. The
response curves of the grid voltage and current are also
presented in Figure 10.

C. Case 3: Constant Wind Speed and Variable Irradiation

In this case, the change of PV irradiation is apphed as
illustrated in Figure 11. A constant irradiation of IOOOW/m is
apphed from 0 to 0.5s, it is then reduced to 700W/m?, and is
again 1000W/m? at 0.8s. The response curves using CFO are
presented in Figure 12. The DC link voltage using CFA
algorithm has a value of 800V and it is tracking the reference
voltage after 0.06s as depicted in Figure 12(a). All the grid
voltages are sinusoidal in nature and balanced. The response
curves of grid voltage and current are also presented in Figure
12.
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Fig. 11.  Variable PV irradiation.
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Fig. 12.  Response curves of CFA (case 3): (a) DC link Voltage, (b) grid

Voltage, (c¢) grid current.

D. Case 4: Variable Wind Speed and Variable Irradiation

In this case, variable wind speed as depicted in Figure 6 and
variable PV irradiation as illustrated in Figure 11 are applied.
The response curves using CFO are presented in Figure 13. The
DC link voltage using CFO algorithm has a value of 800V and
it is tracking the reference voltage after 0.06s as depicted in
Figure 13. All the grid voltages are sinusoidal in nature and
balanced. The response curves of grid voltage and current are
also presented in Figurel3.

Further, comparative performance analysis was conducted
with THD. The FFT spectrum using the PI+AWT controller,
the PSO algorithm, and CFA are presented in Figure 14. The
THD when using the PI+AWT controller, PSO, and CFA is
1.97%, 1.62%, and 1.56% respectively. The proposed

controller (CFA) performed better than the PI+AWT controller
and the PSO algorithm. The comparative performance indices
are listed in Table II. It is observed that the CFA has performed
well in regulating the dc voltage. The dc voltage reached the
reference voltage at 0.04s which is less compared than the time
it took in both PI+AWT and PSO.
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Fig. 13.  Response curves of CFA (case 4): (a) DC link Voltage, (b) grid

Voltage, (c) grid current.
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TABLE II. PERFORMANCE COMPARISON
Controller D? vol_tage % THD. in
settling time (s) | current signal
AWT 0.15 1.97
PSO 0.1 1.62
CFA 0.04 1.56

V. CONCLUSION

The concept of hybrid solar and wind power generation was
described in detail in this paper, and the training procedure of a
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CFA-based optimization algorithm is presented. From the
results, it is realized that the CFA performed better than
PI+AWT and PSO. Optimum DC voltage regulation is
achieved with the use of the CFA algorithm. In order to
demonstrate the applicability of the suggested controller,
simulations were carried out in MATLAB/SIMULINK.
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