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Abstract. In light of the intermittent and seasonal nature of wind and solar energy, electrical systems are
becoming more problematic to operate. The purpose of the work is to establish an energy storage system
that helps to minimize such operational challenges, which are essential to improve grid stability and
reliability. The tasks solved in the article to achieve the given goal are the following: incorporating an
energy management system with the aid of improved converter and optimized maximum power point
(MPPT) for (Photovoltaic) PV and PMSG (permanent magnet synchronous generator) based wind
system. On comparing with conventional Z-source converters, a novel improved clamped Z-source
converter, which is utilized in this work has high efficiency with low THD and it has the capacity to
protect electrical circuits against damage caused by short circuits, overcurrent and overvoltage. The
Pulse Width Modulation (PWM) rectifier is implemented to convert AC-DC supply obtained from the
PMSG wind system. Firefly optimization with an aid of Radial Basis Function Neural Network
(RBFNN) technique is employed as an MPPT system for extracting optimal power from photovoltaic
system. The excess energy obtained from the hybrid sources are stored in the battery and it is controlled
by the recurrent neural network (RNN) with the bidirectional converter. The overall developed system
is executed in MATLAB software and the most important outcomes are demonstrated in terms of high
efficiency with 91.2%, high tracking efficiency of 98.54% and reduced THD of 2.45% respectively. The
significance of results obtained in this research lies in the advancement of renewable energy integration
technologies. By overcoming the challenges associated with intermittent energy sources, the developed
system contributes to the improvement of grid stability and reliability.
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Convertorul imbunatitit de limitare a impedantei cu sistemul optimizat de urmarire a punctului de
putere maxima pentru sistemul de control al unui sistem combinat de alimentare cu surse de energie
regenerabile
Saranya M.}, Giftson S. G.2
!Arasu Engineering College, Kumbakonam, Tamilnadu, India
2Colegiul Sir Issac Newton de Inginerie si Tehnologie, Nagapattinam, Tamilnadu, India
Rezumat. Datorita naturii intermitente si sezoniere a energiei eoliene si solare, operarea sistemelor electrice devine
din ce 1n ce mai dificila. Integrarea sistemelor de stocare a energiei poate minimiza aceste probleme operationale
pentru a imbunatiti stabilitatea si fiabilitatea retelei. in acest sens, lucrarea propusa implementeazi un sistem de
management al energiei folosind un convertor avansat si un sistem optimizat de control al punctului de putere
maxima pentru sisteme fotovoltaice si eoliene bazat pe un generator sincron cu magnet permanent. Un convertor
de impedanta de limitare a sursei Z nou si Imbunatatit este utilizat pentru a creste puterea de iesire a sistemului
fotovoltaic si pentru a asigura o eficientd ridicatd, iar un redresor cu modulatie de latime a impulsurilor (RMI) este
utilizat pentru a converti puterea AC in DC de la sistemul de energie eoliand. Optimizarea prin metoda "flacéra-
fluturas” cuplatd cu functia de baza radiala reteaua neuronala este utilizata ca sistem de urmdrire pentru a optimiza
punctul de putere maxima pentru a obtine puterea optima din sistemul fotovoltaic. Excesul de energie obtinut din
surse hibride de energie regenerabila este stocat intr-o baterie si controlat de o retea neuronala recurentd folosind
un convertor bidirectional. Semnificatia rezultatelor obtinute este imbunatatirea calitatii tensiunii de iesire a

sistemului de alimentare, reducerea coeficientului de distorsiune neliniara si cresterea eficientei conversiei.
Cuvinte cheie: punct de putere maxima generator sincron, convertor de sursa Z-imbunatatita, retea neuronala
optimizata fluturas, retea neuronala recurenta.
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MoaudunnpoBaHHbI OrPaAaHHYHBAIOLIHIT MMIIEJaHCHBIN NMpeodpa3oBaTelb ¢ ONTHMH3UPOBAHHOM
ciesie cCHCTeMOl 32 TOYKO0H MAKCHMAJILHON MOITHOCTH JJIsl CHCTEMBbI YNIpaBJIeHNUs] KOMOMHIUPOBAHHOM
cucTeMoii IHeprocHadxenus ¢ BUD
Capanust M.}, T'udreon C. J1.2
Mnsxenepuslii kotenx Apacy, Kym6akonam, Tamuinany, Unus
ZI/IHX(CHCpHO-TeXHOJIOFI/I‘{eCKI/Iﬁ Kosute/pk uM. capa Mccaka Hetotona, Haranartunam, Tamunnany, Maaus
Annomayus. BBuny NpepeIBUCTOTO M CE30HHOTO XapaKTepa BETPOBOM M COJHEYHON JHEPTHM 3KCIUTyaTalus
3NIEKTPUYECKUX CHCTEM CTAaHOBHUTCS Bce Oonee mpobieMaTHIHOW. VHTEerpamus CHCTEM XpaHEHUs SHEPTUH
MO3BOJISIET CBECTH K MUHMMYMY MOZOOHBIE 3KCIUTyaTallMOHHBIE MPOOJIEMBI, YTO HEOOXOIUMO JUIsSl HOBBIIICHHS
CTaOMJIPHOCTH W HAJEKHOCTH JJIEKTPOCETH. B cBsi3u ¢ 3TUM B mpemiaraemMoil paboTe peann3oBaHa CUCTEMa
YIIPaBJICHUS SHEPTONOTPEOICHHEM C TIOMOIIBIO YCOBEPLIEHCTBOBAHHOT'O IIPe00pa3oBarTesisi U ONTHMU3UPOBAHHOM
CHCTEMBI YIPaBJICHHUs] TOYKOH MaKCHMMaJIbHOM MOIIHOCTH Ul (POTOIJIEKTPUYECKON U BETPOBOIl cHCTeM Ha 0ase
CHHXPOHHOTO Te€HepaTopa C TIIOCTOSHHBIMM MarHuTamu). JIns yBeldM4YeHHS BBIXOJHOH MOIIHOCTHU
(oroanexTpuueckoii cucrembl M obecrneueHus ee Bbicokoro KIIJ[ mcmonmb3yeTcs HOBBIA  yTydIIEHHBIH
MMIIEIaHCHBIN TPe0o0pa30BaTeh C OTPAHNINBAIOIINM Z-HCTOYHUKOM, a IJIs IPeoOpa30BaHMs IEPEMEHHOTO TOKa
B MIOCTOSIHHBIM, TTOJIy4a€MOT0 OT YHEPTOCHCTEMBI C BETPOT€HEPATOPOM, IPUMEHSAETCS BBIIPAMUTEID C ITUPOTHO-
umnynbcHo Momymsuer (IIMM). B kadecTBe ciensimeil CHCTEMBI Uil ONTUMHU3AINHA TOYKA MaKCUMAaJIbHON
MOIIHOCTH JJISI TOJMYYeHHS ONTHMAaJbHOH MOIIHOCTH OT (OTORIEKTPUIECKOH CHCTEMBI HCIIOIb3YeTCs
ONTHMHU3AIMA C TOMOIIBI0 METOAa 'TIaMsA-CBETJSIYOK" COBMECTHO C HCIOJIb30BAHHEM HEHPOHHOW CETH C
pamuanbHOW OasucHOM (yHKiued. I30bITO4HAs »dHEPrus, TMOMy4YEeHHAas OT THOPHAHBIX HCTOYHHUKOB
BO300HOBIISIEMOIl SHEPruH, HAKAIIMBAETCS B aKKYMYJISTOPE U YIPaBISIETCA PeKypPEHTHON HEHPOHHON CeThio ¢
MOMOIIBIO ABYHAIPABJICHHOTO Mpeodpa3oBaTelisi. 3HAYUMOCTD MOJYUYEHHBIX Pe3yJIbTATOB COCTOUT B MOBBIIIEHUU
Ka4€CTBa BBIXOJHOI'O0 HAIPSAKCHHUSA SHEProCUCTEMbI, CHUIKCHUA KOB(I)(bI/IHI/IeHTa HEJIMHEHHBIX HCKa)KEHUU H

noBsimenust KI1J[ mpeo6pa3oBanus.
Knrouesvie cnoea: Touka MaKCUMaJIbHON MOITHOCTH CHHXPOHHOI'O IT'€HEpaTopa, YIydlleHHbIH Ipeobpa3oBaTelib
Z-UCTOYHMKA, HCHPOHHAS CETh, PEKypPEHTHAasI HEHPOHHAS CETb.

I. INTRODUCTION of Photovoltaic system [8]. There are various
The world's energy demand has raised as a DC-DC converters used for applications
consequence of rapid urbanization and population  involving RES such as [9] boost, buck [10], buck-
growth [1]. There is a tendency to choose an  boost, Cuk [11] and SEPIC [12].The Boost and
alternate source of power generation owing tothe ~ Buck approaches among these converters have
ongoing exhaustion of fossil fuels and its  low-order circuits, excellent efficiency, and
detrimental effects on atmosphere [2]. The  simplicity. The battery cannot be charged
Development of Renewable Energy Sources  continuously with MPPT operation using both
(RES) is gaining a lot of attention for the purpose  Boost and Buck converters [13]. Since the Buck-
of overcoming the drawbacks of fossil fuels. The  Boost, SEPIC, Zeta, and Cuk converters produce
five types of RES are biomass, solar, wind, tidal,  an output voltage that generate an enhanced
and wave. From that Solar and wind energy are  voltage with high efficiency, which attain MPP
used to generate electricity since they are  tracking irrespective of variations in the climate
abundant and  easily  accessible [3- as well as the linked load. Nevertheless, those
4].Dependability of solar and wind energy is  converters exhibited ripples current and gets
significantly impacted by climate variability and  fluctuating performance in MPPT [14-
unpredictable nature. As a result, it raises  15].Consequently, the improved clamped Z-
fundamental issues related to grid integration [5].  source converter is employed in this proposed
Hybridizing RESs with energy storage is a  work, which generates reduced ripples harmonics
possible solution to conquer aforestated issues  with high efficiency.
and it stores excess primary energy when it is In spite of fluctuating operating points and
practicable and supports the renewable energy  changing climatic conditions, several MPPT
shortage when necessary. Flexible energy  algorithms are utilized to keep the extracted
management solutions from the battery system  power from the array at its maximum level [16].
boost the power quality of hybrid systems for ~ The most frequently used techniques are
producing electricity from renewable sources [6-  conventional ones, including INC (Incremental
7]. Conductance) and P&O (Perturb and Observe).
A DC/DC converter is necessary for hybrid  The MPP could only be tracked by conventional
power systems with low output terminal voltage methods provided the weather remained steady,
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despite its straightforward construction and
application [17]. Additionally, conventional
MPPT algorithms have oscillations close to MPP
and are ineffective for large-scale solar power
systems. The world's researchers are developing
new strategies for managing MPPT in solar
systems as a result of aforementioned constraints.
Heuristic approaches like genetic algorithms
(GA), Particle Swarm Optimization (PSO), Fuzzy
Logic Controls (FLC), Artificial Neural Networks
(ANN) are the most common advanced MPPT
techniques.  Unfortunately, these = MPPT
algorithms are more expensive to implement,
which need a precise training dataset and are more
complex [19-20]. The limitations occurred by the
aforesaid topologies are overcome by the
proposed topology with the aid of Firefly
optimized RBFNN based MPPT techniques,
which effectively tracked the ideal power from
PV system. The objectives of implemented work
illustrates below,

To improve energy management system by
using PV and PMSG based wind system.

=
=

To augment optimal power from PV with
high efficiency by adopting Improved
clamped Z-source converter.

To extract optimal power from PV by
utilizing Firefly optimized RBFNN based
MPPT technique.

To store excess energy from PV by
employing battery together with RNN
Controller for effectual control.

Il. PROPOSED METHODOLOGY

The HRES are employed for generating power
due to their availability in abundance. The
dependability of solar and wind energy is
simultaneously impacted by climatic changes and
irregularity. Henceforth, the proposed work
establishes improved clamped Z-source converter
with optimized MPPT topologies for effective
grid performance, which contributes to the
enhancement of grid stability and reliability. The
implemented work's block diagram is specified in
Fig. 1 and is explained below.

Yev.lry - LC FILTER 30
b s I ‘ , GRID
t Voc :
- 4 — i
PWM PULSES | TPWM PULSES
Ipy T
WIND
I T Pact, Qact
T Vact
Fig. 1. Block diagram for the proposed topology.
At first, the low output voltage of Photovoltaic PV system. The output voltage Vpyand

system is supplied to the improved clamped Z-
source converter for boosting low voltage from
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currentlpyis given as input to the Firefly
optimized RBFNN based MPPT topology for



PROBLEMELE ENERGETICII REGIONALE 1 (61) 2024

tracking maximum power from the Photovoltaic
system. The optimal power is fed to PWM
generator, which generates PWM pulses for better
functioning of developed converter. In addition to
PV system, the proposed work implements
PMSG-wind system. The AC supply from wind
system is converted into DC supply using PWM
rectifier. After that, the actual and reference
voltage is compared, which generate error signal
and it is fed to the PI controller for error
compensation. Then the controlled output is fed to
the PWM generator for better working of rectifier
and the stabilized voltage is deliver to the DC-
link.

Moreover, the extra energy from PV system is
preserved in Bidirectional battery converter and it

is controlled by RNN controller, the stored energy
in battery can be utilized in the time of lagging
energy. Furthermore, the DC-link voltage is given
to 3®VSI for converting DC-AC supply, after that
the actual and reference is compared, which
produce the error signal and it is compensated by
adopting the PI controller. The controlled output
is fed to PWM generator for producing PWM
pulses. Finally, uninterruptable and constant
power is distributed to three-phase grid with the
aid of LC filter.

A. Modelling Of PV System

In Fig. 2, the PV source displays a single diode
model. It provides specific output traits of several
PV cell and module types.

PRACTICAL PVMODULE

1
' IDEAL PV MODULE : ]
1 o B i ., PV 1
1 5 > A —
1 :. . VV'V + :
1 = g Rse 1
1 - [dl 1 1
1 = 1 1
: 3 : 1
: Iph<1> ! Rn Vey :
1 : :
1 = 1 1
1 : E 1
P =
[ i

Fig. 2. Circuit diagram of PV Module.
. . . R
This model has diode, shunt resistanceR,,, V. = N_KT /q

series  resistance R,and current sourcel

following values are provided for the gross
module output current I, :

_ VPV + Rse I PV

R, 1)

IPV =|ph Id

Where, the diode currentl,and the current
caused by the incidence of light at level G, I ; are
represented as,

G
= [Iph,n +K, (T-T, )]G—

V., + R
I, =1, l:exp(u -1
Vi

The following are the values for thermal
voltage V, at temperature T as well as the diode

reverse  saturation  current|  for N, series-
connected cells:

)
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B I +K, (T-T,)

' = (v +K, (T —TH)J )
exp ’ -1
M

WhereV,, denoted as a PV module's output
voltage; | indicates current produced by light
and

ph,n
under the usual test conditions.T,, G,, |

sc,n
V,..denotes a temperature, irradiance, short

circuit current as well as open circuit voltage at
STC correspondingly. Boltzmann constant is
represents the k, g, electron charge as well as the
diode ideality constant. K,andK, specify the

short circuit current as well as open circuit voltage
temperature coefficients.

Following this, to extract optimum power from
Photovoltaic system, the RBFNN based MPPT
technique is implemented, which is explained
below.



PROBLEMELE ENERGETICII REGIONALE 1 (61) 2024

B. Modelling Of RBFNN Based MPPT
Technique

The method used in this developed work is
called Radial Basis Function Neural Networks,
and it is a model of a simple neural network
design with input, hidden, and output layers. A
RBFNN-based MPPT method is intended to make
possible to control MPPT without being aware of
the ecological changes in PV system. Because this
study's purpose is to extract optimal power from
the Photovoltaic system. The structure of RBFNN
based MPPT is represented in Fig. 3. The data will
be used to implement the RBFNN, which will
replace the outdated MPPT block. Three levels
comprise the RBFNN. With only the input signal
being matched, the first layer is an input player.
There may be a number of factors, each of which
is associated with a different neuron. Each hidden

INPUTLAYER

HIDDEN LAYER

layer neuron's input receives values from the input
net;! = '

layer neurons' outputs.
y, = f (netjl) = (Xil)}j—l..n,i—l,z

Here, f(x) specifies the sum of nodes x'

denotes the input layer, which is given to the
hidden layer. The centers and spreads of network
are chosen during the training phase. The net input
and output of the hidden layer are displayed
below,

(4)

2 1, 1
net, _Z)Nlj Yij
]

)’11‘2 = fz(W1j1y1j1+bjl) )

j=1l.n

®)

OUTPUT LAYER

o
S N= S
LI

=t (x})

b

yi=f*(wiyy; + bj)

yi=f*(wiyj; + b})

Fig. 3. Schematic diagram of RBFNN based MPPT.

Where, the bias term of hidden is specified as
b/ and W, ;" indicates the weight that connect the

input and hidden layer.

Only the hidden as well as output layer
weights are changed and calculated during
training as below,

3 _ 2., 2
net, _Z\Nlj Yij
J

y1j3 _ f3(W1j2y”2 +b1-2)

(6)

j=l..n

The RBFNN based MPPT topology gets
trained accurately at the same time tuning is
essential.
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Hence, the proposed work implemented the
Firefly optimization topology.
Firefly Optimization

The FFA optimization technique was
developed to replicate how fireflies use flashing
lights to attract one another. The metaheuristic is
primarily effective at resolving numerical
optimization issues and takes inspiration from the
flashing behaviour of fireflies. This population-
based method works under the presumption that
the quality of the agent representing the problem
solution determines how bright it "glows “In the
processes of competition and cooperation, the
firefly individuals will gravitate toward the
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brighter one in search of the population's ideal
solution. The individual quality and evolution
direction of fireflies are determined by their
brightness value, while the distance and speed
between individual fireflies and the population's
ideal solution are determined by their appeal
value. The performance of the FA throughout the
search phase depends on the light intensity and
attraction value. The flowchart of the proposed
Firefly optimized RBFNN based MPPT is
represented in Fig. 4.

The following expressions represent each
firefly's relative brightness and seduction.

I =1,e7" (7
B=pe”™ 8)
Here, yspecifies the light absorption

coefficient, r;indicates the Cartesian distance
between two fireflies, A, denotes the maximum

ﬂBFNN BASED MPPT \

attraction andl, represents the maximum initial
brightness of fireflies.

xM:xi+ﬂ(xj—xi)+a(rand—%J 9)

Where, x, and x; specifies the spatial position
of fireflies, rand indicates the random number
within [0, 1] anda denotes the step factor. In
reality, each of the fireflies stand in for a
particular RBF network in a classification. The
best firefly vectors i for a given trained RBF

network maximize the fitness function as
specified in Equation 9 below.

1
f(t)=
(') 1+MSE

(10)

To enhance the low output power of PV, the
improved clamped Z-source converter is
implemented and it is described below.

G N

NO

\ /

Fig. 4. Flowchart of Firefly Optimized RBFNN based MPPT.

C. Modelling Of Improved Clamped Z-Source
Converter

a) Clamped Z-source converter
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The clamped Z-source converter uses a larger
modulation index with fewer components to
provide high voltage gain, which reduces the
shoot-through duty cycle. Less shoot through duty
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cycle is used by this converter with equivalent
input or output states, which reduces voltage
stress and improves power quality output. It
contains 2 diode, 3 inductor, 2 capacitor and 1
switch. In this research work, a novel improved
clamped Z-source converter is employed, which
has the capacity to protect electrical circuits
against damage caused by short circuits,
overcurrent and overvoltage.

b) Improved Clamped Z-source converter

L. (00 <

Fig. 5 represents the circuit design of the
implemented improved clamped Z-source
converter. The inductors are charged in parallel
and discharged in series to obtain a high voltage
gain. This converter contains two inductors, four
diodes, two capacitors and one switch. Compare
to clamped Z-source converter, the proposed
converter has 4 diodes, hence it has the capacity
to protect electrical circuits against damage
caused by short circuits, overvoltage as well as
overcurrent.

Vev =

I
ol

il | |
i

C

D,

¢

Fig. 5. Circuit diagram of Improved Clamped Z-source converter.

Mode 1: Switch is ON condition- when
Switch is ON condition diode D, and D, gets OFF
state as specified in Fig.6 (a). At this mode, the
inductors L, and Lycharge over the diode
D,and D, . The diodes D,and D, and is in forward
biased because of its low potential current and the
flow of current is illustrated in figure, from which

L (W00

< I

C,gets charge through D, and the output
capacitor C, stores the energy. The diode D, and
capacitor C, are connected in series with the source

during the first mode to supply the necessary
energy to the load via the switch.

h 4

Al

VWV

Vor 3

Ly

(@)

(b)

Fig. 6. Modes of Operation (a) ON and (b) OFF condition.

Mode 2: Switch is in OFF condition: During
switch in OFF condition, the diode D,and D, gets
OFF condition as represents in Fig. 6 (b).

At this stage, both the inductors starts to
discharge thorough the diode D,and D, as well as

the clamp capacitor C,.
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The capacitor C, receives a channel through the
diode D, from the inductors' discharging current.

The output capacitor distributes the energy
needed by the load during OFF condition.
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There are two distinct operating modes for
converters. Fig. 7 illustrates the anticipated
waveform.

DTS (1 — D)Ts
Vgs
» €
ILa = ILb /\/
» €
Var Vas | | >t
Vaz .t
Vas t
to ty ty
I II

Fig. 7. Waveform for the proposed converter.

Mathematical model of proposed converter

By using Kirchhoff’s voltage law, the inductor
voltages Vv,, and V, is expressed in below
equation at Mode 1,

VLa = VLb =V'n

(11)

The developed improved clamped Z-source
converter output voltage is determined by
adopting the subsequent equation at Mode 1,

Vout = Vin +Vcl (12)

By using Kirchhoff’s voltage law, at Mode
2expressed in below equation,

VLa +VLb :Vin _Vcl (13)

The voltage over the capacitor V_, is stated as,

Vcl +Vin +Vd3 +le (14)

The diode voltage stresses, V,, and V,,are
expressed as below,

D

V,=——V
d3 1—D in

(15)
The developed converter output voltage
equation,V,, is attained by substituting Equations
(13) and (14) in Equation (11). It is provided as
follows,

D
+ Vin = 2
1-D 1-D 1-D

Vout :Vin +Vin + V (16)

in

57

Thus, theoretical voltage gain, M of
implemented converter expresses as below,
Mo Vor o2 (17)
V. 1-D

in

The voltage over the switch S, Vv, and diode
V,, IS written as,

1+D

Vs =Vga =Vin V43 +Vy = EV' (18)

in

By adopting the proposed improved clamped
Z-source converter the high efficiency with
reduced switching losses is attained.

D. Modelling Of PMSG Based Wind System

WT model
The mechanical output power of the wind

turbine is supplied by,

P :%pﬂRZCp (. BV, (19)

Here, p denotes the air density, C, specifies
the power coefficient function, @ indicates tip

speed ratio,v, denotes wind speed and g

specifies blade pitch angle. Power coefficient and
tip speed ratio are written as below,

- %R
v

w

(20)

(24

Here, the angular speed of rotor indicatesw,.

PMSG Model

Fig.3 shows the PMSG's analogous circuit
model. Stator voltage of the PMSG wind turbine
is provided by,

di
_ H ds
l'lds - Rslds + Lds

— @, Lyig
o (21)
Ugs = Ryige + L d—is— Lyig@, + 4,0,
Here, L, and L, specifies  synchronous

inductances of generator on d, g axis, u, and U
indicates stator terminal voltages, o, denotes the
electrical angular velocity, 4, represents

amplitude of flux linkage. The active as well as
reactive powers at generator terminals as well as
the electromagnetic torque of the generator, are
presented as.

(22)
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P 3 iy 3 Igs
|:Q:| 2 uds |:iqs :| + 2 uqs |:_idsi| (23)
wl. i
. qs'qs
i R P
. AN )
+ \N\v

Wy

(@)

Here, P denotes the number of poles, T,

indicates the torque. Fig. 8 presents the equivalent
circuit model of PMSG.

L. L
& Rs ;“’ qsl\f;s qs
A A
T W— .
w
B Ak )

(b)

Fig. 8. Equivalent circuit model (a) d-axis (b) g-axis circuit.

The AC supply generated by the PMSG wind
system is converted in to DC with the aid of PWM
rectifier and the Pl controller is utilized for
regulating the rectifier, which is described as
follows.

E. Modelling of PI controller

To guarantee the DC link voltage dynamic
stability in the event of step load variation or line
voltage fluctuation, Pl controllers have been
employed. The outermost DC voltage controller's
PI form can be expressed as follows:

dVdc Klv
dt s

Here, kandk , specifies the integral and
proportional coefficient, v indicates the output
DC voltage, vy specifies reference output DC
voltage.

C

= va(V:;c_Vdc)"' (V:;c_vdc) (24)

P =Kpre(®)

M(t)

e

e(t)

I Vact

Fig. 9. Structure of PI controller.

Vret
PWM
GENERATOR

1= Klje(t)dt

To store additional energy from the Hybrid PV
and PMSG based wind system, the battery is
developed, to control the battery RNN controller
is implemented that is explained below,

F. Modelling of RNN Controlled Battery

In relation to the accessibility of renewable
models, the load demand swings as well as the
load diagram. According to this supposition, the
RNN modelling approach can be wused to
formulate the problem of the BESS control
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strategy. The power provided by BESS during
discharge is fed in charge mode as well as
presently recognised by foremost RNN is,

Paess = Vanlgess (25)
After that, the electric current designed as,
P
s =5 (26)

Bn

The second RNN receives this value as an
input, and it uses that value to calculate the
voltage at the moment. In order to manage BESS,
this latter is employed in conjunction with the
SOC.

G. Modelling of Bidirectional Converter

Fig. 9 depicts the non-isolated bidirectional
DC-DC converter. Let's first examine the two
ways of Buck and Boost Mode, in which this
converter operates. For the bidirectional operation
in this case, controlled switches are used in place
of diodes. Switch S1 turns on for Buck mode,
while Switch S2 goes OFF for Boost mode. Buck
mode: In the Buck mode, an output voltage is less
than the input voltage. The battery will be charged
off via the DC grid. The input current increases
when switch S1 is ON and passes via S1 and L.
Up until the following cycle, the inductor current
decreases while S1 is OFF. Inductor L provides
the energy needed to charge the battery.

Boost mode: When in boost mode, an output
voltage is greater than input voltage. The battery's
power is fed to the load. The input current
increases through the switches S2 and S2 while
switch S2 is ON. The inductor current lowers till
the next cycle when S2 is turned off. The load is
subject to the flow of energy from inductor L.
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Fig. 10. Diagram of Bidirectional Battery converter.

Ipart

1. RESULTS AND DISCUSSION

In this work, an energy management system
incorporates with the aid of improved clamped Z-
source converter and Firefly optimized RBFNN
based MPPT for PV and PMSG based wind
system. By adopting the battery controlled
system, the excess energy from the hybrid sources

are effectively stored. The developed model
executed in MATLAB/Simulink to show the
developed system's proficiency and comparative
analysis is carried out for the significance of
implemented topology. Table 1 describes the
parameter specification for the implemented
work.

Table 1
Parameter specification

Parameters | specification
PV system
No. of Panels 20 panels
Open circuit voltage 22.6V
Peak power 10 kW
Series connected solar PV 36
cells
Short circuit voltage 12V
PMSG
Power 10 kW
No. of Turbines 1
Voltage 575V
Improved Clamped Z-source converter
C, 4.7uF
Co 2200 uF
Lg, Ly 1.2mH
Switching frequency f 10kHz

59



PROBLEMELE ENERGETICII REGIONALE 1 (61) 2024

100 I s
[ PV PANEL VOLTAGE [ PV PANEL CURRENT
2 40
Z 60 T
2 I AN o
8 g
g E]
40 w 20
20 1
o 0
o 0.1 az as o4 as 0.6 0 0.1 0.2 0.3 0.4 0.5 0.6
Time(s)

Tima(s)

(a) (b)

Fig.11.PV panel Waveform for (a) VVoltage and (b) Current.

Fig. 11 illustrates the PV panel waveform for  Aswell the current is varied initially and after 0.3s
the developed work, which is observed that it constantly maintained 33A and minor
initially the voltage fluctuates and continuously  oscillation occurs after 0.5s as represents in Fig.
upheld at 75V after 0.3s as indicated in Fig.11 (a). 11 (b).
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Fig. 12. Converter output waveform for (a) Voltage and (b) Current.

Fig. 12 represents converter output waveform  represented in Fig.12 (a). By observing Fig. 12
for the implemented work, it is analysed that  (b), the current fluctuates initially after 0.3s
initially the voltage fluctuates and suddenly raised  peakly raised and constantly maintained at 45A
at 600V after 0.2s and constantly maintained as  with minor distortion.
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Fig. 13. Output waveform for (a) PMSG voltage and (b) PWM rectifier voltage.
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The output waveform for PMSG and PWM
rectifier is represents in Fig. 13, which is analysed
that the output voltage of PMSG is slightly
fluctuates initially and gradually maintained at
600V to -600V after 0.1s as represents in Fig.
13(a). As well Fig. 13 (b) noted that the voltage of
PWM rectifier fluctuated initially and suddenly
raised after 0.1s then constantly maintained at
600V.

100 T T
sl
= 60
£
7
w.
20!

0.3 0.4 0.5
Time(s)

(a)

0.1 0.2

150

100

Valtage(w)

0.6

Waveform for battery is represented in Fig. 14,
which is observed that the SOC is constantly
upheld at 60% as indicates in Fig. 14 (a). From
Fig. 14 (b), the voltage of battery is continually
upheld at 125V as well the current of battery
fluctuates initially and suddenly dropped at 3A
after 0.2s as denoted in Fig. 14 (c).
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Fig. 14. Waveform for Battery (a) SOC (b) Voltage and (c) Current.

The waveform of grid is represented in Fig. 15,
from the waveform it is analysed that voltage is
gradually continued at 400V to -400V as
illustrates in Fig. 15 (a). Likewise, in Fig. 15 (b)
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the current constantly upheld at 13A to -13A.The
grid voltage and current inphase waveform, which
represents the ideal power factor, is displayed in
Fig. 15(c).
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Fig. 15. Waveform for grid (a) Voltage (b) Current and (c) grid voltage and current inphase.
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Fig. 16.Waveform for (a) Real power and (b) Reactive power.

The reactive and real power waveform for the ~ waveform is accomplished at unity as depicted in
developed work is illustrated in Fig. 16.From the  Fig. 16 (b) the power constantly maintained at
waveform, the real power and reactive power  610(VAR).
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Fundamental (50Hz) = 10.27 , THD= 2.45%
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Fig. 17. Waveform form (a) Power factor and (b) THD.

Fig. 17 represented Power factor and THD  Fig. 17 (b), the THD waveform for the developed
waveform, which is analysed that a power factor ~ work attains 2.45%.
value of unity is accomplished. As represented in
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:
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Fig. 18. Comparison for (a) Efficiency and (b) THD value.
source converter attains high efficiency of 91.2%

so - -

a5 —{}— PSO-RBFNN and the low THD value of 2.45% is attained as
) —3t— GWO-RBFNN specifies in Fig. 18 (b).

40 —O— FIREFLY-RBFNN

-3
é 30 Table 2
= 25 Comparison of tracking efficiency with various
%‘ 20 MPPT topologies
=15 . Tracking Efficiency
10 MPPT Techniques (%)
5
P&O [21] 95%
2 4 [ 8 10 12 14 16 18 20
SAMPLE ABO [22] 97%
Fig.19. Comparison of Error rate. PSO [23] 98.25%
o _ MFO [24] 98.31%
The efficiency and THD value is compared Proposed Firefly
. - H R - 0,
with the conventional converters like Z-source as RBENN based MPPT 98.54%

well as Clamped Z-source, from the Fig. 18 (a) it
is observed that proposed Improved Clamped Z-
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The comparison of error rate is depicted in Fig.
19, from which it is analysed that compared to the
other optimized techniques like PSO-RBFNN,
GWO-RBFNN, the proposed Firefly optimized
RBFNN achieved lower error than the
conventional approaches.

The tracking efficiency of proposed optimized
MPPT is compared with the existing approaches
like P&O, ABO, PSO and MFO. Comparing the
developed optimized RBFNN based MPPT
system to the existing topologies, it can be
observed from the table analysis that the system
achieves a high tracking efficiency of 98.54%.

IV. CONCLUSION

In this analyzation, the proposed work
incorporate  HRES for energy management
system with the aid of improved Clamped Z-
source converter and Firefly optimized RBFNN
based MPPT. By implementing Optimized
RBFNN based MPPT technique, the optimal
power from the PV system is efficiently extracted.
Moreover, the low output voltage from PV system
is proficiently boosted by adopting improved
Clamped Z-source converter with high efficiency.
The excess energy from the hybrid RES are stored
in battery and it is powerfully controlled by the
RNN with the Bidirectional Battery converter.
The developed work is performed out by utilizing
MATLAB/Simulink to reveal the developed
system's performance. As a consequence,
Comparative analysis is made to foreshow the
proficiency of implemented work. Which
concluded that by utilizing the proposed work
high efficiency of 91.2%, Low THD of 2.45%,
high tracking efficiency of 96.54%, rapid
convergence speed is achieved when compare to
the other converter and optimized topologies.
Finally, the developed work distributes the
uninterruptable power supply to grid system with
improved grid stability and reliability.
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