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Abstract. In a hybrid renewable system, a conventional boost converter produces more losses at the time
of the energy conversion process due to this, the performance of the hybrid system is reduced total
harmonic distortion is increased, and the hybrid microgrid outcome is reduced. The main objective of
the work enhancing the low DC voltage produced by the PV panel, a high gain Boost converter is
utilized. The objectives of the work were achieved by a High Gain Modified Z-source Boost converter
along with Modified Particle Swarm Optimized- Proportional Integral (MPSO-PI) controller employed
in the energy conversion stage at Grid. It reduced power conversion stages and decreases the losses
compared to existing Hybrid Grid-connected systems. A new 13-bus system is developed in this work
for regulating the output voltage in distribution networks. The significance of our work lies in the design
of an efficient microgrid system for grid-tied applications. High Gain Modified Z-source Boost
converter along with Modified Particle Swarm Optimized- Proportional Integral (MPSO-PI) controller
is employed to boost the voltage obtained from the PV system. A battery converter along with a bi-
directional battery is connected to the DC link, to store energy generated by Hybrid Renewable Energy
System (HRES) in excess amounts. The obtained DC link voltage is transferred to Three Phase VSI for
the conversion of DC to AC voltage. Effective harmonic reduction is attained with the aid of an LC filter
coupled to Three Phase grid, and the PI controller connected to Voltage Source Inverter(VSI) supports
achieving effective grid synchronization. The proposed work was tested with 13 bus system through
MATLAB Simulink.
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Sistemul energetic hibrid cu surse regenerabile de energie si cu convertizor de tip Z modificat pentru
conectare directa la retea
Sathis Ch.!, Cidambaram I.A.,* Manikandan M. ?
! Universitatea Annamalai, India, Jyothishmathi Institute de Technologia si Stiinta, India

Rezumat. in sistemul energetic hibrid cu SER, convertorul boost conventional genereaz mai multe pierderi in
timpul procesului de conversie, determinidnd scidderea performantei sistemului hibrid, cresterea distorsiunii
armonice totale si scaderea eficientei microretelei hibride. Scopul principal al lucrarii este de a ridica tensiunea
DC scazuta generatd de panoul fotovoltaic folosind un boost convertor cu coeficientul de amplificare inalta.
Obiectivele lucrdrii au fost atinse utilizand un boost convertor cu coeficientul de amplificare inaltd de tip Z
modificat impreund cu un controler PI optimizat prin metoda roiului de particule si utilizat in treaptd de conversie
energiei 1n retea. Astfel incat a micsorat numarul etapelor de conversie a energiei si a micsorat pierderile in
comparatie cu sistemele existente conectate la retea hibrida. in aceastd lucrare, am elaborat un nou sistem cu 13
sine pentru reglarea tensiunii de iesire in retelele de distributie. Semnificatia lucrarii constd in elaborarea unui
sistem de microretea eficient pentru aplicatii in retele. Convertorul boost co coieficient de amplificare inalt si cu
Z- sursa modificat, impreuna cu un controler PI modificat, optimizat prin metoda roiului de particole este folosit
pentru cresterea tensiunii din sistemul fotovoltaic. Convertorul bateriei, impreuna cu bateria bidirectionala, este
conectat la legatura DC pentru a stoca surplusul de energie generat de sistemul hibrid de energie regenerabila.
Tensiunea rezultata a circuitului de curent continuu este transferata la un convertor trifazat DC/AC. Suprimarea
eficienta a armonicilor este realizata cu un filtru LC conectat la reteaua trifazata, iar un controler PI conectat la
invertorul sursei de tensiune (VSI) asigura o sincronizare eficientd a retelei.

Cuvinte-cheie: sistem hibrid cu surse de energie regenerabild, sistem fotovoltaic, distorsiune armonica totala,
sistem cu 13 sine, convertizor de amplificare cu comutare Z-sursa.
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I'nOpunnasi 3HeprocucreMa ¢ BO300HOBJISIEeMbIMH HCTOYHHKAMH YHEPrUU U ¢ MOIU(GHIUPOBAHHBIM
NMOBBIIAIOIINAM Npeodpa3oBaTeieM Z-TUNA /ISl HENMOCPEACTBEHHOH CBSA3HU C CETHIO
Yuugam C.}, Unpamoapam M.A.Y, Manukanaan M.2
1YHI/IBepCI/ITeT Annamanai, Uuaaus, 2I/IHCTI/ITyT TexHoJoruu 1 Hayk JhxotuimMmary, Tenanrana, Uaans

Annomayusn. B rubpunHoii 3eprocucreMe Ha BIID 00BIYHBIN TOBHIIAOMINH IpeoOpa3oBaTens co3aaeT O0bIe
MOTEPh BO BPEMs Tpoliecca MpeoOpa3oBaHus U3-3a YET0 NPOU3BOANTEIBHOCTh THOPUIHON CHCTEMBI CHIDKACTCS,
o0mmme TrapMOHHYECKHE HCKa)KEHUS YBEIMYHUBAIOTCS, a 3(PPEeKTHBHOCTE THOPUIHOW MHUKPOCETH CHHKAETCS.
OCHOBHOW 1ENbI0 PaOOTHI SBISIETCS TOBBIMICHUE HHU3KOTO HANPSDKEHWS MOCTOSHHOIO TOKA, CO37aBacMOTO
(hOTOINMEKTPUUECKOI  MaHeNblo, C  HCIOJIb30BAHHEM  IIOBBILAIONIETO IpeoOpa3oBaresii C  BBICOKUM
ko3¢ ¢unnentoM ycunenus. Llenu paboThl ObUIM TOCTHTHYTHI C MOMOIIBIO MOBBIIIAIONIETO NpeodpazoBaTens ¢
MOJU(UIMPOBAHHBIM Z-UCTOYHHKOM U C BBICOKUM KO3((GHUINEHTOM YCHJIEHUS BMECTE ¢ MOIU(PHUIIMPOBAHHBIM
[MU-perynsaTopoM, ONTUMHU3UPOBAHHBIM C IIOMOINBIO METOJA pOSi YacTHI, HCIOJIB3YEMBIM B CTYIEHH
npeoOpa3oBaHKs SHEPTHH B CETH. DTO YMEHBIIMIIO YUCIIO ITANIOB MPeoOpa3oBaHus SHEPTHUH U YMEHBLINIIO TOTEPH
M0 CPaBHEHHUIO C CYLIECTBYIOIIMMH CHCTEMaMH, IIOAKIIOYEHHBIMH K THOpHOHO# cetn. B nmanHOW pabote
pa3paborana HOBas 13-mIMHHAS CHCTEMa A PETYIMPOBAHUS BBIXOJHOTO HANPSDKEHHS B PACHPENCIUTEIBHBIX
ceTsx. 3HaueHWe pabOTHl 3aKiIrodacTcs B pa3paboTke 3(()EeKTHBHONH MHKpPOCETEBOW CHCTEMBI ISl CETEBBIX
npwioxkeHui. IloBeimaromuii  mpeoOpasoBaTenb ¢ MOAMGUIMPOBAHHBIM ~Z-UCTOYHHKOM C  BBICOKHM
K03((UINEHTOM YCHICHHS BMECTE ¢ MOANGHUINPOBAHHBIM IIPOTOPIMOHATIBHO-MHTETPAITEHBIM KOHTPOIIIEPOM,
ONTHMU3UPOBAHHBIM METOJOM pPOSi YacTHI] HCHOJB3YETCS IS TOBBIMICHUS HANPSOKEHUs, MOIy4aeMoro OT
(hoToameKTpHUECKOll CHCTEMBI. AKKYMYJSTOPHBIM NpeoOpa3oBaTeslb BMECTe C JABYHAIpaBICHHOW Oarapeei
MOJKIIIOYEH K 3BEHY IMOCTOSHHOTO TOKa JJIsl XpaHEHWs M30BITOYHOM JHEepruu, BhIpabaThiBaeMoOi rHOpHUAHON
CHCTEMOM BO300HOBJISIEMBIX HCTOYHHUKOB OHEPIuu. HOJ’Iy‘IeHHOG HallpsPKEHUE 3BCHA IIOCTOSIHHOTO TOKa
nepenaercs Ha TpexdasHblli peoOpa3oBaTeb IOCTOSHHOTO HAIPSHKEHUS B IepeMeHHoe. OQQeKTUBHOE
MOZAaBJIEHUE TapMOHUK JocTHraercst ¢ nomoiusto LC-punbrpa, monkioyeHHoro k tpexdasnoi ceru, a [1U-
peryisaTop, NOJAKIIOYEHHBIH K WHBepTOpy Hcroynuka HanpspkeHus (VSI), obecneunBaer 3QQeKTUBHYIO
cuHXpoHM3anuio cetu. Ilpennaraemas pabora ObUIa NMPOTECTHpOBaHA C 13-IIMHHOW CHCTEMON C IOMOIIBIO
MATLAB Simulink.

Kniwouegvie cnoea. rubpunHas cucreMa C BO300OHOBJISIEMBIMH HCTOYHHKAMHU SHEPTHH, (POTOINICKTpHUECKAS
CHCTEMa, IIOJHOE TapMOHHYECKOE HCKaKCHHE, CHCTeMa C 13 IMHaMH, NOBBIMIAIOMHKI NpeoOpa3oBaTenb ¢
MEePEKII0YaeMbIM Z-UCTOYHHKOM.

INTRODUCTION While the generation of solar energy is generally
predictable, that of wind energy is sporadic,
unreliable, and very unpredictable [7]. In this
proposed work, hybrid power generation like
Solar Photovoltaic [8] and WECS [9] has
outperformed all other renewable energy sources
due to a number of factors, including its
availability in nature, environmental friendliness,
minimal maintenance costs, and dependability.
From an environmental standpoint, the primary
goal of the proposed study is to emphasize on
green energy by reducing the use of energy
derived from fossil fuels for the distribution
system. Typically, DC-DC converters are
employed to regulate power generation and
maximize electricity in varying climatic and
environmental ~ circumstances  [10,  11].
In applications of a photovoltaic system, Boost
converters [12] are frequently employed for DC-
DC conversion, however, only step-up voltage
ratios are feasible. The typical Buck-Boost
converter [13], converts voltage in both step-up
and step-down directions, but due to its
interrupted input current, it cannot operate at its
best without significant decoupling capacitors.
Although Cuk [14] converter is capable of

Energy supply and utilization challenges are
associated with environmental issues like air
pollution, acid rain, depletion of the ozone layer,
deforestation, and radioactive emissions in
addition to global warming [1]. Potential
countermeasures include reducing the usage of
fossil fuels, increasing the availability of
ecologically acceptable energy sources, and
improving energy efficiency to conserve energy
[2]. To combat an energy problem and
environmental degradation, it is crucial to
produce RES. Energy Storage Systems (ESS)
offers flexibility to lessen the effects of RE access
tothe grid because RE sources exhibit
exceptional features of variable and uncertainty
[3-5]. Solar and wind energy are the two most
promising RES for producing electricity with the
potential to make a sizable contribution to the
world's electrical energy needs. Both of these
resources are nearly limitless, free, and emit no
harmful by-products or greenhouse gases [6].
However, there is a certain amount of
unpredictability with solar and wind energy
because they are weather-dependent sources.

40



PROBLEMELE ENERGETICII REGIONALE 1(57) 2023

stepping voltage up or down it seems to have
constant input currents. The enormous input
power ripples still limit the performance of the
photovoltaic system under variable power points.
The benefits of DC-DC Z-source [15] converters
over traditional boost converters make them a
great option for many applications involving
renewable energies. However, since numerous
discrete DC-DC converters must be employed,
this is unworkable. To solve this problem, a
Switched Z-Source driven DC-DC Boost
converter is built, which uses fewer switches and
is more efficient, and reduces power losses.
Efficient control techniques are necessary for a
converter, in order to attain reduced settling time,
steady state error, peak overshoot and mitigate
harmonics. In the proposed work, PI controller
[16] is employed, which is a simple conventional
control approach to control DC voltages.
Distributed generation (DG) is a crucial
component of contemporary power networks,
which also include energy storage technologies,
RES, and load types like electric vehicles, etc.
[17]. The placement of the DGs ensures that they
complement one another and maintain the
microgrid's seamless operation. To assure
improved operation of the microgrid ina grid-
connected system, the control schemes within a

module arecreated [18, 19]. In order to
thoroughly investigate power
quality disturbances and  operating  issues

connected to the integration of RESinto a
balanced distribution network, this paper makes
use of a standard IEEE 13-bus power system [20].
A z-source boost converter and An IEEE 13 bus
system are employed in this architecture to obtain
an equal amount of real and active power to the
system by eliminating losses. This has multiple
advantages as a lesser count of switches, high
power processing capability, and high-reliability
result in a reduction of the overall cost. Besides,
the prime advantage of this topology is achieving
high voltage gain for a low-duty ratio. These
problems have not been previously considered in
the literature and they are the subject of study in
this article. The novelty of the work consists in the
fact, that the non-linear voltage obtained from the
PV system is improved with the utilization of a
High Gain Modified Z-source boost converter,
which provides isolation by stepping up the
voltage. For efficient control of the converter,
(MPSO-PI) controller is employed, which
provides the optimal result with its simple design.
When compared to other conventional controllers,
the proposed control offers reduced oscillations
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with a better dynamic response. Similarly, the
DFIG-based WECS associated with the proposed
work generates AC voltage. In order to provide
supply for the DC bus, the PWM rectifier coupled
to the WECS converts the AC voltage to DC. The
generated DC supply from both sources is
transferred to the DC link. The battery converter
combined with the battery system collects the
excess energy produced by the RES for later
usage. The 3@ VSI provided converts DC voltage
to AC, from which the voltage is supplied to LC
filter for harmonics mitigation and supplied
effectively to the grid. An IEEE 13 bus system is
employed in this architecture to obtain an equal
amount of real and active power to the system by
eliminating losses. The performance of the hybrid
approach for the distribution system is validated
using MATLAB simulation and improved results
are obtained.

OBJECT, SUBJECT, AND METHODS FOR
RESEARCH

The main objective of this work is to design and
develop a Hybrid Renewable energy model based
on solar photovoltaic (PV) systems integrated
with Wind Energy Conversion Systems (WECS)
to generate and provide stable and maximum
power during different electrical behavior like
voltage sags, dips, harmonics, etc.

In the proposed work as shown in Figure 1, an
efficient IEEE 13 bus distribution system is
demonstrated for equal distribution of electricity
to more supplies. HRES consisting of solar PV
and WECS is proposed in this research for
generating electricity by natural means.

However, the intermittent nature affects the
system’s performance. In order to enhance the
voltage obtained from the PV system, a converter
approach is necessary. Usually, a DC-DC
converter is employed to boost the voltage
generated by the PV system. In this proposed
work High Gain Modified Z-source Boost
converter is implemented, which is an advanced
form of the boost converter. The non-linear output
from the PV is stabilized using an MPSO- PI
controller to Switch the Z-source Boost converter.
Similarly, DFIG-WECS is the other RES for
generating energy, which produces AC voltage.
The acquired AC voltage is converted into DC
with the aid of a PWM rectifier.

A bidirectional battery along with a converter is
placed in the DC link to acquire the excess energy
generated and for utilization during the
intermittent. The interfacing of the battery to the
microgrid is accomplished using a battery
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converter and the SOC of the battery is managed
using a PI controller.

3 PHASE 13 BUS SYSTEM

~
," LC FILTER 3¢
— .
+ HIGH GAIN + 7 - - “ GRID |
> MODIFIED Z- B > _fwo'\__lr —P{ ) 1
PV SYSTEM | V, 4+ 2 1
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Fig. 1. Block diagram of proposed system.

Effective grid synchronization is also achieved by
the control of 3¢ VSI using the PI controller. The

3¢ VSI connection to the grid via the LC filter
results in effective harmonic mitigation. The 3¢

IEEE 13 bus system provided in the proposed
work reduces the unbalanced distribution and
provides an equal power supply to different loads.

ANALYSIS OF THE MODEL AND THE
METHODOLOGY OF ITS RESEARCH

A. PV Modelling

A PV system is made up of cells arranged in an
array that is either stationary or moved by motors
in order to monitor the sun and maximize the
amount of power produced.

In addition to their high initial cost, one of the
drawbacks of PV systems is that they require a lot
of room to generate enough power.

PV systems were initially utilized for massive
corporations with extensive networks, but they

now it is used for household and commercial uses.
Rg

v

I
Ipn Iy ¢

®

Ry, Vpv

Fig. 2. Equivalent circuit of solar PV system.
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By applying Kirchhoff’s current law,

Iy =lpn —1g—1p (1)
Here, I, I[ (VPVHPV j 1} )
|p [va"'lpvRsJ (3)

I _I _I |:e (VPV+IPV 1:| VPV+IPVR
PV = "ph 0

(4)
Funfi)

®)
The PV panel s open circuit voltage is,

aT Log, [Il'wlj (6)
q Iy

Here, 1, specifies the PV output current that
flows through the series resistance R,V
specifies the PV output voltage 1, specifies the
photogenerated current, 1, specifies the diode
saturation current, I, specifies reverse saturation
current, 1, specifies the current that flows through
the shunt resistance R,,nstands for number of

series connected solar PV cells, v represents the
junction thermal voltage, a stands for diode
ideality constant, g represents the electron charge,

whch has a value of, k denotes the Boltzmann

Here, V.

VOC
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constant (1.381-10°J/K) and T stands for

temperature of PN junction.
B. MPSO-PI Controller Technique

PI controller is one of the most often utilized
controllers. There are two tuning parameters for
Pl controllers.The proportional section and
integral section make up both of its components.
Here, deviations in steady-state error are caused
by the proportional part, simultaneously the
integral part removes the steady-state error. The
mismatch between a measured process parameter
and the set reference point is used by a PI
controller to determine an error value.

The output u(t) specifies the PI controller at the
time domain and is calculated as,

u(t) =k,e(t) +k, j e(t)dt (7)

Here, the error is denoted ase(t), Proportional
gainas k, and k, specifies the integral gain factor
evaluated from,

(8)

Here, reset time is represented asT, . Substituting
Equation (8) in (7) the corresponding expression
becomes,

u(t) =k,e(t) +';—i“ j e(t)dt (9)

MPSO Algorithm

To create an initial population of swarms, where
each member is referred to as a particle, the PSO
algorithm provides a collection of stochastic
solutions to the objective function. The
population size of a swarm is defined as the total
number of particles it contains. Each particle
navigates the problem's solution space by
following the ideal particle in the preceding batch
along its own optimal pathways, much like a bird
hunting for food. Every particle has the ability to
change its position as determined by Equation
(11) and velocity Equation (10). Earlier velocity
and previous position for one's own personal best,
and the current position for one's own global best
all serve as indicators of the shift in velocity.
Particle velocity and position at the time t+1 is
expressed by
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Ving) = a)*vir(1t) +C*r *< P — Xin(t) ) +

CZ *rz *(Gin - Xin(l))

xi(r:ﬂ) = Xi(nt) +Vir(1Hl) (11)

From the expression above, inertia at range 0-1 is
given by w, acceleration constants as C,and C,

random numbers as r,and r, ranging from O to 1.

The fitness function acquired by the objective
function, decides which position is superior in
search space, and is applied to every new position.
To increase computing efficiency, the particle
velocity formula has been modified in proposed
approach. C,and C,are constant variables

in traditional PSO method, and they don't vary
over time. In the modified PSO method, C, falls

off and C, rises exponentially over time. Figure 3

illustrated the MPSO optimized Pl controller
flowchart. The time dependent effect of C,and C,

are as follows: -

e With time, a particle's next position
becomes less dependent on its best previous
position.

e With time, particles’ next positions
become more and more dependent on
global best position.

e The primary advantage of PSO is its
ability to produce random particles, however
after some time, when warm has encountered
several alternative solutions, one of them will
eventually emerge as the best option
available. After this point, the swarm should
only search in vicinity of best solution
because it is quite likely that the optimal value
for fitness function is present nearby.

e It is improbable that particles
dispersed across the whole solution space will
perform better than particles focused around a
more compact subspace that contains the
solution.In a very short period of time, the
entire swarm gathers around single global
best point and continues its search for global
optimum in a very constrained subspace
surrounding global best. Swarm optimization
is improved and completed more quickly
when it concentrates around a tiny subspace.

The expressions of Modified PSO velocity
and position expressed as
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Vir(mtﬂ) = a)*vir(lt) +C, *(Pin - Xin(t))-i- (12)
-G, *(G, = X,,")
X-(Hl) _ X»(t) +V-(t+1) (13)
The value of

Initialization MPSO parameters
setup

v

State swarms as K, and K;

v

Simulate PV system and
determined initial objective function

L

Iterationi =1+ |

p(-00)

Thus, effective parameter tuning of PI controller
is achieved by means of MPSO technique.

w=04,C, = e(—0.051) .C, =

\ 4

Determine gbest and
pbest

v

Determine velocity and position

L

1 < Iteration

~
Determine evaluation
Evaluation < MSE
pbest = Swarm
Evaluation = MSE

!

Global minimum K), and K;

\ J

function

Simulate PV system and determined objective

y

Calculate MSE

I

Fig. 3. MPSO-PI controller flow chart.

Grid Voltage Synchronization Using Pl Controller

The PI controller minimizes the error, which is
determined by comparing the actual output
current of the inverter with the reference grid
current. The proportional constant K, and the
integral constant K, are the two different
parameters that are involved in the calculation
procedure of the controller. Here both
proportional and integral operation takes place. In
the case of proportional operation, the error e is
multiplied with the gain Kp, whereas in the case
of integral operation, the error e is integrated and
then multiplied with gain K;.

At the end of both operations, the
steady-state error is totally minimized and the
reference signal is generated in a short span of
time. This controller is capable of working with
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both stationary reference frame (af) and
synchronous reference frame (dq). Here the PI
controller is used in the dq reference frame for
achieving effective grid voltage synchronization.
The grid-connected inverter’s output voltage in
the synchronous (dq) frame is calculated using the
inverter's mathematical model, as shown below.

A IS MRS

Here, u,and u, are the Park transformation
components of the inverter output,e, ande, are

the park transformation components of the grid
voltage. The resistance and inductance between
the grid and the grid-connected inverter are
denoted by the letters Rand L, respectively. The
angular frequency of the grid is specified as ®.

} (14)
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The current vector components indicated in the
synchronous reference frame (dg) are

compensated using two Pl controllers One PI
controller compares|, and 1;, while the other

compares |, and I, and generate errors that are

minimized to zero. The power factor and output
power are regulated by varying the q-axis and

d —currents.

PI controller-based BESS
The actual battery voltage V,,, and the reference

voltage V. are compared to find the steady-state
error e. This error is fed into the Pl controller,
which performs both proportional and integral
control operations and generates the control signal
u as shown below.

u=Kpe+ Kljedt (15)

The PWM generator generates PWM pulses based
on the control signal, which is obtained from the
Pl controller. The resultant PWM pulses control
the duty cycle of the battery converter in order to
enable buck as well as boost mode of operation.
The battery is charged during the buck mode of
operation and discharged during the boost mode
of operation.

C.Modelling of the DFIG system

The main components of a DFIG-based WECS
are a Wind turbine, gearbox, wound-rotor
induction machine, and a back-to-back converter.
Wind speed has a direct connection with Kinetic
power, which is calculated as follows:

P, =2 pSC (2 AV? (16)

Here, wind speed is specified as, air
density asp with a value 1.225kg/m® area
surrounded by turbine blades asS and power

conversion  efficiency  Subsequently, the
aerodynamic torque is expressed as,

P 1 3
=—2=—pSC, (1, BV
2le » (1, )

= a7)

t

Where turbine speed is represented as Q, .

A winding rotor asynchronous generator known
as DFIG connects the grid directly to the stator
and the rotor to the converter. The DFIG dynamic
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model utilized in this work is expressed in an
arbitrary rotating frame for simplicity's sake. The
voltage equations of the stator and rotor is
expressed as,

. d
Ves = RSIds +a¢ds — O Pys

. d
vqs = RSIqs +a¢ds _ws¢ds
(18)

. d
Vor = erdr +a¢dr — O Py

. d
vqs = erqr +a¢qr _wr¢dr

Here, the stator and rotor indices is denoteas S
and r , synchronous reference components as d
and g, the flux, current and voltage is specified as
¢ , v and i and resistanceas R Similarly, the flux
equations for stator and rotor are given by,

¢ds = LSids + Midr

¢ = Lsi +Mi,
q S-q .Cl (19)
¢dr = Lrldr + Mlds
¢qr = Lriqr + Miqs
This specifies inductance as Land mutual

inductance as M .For a DFIG-WECS the
mechanical equation is expressed as,

1992 1 1 g

dt (20)

Here, total inertia of turbine is denoted asJ
DFIG speed asQ , Generator Electro-Magnetic
(EM) torque asT,, and the damping coefficient as

f The EM torque equation of DFIG is given by,

Tem = p%(¢qsidr _¢dsiqr ) (21)

In which the number of pairs of poles in DFIG is
represented as p .The corresponding active and

reactive power at stator side is evaluated as,

3, . .
PS = E(Vdslds +Vqs|qs)
A (22)
QS = E(Vqsids _Vdsiqs)
D.High Gain Modified Z-Source Boost
Converter
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An innovative High Gain Modified Z-source
based boost converter is proposed, including
strong step-up capability and minimal device
voltage stress. The projected method provides
input and output through a common ground that
makes it more appropriate for specific
applications. The topology of the proposed

Operating Modes of Proposed Converter :

This section compares and contrasts the
Discontinuous Conduction Mode (DCM)
Continuous  Conduction Mode (CCM)
operating philosophies. The following analysis
makes the following presumptions. The
capacitors are all of adequate sizes. As a result,
the capacitors' voltage is conceived as constant

Fig. 4. Equivalent circuit topology of proposed
converter.

Converter constitutes of a switched capacitor cell,
and a Z-source network. The identical drive signal
concurrently controls switches S, and S,. The
suggested converter also includes a capacitorC,,

an output diode D, , and an input diode D; .

for a switching period. The power equipment is
perfect, and the parasitic components are
ignored.Inductors L,and L, have same level of

inductance due to the similarity of the
topologie.

Fig. 5. Direction of current flow during (a) Model at CCM &DCM, (b) Mode 2 at CCM &DCM and (c)
Mode 3 DCM.

a)Operation at CCM

Mode 1:[t,-t ]SwitchessS,,S, and output diode
D, are in ON state, and the diodes D,, D, and D,
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are reversed biased usingV,-V, and V.. The
current flow is indicated in Figure 5(a).

The inductor L,is charged via capacitor C,, and
C,, while the other inductor L, is charged byC,,
andC, capacitors. In the interim,C,,,C,,and C,
linked in series to charge loadsRandC,.
Equations (23) and (24) are acquired, in
accordance with Kirchhoff Voltage Law (KVL).

{Vu =Ve +Ven (23)
Vie =Ver +Vez,
Vo :V01 +Vc21 +chz (24)

b)Operation at DCM

In DCM mode 3 Operating Modes are there
Mode 1 : [t,-t, ] The circuit topology is same as
that of in CCM and Equations (23) and (24) are
still applicable at this stage. Considering
L =L, =L, the fluctuation of inductor current
throughout this time period can be estimated as
follows,

V. +V
{Aiu - (C“L—”l) DT, 27)
{Aiu = (V°22L+V°2) DT, (28)

E. Modelling of IEEE 13 Bus System

This suggested work makes use of IEEE 13 bus
distribution system, which runs at 4.16 kV, has
asymmetrical loading, is quite short, and is
heavily loaded. In addition, this circuit has a
single in-line transformer, overhead and
underground wires, shunt capacitors, and a single
voltage regulator at the substation. In Figure 6, the
proposed topology is illustrated. There are buses
with 1, 2, and 3 phases in this IEEE 11 bus system.
It has 32 nodes in total. It is expected that each of
the 32-circuit nodes has a metre that measures the
voltage magnitude. As a result of the closed
switch connecting buses 671 and 692, the voltage
magnitude of their phases is the same. The load
time profiles are the same for all of the loads.
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Mode2: [t,—t,] DiodesD,,D, and D, are turned

ON and switches are turned OFF. The output
diodeD, is reversed biased by V,-V,. The

direction of the current flow is represented in
Figure 5(b). The capacitor of the converter V,, is

charged byv, and V., usingv, andL,. The
capacitor C, is charged additionally, by inductors
L, ,L,and V,.C,Is responsible for sustaining the

output voltage. These connections are made,
according to KVL.

{Vu =V, _chz (25)
VLZ :Vi _Vc21
Ver =Vezs +Vez, =V, (26)

Mode 2: [t, —t,]. The direction of current flow is
same as that of operation in continuous
conduction mode. Similarly, the Equations (25)
and (26) of CCM mode exists. The operation of
mode 2 terminates whenever the inductor current
at time t, falls to zero.

Mode 3: [t, —t, JAt this instance all diodes and
switches are in OFF state and the voltage at output
is maintained with C,.The equivalent circuit
topology corresponding to this mode is illustrated
in Figure 5(c). Mode 3 terminates when the
switches are at ON state at timet, , which is the
beginning of subsequent switching period.

Load Model:

The 13-bus test feeder is a significantly loaded
system made up of 3¢ and 1¢ loads coupled in

delta or Y topology with constant PQ, I, or Z.
Simulink's dynamic load block is used to
represent 3¢ balanced loads, while 14 dynamic

load blocks are used to describe the unbalanced
loads. Given equations (29) and (30) are the actual
power P and reactive power Q for load.

np
p-p|VL
VO

(29)
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v )
0-q [V—j (30)

| 650
J

N

646 645 632 633 634

£ D A\ y .y
J— — )

611 684 oy (2 6B

62 680

Fig. 6. Configuration of IEEE-13 bus system.
Here, the initial values of voltages, active and
reactive power is indicated byV, P,andQ,. The

constantsnp andng regulate the load's PQ, I, or Z
type.
RESULTS AND DISCUSSION

The proposed approach consisting of PV,
WECS along with battery for steady power
studied in this work. The adoption of Switched Z-
source boost converter along with PI controller
results in stabilized PV voltage. The performance
of proposed work based on IEEE 13 bus
distribution system is analyzed using MATLAB
simulation and the validated results obtained are
as follows. Table 1 specifies the parameter
specification of Solar, Wind and Battery

Table 1:
Spécifications of solar PV system, WECS and BESS
Parameters | Specifications
Solar PV panel
Peak Power 10kw
No. of Solar PV Panels 750w, 13panels
Short Circuit Voltage 12v
Open Circuit Current 22.6 A
Short Circuit Voltage 62.5A
No. of Series Connected Solar Cells 36
WECS
No. of Wind Turbines 1
Power 10kw
Voltage 575v
Speed Range 4m/s-16m/s
Switched Z-Source boost converter
Cz;,Cz; 22uF
CoC1 1000 i F
Li, Lo 4mH
Battery converter
L 1mH
C 1000 i F
Switching Frequency 10KHZ
Load
Capacity | 5KW

The waveforms obtained from MATLAB Simulink for the proposed approach are as follows:
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Fig.7.Solar panel output of (a) voltage and (b) current.

In Figure 7,1t is observed that, the input voltage of ~ 0.1s.Corresponding to solar PV outputs at
solar PV is maintained constant after 0.2S while  variable operating conditions cause’s changes in
the output current 25A is obtained constant after  the converter output.

o . ' . . r
‘; -
¥ $
g §
d § 10 Lx
? 0
nt A A " A A
0 0.05 0.1 0.15 0.2 0.25 0.3 0 0.05 0.1 0.15 0.2 0.25 0.3
Time(s) Time(s)
(a) (b)

Fig. 8. Switched Z-Source converter (a) output voltage and (b) output current.

In Figure 8, It is noticed that, the output voltage  the output current reaches a peak value of 30A and
of converter initially increases with respect to  maintained constant after 0.15S with 8A current.
times and fluctuates till 0.1s.A constant voltage of ~ Thus the proposed controller approach results in
600V is obtained after 0.1S with the aid of  generating improved voltage and current.
conventional PI controller employed. Similarly,

4 \/x/\
5
¥ a00
g
%
3 200
| o
0 0.05 01 0.15 0.2 0.25 0.3 0 005 0.1 0.15 0.2 0.25 03
Time{s) Timea{s)
(a) (b)

Fig 9. Output voltage waveform for (a) DFIG ~-WECS and (b) PWM rectifier.
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Owing to to intermittent nature of wind system a
constant voltage of 550V is obtained after 0.1S is
depicted in Figure 9 (a). Subsequently, after a
sudden rise in voltage at 0.02S the converted DC

20
= 15
i
8 10
5
> s
a
] 0.05 o1 015 0.2 0.25 0.3
Time(s)
(a)

voltage using PWM rectifier achieves a maximum
voltage of 600V at 0.1S and is further maintained
constant as shown in Figure 9(b).

0 0.05 0.1 0.15 0.2 0.25 0.3
Time(s)

(b)

Fig. 10. Battery (a) voltage and (b) current waveform.

Figure 10 represents voltage waveform and
current waveform of battery, in which the battery
voltage is maintained as a constant of 12V and the

corresponding battery current is subjected to
minor fluctuations and maintained stable within a
short time period.

0 0.05 0.1

0.15 0.2 0.25 0.3

Time(s)

Fig.11. SOC of battery.

The SOC of the bidirectional battery implemented
in this work with 60%charge is depicted in Figure
11. Here, the battery operates in buck mode when
it is below 60%.At that instance the battery starts

charging. While boost operation is performed,
when the SOC of battery is above 60%, during
this occasion the battery discharges.

=1
8

Power(Watts)
8 8
8 8

8
8

T T T T _1m T T T T T
g -200 ,
5
¥
$ 300}
g

‘ ‘ . 400/

0 005 04 0.5 02 025 0.3 0 0.05 0.4 045 0.2 0.25 0.3
Time(s) Time(s)
(a) (b)

Fig. 12. (a) Real and (b) reactive power waveforms.
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The implementation of 13 bus distribution system
results in maintaining a constant real and reactive
power is illustrated in Figure 12. From figure
12(a), it is observed that a stable real power of

7900W is obtained at 0.03S. Similarly, the
corresponding reactive power of -150VARis

attained after minor fluctuations as shown in
Figure 12(b).

Current(Aa)
.

)]
=4
P=

Voltage(V),Current(A]
.
=3

Fig. 13. Waveforms for (a) grid voltage (b) grid current and (c) grid voltage and current.

The waveform illustrated in Figure 13(a) indicates
the Grid voltage without any fluctuations.
Similarly fromFigure13(b)a stable grid current of
12A is Maintained. A combined

waveform for grid voltage and current is depicted
in Figure 13(c), in which a stable grid voltage of
450V and Grid current of 12A is maintained.

POWER FACTOR WAVEFROM

5.- 1
o
'E' 0.5
el
7]
E 0
|
a
E -0.5
o

-1

0 0.05 0.1 0.15 0.2 0.25 0.3
Time(s)

Fig.14. Power factor waveform.

The power factor waveform for the proposed
approach is illustrated in Figure 14. From the
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figure it is observed that, after 0.02s unity power
factor is achieved
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Table 2:
Comparison of Proposed Converter with Existing System.
No. of No. of No. of No. of Voltage Gain Efficiency
Diodes Switches Inductors Capacitors (%)
4 2 2 4 G.1-30 96.8%
1-4D
3 1 3 5 G- 1 95.6%
1-3D
4 1 4 7 Go_ 1 95%
1-4D
5 1 3 7 G_2+Db 94.7%
1-2D
6 2 2 2 G 1+D 94%
1-3D

efficiency and voltage gain. The voltage gain
comparison is carried out in graph format

The comparison is performed with existing
converters in terms of No. of components,

Comparison of Voltage Gain

m Cascaded Quazi Z-Source Do-DC Converter

=
=

=
o ha

Voltage Gain

=T S T R = I« ]

m Hybrid Two Quasi Z-Source Boost Converter
m High Step-Up Quazi Z-Source DC-DC Converter
m Active Switched-Capacitor fSwitched Inductor Quazi Z-Source

Inwverter
m High Gain Modified Z-Source Boost Converter

Fig.15.Comparison of voltage gain.

From Figure 15, it is noticed that the proposed
High Gain Modified Z-source converter is
compared with existing converters, in which the

proposed converter attains a voltage gain of 1:12
resulting in higher conversion rang.

CONCLUSION As the world's energy needs are
increasing and conventional energy sources are
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running out, and much attention is becoming paid
to renewable energy sources. This is because of
the sharp rise in energy costs. In this work, HRES
combining PV and WECS system is
implemented. This study makes a suggestion for
an improved DC-DC converter that is completely
suited for photovoltaic applications that demand a
high level of efficiency. The enhanced DC-DC
converter is based on the integration of Z-Source
and Boost converters. The utilization of MPSO-PI
controller aids is providing stabilized voltage to
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