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ABSRACT

Renewable energy systems, such as photovoltaic (PV) and wind power generation (WPG), are playingla more
and more important role in energy production. However, the output power of PV and WPG are usually 'strongly
fluctuant due to the randomness and intermittence of solar and wind energy,which requires@large capacity of
energy storage to satisfy the load demand when the system works in‘stand-alone mode, and results in a strong
impact on the utility grid when the system works infgrid-connected madehHere we are going to utilize that two
combined generation very wisely using mppt concept; and there by usingimppt techfiique we are charging and
discharging the battery based on power generation & typical load conditions respectively. Due to which battery
life is increased. Here wind power generation is consideredhas primary sourCe as it exists day fully comparing
with solar generation. As we know current fed topology s able to provide constant current even at load

variations; we utilized that topelogy for grid loads.
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I. INTRODUCTION

As enlergy demands around the world increase, the need for a renewable energy sources that will not harm the
efivironment has been increased.aSome projections indicate that the global energy demand will almost triple by
2050[1]. Renewable energy sources currently supply somewhere between 15% and 20% of total world energy
demand. PV and Wind Energy System, WES, are the most promising as a future energy technology. A 30%
contribution to world enerdy supply from the renewable energy sources by year 2020 [2] as in would reduce the
energy related CO2 emission by 25 %.

With their advantages of being abundant in nature and nearly non pollutant, renewable energy sources have
attracted wide attention. Wind power is one of the most promising clean energy sources since it can easily be
captured by wind generators with high power capacity. Photovoltaic (PV) power is another promising clean
energy source since it is global and can be harnessed without using rotational generators. In fact, wind power
and PV power are complementary to some extent since strong winds are mostly to occur during the night time
and cloudy days whereas sunny days are often calm with weak winds . Hence, a wind—PV hybrid generation

system can offer higher reliability to maintain continuous power output than any other individual power
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generation systems. In those remote or isolated areas, the stand-alone wind—-PV hybrid generation system is
particularly valuable and attractive.

To maximize a photovoltaic (PV) and wind energy system's output power, continuously tracking the
maximum power point (MPP) of the system is necessary. Most of the researches haven't modelling and
simulation of PV/Wind HEPS techniques by using MPPT at the point of connection of operation in details. So,
the main objective of this paper is maximizing the PV output power and wind output power independently by
tracking the maximum power on every operating condition by using MPPT technique and interconnected to

utility grid.

I1. SYSTEM CONFIGURATION

2.1 HYBRID RENEWABLE ENERGY SYSTEMS

A combination of different but complementary energy generation systems based on renewable “energies or
mixed is known as a hybrid power system. Hybrid systems capture the best features of each energy resource.
Hybrid systems can provide a steady community level electri€ity service, such as marineénillage or lighthouse
electrification, offering also the possibility to be upgraded throughygrid cofnection in the future. Furthermore,
due to their high levels of efficiency, reliability and lahgterm performance these systems ¢an also be used as an
effective backup solution to the public grid in_case of blackouts or weakagrids, and for professional energy
solutions such as telecommunication stations@©r emergency rooms in hospitals. VWhen designing a hybrid system
it is important to choose a good combination of components, their dimensions'and to determine a good strategy
to manage the system that would be reliable and economical for a long time. A large number of resources will
result in large investment costs, while a system with a small numberef”Components can result in the interruption
of electricity supply in the electri€ity, system. Climatic conditions may affect the choice of renewable energy
sources. For example, PV hybrid systems arénideal in areas with warm climates and in areas where there is large

number of sunny heurs.
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This paper presents a current-fed dc/dc topology (CFT) based inverter. The new inverter is named current-fed

switched inverter (CFSI). It has the following characteristics.

1) It combines the advantages of both ZSI and SBI. The gain of the proposed circuit is the same as the ZSI. It
also has the same component count as the SBI.

2) The proposed inverter possesses good EMI noise immunity similar to ZSI and SBI.

3) The proposed inverter draws continuous input current from the dc source, which makes it suitable for
renewable applications.

4) It does not require dead-band for the switching signals, and hence, output waveformidistortion is avoided.

5) It does not require extreme duty ratio operation to achieve high voltage boost,

2.2ENERGY MANAGEMENT AND OPTIMIZATION PRINCIPLES

According to the connection bus, the network architecture of WSB gan be ¢lassified into three types: de-bus, ac-
bus, and hybrid-bus, among which, the dc-bus architecture hasfbeen widely used in small-scale DRGS for its
convenient control and interface of renewable energy tofthe system. The PV panel and wind turbine are
connected to the dc bus by the dc/dc and ac/dc convertérs, respectively,avhich can realize the maximum power
point tracking (MPPT) function. The battery cells are connected to the dexbus dc/dc converter in a concentrated
location, which are used to control the dc bus #oltage. Please note that the'storage system is composed of many
battery modules connected in series or garallel. The balance circuits among different modules are usually
included in the system. The dc voltage is copverted to ac voltage through an inverter. The power generated by
WSB provides the demanded power for the local load and can bextransferred into the utility grid through a step-

up transformer.

2.3 OPTIMAL SIZING PRINCIRPLES OF WSB

For a given load‘demand, fully utilizing the complementary characteristics of wind and solar can achieve a
smaller fluctGation ofyoutput power, Which results in a reduction of the required battery capacity. It is obvious
that there exists power exehange between the WSB and utility grid in grid connected mode. A strongly fluctuant
power injected into the grid may lead to the voltage or frequency at key nodes exceeding their limitation and
large lossesy Thus, how to smooth the fluctuation of power injected into the grid must be taken into account
when optimizing,the capacity,of PV/WPG/battery. In addition, the lifetime of WSB is usually restricted by the
lifetime of the battery, which'is mainly affected by the batteries DOD, the charge/discharge current, and the
charge/discharge rate andthe charge/discharge cycles. Thus, these factors must be considered. According to the
analysis above, the proposed optimal sizing method is based on the following principles:

a) Achieving high power supply reliability

b) Making full use of the complementary characteristics of wind and solar

c) Ensuring a small fluctuation of power injected into the grid

d) Optimizing the battery’s charge and discharge state

e) Minimizing the total cost of WSB
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I1l. REVIEW OF THECURRENT-FEDDC/DC TOPOLOGY
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Fig. 3. (a) Circuit diagram of the current-fed dc/dc topology (CFT).
(b) Conversion ratio of the CFT.
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Fig. 4. (a) Circuit diagram of the complementary current-fed dc/dc topology
(CCFT). (b) Conversion ratio of the CCFT. (¢) CCFT with switch at position 1.
(d) CCFT with switch at position 0.
v
poost without operating at extreme duty cycle condition. In the

Current-fed dc/dc converter can
sitor only during (1-D)interval in a switching cycle.
2r utilizes both D and (1-D)intervals to boost up

ircuit diagram of the current-fed dc/dc topology (CFT) is shown in Fig.

switch) interval, the output terminal connections are reversed. From the volt-

], the conversion ratio of CFT can be obtained as

Ve 1
Vv, 2D-1

From the transfer characteristic of Fig. 3(b), it is noted that the converter gain is negative when the duty ratio
(D)of the converter is between 0 and 0.5, and the gain is positive when D is beyond 0.5. Fig. 4(a) shows the
complementary current-fed topology (CCFT) structure which is obtained by interchanging

the D and D intervals of the CFT structure. In this case, the controlled switches and the passive switches are

interchanged in order to get the CCFT structure from the CFT structure. The equivalent circuits of the CCFT
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converter in the D and D intervals are shown in Fig. 4(c) and (d), respectively. Using inductor volt-second

balance [8], the steady-state output to input conversion ratio can be derived as

, Ve 1
Beerr(D)= - = ———-
The conversion ratio is plotted in Fig. 4(b). When D<0.5,the output of the converter is positive. For D>0.5, the
output polarity becomes negative. In this paper ,D<0.5is only considered as a valid region of operation to make

switch realization easier.

IV.MATHEMATICAL MODEL OF THE COMPONENTS IN WSB

4.1 PHOTOVOLTAIC GENERATION MODEL
Assuming that the PV array is equipped with a MPPT controllergthus, the output power of PV array can be

expressed as

-

Py = .fpvPIw_:r{”L['] + ar(T — Tsrc))
TSTC

Where is the rated output power of PV array4is the dexating factor considering shading, wiring losses and snow
cover, etc. and are the solar radiation and temperature_.omPV cell under standard test conditions, respectively.
And are the solar radiation and temperature In current time, respectively, and is the temperature coefficient of
power. It should be noted that the PV panel title angle, rotating capability, etc. can also affect the output power
of PV array beside and . In this stady, these factors are taken into"account when calculating the solar radiation
on PV panel.
4.2 WIND POWER GENERATION MODEL
The output power eurve of the wind turbine (WT), which can be described as

’ V vy < Veiorv, > Vo,
Uy — Ve I »
Pwt = JwT_r—r 1"¢~i {_: g E l,
Uy — Lt.‘i.
) 7 an r
‘;WT_'L' Lr- 'c:_: LT i: Lr.'u

Where is the wind speedgiS the rated wind speed, and are the cut-in and cut-out wind speeds, respectively.
MPPT METHODS

MPPT algorithms are necessary in renewable energy sources to gain maximum power and efficiency. There is a
large number of algorithms that are able to track MPPs. Over the past decades many methods to find the MPP
have been developed. These techniques differ in many aspects such as required sensors, complexity, cost, range
of effectiveness, convergence speed, correct tracking when irradiation and/or temperature changes, hard ware
needed for the implementation. Having a curious look at the recommended methods, P&O and incremental

conductance are the algorithms that were in center of consideration because of their simplicity and ease
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of implementation. However the P&O algorithm cannot compare the array terminal voltage with actual
MPP voltage, since the change in power is only considered to be a result of array terminal voltage perturbation.
As a result, they are not accurate enough because they perform steady state oscillation, which consequently
waste the energy By minimizing the perturbation step size, oscillation can be reduced, but a smaller
perturbation size slows down the speed of tracking MPPs. Thus, there are some disadvantages with
these methods, where they fail under rapidly changing atmospheric conditions. The IncCond method is
the one which overrides over the aforementioned drawbacks. In this method, the array terminal voltage
is always adjusted according to the MPP voltage. It is based on the incremental and instantaneous
conductance of the PV module. The slope of the PV array power curve is zera atythe MPP, increasing
on the left of the MPP and decreasing on the right-hand side of the MPP. The basic equations of this

method are as follows

4 __L amMmPP (N
v v
dil 1
w > v left of MPP )
£ < -2 right of MPP 3)

Where, | and V are the PV array output cudrrent and voltage respectively. The left-hand side of the
equations represents the IncCond of the” PV module, and the Trightssfhand side represents the
instantaneous conductance. From (1)-(8), it is obwvious that when the /ratio of change in the output
conductance is equal to the negative output conductance,the solar array will operate at the MPP. In
other words, by comparing the conductance at each sampling timé, the MPPT will track the maximum
power of the PV module. \Thémaccuracy of this method JAs proven in, where it mentions that the
IncCond method can track ‘the “true MRPs independent of PV array  characteristics. Incremental
conductance algomthm is based On t he fact that thewSlope of the curve power vs. voltage (current) of
the PV modulé s, zero at the MPR}J positive (nggative) on the left of it and negative (positive) on the
right. By comparing the increment 'of the power vs. the increment of the voltage (current) between two
conseeltive samples, the change in the MMPP voltage can be determined. MPPT method, where it has
made. a \comprehensive comparison between P&O and the IncCond method with boost converter and
shows that the efficiency of experimental results is up to 95%. Efficiency was observed to be as much
as 98.2%, but ityis doubtful ©f the IncCond method reliability issues due to the noise of components.
Some modifications hand sreformations were proposed on this method so far, but since this method
inherently has a good efficiency, the aforementioned amendments increase the complexity and cost of
the system and there was no remarkable change in system efficiency. The disadvantage of the perturb and
observe method to track the peak power under fast varying atmospheric condition is overcome by IC method.
The IC can determine that the MPPT has reached the MPP and stop perturbing the operating point. If this
condition is not met, the direction in which the MPPT operating point must be perturbed can be calculated using
the relationship between dl/dV and —1/V. This relationship is derived from the fact that dP/dV is negative when
the MPPT is to the right of the MPP and positive when it is to the left of the MPP. This algorithm has
advantages over P&O in that it can determine when the MPPT has reached the MPP, where P&O oscillates
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around the MPP. Also, incremental conductance can track rapidly increasing and decreasing irradiance
conditions with higher accuracy than perturb and observe method.

The below algorithm shows that, how the controller follows the mathematical method to generates the required
pulses to track the maximum power from the system.

The respective algorithm of incremental conductance MPPT method is shown below.
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VI. SIMULATION RESULTS

6.1 MATLAB SIMULATION

VIl. CONCLUSION'AND FUTURE ENHANCEMENT

This projectis focused on hybrid power generation using single phase inverter. The input is from three different
sources namelyisolar powergfrom photo voltaic cell, wind power from wind generator and a battery source.
Battery source acts as effective backup storage. This system provides continuous power supply. A common dc
bus is responsible far the dc outputs from the sources and act as a single input to the inverter. Further this
inverter converts it into ac and boost the voltage and given to the respective loads. Here we are going to utilize
that two combined generation very wisely using mppt concept; and there by using mppt technique we are
charging and discharging the battery based on power generation & typical load conditions respectively. Due to
which battery life is increased. Here wind power generation is considered as primary source as it exists day fully
comparing with solar generation. As we know current fed topology is able to provide constant current even at
load variations; we utilized that topology for grid loads. This project proposes a simple system for continuous
power supply with the effective utilization of renewable energy sources. This system can be made as a closed

loop for further developments.
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