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Abstract

In this paper solar power generation system using MPPT and high voltage boosting converters are presented. Use of
electricity is increasing day by day. The electricity finds its application in all the domains. Converting solar energy
into electrical energy is one of the best ways to reduce fossil fuel consumption. Owing to the cost and efficiency of the
solar cells, it is not used in most of the electrical applications. But the introduction of Maximum Power Point Tracking
(MPPT) algorithms has improved the efficiency of the solar cells. Solar power can be improved by MPPT and high

voltage boosting converters
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I. Introduction

Introduction Electricity is one the most essential needs for humans in the present. Conversion of solar energy
into electricity not only improves generation of electricity but also reduces pollution due to fossil fuels. The output
power of solar panel depends on solar irradiance, temperature and the load impedance. The output power of the PV
system continuously varies with change in irradiance and temperature. It is very important to improve the efficiency of
charger. There are number of maximum power point tracking (MPPT) methods available to operate the PV system at
maximum power point. . The applications supported by these MPPT algorithms are also discussed .As the load
impedance is depends on application, a dc-dc converter is used for improving the performance of solar panel.

This paper deals with the study and simulation of a solar power generation system by using MPPT and high
voltage boosting converters for voltage amplification Here novel high voltage-boosting converters are presented.

These converters are constructed based on bootstrap capacitors and boost inductors.
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PROPOSED SYSTEM
In this paper we are introducing PV cells , MPPT and high voltage boosting converters. The output power generated

by the PV cell in improved by MPPT and high voltage boosting converters. Proposed block diagram is shown in Fig 1.
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‘ CONTROL
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Fig.1. Block diagram

I1. basic components

1)PV Module :There are different sizes of PV module commercially available (typically sized from 60W to 170W).
Usually, a number of PV modules are combined as an array to meet different energy demands. For example, a
typical small-scale desalination plant requires a few thousand watts of power The size of system selected for the
proposed system is 150W, which is commonly used in small water pumping systems for cattle grazing in rural areas
of the United States. The power electronics lab located in the building 20, room 104, has three BP SX 150S multi-
crystalline PV modules. Each module provides a maximum power of 150W therefore the proposed system requires

only one of them

2) Maximum Power Point Tracker : The maximum power point tracker (MPPT) is now prevalent in grid-tied PV
power systems and is becoming more popular in stand-alone systems. It should not be confused with sun trackers,
mechanical devices that rotate and/or tilt PV modules in the direction of sun. MPPT is a power electronic device
interconnecting a PV power source and a load, maximizes the power output from a PV module or, array with varying
operating conditions and therefore maximizes the system efficiency. MPPT is made up with a switch-mode DC- DC
converter and a controller. For grid-tied systems, a switch-mode inverter sometimes fills the role of MPPT. Otherwise,
it is combined with a DC-DC converter that performs the MPPT function.
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3) MPPT Controller : Analog controllers have traditionally performed control of MPPT. However, the use of digital
controllers is rapidly increasing because they offer several advantages over analog controllers. First, digital controllers
are programmable thus capable of implementing advanced algorithm with relative ease. It is far easier to code the
equation, x =y x z, than to design an analog circuit to do the same . For the same reason, modification of the design is
much easier with digital controllers. They are immune to time and temperature drifts because they work in discrete,
outside the linear operation. As a result, they offer long-term stability. They are also insensitive to component
tolerances since they implement algorithm in software, where gains and parameters are consistent and reproducible.
They allow reduction of parts count since they can handle various tasks in a single chip. Many of them are also
equipped with multiple A/D converters and PWM generators, thus they can control multiple devices with a single

controller.

4) Boost Converters: The high voltage-boosting converters are constructed based on bootstrap capacitor and boost
inductors. Two boost inductors with different values, connected in series, can still make the proposed converters work
appropriately. the existing converters are based on the charge pump of the KY converter and the series boost converter
By doing so, the conversion ratios can be upgraded by open loop system .The converter shown in Fig 2
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Fig. 2 voltage-boosting converters

II1. basic operation and modeling

A) Photovoltaic module : Renewable energy resources will be an increasingly important part of power generation in the
new millennium. Besides assisting in the reduction of the emission of greenhouse gases, they add the much- needed
flexibility to the energy resource mix by decreasing the dependence on fossil fuels. Energy from the sun is by far the
largest energy source available on the earth: the amount of solar energy reaching the surface of the earth annually (3.9 *

10%* J) is about ten thousand times more than the global primary energy demand and more than all available energy
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sources on the earth. Furthermore, it is inexhaustible and clean source of energy, which is essential in the globally
prevailing circumstances. One of the most potential and versatile methods for utilizing this vast energy source is its
direct conversion into electrical energy with photovoltaic (PV) devices. Photovoltaic systems produce DC electricity
when sunlight shines on the PV array, without any emissions. The DC power is converted to AC power with an inverter
and can be used to power local loads or fed back to the utility. The PV application can be grouped depending the
scheme of interaction with utility grid: grid connected, stand alone, and hybrid. PV systems consist of a PV generator
(cell, module, and array), energy storage devices (such as batteries), AC and DC consumers and elements for power
conditioning. This thesis refers about a model for modeling and simulation of PV module based on Shockley diode

equation.

Fundamentally, the operation of photovoltaic (PV) cells is based on the photoelectric effect. The
photoelectric effect is the emission of electrons from the surface of a material (usually a metal) when light strikes the
surface. The number of escaped electrons depends on the number of photons, i.e., the intensity of light, and energy of

the electrons depends on the energy of the photons.

What is created by bringing together p- and n-type materials as described above is called a p-n junction
diode. The current-voltage characteristics of a diode are given by the Shockley diode equation.

lg= 1o (e V*T-1) (6]

Where:

Id -isthe current in the diode (A)

lo -isasmall reverse saturation current of diode (A)

Q - isthe electron charge (1.602 * 10 *° C)

Vq - isthe voltage across the terminals of the diode (V) K - isthe Boltzmann constant (1.381 * 10 %% J/K)

T - isthe junction temperature (K)

1) Modeling a PV cell

The simplest model of a PV cell is shown in Fig 3 as an equivalent circuit below that consists of an ideal
current source in parallel with an ideal diode. The current source represents the current generated by photons (often
denoted as Iyp), and its output is constant under constant temperature and constant incident radiation of light. During
darkness, the solar cell is not an active device; it works as a diode, i.e. a p-n junction. It produces neither a current nor
a voltage. However, if it is connected to an external supply (large voltage) it generates a current Ip, called diode (D)
current or dark current. The diode determines the |-V characteristics of the cell. Fig 3. represents the equivalent circuit

of PV cell using single diode equivalent. The resistance Rs in series represents the on state losses. But this value is
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normally negligible.
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Fig: 3 PV Cell Equivalent Circuit

There are two key parameters frequently used to characterize a PV cell. Shorting together the terminals of
the cell, as shown in Figure 4 (a), the photon generated current will follow out of the cell as a short-circuit current (l)
. Thus, g, = lg. As shown in Figure 4 (b), when there is no connection to the PV cell (open-circuit), the photon
generated current is shunted internally by the intrinsic p-n junction diode. This gives the open circuit voltage (Vo).

The PV module or cell manufacturers usually provide the values of these parameters in their datasheets.

() Shott circudt cusrent (b)Chpen citcuit voltage

Fig 4: Short-Circuit And Open-Circuit Conditions Of PV Cell
I =l g )
where: I - is the short-circuit current that is equal to the photon generated current, and |4 is the current shunted
through the intrinsic diode The diode current Iy is given by the Shockley.’s diode equation:

lg= lo(eV¥T-1) 3

where:
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I, - is the reverse saturation current of diode (A)

g - isthe electron charge (1.602x10-19 C)
Vq. isthe voltage across the diode (V)

K - is the Boltzmann’s constant (1.381x10-23 J/K)

T - is the junction temperature in Kelvin (K).
lg=lsc-lo (qud/KT'l) 4)

where:
V - is the voltage across the PV cell
| - is the output current from the cell.

To a very good approximation, the photon generated current, which is equal to Isc is directly proportional
to the irradiance, the intensity of illumination, to PV cell; Thus, if the value, Isc, is known from the datasheet, under
the standard test condition, Go=1000W/m’ at the air mass (AM) = 1.5, then the photon generated current at any other
irradiance, G (W/m2), is given by

Isc, = [GEJ Iscg, ©)

0
The PV cell output is both limited by the cell current and the cell voltage, and it can only produce a power
with any combinations of current and voltage on the I-V curve. It also shows that the cell current is proportional to the
irradiance.

2) Photovoltaic module

A single PV cell produces an output voltage less than 1V, about 0.6V for crystalline silicon (Si) cells, thus
a number of PV cells are connected in series to archive a desired output voltage. When series-connected cells are
placed in a frame, it is called as a module. Most of commercially available PV modules with crystalline-Si cells have
either 36 or 72 series-connected cells. A 36-cell module provides a voltage suitable for charging a 12V battery, and
similarly a 72-cell module is appropriate for a 24V battery. When the PV cells are wired together in series, the current
output is the same as the single cell, but the voltage output is the sum of each cell voltage. Also, several modules are
wired together in series and are connected in parallel to deliver the voltage and current level needed. The group of
modules is called an array.
3) Modeling a PV module: The strategy of modeling a PV module is no different from modeling a PV cell. It uses the
same PV cell model. The model consists of a current source (ls), a diode (D), and a series resistance (Rs). The effect of
parallel resistance (Rg) is very small in a single module, thus the model does not includes.The current-voltage

relationship of PV cell is written as:
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V+IR
_ 9 T V + IRs
=1, —1.(e [ a ]_1)_[R—p:|
(6)
Since it does not include the effect of parallel resistance (R,p), letting R, =oo in the equation (6) gives the

equation (7) that describes the current-voltage relationship of the PV cell, and it is shown below.

1=l - 1, (eq[V+IRs/nKT]_1) ©)
where:
| - is the cell current (the same as the module current),
V - is the cell voltage = {module voltage} + {no: of cells in series}
T - is the cell temperature in Kelvin (K).

The short-circuit current (Isc) is proportional to the intensity of irradiance, thus Isc at a given irradiance (G) is:

Isc, = [g j Isc., ®)
(0]

Where: Go is the nominal value of irradiance, which is normally 1KW/m?.
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Fig.5 1-V and P-V characteristics of pv module

B) Maximum Power Point Tracking : The efficiency of a solar cell is very low. In order to increase the efficiency,

methods are to be undertaken to match the source and load properly. One such method is the Maximum Power Point
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Tracking (MPPT). This is a technique used to obtain the maximum possible power from a varying source. In
photovoltaic systems the I-V curve is non-linear, thereby making it difficult to be used to power a certain load. This is
done by utilizing a boost converter whose duty cycle is varied by using a mppt algorithm. A boost converter is used on
the load side and a solar panel is used to power this converter.

The output power of a PV panel is a function of temperature, radiation and the position of panel. It is also the
function of product of voltage and current. By varying these parameters the power can be maximize. To maximizing
the output power generally MPPT used. There are several MPPT method exists in order to maximizing the output

power.

1) Methods for MPPT :

There are many methods used for maximum power point tracking a few are listed below:

) Perturb and Observe method

. Incremental Conductance method
. Parasitic Capacitance method

. Constant Voltage method

o Constant Current method

For this paper we are using incremental conductance method

2) Incremental conductance method

The theory of the incremental conductance method is to determine the variation direction of the terminal
voltage for PV modules by measuring and comparing the incremental conductance and instantaneous conductance of
PV modules. The incremental conductance (INC) method is based on the fact that the slope of the PV array power
curve is zero at the MPP also positive on the left of the MPP and negative on the right.

If the value of incremental conductance is equal to that of instantaneous conductance, it represents that the
maximum power point is found When the operating behavior of PV modules is within the constant current area, the
output power is proportional to the terminal voltage. That means the output power increases linearly with the
increasing terminal voltage of PV modules (slope of the power curve is positive, dP/dV > 0). When the operating point
of PV modules passes through the maximum power point, its operating behavior is similar to constant voltage.

The IC uses a search technique that changes a reference or a duty cycle so that Vpy changes and searches
for the condition and at that condition the maximum power point has been found and searching will stop. The 1C will
continue to calculate dlpy until the result is no longer zero. At that time, the search is started again. In some cases, a
non-zero value is used for comparison so the search will not be triggered by noise.

When the left side is greater than zero, the search will increment Vp,. When the left side is less than zero,

the search will decrement Vpy. Incremental Conductance (IC) is good for conditions of rapidly varying irradiance.
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However, noise may cause continuous searching so some amount of noise reduction may be needed
Therefore, the output power decreases linearly with the increasing terminal voltage of PV modules (slope
of the power curve is negative, dP/dV < 0). When the operating point of PV modules is exactly on the maximum

power point, the slope of the power curve is zero (dP/dV = 0) and can be further expressed as,

dP _ d(Vi) :Id—VJrV dl :I+V£
dVv av 4 dv dVv 9)
By the relationship of dP/dV = 0, it can be rearranged as follows,
a _ I
v v (10)

dl and dV represent the current error and voltage error before and after the increment respectively. The static

conductance (Gs) and the dynamic conductance (Gd, incremental conductance) of PV modules are defined as follows,

__1
T (1)

G, = dl
dv (12)

The maximum power point (operating voltage is Vm) can be found when

G(; V=V, = (Ts

Vv,

(13)
When the equation comes into existence, the maximum power point is tracked by MPPT system. However, the

following situations will happen while the operating point is not on the maximum power point:

dI 7 .. dpP
>—— 1 (G, >G,.—>0)
dv Vv dv

£<—£ : (Gd-::Gs,d—Pa'O)
dv V dv (14)

Equations are used to determine the direction of voltage perturbation when the operating point moves toward to the

(5.6)

maximum power point. In the process of tracking, the terminal voltage of PV modules will continuously perturb until
the condition comes into existence. Fig.6 is the operating flow diagram of the incremental conductance algorithm. The
main difference between incremental conductance and P&O algorithms is the judgment on determining the direction
of voltage perturbation. When static conductance Gs is equal to dynamic conductance Gd, the maximum power point
is found. From the flow diagram shown, it can be observed that the weather conditions don’t change and the operating

point is located on the maximum power point when dV =0 and dl = 0.
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Fig 6: Flow Chart for Incremental Conductance Method

If dV = 0 but dI > 0, it represents that the sun irradiance increases and the voltage of the maximum power

point rises. Meanwhile, the maximum power point tracker has to raise the operating voltage of PV modules in order to

track the maximum power point. On the contrary, the sun irradiance decreases and the voltage of the maximum power
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point reduces if dl < 0. At this time the maximum power point tracker needs to reduce the operating voltage of PV

modules. Furthermore, when the voltage and current of PV modules change during a voltage perturbation and di/dV >

- 1/V (dP/dV > 0), the operating voltage of PV modules is located on the left side of the maximum power point in the

P-V diagram, and has to be raised in order to track the maximum power point. If dl/dV < - 1/V (dP/dV < 0), the

operating voltage of PV modules will be located on the right side of the maximum power point in the P-V diagram,
and has to be reduced in order to track the maximum power point. The advantage of the incremental conductance
method, which is superior to those of the other two MPPT algorithms, is that it can calculate and find the exact
perturbation direction for the operating voltage of PV modules. In theory, when the maximum power point is found by

the judgment conditions (dl/dV = - 1/V and dl = 0) of the incremental conductance method, it can avoid the

perturbation phenomenon near the maximum power point which is usually happened for the other two MPPT
algorithms. The value of operating voltage is then fixed. However, it indicates that perturbation phenomenon is still

happened near the maximum power point under stable weather conditions after doing some experiments. This is due to
the reason that the probability of meeting condition dI/dV = - 1/V is extremely small.

C) Boost converter : The high voltage-boosting converters are constructed based on bootstrap capacitor and boost
inductors. Above all, two boost inductors with different values, connected in series, can still make the proposed
converters work appropriately. The existing converters are based on the charge pump of the KY converter and the

series boost converter By doing so, the conversion ratios can be upgraded by open loop system .

1) Circuit diagram : The converter are described in Fig. 7

Fig. 7 voltage-boosting converters

Each converter contains three MOSFET switches S1, S2,and S3, two bootstrap capacitors Cb and Ce, three
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bootstrap diodes Db, D1, and D2, one output diode Do, two inductors L1and L2, one output capacitor Co, and one
output resistor RL. In addition, the input voltage is signified by Vi, the output voltage is represented by Vo, the
voltages across Cb, Ce, D1, and D2are shown by VCb, VCe, vD1, and vD2, respectively, and the currents flowing
through L1, L2, and Do are denoted by iL1,iL2, and iDo, respectively. It is noted that the proposed converters are
based on the charge pump of the KY converter and the series boost converter. By doing so, the conversion ratios can
be upgraded further. Above all, if the anode of the diode D1 is connected to the cathode of the diode Db, the
conversion voltage ratio in continuous conduction mode (CCM) is (3 + D)/(1 — D),where D is the duty cycle of the
PWM control signal created from the controller

L1 equal to L2 :Mode 1

Fig 8 Power flow with L1 equal to L2 in mode 1

S1 and S3 are turned on, but S2 is turned off. Due to S3 being turned on, Do is reverse biased, but D1 and D2
are forward biased, thereby causing Ce to be abruptly charged to Vi plus VCh, whereas due to S1 being turned on, Db
is reverse biased, thereby causing Cb to be discharged. At the same time, the voltages acrossL1 and L2 are Vi plus
VCb, hereby causing L1 and L2 to be magnetized. Also, Co releases energy to the output.

In this mode, the voltages across L1 and L2, vL1-ON and vL2—ON,can be written as

vL1-ON =Vi+ VC (15)
vL2—-ON =Vi+ VC (16)
Mode 2
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Fig. 9 Power flow with L1 equal to L2 in mode 2

S1 and S3 are turned off, but S2 is turned on. Due to S2 being turned on, Db is forward biased, thereby
causing Cb to be abruptly charged to Vi. At the same time, the input voltage plus the energy stored in Ce plus the
energy stored in L1 and L2 supplies the load, thereby causing Co to be energized, Ce to be discharged, and L1 and
L2to be demagnetized. By doing so, the output voltage is boosted up, and is much higher than the input voltage.
According to the voltage-second balance, the voltages vL1-OFF ,vL2—OFF , and Vo in this mode can be expressed to
be

— VL1-ON 17)
—  VL2-ON (18)
Vo= — vL1-OFF — vL2—OFF + Vi + VCe. (19)

Since VCh and VCe are equal to Viand 2Vi, respectively

Equation can be rewritten as
vL1-ON =vL2—-ON = 2Vi (20)
Vo= — vL1-OFF — vL2—-OFF + 3Vi. (22)

By substituting equations

vL1-OFFand vL2—OFF can be rewritten to be
— 2Vi(22)

On substituting yields the following CCM voltage
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Conversion ratio:

- — (23)

Where Vo is the output voltage, Vin input Voltage and D is the duty ratio

IV. experimental result

The simulation of PV module with mppt and high voltage boosting converters topologies are done in
MATLAB/SIMULINK software. The simulated results are discussed and the results are shown in figures.

MATLAB is an interactive, matrix-based package for scientific and engineering numeric computation and
visualization. It can solve complex numerical problems in a fraction of the time required. The name MATLAB is
derived from MATrixLABoratory. Simulation and simulation results of closed loop of high voltage boosting

converters and solar power generation by mppt and high voltage boosting converters are shown in below figures.

s —oDE o oo

‘e

Fig 10 simulink model for the open loop control of high voltage boosting converter
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Fig 11 Input, output and gate pulses for the open loop control of high voltage boosting converter

Fig 12 inductor voltage and current for the open loop control of high voltage boosting converter

Simulink model of proposed system

DEEEEEE

Ed

Fig 13 simulink model of proposed system with mppt
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Fig 14 output voltage ,inductor voltage ,inductor current and

V. Conclusion

In this paper solar power generation by PV cell ,mppt and high voltage boosting converters are presented.
This study presents a simple but efficient photovoltaic power generation system. It models each component and
simulates the system using MATLAB. The result shows that the PV model using the equivalent circuit in moderate
complexity provides good matching with the real PV module.. Simulations perform tests for the MPPT algorithms
using incremental Conductance algorithm shows better performance in terms of efficiency. The novel high voltage-
boosting converters, which is based on inductors connected in series with bootstrap capacitors. The high voltage-
boosting converters are also used to improve the output voltage.
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