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Abstract— solar power is the conversion of sunlight into 

electricity, either directly using photovoltaics (PV) or 

indirectly using concentrated solar power (CSP). The 

concentrated solar power system uses lens or mirrors and 

tracking systems to focus a large area of sunlight into a 

small beam. The process of conversion of light into electric 

current by the photovoltaics is known as the photovoltaic 

effect. Solar photovoltaic arrays are subjected to partial 

shading and rapid fluctuations of shading, in most of the 

portable applications. By partially shaded cells, the residual 

energy generated, either cannot be collected if the diode is 

bypassed, or impedes collection of power from the 

remaining fully illuminated cells, if the diode is not 

bypassed. The PV system is capable of maximizing the 

power generated by every PV cells in the PV panel. This 

system comprises of an array of parallel connected PV cells, 

a low-input voltage step up power converter and a simple 

bandwidth MPPT (Maximum Power Point Tracking) 

tracker. The MPPT operation is to adjust photovoltaic 

interfaces, so that the operating characteristics of the load 

and the photovoltaic array match at the maximum power 

point, no matter what the stand-alone or grid connected 

photovoltaic applications are. 

Key words: Photovoltaics, concentrated solar power, 

maximum power point tracking, balance of system  

I. INTRODUCTION 

There has always been a global demand for electrical 

energy.  Since the fossil fuels are getting depleted to an 

alarming rate, the interest in exploring renewable energies 

internationally. Among different sources of renewable 

energies, photovoltaic sources have become the biggest 

contributors to the generation of electricity. The output 

voltage and output current of a PV module are far lower. 

The expected power level is achieved by a concentrated 

system in which the PV modules are series connected as 

string and several strings are parellel connected by string 

diodes. The partial  

 Shading due to the neighboring buildings, trees and 

passing clouds are severe and the energy efficiency of the 

system is poor, hence the centralized MPPT and the power 

is lost in the string diodes. In order to improve the energy 

efficiency due to the losses, BIPV (Building Integrated 

Photovoltaic) system is proposed. In this system, each PV 

module string is connected to a dc-dc converter and has an 

individual MPPT and a common inverter is used to interface 

with the grid. There are certain situations in which the 

MPPT may not have its full efficiency. First, there is certain 

amount of energy generated at partially shaded cells, that 

energy cannot be collected in the systems comprising of 

traditional configuration. A block diagram for a PV module 

is shown in fig.1. There are some specific situations known 

as non-ideal conditions, where solar cells reach a certain 

limit and are unable to provide specified power. Also known 

as no optical conditions or unbalanced generations, which 

include partial shading, low solar radiations, dust collection 

and photovoltaic ageing. 

 
Fig. 1: Block diagram of a solar power control 

 Even though PV energy has considerable attention, 

the cost of installation of PV systems is high and the 

conversion efficiency is low. These factors are the major 

obstacles for large scale usage of these alternative sources. 

II. DIFFERENT CONFIGURATIONS OF MPPT IN STAND-ALONE 

PV SYSTEMS 

A. Output Characteristics of Solar Cell: 

The maximum power of the PV module changes with 

climatic conditions and the value of current (Impp) and 

voltage (Vmpp), which represents the maximum power point 

(MPP). The solar irradiation level causes the PV current to 

change, whereas the PV output voltages changes with the 

temperature of the PV module. Hence, the important 

challenge in PV system is to ensure the maximum energy 

generation from the PV array with a dynamic variation of its 

output characteristics and the variable load connection. The 

insertion of a power converter between the PV array and the 

load solves the problem, which could dynamically alter the 

impedance of the circuit with the help of the control 

algorithm. Thus, under any operational condition, the MPP 

operation may be obtained. An overview of a PV module is 

shown in fig.2. 

B. MPPT in Series Connection: 

The series connection of a dc-dc converter between the 

source and load is the classical implementation of an MPPT, 

which is the operation of battery charger and MPPT. 

Different control algorithms were developed, in order to 

obtain a dynamic performance. By measuring the voltage 

and current in the PV array, with data for the actual power 

extracted from the PV array, the task of the algorithm is to 

change the converter duty cycle in order to reach the 

maximum power point (MPP). 

 The implementation of MPPT algorithm is 

normally obtained through a digital system, with the use of a 
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microcontroller or DSP. The battery bank is used to supply 

DC loads. The supply to ac loads can be achieved by a step-

up dc-dc converter, in order to increase the battery bank 

voltage to the required bus level for generating 110/220 Vac 

output voltage from a dc-ac converter. The overall efficiency 

greatly depends upon the efficiency of each converter, as 

there are several converters that are in series with this 

connection. There would be an increase in the 

implementation cost and the number of PV modules, since 

the efficiency of each stage must be optimized in order to 

avoid an excessive   decrease in efficiency. 

 

Fig. 2: Overview of a PV module 

C. Input Voltage of Power Converter: 

Even though the principle refers to the connection of all 

cells in parallel, the terminal voltage of a single junction 

Silicon PV is so low as 0.4V at MPP, this aspect may prove 

to be difficult for an appropriate designing of power 

converters. In the usage of multifunction, where the voltage 

of a single-cell terminal may exceed one or two volts, the 

increased energy efficiency of the power converter at the 

higher input voltage would permit operation with single 

cells in parallel. For a single junction, two or three of the 

cells can be connected in series. The whole string can be 

assumed under uniform irradiance if the cells are small in 

size compared to that of the structure size of illumination 

patterns. Under the conditions, where only one cell in a 

short string is shaded, the situation is equivalent to the 

shading of the whole string. Therefore, the results may be 

same whether one cell or the whole string is shaded. Some 

of the simple series configurations used in commercial PV 

devices for consumer electronics include cell phone 

chargers, recreational vehicles, battery maintainers for 

automobiles, etc.  It is also noted that converters for use at 

very low input voltages are becoming common as they are 

widely used in single cell battery powered consumer 

electronics. The different operating modes of operation are 

shown in fig.3. 

D. MPPT Connected In Parallel: 

The advantage of the parallel configuration over the series 

configuration is that the dc-dc converter processes only a 

part of the generated power, allowing for higher efficiency. 

The voltage level of the PV module is higher than the 

battery voltage, depending on the load voltage level, where 

the configuration includes PV module (DC Load-1) 

connected in parallel with the DC loads and the battery bank 

(DC Load-2) in parallel with the dc loads. A dc-ac converter 

can be connected in parallel with the PV module, in case the 

system needs to supply ac loads. In such situation, a nominal 

ac voltage can be generated with an output transformer or 

additional PV modules can be added in series, in order to 

obtain a nominal ac voltage with a dc voltage level.        

 The reduction of two conversion stages between 

the PV modules and the output inverter in the parallel stand-

alone system when compared with the series stand-alone 

system, has increased the overall efficiency and reliability of 

the system, moreover with reduction in the cost of electronic 

system utilized. 

 
Fig. 3: Operating modes 

III. USAGE OF DC-DC CONVERTER 

They are used in portable devices such as mobile phones 

and laptops which are supplied with power from batteries 

such devices often contain several sub circuits, each with its 

own voltage level requirement different from that supplied 

by the battery or external supply. Moreover, the battery 

voltage declines as its stored energy is drained. Switched dc-

dc converter offer a method to increase the voltage from a 

partially lowered battery voltage thereby saving space 

instead of using multiple batteries for the same purpose. Dc-

dc converter was developed to maximize the energy harvest 

for photovoltaic system and for wind turbines are called 

power optimizers.  

 Power optimizers works by tuning the performance 

of the panel or wind turbine through maximum power point 

tracking and optionally tuning the output to match the 

performance of the string inverter.  They are especially 

useful when the performance of the power generating 

components in a distributed system will vary widely, 

differences in equipment, shading of light or wind or being 

installed facing different directions or widely  separated 

locations. MPPT is a technique that a grid connected 

inverters, solar battery charger and similar devices use to get 

the maximum possible power from one or more PV devices 

especially solar panels. 

IV. SOLAR INVERTER 

A solar inverter or PV inverter or solar converter, converts 

the variable DC output into a utility frequency AC that can 

be fed into a commercial electricity grid or used by a local 

off grid electrical network. It is a critical BOS (Balance Of 

System), in a PV system allowing the use of ordinary AC 
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powered equipment. BOS system consists of components 

other than PV panel like wiring, switches, a mounting 

system, solar inverters, a battery bank, battery charger, 

renewable energy, MPPT, GPS solar tracker, energy 

management software, solar concentrators, solar irradiance 

sensors and anemometer. There are also concentrated PV 

systems that incorporate the use of optical lenses or mirrors 

and sometimes a cooling system. 

 BOS components of a PV system can be 

understood as balancing the power-generating subsystem of 

the solar array with the power using side of AC house-hold 

devices and the utility grid. The combination of transmission 

and distribution system is the utility grid. For systems where 

utility power was available, this arrangement provided 

several benefits, not the least of which was the ability to 

sell-back your solar power to the utility company (in fact, 

local laws now require the utility companies to buy it in 

many areas). So, if you were generating more than you used 

at any given time, you were, in effect "banking" the excess. 

This fact led to the realization that, for grid-tied systems 

where the grid was always available, there was really no 

need for a huge battery bank...the utility company 

effectively stored your excess and gave it back free (or sold 

it to someone else and paid you). Since the batteries were a 

major cost factor and had limited life, this approach became 

more and more popular. 

V. CONCEPTS OF ISLANDING 

Islanding refers to the condition in which a distributed 

generator continues to power a location even though 

electrical utility is no longer present. It can be dangerous to 

utility workers, who may not realize that a circuit is 

powered. For that reason distributed generators must detect 

islanding and immediately stop producing power, referred to 

as anti-islanding. Galvanic isolation is a principle of 

isolating functional sections of electrical system to prevent 

current flow no direct conduction path is permitted. A 

transformer is an ideal example for galvanic isolation shown 

in fig.4. Energy or information can still be exchanged 

between sections by capacitance, induction or 

electromagnetic waves or by optical, acoustic or mechanical 

means. 

 
Fig. 4: Transformer as an example for galvanic isolation 

 The energy is exchanged by means of induction by 

production of an electromotive force across a conductor 

when it is applied to a varying magnetic field.  The voltage 

developed by any source of electrical energy such as a 

battery or a dynamo is known as Electromotive Force. 

Galvanic Isolation is used where two or more electric 

circuits must communicate, but their grounds may be at 

different potentials. It is an effective method of breaking 

ground loops by preventing unwanted current from flowing. 

The transformer is the most wide spread example of 

galvanic isolation. 

 Transformers couple by magnetic flux. The 

primary and secondary windings of a transformer are not 

connected to each other (an autotransformer has a 

conductive connection between its windings and so does not 

provide isolation). The voltage difference that may safely be 

applied between windings without risk of breakdown (the 

isolation voltage) is specified in kilovolts by an industry 

standard. Hall effect sensors allow an inductor to transfer 

information across a small gap magnetically. Unlike opto -

isolators they do not contain a light source with a finite life, 

and in contrast to a transformer based approach they don't 

require DC balancing Optocouplers  are used within a 

system to decouple a function block from another connected 

to the power grid or other high voltage, for safety and 

equipment protection.  For example, power semiconductors 

connected to the line voltage may be switched by 

optocouplers driven from low-voltage circuits, which need 

not be insulated for the higher line voltage. 

 Transformers allow the output of a device to "float" 

relative to ground to avoid potential ground loops. Power 

isolation transformers increase the safety of a device, so that 

a person touching a live portion of the circuit will not have 

current flow through them to earth. Power sockets intended 

for electric razor supply may use an isolation transformer to 

prevent an electric shock if the razor should be dropped into 

water. 

VI. CLASSIFICATION OF SOLAR INVERTERS 

A. Stand-Alone Inverters: 

Stand-Alone inverters are used in isolated systems where the 

inverter consumes its DC energy from the batteries charged 

by photovoltaic arrays. The integral battery charges are used 

by many stand-alone inverters to restore the battery from an 

AC source, if available. In addition, they do not interface 

with the utility grid, hence do not require anti-islanding 

protection. The circuitry that changes DC current to AC 

current is the power inverter. The design of the specific 

device circuitry decides the input voltage, output voltage, 

frequency and overall power handling. The inverter 

selection depends upon the maximum load to be powered, 

maximum surge required, output voltage required. High 

quality stand-alone inverters are available in sizes from 100 

watts for powering notebook computers, fax machines to 

11,000 watts for commercial applications. 

B. Grid-Tie Inverters: 

Grid-tie inverters are the one which are inphase with the 

utility supplied sine wave. They are designed in such a way 

that it is automatically shut down, upon loss of utility 

supplies for safety measurements.  During the utility 

outages, they donot provide power backup. It is possible to 

sell the excess energy produced by the residences and 

businesses, that have a grid-tied electrical system to the 

utility grid. In order to reduce the harmonics present in the 

output voltage, the concept of sinusoidal pulse width 

modulation (PWM) was introduced. Now-a-days most of the 

http://en.wikipedia.org/wiki/Transformer
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grid-tied inverters incorporate a maximum power point 

tracker (MPPT) on the input side, which helps the inverter to 

extract maximum amount of power from its intended source. 

It is possible to create an electronic micro-system that is not 

dependent on the grid-tie to provide high level of service 

quality, which is often delivered by a traditional mains 

supply. On the otherhand, if the supply mains of the region 

is unreliable the local generation system can be used to 

power important equivalent. 

C. Battery Backup Inverter: 

Battery backup inverters are special type of inverters which 

are capable of drawing energy from the battery, manage the 

battery charge, which are built onboard and export excess 

energy to the utility outage, these types of inverters are 

capable of supplying AC energy to the selected to have anti-

islanding protection. Surge or inrush current, input surge 

current or switch on surge is the maximum instantaneous 

input current drawn by an electrical device when first turned 

on. The way of reducing losses in power electronic switches, 

that refers to as zero voltage switches or zero current 

switches. This is done by bringing one electrical parameters 

to zero, either voltage or current before the switch is turned 

on or off. 

VII. ISOLATING PANELS 

There are several problems that have led to situations that 

isolate panels individually or into much smaller groups to 

provide maximum power point tracking (MPPT) that avoids 

the problems of large strings . The usage of micro inverters 

has led to the entire power conversion system directly on the 

back of each panel. This enhances active MPPT tracking on 

each panel and directly output AC power that is in phase 

with the grid. Further, the panels are connected together in 

parallel which helps in continuous output. So, even during 

the failure of one of the panels or micro inverters, the power 

from the string may not be affected. 

 

Fig. 5: Block diagram of a PV module 

 Consequently, this approach has a disadvantage of 

distributing power to the conversion circuitry. This has led 

to the concept of power optimizer, where only the MPPT 

hardware is in the conversion from DC to AC in a single 

inverter. 

VIII. SOLAR CHARGE CONTROLLER AND PUMPING INVERTER 

The DC equipment with solar panels can be powered with 

charge controllers because it provides a regulated DC 

output. Also, the excess energy is stored in battery and the 

battery can be monitored for under/over charging stages. 

The maximum power point tracking systems are used in 

expensive equipment. For driving AC loads, an inverter is 

connected to the output of a charge controller. 

 The DC voltage from the solar array can be 

converted into AC voltage with advanced solar pumping 

inverters to derive submersible pumps, directly without the 

need of batteries or other storage devices. The pump motors 

can be protected from damage by using solar pumping 

inverters which regulate the output frequency to control the 

speed of pumps with utilization of maximum power point 

tracking. The graph representing input power efficiency at 

different instants is shown in fig.6. 

 A charge controller is one of  the main components 

of a solar battery charging system. Its main function is to 

fully charge a battery without permitting overcharge or 

reverse current flow (generally during night). If a solar array 

is connected to a lead-acid battery with no overcharge 

protection, the battery life is adversely affected. Ordinary 

controllers consist of a relay that opens the charging circuit 

when a preset high-voltage point is reached and closes the 

circuit again when a preset low-voltage limit is reached, 

allowing charging to continue. More sophisticated 

controllers utilize pulse-width modulation (PWM) or 

maximum power-point tracking (MPPT) to ensure that the 

battery is being fully charged in the most efficient manner. 

 
Fig. 6: Graph representing input power efficiency at 

different instants 

IX. FUTURE APPLICATIONS 

The recent trend has recorded a noticeable interest in the 

energy harvesting devices, converting ambient energy into 

electrictrical energy in both military and commercial 

sectors. The atmospheric energy can be used up in many 

forms like motion energy, such as that of ocean, is converted 

into electricity by oceanographic monitoring sensors for 

autonomous operation. Energy harvesting systems include 

vast area of land for implementation of such systems, hence 

future applications may include high power output devices 

deployed at remote locations to serve as reliable power 

stations for large systems. These generated electricity can be 

stored in a capacitor, super capacitor or battery. In 

applications where there is a need to provide huge spikes, 

capacitors are used. There is less energy leakage in batteries, 

hence used when the device needs to provide a steady 
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energy flow. Currently there is an interest growing in low 

power harvesting, which is for independent sensor networks. 

In this harvesting system, power stored into a capacitor is 

boosted or regulated to a second storage capacitor or a 

battery for the use in the microprocessor. 

 The future energy harvesting is been proposed to 

be done by electroactive polymers, nano generators, noise, 

etc.  With better achievements in the fields of renewable 

energy sources, in both organic and non-organic 

photovoltaics, it has been made possible in the development 

of mobile, light weight and flexible solar materials. Now-a-

days, solar panels are available as thin films and at low cost. 

Gallium Arsenide is widely used on satellites due to their 

high conversion efficiency. Moreover, the fabrication of 

Gallium Arsenide can be done at low cost. The 

photovoltaics can also be used for military applications 

because the troops may require power for their increasingly 

high-tech combat equipment. The low weight and flexibility 

of the solar panels have led to its usage on the roof top and 

as well as windows, as they provide dual purpose. The 

photovoltaic films can be coated over all of the windows of 

the building, which in turn generate sufficient electricity to 

power their own house. 

 With small size and increased flexibility of the next 

generation solar materials, the ability to make ultra-thin 

solar films or even solar threads has become a possibility. 

This would create an ability to produce solar tents, mobile 

cases and even phones and mobile devices. More and more 

recognition is being gained in the power supply to the utility 

grid by the photovoltaics. So far not many PV systems have 

been placed in to the grid, due to the high cost, when 

compared with the traditional energy sources such as oil, 

gas, coal, nuclear, hydro and wind. A downward tendency is 

seen in the price for the PV modules, due to a massive 

increase in the production capacity of PV modules. 

X. CONCLUSION 

This review material has covered the concepts of energy 

harvesting by PV system and its design. Different 

configurations of MPPT is presented here.       In situations 

like irradiance, the power generating capacity of the PV 

system is twice that of the conventionally configured series 

system. The classification of different types of solar 

inverters and theri applications are discussed in depth. This 

paper also discusses about the future applications of the 

solar powered appliances. 

 The maximum power point tracker used in PV 

systems is one of the most important factors affecting the 

electrical efficiency of system. As a result of cost 

optimization it is important to decide the type of tracker to 

be used in application. In this study, general classification 

and descriptions of the most widely used MPPT are 

analysed in detail. 
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