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ABSTRACT 

        Our Earth has abundant number of rare resources where energy is one among them.. In present day’s world 

our lives depend much on natural oil to produce energy that we use it on industries and in driving our cars, etc. As 

the world is getting more and more urbanized, the consumption of natural oil will exceed the supply than that is 

available in the earth. Furthermore, if we use natural resources without any constraints and restrictions, we run the 

risk of depleting them completely over the time and they become an extinct resource. As an alternative to the 

problem put forth, solar energy, wind energy and tidal energy can be utilized to generate electricity. Solar panels 

can be used to convert sunlight into electricity. They produce more power when the sun is directly over them on a 

very clear day. When more solar panels are used, the output will be higher.  

        The large quantum of solar energy and wind energy is mostly entertained by the coastal areas. If the wind is 

heavy then it might produce large sea waves of high energy contents. The electricity requirements of a suburban or 

a rural area situated in a coastal area can be met partially by installing a modular mini electricity generating unit 

and an intense solar heat extractor in buildings. Further installation of moderate sized windmill plant, solar heated 

steam turbine electricity generator and sea wave energy extracting plants could meet the rest of the electricity needs 

of a suburban area. This approach leads to self standing in electricity requirements and provides a toxic free and a 

pollution free electrical energy to the consumers. This project reports the design approach of the system 

development including the cost factors. 
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 I. INTRODUCTION 

Fossil fuels are serving as the major contributors for generation of electricity in several parts of the world. 

The Fossil fuel reserves are getting endangered day by day in order to meet the growing needs of the fossil fuels in 

the present era. Also, the generators producing electricity using fossil fuels results in pollution to a great extent. 

Therefore, it is ardent to use the alternate energy resources that are renewable to create a eco-friendly environment. 

It is very much important to choose a renewable energy resource that can contribute better to the society[1].      

Attempting to resolve the residential electrical energy consumption particularly in homes modular energy extraction 
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equipment working with wind energy and solar energy is proposed. But considering the execution of wind energy, 

the installation of wind mill plants is very expensive and it has cost constraints for its implementation too. We can 

pull down this constraint by installing a cost efficient medium capacity windmill which supplies electricity to 

electric grid of the suburban and rural areas[2,3]. Furthermore, the coastal areas where heavy winds are experienced 

are prone to create rough sea producing high sea waves[4,5,6]. In such circumstances, sea wave energy extraction 

plants can be installed in certain selected spots to meet the rest of the electricity needs of the township resulting in 

self sustained, self reliable and self sufficient electricity generation.  

 

II. BLOCK DIAGRAM 

 

Fig.2.1 Block Diagram of Mini-Electricity Generator 

SOLAR CELLS 

        A solar cell is an electronic device that produces electricity when light falls on it. When the light falls over the 

cell, the light is absorbed and the cell produces dc voltage and current. The device has two contacts. They are 

positive and negative contact between which the voltage is generated and through which the current can flow. These 

contacts are connected to the one which we want to power. Solar cells have no moving parts. Solar cells take light 

energy and convert them into electrical energy. The light energy is converted into electrical energy using an electrical 

circuit, exploiting a physical process known as the photovoltaic effect. 

       The discovery of the photovoltaic effect is credited to the French physicist, Edmond Becquerel, in 1839. He 

found that if the sun’s light is concentrated on one side of a battery the output current of the battery can be increased. 



 

311 | P a g e  

This comprehensive discovery encouraged the idea that one could produce energy from light by a synthetic process. 

In 1883 an American inventor produced a solar cell from a material called selenium, but it was not efficient as 

thought. But Selenium is used in light-exposure meters for cameras. Selenium is not used for power production. Solar 

cells are still the only reliable source of electrical power for space satellites, because they are in effect batteries that 

never run out[9,10,11]. 

INSIDE A SOLAR CELL - HOW DOES IT WORK? 

Photons 

       Photons are particles that make up the light we see. Light is an electromagnetic wave that is transmitted in tiny 

pulses of energy. These tiny pulses of energy are referred to as photons. 

Semiconductors 

  Depending on their ability to conduct an electrical charge, substances are arranged. The ones with 

extremely high conductivity are called conductors and the ones which do not conduct electricity are called 

insulators. Conductors are located at the top of the list and the insulators are situated at the bottom of the list. A 

substance is classified as a conductor or an insulator depending on its inter atomic bonding and on how tightly the 

atoms of the substance hold their electrons. The inter atomic bonding in some materials, such as silicon, is 

intermediate between that of a good conductor and that of a good insulator. 

  

 

 

 

Fig.2.2 Most metals are good conductors, most non-metals are poor conductors. 

Silicon and germanium belong to group of materials called semiconductors. They are good insulators in 

their pure crystalline form at very low temperature. Conductivity can be increased by increasing temperature or by 

exposing them to sunlight. Conductivity can be increased tremendously when even one atom in ten million is 

replaced with an impurity that adds or removes an electron from the crystal structure. The chips used in electronics 

are manufactured using semiconductor materials. Mostly used semiconductor is silicon. Semiconductors can also 

interact with light.  

    When a photon hits an atom, the electron within the atom gains enough energy to leave it and move off 

through the structure. The negatively charged electron leaves a positively charged hole (a position once occupied by 

an electron) in its place; hence the photon has created an electron/hole pair.  

The Photovoltaic (PV) Effect 
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  If electric field is not applied, the electrons and the holes cannot be separated and the net output would 

become zero. To avoid this photovoltaic cell (PV cell) is a wafer or thin film of semiconductor material which is 

arranged to have an internal electric field. The photovoltaic cell points from the top surface of the wafer to the 

bottom surface (or vice versa). An electrical contact covers the bottom surface. Aluminium is usually used as a 

electrical contact. The top surface also has an electrical contact, but this one is transparent so as to let in the light. 

When the silicon (or other semiconductor material) in the PV cell absorbs light, electron/hole pairs are generated. 

Because of the internal electric field the electrons move to one contact and holes to the other thus building up a 

voltage. The cell acts as a voltage source. If we connect the two contacts with a wire, it generates an electric current 

and the electric current will flow in the wire; this is known as the "short-circuit current" of the PV cell. The short 

circuit current can be measured with an ammeter. If you don't connect the contacts the electrons and holes build up 

on opposite surfaces of the cell, producing a voltage between the contacts that you can measure with a voltmeter; 

this is called the "open circuit voltage" of the PV cell. 

SOLAR TRACKING  

 The microcontroller does the work of performing the solar tracking algorithm to keep the panel always 

towards the direction of the sun. For this purpose the PV panel is fixed with four photo sensors kept at corners and 

another one is kept at the centre. The sensor voltages that are obtained are usually read by the microprocessor and 

the ones from that of orthogonal directions are compared. The panel orientation is altered by stepper motors to 

minimize the error signals present in it. The panel will be resting on a platform whose angular positions are set in 

orthogonal directions by two stepper motors. This would keep the direction of the panel adjusted towards the sun 

and the panel will always be resulting in maximum solar energy captured by the PV panel. If there is no sun for a 

long time the algorithm keeps the panel facing towards east direction to make sure that it is ready for next day’s 

tracking. Although the tracking event consumes little power it is negligible compared to the excess power generated 

by panel due to its aligning towards the sun.  

TRACKING SYSTEMS 

            Tracking systems are hardware devices usually used on pole. They are mounted on solar arrays to allow the 

positioning of the solar panels. The positioning of solar panels is to follow the movement of the sun. This helps 

ensure that there is maximum exposure for the solar cells. A tracking system can increase the output of your PV 

system by up to 30% in the summer and 15% in the winter over non-tracked systems. 

       Tracking systems are basically classified as two. They are active and passive system. In a passive system the 

tracker tracks the sun from east to west. The tracker does not use any type of electric motor to power the movement. 

Instead the system rotates from a combination of heat and gravity. Because no external source of electricity is 

needed such systems are ideal for remote off-the-grid scenarios or use with water pumping systems peak demand is 

in the summer. 
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Fig 2.5.1 Solar Panel 

 Tracking systems are also classified based on the number of axis they track against. One axis systems 

rotate only left to right rather than in an arch. A two axis tracking system will track both left to right and also top and 

bottom. So, this allows it to follow more accurately the true arch of the sun throughout the day. Some limitations of 

passive tracking systems is as follows: First, they are little susceptible to large winds which throw out the tracker off 

to the right direction. They can also be somewhat slow in getting moves in cold temperatures because rather than 

electronically driven they are mechanical. 

         Active tracking systems require certain types of control module to direct them but they are powered by small 

electric motors. They are identical in approach to the systems supporting huge TV dishes. These systems require 

some electric power which comes from an external source or also from the solar panels which depends on the 

respective model 

Charge Controllers and Inverters 

        Charge controllers protect the batteries (Accumulator) from raised charge and excessive discharge. It 

disconnects the battery from PV panel when completely charged. The PV array current and the operating voltage 

determine the charge controller capacity. 

Capacity of charge controller(C) = Total load (CL/d) x (Charge controller loss/Average                   Sun (L/d).  

        Inverters convert the DC voltage of the battery into AC voltage of standard frequency. When sun is shining or 

wind is blowing, electricity comes from them via the inverter. If PV array and windmill make more power than that 

used in residents the excess is sold to the grid. The frequency of the AC supply produced by inverters is at a standard 

value of 50Hz. 

Bidirectional Meter 

 The PV panel, tidal and windmill energy extractor unit generates electricity when there is wind and sun. 

They are preserved in DC form, inverted and delivered to residents through this bidirectional energy meter. If the 

residents do not need this form of energy then this will be carried to power grid of the township where the meter will 

be charging on reverse side. If the power is not supplied from the mini electricity unit to residents need then power 

will be drawn from the grid where the meter gets charged on consuming side. In order to minimize any energy loss 

and their importance, the electricity standards are generated at the residents and should be consistent with the 

standards of the power grid. 

Estimate of Power and Energy Needs 

            The electricity exhausted in residents on average basis is taken as a measure for setting the power output for 

the PV panel and mini windmill.  
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Total loads (CL/d) = Daily Loads (CL/d) x System Losses        

Total load capacity (AL/d) = Total loads (CL/d)/System Voltage (V)    

        PV cells consist of at least two layers of semiconductor materials. In a PV cell module dozens of PV cells are 

connected in series to increase the voltage level and also in parallel to enhance the current level.  

     The number of PV arrays in a solar panel is determined as follows.  

No. of arrays = (Total load x system efficiency)/ (Average sun x wattage of module) 

III. Microcontroller and its Tasks  

The microcontroller implemented with PIC family performs the following tasks.  

i.) Performs solar tracking involved in sensing the photo sensor voltages, processing them and issuing control drive 

to stepper motor as to adjust the angular positions of the solar panel.  

ii.) The booster converter and the inverter are driven with timed chopping signal as programmed in a timer 

interfaced to microprocessor.  

iii.) The voltage and current from the PV array are noted and power tracking algorithm is performed. In short all 

monitoring and control operations are performed by the microcontroller.  

Efficiency 

       The efficiency of a solar cell is a measure of the light proportion hitting it that is actually transformed into 

electricity. If the cell were 100% efficient then it would turn the entire incident light into energy, but mostly this is 

impossible: the maximum allowed within the laws of physics is between 30% and 40%. Practical solar cells can be 

made from silicon wafers (mono crystalline silicon) can have an efficiency of 16% or so. Thin-film solar cells (e.g. 

amorphous silicon solar cells) have lower efficiencies than this, at least for commercial cells, but are much cheaper 

to produce. 

       Around mid-day on a clear summer's day the sunlight falling on the earth has a power density of about 1 kW 

(1000 watts) for every square meter of surface; (this is typically the power given off by a one-bar electric fire). A 

solar module measuring 0.30 m × 0.45 m has an area of 0.135 m², and therefore when you point it at the sun the light 

falling on it has a power of 0.135 × 1000 watts = 135 watts. If the module is 10% efficient, the power available from 

it is 10% of this, i.e. 13.5 watts. The module is stated to have an output of 13.5 watts peak, i.e. at the peak sunlight 

of 1000 watts per square meter. The output will be less at other times of the day, in cloudy conditions, or if the 

module is in the shade or not pointing directly at the sun. In space the output is higher because the solar radiation 

there is so stronger, and not being affected by the earth’s atmosphere. It has a power density of 1365 watts per 

square meter.  

Results 

        The output of this project is as follows from these hybrid energy resources  

 Solar energy - 850 MW, Wind energy - 110 MW and Tidal energy - 850 KW 
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Table 3.1 Power Consumption 

Appliance Watts Appliance Watts Appliance Watts 

Blender 300 Table Fan 10-25 Compact fluorescent  

Coffee Maker 800 Ceiling fan 10-50 Incandescent 

equivalents 

 

Popcorn 

Popper 

250 Electric blanket 200 60 watt equivalent 16 

Coffee Pot 200 Blow dryer 1000 75 watt equivalent 20 

Microwave 600-1500 Shaver 15 100 watt equivalent 30 

Hot Plate 1200 Well Pump (1/3-1 

HP) 

480-1200 Electric mower 1500 

Frying Pan 1200   Hedge trimmer 450 

  Computer  Weed eater 500 

Dishwasher 1200-1500 PC 80-150 1/4” drill 250 

Sink waste 

disposal 

450 Laptop 20-50 1/2” drill 750 

  Printer 100 1” drill 1000 

Washing 

machine 

 Typewriter 80-200 9” disc sander 1200 

Manual 300 Television  3” belt sander 1000 

Automatic 500 19” color 70 12” chain saw 1100 

Vacuum 

cleaner 

 25” color 150 14” band saw 1100 

Hand 100 VCR 40 8-1/4” circular saw 1400 

Iron 1000 Stereo 10-30 Refrigerator/Freezer  

  Clock radio 1 20 cu. ft. (AC) 1411 watt-

hours/day* 

Clothes dryer  AM/FM auto 

cassette player 

8 16 cu. ft. (AC) 1200 watt-

hours/day* 

Electric NA 4000 Satellite dish 30   

Gas heated 300-400 CB radio 5 Freezer  

  Electric clock 3 15 cu. ft. (Upright) 1240 watt-

hours/day* 

Heater    15 cu. ft. (Chest) 1080 watt-

hours/day* 

 

IV. Conclusion 

Most of the suburban areas or buildings located in coastal regions receive a tremendous amount of wind energy and 

solar energy because of open space environment. Sea breeze becomes sporadically heavy and it sets frequently. This 

paper has been presented to resolve the energy needs of the township with freely available wind and solar energy in 
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a self sustained approach. Solar heaters and Self generating modular mini electricity unit are proposed to be installed 

in homes. The installation of steam turbine generator, medium scale windmill and sea wave energy extraction plant 

add on power to the township grid. The amount of power generated depends on the instantaneous wind, thermal and 

sea waves. The township power grid is connected with the main power grid of the country in order to have electric 

connectivity with the other regions in conventional manner. Unalike fossil fuel based electricity generators the 

modular electricity generators do not cause any pollution to the environment. The residences are generating 

electricity with the installation of modular electricity generators while consuming and the generated instantaneous 

excess energy is sold to the grid. This project therefore proposes to produce fresh energy mainly from the residences 

or buildings of a coastally located township and help reaching self sufficiency in utilization and generation of 

electrical energy without demanding huge investment.  
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