CHAPTER 1
INTRODUCTION
1.1 INTRODUCTION

Geographically, INDIA is located to the north of the equator between 8°4' and 37°6' north latitude and 68°7' and 97°25' east longitudes. The sun moves from North to South with a daily average sunlight about 12 hours throughout the year. The daytime temperatures ranging from 29° to 33°C are benign to the operation of the standalone photovoltaic (SPV) system. Due to rich solar irradiation and mild ambient temperatures, the SPV system is considered as one of the most promising applications of renewable energy sources to supply power for irrigation for the remote areas in INDIA. Most of the third world countries including India face severe problems of water for drinking and irrigation purposes. The situation is more critical in India because of its very large population and most of the population depends on agriculture. Many remote villages are still not connected to the electric grid nor have any roads for transportation of fuel, hence rendering the operation of conventional pump-sets is very difficult and unreliable. In this context as a good amount of isolation is available in India, the Solar Photovoltaic Water Pumping System (SPV-UPS) assumed considerable importance in any program aimed at meeting the basic demand for water for irrigation. In our paper we are going to design the Photovoltaic Water Pumping System which we are controlling wirelessly using RF communication because of various advantages of wireless technology over wire networks which will discuss later. We are going to design a model of actual Photovoltaic solar pumping system, in our model we are showing how the motor pumps can be controlled wirelessly us RF communication and cost comparison between grid powered pumping system, diesel powered pumping system and solar pumps, and why solar pumps is the future of irrigation in India.
1.2 IRRIGATION IN INDIA
Irrigation is a method by which water is supplied to plants from the outside or the artificial source of water where natural precipitation falls short. Irrigation is indispensable to Indian agriculture. In India rainfall is caused by the influence of the summer monsoon; it is seasonal and unpredictable. Often it is unreliable. But agriculture needs a regular supply of water by irrigation.
1.2.1 Quantum of Water Required

· Water requirement of a crop is the quantity of water needed for normal growth, development and yield and may be supplied by precipitation or by irrigation or by both. Water is needed mainly to meet the demands of evaporation (E), transpiration (T) and metabolic needs of the plants. The water requirement of any crop is dependent upon,

· Crop factors like variety, growth stage, duration, plant population and growing season.

· Soil factors like texture, structure, depth, and topography.

· Climatic factors like temperature, relative humidity and wind velocity.

· Crop management practices like tillage, fertilization, weeding etc.,

Table 1.1 water requirement by different crops
	Crop
	Water Requirement(mm)

	Rice
	900 – 2500

	Wheat
	450 – 650

	Sorghum
	450 – 650

	Maize
	500 – 800

	Sugarcane
	1500 – 2500

	Groundnut
	500 – 700

	Cotton
	700 – 1300

	Soybean
	450 – 700

	Tobacco
	400 – 600

	Tomato
	600 – 800

	Potato
	500 – 700

	Onion
	350 – 550

	Chillies
	500

	Sunflower
	350 – 500

	Castor
	500

	Bean
	300-500

	Cabbage
	380-500

	Banana
	1200-2200

	Citrus
	900-1200

	Grape
	500-1200

	Pineapple
	700-1000

	Ragi
	400-450

	Gingerly
	350-400


1.2.2 Methods of Irrigation Practiced in India
· Wells and Tube-wells irrigation: Well irrigation is the popular method of irrigation all over the country. It is widespread in the northern plains, coastal plains and some parts of the peninsular India where ground water is available. Wells and tube wells irrigation are widely practiced in Punjab, Haryana, Uttar Pradesh, Bihar, West Bengal and Maharashtra.
· Tank irrigation: The regions where wells and tube-wells and cannot be dug out owing to stony ground and regions where subsoil or ground-water is not available, rain-waters are collected in the tanks or reservoirs and are used for irrigation. Tank irrigation is common in southern India. Tank irrigation is widespread in Tamil Nadu, Karnataka and Andhra Pradesh.
· Canal irrigation: Canal lead irrigation water from rivers or storage reservoirs.
· Inundation canals: These canals lead off water from a river during flood. These are simple, but do not provide water all the year round.
· Perennial canals: These canals lead off water from a river all the year round. There are also canals, which are fed by water stored behind a large dam or barrage. Modern multipurpose river valley projects, which build up dams, not only provide water for irrigation, but also help to control floods, and generate hydroelectric power.
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Fig. 1.1 Map showing source of irrigation used in different parts of India

1.2.3 IRRIGATION PROBLEM IN INDIA

Irrigation in India was basically depended on rainfall, but by the time in many areas because of irregular rainfall, the farmers has started to move on other method of irrigation and the most popular irrigation method practiced in India is well irrigation or bore-well irrigation. India has about 15 million grid-powered pump-sets and close to 7 million diesel-powered pumps. However, only about 7500 solar pumping systems have been installed for agricultural use in India. In most of the part agricultural part of India electric grid supply is not available, at those places Diesel-powered pumps are used which are costly, and increasing cost of diesel is also constraint, they require more maintenance then the rest. 
1.2.3.1 PROBLEMS with grid-powered pumping systems: 

· Demand for electrical energy far outstrips supply, and the gap continues to widen

· It is proving increasingly difficult for the government  to continue subsidizing the rising costs of generation, transmission and distribution losses, pilferage, etc (to deliver 3600 kWh to a farmer to pump water, 7000 kWh is required to be generated, assuming a diversity factor 2). The loss of revenue to the government is colossal.

· The capital cost to the government to provide an electrical connection for a single pump-set of 3 hp capacity (sufficient for 2 hectares) is estimated at Rs1.37 lakh by Andhra Pradesh Transco (2002 figures)

· The costs and tariffs of electricity continue to rise – the marginal farmer is unable to pay for the electricity)

· Grid power is unreliable and of poor quality, often leading to motor burnouts at the tail end.

· In a coal-fired thermal generating station, 1 kWh of electrical energy generated translates to 11.2 tonnes of carbon dioxide emission a year.
1.2.3.2 Problem with diesel powered pumps

· Increasing cost of diesel, this chart shows the trend of cost of diesel in Delhi from 2002-2011, and the cost will continue to increase.
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Fig. 1.1 Price rise chart of Diesel in Delhi
· Diesel is a non-renewable source of energy, therefore once used there will be no more.
· Pollution, diesel pumps release harmful gases and particulate material into the atmosphere there by polluting the atmosphere. It may be noted that 1 liter of diesel when combusted releases 2.58 Kg of CO2 (Carbon Dioxide) into the atmosphere.
· Maintenance of Diesel pump: Regular maintenance is absolutely imperative if you want a diesel engine to last, and every diesel pump will probably encounter some pitfalls and problems. Although diesel engines require no ignition tune-ups and tend to last longer without major repairs than gasoline engines, they do require regular low-cost maintenance, mostly in the form of frequent oil and filter changes. The urea injection systems that reduce nitrogen oxide emissions also need refilling, which is usually done as part of regularly scheduled maintenance. 
1.2.3.4 Energy issues
Improvements to efficiency have continued to be an issue facing the agro sector. Technological improvements to the production process have been achieved and thus provide the potential for efficiency gains. The automated system is not new to the landscape and provides an increased level of control of the farmers’ inputs. These automated system consisting of pumps, timers, valves and storage tanks are largely powered from the main electricity grid. Energy and its delivery continue to be an integral component in the technological drive for efficiency inconsistency in power supply from the main. Long power outages (~8 hrs –scheduled or unscheduled) deprive plants of a day’s watering. Shorter power outages (even briefly during a cycle) can cause the missing out of one of the day’s watering periods.

1.3 Photovoltaic Water Pumping System
1.3.1 What is Photovoltaic Water Pumping System?
This is the water pumping system which operates through Solar Energy which is   totally pollution-free and available from the sun during day time require very little maintenance as compared to the diesel operated pump sets.  It comprising of Solar Photovoltaic modules, Solar Pump, Control Switch, Interconnecting cables and MS structure to hold the modules.    The solar water pumping system functions during the sunshine hours.   These pumping systems are ideal for small/middle farmers to meet their irrigation requirements who do not have access to electric connection and using diesel pump sets.
1.3.2 How it works?
Solar Energy in the form of light rays falls on the solar photovoltaic panels and got converted into electrical energy through silicon wafers embedded in the solar photovoltaic panels. This electrical energy then goes to the DC based motor pumping system through the cables and operates this motor. By rotation of the shaft coupled to mono-block pump, the pump starts lifting the ground water and throws it out for use.
1.3.3 How controlling solar pump wirelessly will help farmers?
· Pumps can be controlled from remote areas like from his home.
· No electricity hazards, like electric shocks.
· It will reduce the work load on farmer.

· This technology will save time of the farmer while going to the field to ON the pump when it is shining.
1.4 Parts of wirelessly controlled solar pumping system

1. Electricity Generation: Photovoltaic (PV) panels convert sunlight to electrical flow. Solar panels are electrical devices that generally use Silicon-an element made from sand-and most commonly used in the manufacturing of computer chips. When solar energy hits the top layer of Silicon, it frees electrons from the Silicon atoms. These free electrons are attracted to the bottom layer and flow towards it. The flow of electrons is electricity, and is captured for use.
2. Wireless control: When sun is shining, the farmer can switch ON the solar pump from their home using the remote, the RF signal send by the remote will be received by the receiver if in range, and then receiver will switch ON the pumping system.
3. Pumping system: When the sun is shining, the solar dc pump start working, when it will switched ON by the farmer using remote, then pump controller will start the pump and it will throw out the water from underground to the fields and the storage tank can also be used water storage, water will be pumped from the water level in the well to the top of the storage tank, a distance generally called the head or lift. Pumps for village water pumping are typically submersible low-volume, high-lift types. They often have brush-less DC motors for long life and little maintenance. There are two types: positive displacement, which includes the higher lift helical coil (like a screw - shown at right dissected) and the less costly and lower flow rate diaphragm pump. The other type is a centrifugal pump (spins to create suction), which is used in higher lift applications.
4. CONTROLLER: The controller has two primary functions. First, it monitors the characteristics of the electricity being produced by the PV panels (volts and amps) and electronically modifies these values to enable the pump to run longer and more efficiently. Secondly, the controller is an electronic switch to control the pump ON/OFF wirelessly. The controller monitors electricity from the PV panels, the RF signal to ensure efficient and safe pump operation.
5. PV PANEL RACK: Racks are used to mount the solar panels. Either ground, roof, or top-of-pole mounted, many are user-adjustable to meet the sun at a more optimal angle. Some racks can passively or actively (using a motor) track the sun to maximize the efficiency of the PV panels.
6. WATER PIPING: A variety of water piping is needed. PE (Poly Ethylene) pipe is a thin plastic pipe, similar to PVC, but thinner and more flexible. PVC piping is then installed from the wellhead to field. If the water is stored in the storage tank, then piping needs to be installed from the tank to the watering points.
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Fig.1.2 OVERALL VIEW OF WIRELESSLY CONTROLLED SOLAR IRRIGATION SYSTEM
CHAPTER 2
SOLAR PANEL AND PUMPS

2.1 SOLAR ENERGY

Solar energy is radiant light and heat from the sun.  It has been harnessed by humans since ancient times using a range of ever-evolving technologies. Solar energy technologies include solar heating, solar photovoltaic, solar thermal electricity and solar architecture, which can make considerable contributions to solving some of the most urgent problems the world now faces. Solar technologies are broadly characterized as either passive solar or active solar depending on the way they capture, convert and distribute solar energy. Active solar techniques include the use of photovoltaic panels and solar thermal collectors to harness the energy. Passive solar techniques include orienting a building to the Sun, selecting materials with favorable thermal mass or light dispersing properties, and designing spaces that naturally circulate air. Solar energy will increase countries’ energy security through reliance on an indigenous, inexhaustible and mostly import-independent resource, enhance sustainability, reduce pollution, lower the costs of mitigating climate change, and keep fossil fuel prices lower than otherwise. These advantages are global.

2.1.1 Solar Radiation at the Earth’s Surface  

The solar radiation that penetrates the earth’s atmosphere and reaches the surface differs in both amount and character from the radiation at the top of the atmosphere.  In the first place part of the radiation is reflected back in to the space, especially by clouds.  Further more, the radiation entering the atmosphere is partly absorbed by molecules in the air.  Oxygen and Ozone (o3), formed from oxygen, absorb nearly all the Ultraviolet radiation, and water vapor and carbon dioxide absorb  some of the energy in the infrared range.  In addition, part of the solar radiation is scattered (i.e. its direction has been changed) by droplets in clouds by atmosphere molecules, and by dust particles. Solar Radiation that has not been absorbed or scattered and reaches the ground directly from the sun is called “Direct Radiation” or Beam Radiation.  Diffuse radiation is that Solar Radiation received from the sun after its direction has been changed by reflection and scattering by the atmosphere.  Because of the Solar Radiation is scattered in all directions in the atmosphere, diffuses radiation comes to the earth from all parts of the sky.
2.1.2 SOLAR IRRADIANCE
Irradiance is the amount of light energy from one thing hitting a square meter of another each second. Photons that carry this energy have wavelengths from energetic X-rays and gamma rays to visible light to the infrared and radio. It can be measured for any glowing object, including stars, the Moon, and the overly bright high beams of an oncoming car. 

The solar irradiance is the output of light energy from the entire disk of the Sun, measured at the Earth. It is looking at the Sun as we would a star rather than as a image.

The solar spectral irradiance is a measure of the brightness of the entire Sun at a wavelength of light. Important spectral irradiance variations are seen in many wavelengths, from the visible and IR, through the UV, to EUV and X-ray. As we look at the solar irradiance we should remember that space weather is related to ionization, while climate is related to absorption of heat.

Producing an enormous amount of energy by fusion, the sun radiates 3.9 X 1026 W as a body due to its high surface temperature. Most of the radiation emitted is in visible spectrum. The Earth, also acting as black body, absorbs a fraction of this incident shortwave radiation. The atmosphere, and snow and ice over on the ground reflect about 30% of this incident radiation back to space. There is a distinction between direct and diffuse radiation. When it comes directly from the sun it is known as direct radiation. When the radiation is scattered by atmosphere back to Earth it is called diffuse radiation. On an annual basis, about half of the radiation is direct and the other half is diffuse. On a clear sunny day, the power density is of approximately 1kW/m2. This number is lower on overcast days and in winter. Annular solar irradiance is greatest in the Equatorial region and in high sunny deserts, such as the Mojave. The solar energy received by Earth is more than 10,000 times the current use of fossil fuels and nuclear energy combined. This means that harnessing such a large potential energy source has the potential to replace a signiﬁcant amount of carbon based fuels thus reducing the amount of carbon dioxide emitted anthropogenically.
2.1.3 SOLAR POTENTIAL OF INDIA
Being near the region of equator India has high solar radiation which accounts for the immense potential for using solar power in India. Solar energy has the power to mitigate climate change and transform India’s economy. With about 300 clear, sunny days in a year, India's theoretical solar power reception, on only its land area, is about 5 Petawatt-hours per year (PWh/yr) (i.e. 5000 trillion kWh/yr or about 600 TW). The daily average solar energy incident over India varies from 4 to 7 kWh/m2 with about 1500–2000 sunshine hours per year (depending upon location), which is far more than current total energy consumption. In the solar energy sector, some large projects have been proposed, and a 35,000 km2 area of the Thar Desert has been set aside for solar power projects, sufficient to generate 700 GW to 2,100 GW. The Indian government is providing funding incentives to solar power operators, financial institutions, state and local governments, utilities, NGOs, and entrepreneurs.  Central government agencies have been working together to promote the solar mission.  The Ministry of New and Renewable Energy is responsible for the implementation of the Mission. The Indian Renewable Energy Development Agency (IREDA) attains renewable-energy-financing and provides incentives to state-utilities for each unit of power that they purchase from solar power plants.  The Government of India also supports and increases demand for solar energy through manufacturing incentives, off-grid applications for rural communities, and feed- in tariffs.  The central government has initiated a Payment Guarantee Scheme that mitigates the risk of nonpayment to solar developers.
According to a 2011 report by GTM Research and Bridge, India is facing a perfect storm of factors that will drive solar photovoltaic (PV) adoption at a "furious pace over the next five -years and beyond". The falling prices of PV panels, mostly from China but also from the U.S., have coincided with the growing cost of grid power in India. Government support and ample solar resources have also helped to increase solar adoption, but perhaps the biggest factor has been need. The newest and developing fast technology in solar energy generation is thin film technology, however the Indian subsidiary manufacturing plant of Moser Baer is ready for production of thin film photovoltaic modules. Currently, India’s largest industries, Reliance, Tata and Birla are investing in major solar projects. The Oil and Natural Gas Commission, NTPC and Bharat Heavy Electricals, major government entities, are also implementing large scale solar projects. U.S. government and industry are invested in India’s solar energy efforts. The U.S. Export-Import Bank, an independent agency of the federal government, is providing $500 million to fund new solar projects in India
Table 2.1 Calculation of Solar Potential in India
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The solar energy potential in India is immense due to its convenient location near the Equator. India receives nearly 3000 hours of sunshine every year, which is equivalent to 5000 trillion kWh of energy. As shown in Exhibit 1, India can generate over 1,900 billion units of solar power annually, which is enough to service the entire annual power demand even in 2030 (estimates). Exhibit 2 shows that Rajasthan and Gujarat are the regions with maximum solar energy potential. This, coupled with the availability of barren land, increases the feasibility of solar energy systems in these regions. Considering India’s solar potential, the government has rolled out various policies and subsidy schemes to encourage growth of the Solar Industry, which is expected to experience exponential growth in the coming years.
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Fig. 2.1 Irradiance Map of India
2.2 SOLAR PANEL

Solar Panels are a form of active solar power, a term that describes how solar panels make use of the sun's energy: solar panels harvest sunlight and actively convert it to electricity. Solar Cells, or photovoltaic cells, are arranged in a grid-like pattern on the surface of the solar panel. These solar voltaic cells collect sunlight during the daylight hours and convert it into electricity. Each solar panel consists of a number of modules.

 The structural (load carrying) member of a module can either be the top layer or the back layer. The majority of modules use wafer-based crystalline silicon cells or thin-film cells based on cadmium telluride or silicon. The conducting wires that take the current off the panels may contain silver, copper or other non-magnetic conductive transition metals.

The cells must be connected electrically to one another and to the rest of the system. Cells must also be protected from mechanical damage and moisture. Most solar panels are rigid, but semi-flexible ones are available, based on thin-film cells.

Electrical connections are made in series to achieve a desired output voltage and/or in parallel to provide a desired current capability. The solar panel can be used as a component of a larger photovoltaic system to generate and supply electricity in commercial and residential applications. Each panel is rated by its DC output power under standard test conditions, and typically ranges from 100 to 450 watts. The efficiency of a panel determines the area of a panel given the same rated output - an 8% efficient 230 watt panel will have twice the area of a 16% efficient 230 watt panel.

Separate diodes may be needed to avoid reverse currents, in case of partial or total shading, and at night. The p-n junctions of mono-crystalline silicon cells may have adequate reverse current characteristics that these are not necessary. Reverse currents waste power and can also lead to overheating of shaded cells. Solar cells become less efficient at higher temperatures and installers try to provide good ventilation behind solar panels. Some recent solar panel designs include concentrators in which light is focused by lenses or mirrors onto an array of smaller cells. This enables the use of cells with a high cost per unit area (such as gallium arsenide) in a cost-effective way. Depending on construction, photovoltaic panels can produce electricity from a range of frequencies of light, but usually cannot cover the entire solar range (specifically, ultraviolet, infrared and low or diffused light). Hence much of the incident sunlight energy is wasted by solar panels, and they can give far higher efficiencies if illuminated with monochromatic light. Therefore, another design concept is to split the light into different wavelength ranges and direct the beams onto different cells tuned to those ranges. Currently the best achieved sunlight conversion rate (solar panel efficiency) is around 21% in commercial products, typically lower than the efficiencies of their cells in isolation. The energy density of a solar panel is the efficiency described in terms of peak power output per unit of surface area, commonly expressed in units of watts per square foot (W/ft2). 

2.2.1 WHAT ARE SOLAR PANELS MADE OF?
Solar panels are typically constructed with crystalline silicon, which is used in other industries (such as the microprocessor industry), and the more expensive gallium arsenide, which is produced exclusively for use in photovoltaic (solar) cells.

Other, more efficient solar panels are assembled by depositing amorphous silicon alloy in a continuous roll-to-roll process. The solar cells created from this process are called Amorphous Silicon Solar Cells, or A-Si. Solar Panels constructed using amorphous silicon technologies are more durable, efficient, and thinner than their crystalline counterparts.

For very important solar projects, such as space probes that have to rely on solar energy, very-high efficiency solar cells are constructed from gallium arsenide by a process called molecular beam epitaxy. Solar cells constructed by this process have several p-n junction diodes, each designed to be maximally efficient at absorbing a given part of the solar spectrum. These solar panels are much more efficient than conventional types, but the process and materials involved make them far too expensive for everyday applications.

The newest solar panels function on the molecular or quantum level, and represent an exciting new technology coming into play. These solar panels are created by implanting carbon nanotubes or quantum dots into a treated plastic.

2.2.2 Efficiency and Life

As already mentioned solar panels collect solar radiation from the sun and actively convert that energy to electricity. The solar cells on these solar panels make use of the extremely small fraction of the sun's energy that passes through earth's atmosphere and strikes the cells on the solar collector. The efficiency of these solar panels, and the resultant energy produced is dependent on many climatic, geographic, and weather-related factors. Arid climates are ideal for solar panels, and they will produce more energy in areas where they are exposed to direct sunlight under clear skies. But even at optimal efficiency, solar panels only convert a small percentage of the energy that strikes it into usable energy. The efficiency factor is in the teens for most solar cells. Advanced solar cells, like those used on the Voyager spacecraft, have much higher efficiency ratings, but are much too expensive to produce in bulk for general purposes. The efficiency of the most of the solar panels is around 10%, but panels with efficiency up to 20% are also made.

The expected economic lifetime of solar panel is 25 - 30 years. The warranty conditions for PV panels typically guarantee that panels can still produce at least 80% of their initial rated peak output after 20 (or sometimes 25) years. So manufactures expect that their panels last at least 20 years, and that the efficiency decreases by no more than 1% per year.

Overall, the picture is very encouraging it is observed that PV panel power output decreases by less than 1% per year. Panels do experience a significant amount of physical decay (yellowing, laminate peeling off) if they are exposed to the elements for 10 or 20 years, but the effect on their performance is limited. This suggests a PV installation should produce electricity for 30 years or longer.
2.2.3 TYPES OF SOLAR PANEL
There are 3 types of Solar panel

1. Monocrystal solar panel

2. Polycrystal solar panel

3. Thin panel
2.2.3.1 MONOCRYSTRAL SOLAR PANEL

Monocrystalline panels use crystalline silicon produced in a large sheet which has been cut to the size of the panel, thus making one large single cell. Metal strips are laid over the entire cell and act as a conductor that captures electrons.

Monocrystalline panels are cut from a single crystal of silicon- they are effectively a slice from a crystal. In appearance, it will have a smooth texture and you will be able to see the thickness of the slice. 

PV panels made from monocrystalline solar cells are able to convert the highest amount of solar energy into electricity of any type of flat solar panel. Consequently, if the goal is to produce the most electricity from a specific area (e.g., on a roof) this type of panel should certainly be considered. Monocrystalline panels are a great choice for urban settings or where space is limited
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Fig 2.2   Monocrystal solar panel
2.2.3.2 POLYCRYSTAL SOLAR PANEL

Polycrystalline panels use a bunch of small cells put together instead of one large cell. Poly panels are slightly less efficient than mono panels. Polycrystalline cells are made from similar silicon material except that instead of being grown into a single crystal, they are melted and poured into a mold. This forms a square block that can be cut into square wafers with less waste of space or material than round single-crystal wafers. As the material cools, it crystallizes in an imperfect manner, forming random crystal boundaries. They are also claimed to be cheaper to manufacturer than mono panels although we have noticed them to be very similarly priced. Polycrystalline (or Multicrystalline) cells are effectively a slice cut from a block of silicon, consisting of a large number of crystals. They have a speckled reflective appearance and again you can you see the thickness of the slice. They can be recognized by a visible grain, a “metal flake effect”. The solar cells are generally square in shape, and may have a surface that looks somewhat like a mosaic. That’s because of all the different crystals that make up the module. . The durability and longevity of the solar panel is at least 25 years. These cells are slightly less efficient and slightly less expensive than monocrystalline cells and again need to be mounted in a rigid. Another disadvantage of these panels is that they are somewhat fragile, and can be broken if hit by a falling branch or reasonably heavy object flying through a strong wind.
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Fig 2.3   Polycrystal solar panel
2.2.3.3 AMORPHOUS OR THIN FILM SOLAR PANELS

Thin film panels are produced very differently from crystalline panels. Instead of molding, drawing or slicing crystalline silicon, the silicon material in these panels have no crystalline structure and can be applied as a film directly on various materials. Variations on this technology use other semiconductor materials like copper indium diselenide (CIS) and cadmium telluride (CdTe). These materials are then connected to the same metal conductor strips used in the other processes, but do not necessarily use the other components typical in photovoltaic panels as they do not require the same level of protection needed for more fragile crystalline cells. Due to the amorphous nature of the thin layer, it is flexible, and if manufactured on a flexible surface, the whole solar panel can be flexible. One characteristic of amorphous solar cells is that their power output reduces over time, particularly during the first few months, after which time they are basically stable.

The primary advantages of thin film panels lie in their low manufacturing costs and versatility. Because amorphous silicon and similar semiconductors do not depend on the long, expensive process of creating silicon crystals, they can be produced much more quickly. Because they can be applied in thin layers to different materials, it is also possible to make flexible solar cells.

Thin film panels do have several significant drawbacks. The disadvantages of thin film technology are lower efficiency and uncertain durability. Lower efficiency means that more space and mounting hardware is required to produce the same power output. Thin film materials tend to be less stable than crystalline, causing degradation over time.
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Fig. 2.4   Thin panel
2.2.4 COMPARISON Between Different Types Of Solar Panels
Now we will compare three types of solar panels i.e. monocrystal, polycrystal, thin film.

Table 2.2 Comparison between the three types of Solar panel

	Basis of Comparison
	Monocrystal
	Polycrystal
	Thin Film

	Efficiency
	Highest
	High
	Lowest

	Power to size ratio
	Highest
	High
	Lowest

	Cost
	Most Expensive
	Marginally less expensive than monocrystalline.
	Cheapest

	Performance
	Best
	Good
	Satisfactory

	Longevity
	Comes with warranty of 25  years
	Comes with warranty of 25  years
	Less than crystalline panels

	Suitability
	Best option for limited space
	Ideal for small to medium space
	Can be used where conditions are hot and vacant space abounds


The best choice for powering your home and for irrigation purpose is going to be Mono or Polycrystalline panels. Their higher efficiency and greater durability make them the best option. If prices are real close, and they should be, monocrystal panels would be our first choice
2.2.5 HOW SOLAR PV WORKS

How a Photovoltaic Cell Works
The "photovoltaic effect" is the basic physical process through which a PV cell converts sunlight into electricity. Sunlight is composed of photons, or particles of solar energy. These photons contain various amounts of energy corresponding to the different wavelengths of the solar spectrum. When photons strike a PV cell, they may be reflected or absorbed, or they may pass right through. Only the absorbed photons generate electricity. When this happens, the energy of the photon is transferred to an electron in an atom of the cell (which is actually a semiconductor). With its newfound energy, the electron is able to escape from its normal position associated with that atom to become part of the current in an electrical circuit. By leaving this position, the electron causes a "hole" to form. Special electrical properties of the PV cell—a built-in electric field—provide the voltage needed to drive the current through an external load.
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Fig 2.5 p-Types, n-Types, and the Electric Field
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        Fig 2.6
To induce the electric field within a PV cell, two separate semiconductors are sandwiched together. The "p" and "n" types of semiconductors correspond to "positive" and "negative" because of their abundance of holes or electrons (the extra electrons make an "n" type because an electron actually has a negative charge).

Although both materials are electrically neutral, n-type silicon has excess electrons and p-type silicon has excess holes. Sandwiching these together creates a p/n junction at their interface, thereby creating an electric field.

When the p-type and n-type semiconductors are sandwiched together, the excess electrons in the n-type material flow to the p-type, and the holes thereby vacated during this process flow to the n-type. (The concept of a hole moving is somewhat like looking at a bubble in a liquid. Although it's the liquid that is actually moving, it's easier to describe the motion of the bubble as it moves in the opposite direction.) Through this electron and hole flow, the two semiconductors act as a battery, creating an electric field at the surface where they meet (known as the "junction"). It's this field that causes the electrons to jump from the semiconductor out toward the surface and make them available for the electrical circuit. At this same time, the holes move in the opposite direction, toward the positive surface, where they await incoming electrons.

Because solar PV panels interact with their environment and their efficiency is so low, they passively absorb about 80% of the incoming solar irradiance as heat. This would not be such a problem if not for a 0.5% efficiency loss of the solar PV panels associated with a 1K increase of the cell temperature. Because the highest temperatures of solar PV panels recorded are about 70 0C], this efficiency loss can be very noticeable, especially true for yesterday’s PV arrays that have such a low efficiency to begin with. Therefore, heat transfer plays an important role in the actual output of PV arrays. 

The three modes of heat transfer are involved with the solar PV array. The main energy input is solar irradiance in the form of shortwave radiation. The solar panel undergoes heat removal by convection, radiation, and conduction. However, the heat conducted is negligible because of the small contact area between the solar array and the its structural framework. The heat removed from the panel is in the form of long wave radiation due to the much colder temperature of the panel compared to the Sun. It is worth noting that some solar arrays have an anti-refection coating to decrease refection losses and increase actual solar irradiance incident on the panel.

Absorption and Conduction

In a PV cell, photons are absorbed in the p layer. It's very important to "tune" this layer to the properties of the incoming photons to absorb as many as possible and thereby free as many electrons as possible. Another challenge is to keep the electrons from meeting up with holes and "recombining" with them before they can escape the cell. To do this, we design the material so that the electrons are freed as close to the junction as possible, so that the electric field can help send them through the "conduction" layer (the n layer) and out into the electric circuit. By maximizing all these characteristics, we improve the conversion efficiency of the PV cell.
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Fig 2.8 
To make an efficient solar cell, we try to maximize absorption, minimize reflection and recombination, and thereby maximize conduction. The conversion efficiency of a PV cell is the proportion of sunlight energy that the cell converts to electrical energy. This is very important when discussing PV devices, because improving this efficiency is vital to making PV energy competitive with more traditional sources of energy (e.g., fossil fuels). Naturally, if one efficient solar panel can provide as much energy as two less-efficient panels, then the cost of that energy (not to mention the space required) will be reduced. For comparison, the earliest PV devices converted about 1%-2% of sunlight energy into electric energy. Today's PV devices convert 7%-17% of light energy into electric energy. Of course, the other side of the equation is the money it costs to manufacture the PV devices. This has been improved over the years as well. In fact, today's PV systems produce electricity at a fraction of the cost of early PV systems. 
2.2.6 COST OF SOLAR PANEL
Silicon is the primary element in the solar panel. Although it is available in abundance in the sand, yet the solar panels are expensive. This is because silicon needs to be refined to a highly pure form before being used in solar panels, and it the cost of this refining process which accounts for he pricing of the solar panels. Also the value of silicon is artificially inflated because of the high cost/value of computer chips. Single-crystal silicon wafers are also made using a batch process, which is inherently more expensive than a continuous process.  Newer techniques to produce amorphous silicon panels have had some success at lowering the cost of solar panels. Also due to the long life of the solar panels the effective cost of the solar panel is considerably less.

Generally Solar panels are made up of small modules which are of 25 watt. These modules combine to form the solar panel of the desired rating. The number of small modules used determines the price of the solar panel. The pricing of the solar panel is done according to the power requirement from the panel. In India the approximate pricing of solar panels is around Rs. 50 to Rs 100 per watt. Measures are being taken by the Indian Government to reduce the price of the panels by providing subsidies in rural areas and hilly areas.

2.3 PUMPS

A pump is a device used to move fluids (liquids or gases) or sometimes slurries by mechanical action. Pumps must have a mechanism which operates them, and consume energy to perform mechanical work by moving the fluid.

2.3.1 DIFFERENT KINDS OF PUMPS
Systems are broadly configured into 5 types as described below:

2.3.1.1 Submerged multistage centrifugal motor pump set

This type is probably the most common type of solar pump used for village water supply. The advantages of this configuration are that it is easy to install, often with lay-flat flexible pipe work and the motor Pump set is submerged away from potential damage. Either ac or dc motors can be incorporated into the pump set although an inverter would be needed for ac systems.  If a brushed dc motor is used then the equipment will need to be pulled up from the well (approximately every 2 years) to replace brushes.  If brushless motors are incorporated then electronic commutation will be required. The most commonly employed system consists of an ac pump and inverter with a photovoltaic array of less than 1500Wp.
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Fig. 2.9 Submerged multistage centrifugal motor pump set
2.3.1.2 Submerged pump with surface mounted motor

This configuration was widely installed with turbine pumps in the Sahelian West Africa during the 1970. It gives easy access to the motor for brush changing and other maintenance. The low efficiency from power losses in the shaft bearings and the high cost of installation has been disadvantages. In general this configuration is largely being replaced by the submersible motor and pump set.
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Fig 2.10 Submerged pump with surface mounted motor
2.3.1.3 Reciprocating positive displacement pump

The reciprocating positive displacement pump (often known as the jack or nodding donkey) is very suitable for high head, low flow applications. The output is proportional to the speed of the pump. At high heads the frictional forces are low compared to the hydrostatic forces often making positive displacement pumps more efficient than centrifugal pumps for this situation. Reciprocating positive placement pumps create a cyclic load on the motor which, for efficient operation, needs to be balanced. Hence, the above ground components of the solar pump are often heavy and robust, and power controllers for impedance matching often used.
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Fig 2.11 Reciprocating positive displacement pump

2.3.1.4 Floating motor pump sets


The versatility of the floating unit set, makes it ideal for irrigation pumping for canals and open wells. The pumpset is easily portable and there is a negligible chance of the pump running dry.Most of these types use a single stage submersed centrifugal pump. The most common type utilizes a brushless (electronically commutated) dc motor. Often the solar array support incorporates a handler 'wheel barrow' type trolley to enable transportation.
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Fig. 2.12 floating motor pump sets
2.3.1.5 Surface suction pump sets

This type of pump set is not recommended except where an operator will always be in attendance.  Although the use of primary chambers and non-return valves can prevent loss of prime, in practice self-start and priming problems are experienced. It is impractical to have suction heads of more than 8 meters.
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Fig 2.13 Surface suction pump sets

2.3.2 TYPES OF PUMPING SYSTEM
Mainly there are there types of pump system used for irrigation purpose, they are:

· DIESEL PUMPS

· ELECTRIC PUMPS

· SOLAR PUMPS

2.3.2.1 Diesel pumps
A Diesel Pump is the device that pumps fuel into the cylinders of a diesel engine. Traditionally, the pump is driven indirectly from the crankshaft by gears, chains or a toothed belt (often the timing belt) that also drives the camshaft. It rotates at half crankshaft speed in a conventional four-stroke engine. Its timing is such that the fuel is injected only very slightly before top dead centre of that cylinder's compression stroke. It is also common for the pump belt on gasoline engines to be driven directly from the camshaft. In some systems injection pressures can be as high as 200 Mpa.

[image: image17.jpg]



Fig 2.14 Diesel pumping system
2.3.2.2 ELECTRIC PUMP
Electric submersible pump (ESP) is a device which has a hermetically sealed motor close-coupled to the pump body. The whole assembly is submerged in the fluid to be pumped. The main advantage of this type of pump is that it prevents pump cavitation, a problem associated with a high elevation difference between pump and the fluid surface. Submersible pumps push fluid to the surface as opposed to jet pumps having to pull fluids. Submersibles are more efficient than jet pumps. The submersible pumps used in ESP installations are multistage centrifugal pumps operating in a vertical position. Although their constructional and operational features underwent a continuous evolution over the years, their basic operational principle remained the same. Produced liquids, after being subjected to great centrifugal forces caused by the high rotational speed of the impeller, lose their kinetic energy in the diffuser where a conversion of kinetic to pressure energy takes place. This is the main operational mechanism of radial and mixed flow pumps.

The pump shaft is connected to the gas separator or the protector by a mechanical coupling at the bottom of the pump. Well fluids enter the pump through an intake screen and are lifted by the pump stages. Other parts include the radial bearings (bushings) distributed along the length of the shaft providing radial support to the pump shaft turning at high rotational speeds. An optional thrust bearing takes up part of the axial forces arising in the pump but most of those forces are absorbed by the protector’s thrust bearing.
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Fig 2.15 Electric 3 phase submersible pump

2.3.2.3 Solar pumps

A solar powered pump thus consists of 4 parts:
· the actual fluid pump (that actually moves (pumps) gases or liquids under pressure)

· the controller (adjusting speed and output power according to input from solar panels)

· the engine (usually an electric motor)

· the energy source being powered by the sun (usually photovoltaic cells (solar panels))

Solar array (photovoltaic cells, solar panels) takes up 50% - 80% of the whole setup cost, which is the most expensive part.

There are two major types of solar pumps, DC (direct current) and AC (alternating current). DC solar pump:

· power output up to 2kW

· suitable for small applications (garden fountain, landscaping)

· relatively low-priced (require slightly less solar panel)

· low compatibility (only selected controller work selected motor)

AC solar pump: An inverter is needed for an AC solar pump setup. The inverter converts DC generated from solar array to AC to drive the pumps in the mean time (as the controller) to control output and speed.

· Power output range from 150W to 55kW

· Suitable for various applications from landscaping to irrigation, especially large scale such as farmland irrigation, desert control, etc.

· High compatibility (inverter works with different kinds of AC motor and pump)
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Fig 2.16   Solar pumping system

CHAPTER 3

COST COMPARISON

3.1 Requirement detail
We have assumed a field 10 acre, and calculated the amount of water needed for irrigating the field.

Table 3.1 Requirement detail
	Area of field
	40468.5642 m2

	Water requirement of field(standing water)
	1 mm

	Total Water requirement per day
	40.4685642 m3

	Water table depth
	30 m


Assumptions:
Cost of diesel in INDIA is 40 Rs per liter
We run the e per unit ach pump 180 days in a year.

According to water requirement pumps runs per day

	Solar pump
	Diesel pump
	Electric pump

	2pump of 2hp
	5hp
	5hp

	8 hr/day
	6hr/day
	6hr/day


3.2 COST OF DIESEL PUMP

We have taken a diesel pump of following specification:
	POWER
	5 hp

	Suction head capacity
	30 m

	Diesel consumption rate
	2 liter/hour


INSTALLATION COST
Here we will take all the initial cost of a diesel pump into account.

Table 3.2 Installation cost of diesel pump
	Items
	Quantity
	Prices(Rs)

	Diesel pump of 5 hp
	1
	45000

	Pipe of  300 meters
	1
	1500

	Pump stand
	1
	500

	Total
	3
	47000


RUNNING COST
Here we will take into account the cost of diesel for running the pump for required time.

Table 3.3 Running Installation cost of diesel pump
	Time of running
	Consumes diesel(liters)
	Cost of running(Rs)

	1 hr
	2
	80

	1 day
	16
	640

	1 month
	480
	19200

	180 days/6 months
	2880
	115200

	20 years
	57600
	2304000


MAINTENANCE & REPLACEMENT COST
Maintenance and replacement cost of the diesel pump are calculated for 20 years and shown in the following table.

Table 3.4 Maintenance and running cost of diesel pump
	Maintenance
	Cost (Rs)

	Servicing every year
	5000

	Servicing for 20 years
	100000

	Replacement every 5 years
	45000

	Replacement for 20 years
	135000


TOTAL COST
In this table we will consider the cost of diesel pump after 20 years of use.
Table 3.5 Total cost of diesel pump
	
	Time
	Cost (Rs)

	Installation cost
	1 time
	47000

	Running
	20 years
	1728000

	Maintenance
	20 years
	100000

	Replacements
	3 times in 20 years
	135000

	Total
	20 years
	2010000


3.3 COST OF ELECTRIC PUMP
We are calculating the cost of electric pump by taking average cost of electricity for 20 yrs as given below.

ASSUMPTIONS:
	Today’s Cost of electricity
	6 Rs. Per unit

	Average cost of electricity for 20yrs
	8 Rs per unit

	Electricity unit cost increase by 1 Rs by every 5 year


We have taken electric pump of specification as follows .

	POWER
	5 hp

	Suction head capacity
	40 m

	Electricity  consumption rate
	3. units/hour


INSTALLATION COST
The following table shows the initial cost of electric pump.
Table 3.6 Installation cost of Electric pump
	Items
	Qty
	Prices(Rs)

	Electric pump of 5 hp
	1
	15000

	Wires of 20 metres
	1
	2000

	Pipes of 300 metres
	1
	1500

	Pump stand
	1
	300

	Total
	4
	18800


RUNNING COST
In the following table the cost of running an electric motor is considered.
Table 3.7 Running cost of Electric pump
	Time
	Electricity units consumes(kWhr)
	Cost (Rs)

	1 hr
	4
	32

	1day/6 hrs
	24
	192

	1 month
	720
	5760

	180 days/6 months
	4320
	34560

	20 years
	86400
	691200


MAINTANENCE & REPLACEMENT COST
The following table shows the maintenance and replacement cost of an electric pump.

Table 3.8 Maintenance and replacement cost of Electric pump
	Maintenance
	Cost (Rs)

	Servicing every year
	1000

	Servicing 20 years
	20000

	Replacement every 5 year
	15000

	Replacement 20 year
	45000

	Total
	81000


TOTAL COST
Here the total cost of an electric pump after 20 years is taken into account.

Table 3.9 Total cost of Electric pump
	
	Time
	Cost (Rs)

	Installation
	1 time
	18800

	Running
	20 years
	691200

	Replacement
	3 times in 20 years
	45000

	Maintenance
	20 years
	20000

	Total cost
	20 years
	775000


3.4 COST OF SOLAR PUMP

The Ministry of New and Renewable Energy (MNRE) provides 70 percent subsidy on the installation cost of a solar photovoltaic power plant in North-East states and 30 percentage subsidy on other regions.

We taken electric pump of specification as follows.
	POWER
	2 hp

	Suction head capacity
	40 m


INSTALLATION COST
Following table shows the initial cost of a solar pump.

Table 3.10 Installation cost of Solar pump
	ITEMS
	UNIT RATE
	QTY
	PRICES

	Solar panel of 250wp
	22000
	12
	264000

	Pump of 2hp
	95000
	2
	190000

	Submersible cable.3core x 4mm2 copper of 1 metre
	100
	40
	4000

	Mounting structure of solar panel
	4000
	2
	8000

	Sub Total
	
	
	466000

	Govt. subsides 30% of total cost
	
	
	-139800

	Total
	
	
	326200


RUNNING COST

The following table shows the running cost of a solar panel after 20 years.

Table 3.11 Running cost of Solar pump
	
	Time
	Cost

	Cleaning of solar panel
	1 year
	1000

	Cleaning of solar panel
	20 years
	20000


Maintenance & replacement cost
The following table shows the maintenance and replacement cost of a solar pump. 
Table 3.12 Maintenance and replacement cost of solar pump
	Maintenance
	Time
	Cost

	Servicing of solar pump
	1 year
	1000

	Servicing  of solar pump
	20 years
	20000

	No replacement of solar pumps and solar panel for 20 years


TOTAL COST 
Here the total cost of solar pump after 20 years of use is shown.
Table 3.13 Total cost of solar pump
	
	TIME
	COST(RS)

	Installation
	1 time
	326200

	Running
	20 years
	20000

	Maintenance
	20 years
	20000

	Replacement
	20 years
	0

	Total
	20 years
	366200


3.5 FINAL COMPARISON

Following table show that the solar pumps recovers it cost within 3 years of installation from diesel pumps and it took 9 years to recover it cost from electric pumps. 
COST COMPARISON
Table 3.14 Final cost comparison
	Time
	Solar pump(with subsidy)
	Diesel pump
	Electric pump

	1st year
	328200
	163200
	53360

	3rd year
	330200
	392600
	125480

	5th year
	334200
	648000
	211600

	9th year
	335200
	112800
	353840

	20 year
	366200
	230400
	775000


	Time
	Solar pump(without subsidy)
	Diesel pump
	Electric pump

	1st year
	466000
	163200
	44720

	5th year
	474000
	648000
	154900

	20 year
	506000
	230400
	775000


This comparison is done where the grid electricity is possible, but the continuous electric supply is still not possible INDIA. The place where electricity is not available then cost of bringing the electricity is to that place is much more costly than our results. So the best method of irrigation in India is solar irrigation system.

OVERALL comparison TABLE
Here is the overall comparison on every aspects that is necessary for selecting the pump for irrigation.

Table 3.15 overall comparison of three pumps
	
	Solar pumps
	Diesel pump
	Electric pumps

	Cost(for 20yrs)
	Low
	Very high
	High

	Pollution
	NO
	YES(directly)
	YES(indirectly)

	Effect on grid
	Reduce load
	No effect
	Increase load

	Place where no electricity
	Can work
	Can work
	Cannot work

	Noisy operation
	Less noisy
	More noisy
	Less noisy

	Help in conserving natural resources
	YES
	NO
	NO

	Ouput in cloudy weather
	Less
	Constant
	Contant

	Subsidies provides by govt. for farmers
	70% of the installation cost
	50% of cost of diesel or Rs500/hectare in case of deceit rainfall
	Variable, provided by govt. as per condition.


CHAPTER 4
WORKING MODEL

4.1 ACTUAL DESIGN

In actual design we have considered all the components and material that are required for the set up of wirelessly controlled solar irrigation system.
4.1.1 LIST OF ALL THE COMPONENTS

All the components and material that will be used are given below with there cost.

Table 4.1   List of components
	s/n
	Description
	Unit rate
	Qty
	Amount

	1
	Lorentz Submersible Pump Systems (complete system pump end, motor and controller).Lorentz  (PS1800 CS J 5-12)
	95,600.00
	1
	95600.00

	2
	Dry run switch for above
	3,200.00
	1
	3200

	3
	Cable jointing Kits (2 nos)
	750.00
	2
	1500.00

	4
	Submersible cable.3core x 4mm2 copper to IS
	120.00
	42
	5040.00

	5
	Cable for dry run switch- 2 core 0.5 sq.mm
	29.00
	42
	1218.00

	6
	Solar Modules--250Wp-72cells make Green Brilliance.IEC,UL approved.
	22,000.00
	8
	176000.00

	7
	Module mounting structure-fixed tilt type for 2 Modules. Out of 50x5 mm Aluminum angles.
	4,980.00
	2
	9960.00

	8
	Pump suspension assembly-Polyester ropes, SS barrel nipple-clips, tie wraps, Dshackles etc for suspending pump from existing well head/cap-approx 46 meter below ground.
	4,500.00
	1
	4500.00

	9
	DC MCB 250V 15A-In suitable MS powder coated enclosure.
	2,580.00
	1
	2580.00

	10
	Array JB- for string interconnections.
	1,890.00
	1
	1890.00

	11
	RF remote control system
	950.00
	1
	950.00

	
	Sub Total
	
	
	302438.00


4.1.2 DESCRIPTION OF MAIN COMPONENTS
Main components of the proposed actual system design has been described below
4.1.2.1 Lorentz Submersible Pump Systems

· Pump: Centrifugal multistage direct coupled on a LORENTZ brushless submersible motor. The pump is made from stainless steel with water lubricated rubber bearings. A non return valve is included.

· MOTOR: The LORENTZ submersible motor, type EC 1200-C is a 2 pole synchronous brushless DC motor. Slide ring bearing and ceramic trust bearings are water lubricated. The motor raw earth magnets are hermetically sealed in stainless steel and encapsulated in synthetic resin. The motor is pressure compensated and there are no practical depth limitations for submergence. No electronics are inside the motor and the entire motor is water filled.
· Data:  Voltage: 3 X 100V electronically commutated 

     Power: 1,6kW / 2,2HP

                 Efficiency: 92% max

· Controller PS1800

• Controlling of the pump system and monitoring of the operating states

• Mounted at surface (no submerged electronic parts)

• Two control inputs for RF receiver,  for remote control etc.

• Automatic reset 20 minutes after well probe turns pump off

• Protected against reverse polarity, overload and high temperature

• Speed control, max. pump speed adjustable to reduce flow rate to approx. 30 %

• Solar operation: integrated MPPT (Maximum Power Point Tracking)

• Battery operation: low voltage disconnect and restart after battery has recovered

• Max. efficiency 92 % (motor + controller)

      • Enclosure: IP 54 (sealed, weatherproof)

Fig 4.1 Picture of lorentz submersible pump and controller
4.1.2.2 RF transmitter and receiver:  1CH remote control switch operates in the 315/433MHz frequency. Just press slightly the button on the remote, you can control universal DC/AC electrical devices. It can be mainly used to control many kinds of lights with voltage of AC110~240V or DC0~28V; or motor open/close, such as motor of pump.
Receiver:

Model No.: S1T-DC09 / S1T-DC12 / S1T-DC24

Channel: 1 CH

Control Mode: Toggle (Press -> On; Press again -> Off)

Power Supply (Operating Voltage): DC12V±1V (S1T-DC12), DC9V±1V (S1T-DC09) DC24V±1V (S1T-DC24)

Working Voltage Range of Relay: AC110~240V or DC0~28V

Maximum Working Current: 5A

Transmitter:
Model No.: C-1

Channel: 1 CH

Remote Control Distance: 100m / 300ft (theoretically)

Encode: Fixed code by soldering

Unit size: 58mm x 39mm x 16mm

Power Supply: 1 x 23A -12V battery (included, can be used for 12 months)

The theoretical distance is 100m, which shall be operated in an open ground; no barriers and no any interference. 
                                               Fig 4.2   Model of RF transmitter and receiver
4.1.2.3 SOLAR PANEL
The solar module which we have considered in our actual design is GB72P6-240 Make- green brilliance, and the specification are given below

Table 4.2   Specification of solar panel
	SPECIFICATION

	No. of cell and connections
	72 in series

	Cell Type
	Polycrystalline, 156mm x 156mm

	Weight
	23 kg

	Short circuit current (Isc)
	7.81 A

	Maximum power current (Imp)
	7.11 A

	Open circuit voltage (Voc)
	43.40 V

	Maximum power voltage (Vmp)
	34.0 V

	Maximum power at STC (Pmax)
	250 W


4.2 PROTOTYPE MODEL
In our prototype working model of automated solar irrigation, we are showing how a motor can be controlled from a distance using radio frequency. We have designed a circuit in which we control permanent dc motor wirelessly using radio frequency at 27 Mhz.

Components of prototype model and their specification and given below
4.2.1 TRANSMITTER

A transmitter is a device which transmits data from one machine to the other. Here we have taken TX-2B transmitter and its details are shown in the following section. 
4.2.1.1   BLOCK DIAGRAM
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Fig 4.5 Block diagram of transmitter TX-2B 
4.2.1.2 TRANSMITTER RATINGS AND ELECTRICAL CHARACTERISTIC
The rating of the transmitter IC TX-2B is given below

Table 4.3 absolute maximum rating
	Characteristics
	Symbol
	Value
	Unit

	Supply Voltage
	VDD
	0.3-5.0
	V

	Input/Output Voltage
	VIN,VOUT
	GND-0.3 ~ VDD+0.3
	V

	Operating Temperature
	TOPR
	-10~65
	0C

	Storage Temperature
	Tstg
	-25~125
	0C


TX-2B (VDD=4.0V, FOSC=128KHz, Tamb=250C, unless otherwise specified)

Table 4.4 Electrical characteristics
	Characteristics
	Symbol
	Min.
	Typical
	Max.
	Unit

	Operating Voltage
	VDD
	1.5
	4.0
	5.0
	V

	Operating Current
	IDD
	--
	--
	2.0
	mA

	Stand-By Current
	ISTB
	--
	--
	10
	µA

	DC O/P Driving current
	Idrive
	5
	--
	--
	mA

	AC O/P Driving current
	Idrive
	5
	--
	--
	mA

	AC O/P Frequency
	Faudio
	0.5
	--
	1.0
	kHz


4.1.2.3   PIN CONFIGURATION AND DESCRIPTION:
TX-2B is a 14 pin IC. Its pin diagram and description is given below
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Table 4.5 Description of pin of TX-2B
	Pin no.
	Symbol
	Description

	1
	RIGHT
	The rightward function will be selected, if this pin is connected to GND

	2
	TEST
	This pin is used for testing mode

	3
	GND
	Negative power supply

	4
	BACKWARD
	The backward function will be selected, if this pin is connected to GND

	5
	FORWARD
	The forward function will be selected, if this pin is connected to GND

	6
	TURBO
	The turbo function will be selected if this pin is connected to GND

	7
	SC
	Output pin of the encoding signal with carrier frequency

	8
	SO
	Output pin of the encoding signal without carrier frequency

	9
	VDD
	Positive power supply

	10
	PC
	Power control output pin

	11
	OSCO
	Oscillator output pin

	12
	OSCI
	Oscillator input pin

	13
	FOSC
	This pin is used for testing mode

	14
	LEFT
	The leftward function will be selected, if this pin is connected to GND


4.2.2 RECIEVER
A receiver is a device which receives data transmitted by the transmitter. Here we have taken RX-2B receiver and its details are shown in the following section
4.2.2.1 Block Diagram 

RX-2B block diagram:
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Fig. 4.7 block diagram of RX-2B
4.2.2.2 RECIEVER RATINGS AND ELECTRICAL CHARACTERISTIC

The rating of the receiver IC RX-2B is given below

Table 4.6 absolute maximum rating
	Characteristics
	Symbol
	Value
	Unit

	Supply Voltage
	VDD
	0.3-5.0
	V

	Input/Output Voltage
	VIN,VOUT
	GND-0.3 ~ VDD+0.3
	V

	Operating Temperature
	TOPR
	-10~65
	0C

	Storage Temperature
	Tstg
	-25~125
	0C


RX-2B (VDD=4.0V, FOSC=128 KHz, Tamb=250C, unless otherwise specified)
Table 4.7 Electrical characteristics
	Characteristics
	Symbol
	Min.
	Typ.
	Max.
	Unit

	Operating Voltage
	VDD
	1.5
	4.0
	5.0
	V

	Operating Current
	IDD
	--
	--
	3.0
	mA

	O/P Driving current
	Idrive
	1
	--
	--
	mA

	O/P Sinking current
	Isink
	1
	--
	--
	mA

	Effect decoding Frequency variation
	Faudio
	0.5
	--
	1.0
	kHz


4.2.2.3 PIN CONFIGURATION AND DESCRIPTION

RX-2B is a 16 pin IC, and its Pin diagram and description are given below
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Pin description
Table 4.8 Pin description of RX-2B
	Pin No.
	SYMBOL
	DESCRIPTION

	1
	VO2
	Inverter 2 output pin for power amplify

	2
	GND
	Negative power supply

	3
	SI
	Input pin of the encoding signal

	4
	OSCI
	Oscillator input pin

	5
	OSCO
	Oscillator output pin

	6
	RIGHT
	Rightward output pin

	7
	LEFT
	Leftward output pin

	8
	ROB
	Rightward function disable, if this pin is connected to GND

	9
	LDB
	Leftward function disable, if this pin is connected to GND

	10
	BACKWARD
	Backward output pin

	11
	FORWARD
	Forward output pin

	12
	TURBO
	TURBO output pin

	13
	VDD
	Positive power supply

	14
	VI1
	Inverter 1 input pin for power amplify

	15
	VO1
	Inverter 1 output pin for power amplify

	16
	VI2
	Inverter 2 input pin for power amplify


4.2.3 CIRUIT DIAGRAM

The circuit diagram of our model is divided in two i.e. Transmitter side circuit diagram and receiver side circuit diagram
4.2.3.1 Transmitter side circuit diagram 
Fig. 4.10 Circuit diagram of transmitter
4.2.3.2 Receiver side circuit diagram


Fig. 4.11 Circuit diagram of Receiver
4.2.4 SOLAR PANEL SPECIFICATION
The solar panel which we our using in our prototype model is monocrystal solar panel and its specification are given below 
Table 4.9 solar panel specification
	Pmax
	.9 W

	Voc
	7.2 V

	Isc
	165mA

	Imp
	150mA

	Vmp
	6V

	Tolerance
	±5%


4.2.5 DC MOTOR SPECFICATION

Motor used in our model is permanent DC motor, which are used of cd players.

Table 4.10 specification of dc motor

	Voltage
	3.0-12.0V

	RPM
	2200-3000

	No-load current
	0.02-0.03 A

	Continuous current
	0.08-0.16 A

	Efficiency
	75%

	Output power
	0.23-0.43 W

	Torque
	10.0-14.0 gcm


CHAPTER 5
CONCLUSION

5.1 OUR STUDY

In our detailed study about the automated irrigation system- using solar energy and controlling pumps wireless, we studied about the different kind of pumping system used in India, in which diesel pump and electric pump shares the maximum market, solar pumping system being the least used one, there is a vast scope of solar pumps, since electric grid supply is not available in every agricultural area in India and supply is not reliable, the increasing cost of diesel adds cost burden on the farmers and they also require regular maintenance, in these view solar pumps are the best option, the solar energy is free of cost and running cost is very low as compared other pumping system, and for installation cost the Ministry of New and Renewable Energy (MNRE)provides 70 percent subsidy on the installation cost of a solar photovoltaic power plant in North-East states and 30 percentage subsidy on other regions to increase the awareness about solar pumps. Also diesel pump causes air pollution and using electric grid supply is not beneficial for the economy of country because in our country electricity is mainly produced by thermal power plant which runs on coal.
We have compared the cost of the different system and we can to the conclusion the diesel pumps are out run by solar pumps in 5 years and electric pumps in 15 years.
In our prototype model we have shown how the motor can be controlled from a distance using Radio Frequency, adding this feature to the solar pump will attract more farmers to use this system. Wireless control will make be reduce the work load on farmer, they can switch ON/OFF the system when the sun shine and when water is required. It will also ensure safety of the farmer.

5.2 ADVANTAGES
· Electricity produced by solar cells is clean and silent. Because they do not use fuel other than sunshine, PV systems do not release any harmful air or water pollution into the environment, deplete natural resources, or endanger animal or human health.
· Most of the Indian villages don’t have electricity because of compulsion the have to use diesel pumps, which are costly and pollute the environment. So the solution is solar pumps 

· Photovoltaic systems are quiet and visually unobtrusive.

· Small-scale solar plants can take advantage of unused space on rooftops of existing buildings.

· PV cells were originally developed for use in space, where repair is extremely expensive, if not impossible. PV still powers nearly every satellite circling the earth because it operates reliably for long periods of time with virtually no maintenance.

· Solar energy is a locally available renewable resource. It does not need to be imported from other regions of the country or across the world. This reduces environmental impacts associated with transportation and also reduces our dependence on imported oil. And, unlike fuels that are mined and harvested, when we use solar energy to produce electricity we do not deplete or alter the resource.
· A PV system can be constructed to any size based on energy requirements. Furthermore, the owner of a PV system can enlarge or move it if his or her energy needs change. For instance, homeowners can add modules every few years as their energy usage and financial resources grow. Ranchers can use mobile trailer-mounted pumping systems to water cattle as the cattle are rotated to different fields.
· After initial investment, all the electricity we produce is free.

· Incentives and subsidies from governments and utility companies offset the initial investment.

· Reduce or completely eliminate your electric bill.

· Cost of solar panels is decreasing while efficiency is increasing.

· Numerous solar solutions are being developed that are less obtrusive and easier to install.
· Clean, renewable energy source no transmission costs, your energy is produced where it is consumed.

· All or some of your electric needs can be supplied by solar energy; it’s up to you and your budget.

· We can be totally independent of the electric company by using batteries to store your excess energy or you can remain tied to the grid and use net metering.

· Solar systems are long lasting systems with warranties that are 20-30 years. Virtually no maintenance and no recurring costs.
· Pumps can be controlled from remote areas like from his home.
· No electricity hazards, like electric shocks.
· It will reduce the work load on farmer.
· This technology will save time of the farmer while going to the field to ON the pump when it is shining.
· Ideal for remote locations that cannot be tied to the grid.
· No noise or smells, solar operates totally silent.
· Reduce dependence on foreign oil. 
5.3 Limitations
1.     Cost and space

Solar plants made of solar cells are extremely expensive to build. Thousands of square feet of solar cells are required to generate enough power for even a very small town. Solar power plants also use lots of land for the collectors. A large city simply doesn’t have enough room for a solar plant, or enough money.

2.     Dependant on climate

Availability in certain areas and climates since some areas do not get sunshine all the time, this can cause issues with being able to get enough energy. Also, cloud cover and dust or smoke will also reduce the amount of radiant energy reaching a collector.

3.     Amount of energy

Inability to provide enough power for demanding energy needs. Certain energy needs require large amounts of energy and solar energy sometimes is not enough. This means there is a requirement for large no. of solar panel to fulfill the requirement of loads.
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Fig. 4.6 Pin diagram








Fig. 4.8 Pin diagram of RX-2B








Fig. 2.7 Equivalent circuit diagram of solar cell
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