A renewable energy

2.1 Renewable energy
Renewable energy - a form of energy obtained from naturally available resources. It effectively uses the natural resources such as wind, sunlight, rain, water, tides and geothermal heat. Nature is quite rich in availability of these resources. Renewable energy technologies range from solar power, wind power, heat energy, hydroelectric, micro hydro, bio mass and bio fuels. These technologies are used for electricity generation, pumping water from water bodies, for transportation and many other purposes. Renewable energy resources can be recycled again in the nature in a short period of time. The most common renewable resources are:
· wind / air

· biomass

· water (hydropower)

· geothermal / heat

· solar
The use of renewable energy resources is not new. Some 125 years back, wood was used to supply up to 90 percent of the world's energy needs. With the passage of time new energy resources were introduced and due to the convenience and low prices, fossil fuels came in common practice and wood use become less and uncommon. And some biomass that would normally be taken to the dump is used to convert into electricity and for this purpose manufacturing wastes, rice hulls, and black liquor from paper production were used frequently.

A review shows that overall consumption from renewable resources in the United States totalled 6.8 quads (quadrillion Btu) in 2006, which is about 7 percent of all energy used in USA. In United States consumption from renewable resources was at its highest point in 1997 which was about 7.2 quads.

History revels that low fossil fuel prices, especially for natural gas, had hindered the growth for renewable fuels or biomass renewable energy resource. In Europe a number of State and Federal Government incentives, including the Energy Policy Acts of 2002 - 2005, have encouraged the production and use of renewable fuels. However, with these incentives, the renewable share of the "energy pie" in the world was not expected to change much over the next 25 years because of more usage of non-renewable fossil fuels. Another reason for the limited use of renewable energy resource is by the fact that they are not always available as for example, cloudy days reduce solar energy, calm days mean no wind blows to drive wind turbines, droughts reduce water availability to produce hydroelectricity and many more. Despite of all these factors and limitations, renewable energy resources always play an important role in the supply of energy to the world.
2.2 What is wind?
The flow of air or other gases composing an atmosphere is what we call WIND. When air of a place is heated by the Sun rays, it rises above the earth's level leaving a space. Cool air from nearby areas then rushes to occupy the area from which the hot air has just moved which causes wind. It could be roughly classified as convection current.

Winds are commonly categorized on the basis of their spatial scale, their speed, types of forces that cause them, the geographic regions where they occur, and their after-effects.

The major driving factors or forces that cause large scale global winds are
· Differential heating between the equator and the poles: It is the difference in absorption of solar energy and heat between these two climatic zones

· Coriolis force or Rotation of the planet: Planet rotation makes the air flows to be acted upon by the Coriolis force, in regions sufficiently far from the equator and sufficiently high above the surface.

· Pressure Gradient Force: Difference in pressure between two adjacent air masses causes the air to flow from the region of high pressure to the region of low pressure
� Buoyancy forces
� Frictional forces

2.2.1 What is meant by Wind Energy?
Wind is moving air and similarly wind energy is the kinetic or moving energy of the blowing and moving air. The wind speed not only affects the potential energy but also air density has a slight affect on it. This change is determined by the air pressure temperature, and geographical altitude.

For any wind turbine, as the wind speed increases, the power and energy output also grows dramatically. Therefore, the most fruitful wind turbines are located in the areas which face utmost air speed. Wind velocity is affected by the local topography and increases with altitude above the earth, so wind turbines are generally build on tall towers or shafts to the maximum limit.
2.2.2 Wind Composition
The equilibrium of physical forces plays a vital role in the formation, decomposition and analysis of wind profiles. These physical forces help in simplifying the atmospheric equations of motion and for the distribution of winds over the geological horizontal and vertical regions. On the basis of these vital physical forces wind can be classified as follows.
· Geostrophic wind (wind that is caused as a result of the balance between Coriolis force and pressure gradient force, it flows parallel to isobars and while low air friction it approximates the air flow above the atmospheric boundary layer as in the mid-latitudes)

· Thermal wind (actually it is not a kind of wind but a wind difference between two levels or regions; only exists in an atmosphere with horizontal temperature gradients, i.e. baroclinicity)

· Ageostropic wind (Basically it is the difference between actual and geostrophic wind. This component is responsible for air "filling up" cyclones over time)

· Gradient wind ( It is geostrophic wind including centrifugal force)
2.2.3 Wind Growth
A recent research held by American Wind Energy Association (AWEA) shows that wind rate is constantly growing worldwide. AWEA's global market report by the end of 2003 has figured out that wind rates all over the world are increasing by 32% on average during each 5-years span.

Effective factors or Driving forces behind Wind's Growth can be categorized as follows:
1. Wind's Steadily Improving Economics

2. State Policy

3. Electric Industry Competition

4. Gas Price Volatility

5. Utility Experience and Perspective

6. PTC Deadline.
2.2.4 Where Do Winds Come From?
Wind is a type of solar energy thus sun light and rays helps in wind generation. The main reason of wind creation is the temperature differences between different geological regions of the planet Earth. Warm air is lighter in weight so this hot air is raised up when heated. So when some regions receive extensive sun rays, the air current over those areas heats up and then raise up. Meanwhile, Calm, fresh and cool air breeze from the neighbouring places run into the empty gap left by the warm air that had moved up, generating a surface wind flow.

Difference in the wind rate is due to the reason that some terrestrial regions face more sunlight than other areas for example all regions near the Equator came under HOT LAND and all HOT LAND areas get direct and intense sunlight than TEMPERATE LAND and the poles.
2.2.5 Uses of Wind Energy
Wind is a moving force. Its creation is based on the movement of air currents. This mobile force is regarded as mechanical form of energy. In some places, especially along mountains and hilly areas and specially sea shores wind is one of the major source of production of mechanical energy. Allah has blessed mankind with restless nature. Man always urges to create and invent. This curious human nature has dragged human brain to invent an amazing range of inventions and machines that can strap up the energy of the wind and make it useful for practical, domestic and commercial use.
Sails
The earliest and one of the oldest uses of wind energy is for the sake of marine transportation. The very first sails were probably made from woven mats or some cloth held aloft by wooden poles or stands or may be by human hands. Modern sailboats have very efficient sails and masts constructed from strong, lightweight materials such as Titanium and Kevlar (the material used in bulletproof vests). They work in a similar way as that of an aircraft wing to generate forces that pull the boat in the desired direction.
Wind Mills
In olden times when there was no electricity, windmills were used in many places all over the world for pumping, grinding and propulsion. These windmills use heavy granite disks called millstones to crush and grind to make flour from wheat, corn, barley and other grains. These heavy millstones were attached with the windmill blades that move with the help of wind. Still now in many places in Europe, the same strategy is followed as a use of wind. The Netherlands is famous for its windmills.

Another use of the same structure is what we call "Water Pump". Idea of using wind to pump water was given by The Dutch. They build new farms along the coast and pumping out all the seawater for their usage. These "windmills" provided a steady supply of mechanical energy to lift seawater into the canals that will be used in the farm.

In the past, windmills were common in Canada where they were often used to pump water from wells to water troughs for cattle and also to generate electricity at the farmhouse. After the discovery of electricity many of these windmills become useless because people prefer the automatic motors and machines. However, domestic windmills that comprise a smaller size are again in demand and earning popularity for water tranfer to livestock.
Electricity Generation
Generating electricity is one of the most widely used and most famous uses of wind turbines. These wind turbines convert mechanical energy to electrical energy. This mechanical energy comes from the movement of the blades or shafts of the turbine. These shaft blades or streams of the turbine must be attached with an electrical generator. These generators convert mechanical energy of the spinning turbine blade into electrical energy. This electrical energy is then used to create electricity.

These electrical generators have a small size and are light enough to be placed easily under an aerodynamically designed surface located at the top of tower. Electrical current can be carried to the batteries or other storage appliances with the help of wires running around the tower. At this place electricity is converted then stored.

In several places around the world Electricity generation is being done on commercial scale at places called "wind farms". These wind farms comprises of rows of high poles or towers, sometimes 90 meters high, equipped with giant wind turbines for the production of electrical energy.

The first commercial wind farm was constructed in southern Alberta near the town of Cowley in Canada. This region is famous for its strong and steady winds. Wind farms have also been commercially established in Germany, USA, Spain, Denmark, and India. Wind power generation at a commercial level is becoming a flourishing industry in Denmark and Germany. In small countries some companies are now installing wind farms in shallow waters near coastlines. These "offshore wind farms" are a promising new source of electricity especially in those places where there is a little land area is available for such projects. Toronto Hydro is such a company that is installing wind turbine on the coastline of Lake Ontario.

With the passage of time wind energy is becoming one of the most important and economical resources of electricity generation. This method is popular because wind turbines are cheap as compared to other electricity generating stations or hydroelectric facilities and can be set up quickly. The equipment for wind turbines available these days is efficient, cheap and highly reliable. One of the key advantages of these wind turbines is that they never participate in creating pollution. These aspects have made wind energy one of the world's most cheap and rapidly growing energy resources.

In most of the places these small, highly efficient and relevantly cheap wind turbines are gaining fame as a cheap and reliable source of electricity. The only cost is that of installing the turbines that some times come closer to that of installing poles for electrical grid but the advantage is that the homeowner once owns the electricity generating equipment and is then saved from paying electricity bill each month.
2.2.6 Why Wind Energy?
Windmills that were used to crush and grind grain are an example of ancient uses of wind energy. Recent and current uses of wind energy include electricity generation and draining water from underground reservoirs. Presently exciting wind energy technology and equipment is known as "wind turbines", "wind pumps" or "wind turbine generators".

Wind turbines are becoming popular as an energy source day by day. Reasons behind that are firstly they can convert the kinetic energy of the wind into another useful energy state such as mechanical energy and with a few more extensions also into electrical energy. Wind energy is an unlimited and sustainable form of energy and most importantly it can't cause any type of pollution and no risk of greenhouse gas to cause global warming. No external fuel needed. But most especially there is no production of toxic by-products or radioactive waste material.
2.2.7 The History of using Wind as an Energy Resource:
Wind energy is in use for thousands of years by mankind. Prehistoric people used wind energy to drain water from water bodies even in the era of BC. The world was discovered and explored by sailing ships that were being driven by wind, long before engines were invented even the new world of America was discovered by Columbus with the help of these sailing boats.

Similarly until 1920, over a million wind turbines were used to pump water and provided electricity to different farms in North America.

Awareness about wind as an energy resource began as individuals understand the need of hygienic and uncontaminated environment by using consistent and prolong energy production systems that can be reliable for long-term period. Recent research and advancement in aerodynamics and field of engineering have changed and improved these old-fashioned wind producing turbines. These turbines now can provide users with a reliable, environment-friendly and cost-effective package of energy for organizations, communities, individuals and other commercial applications.
2.2.8 The "Wind Power":
The term "wind power" is basically the conversion of power of wind energy to a range of other valuable forms of energy. Let's take an example of electricity generation. Wind energy can be easily converted into electric form using wind turbines.

In olden times the only use of wind energy was through wind mills. Wind mills had wings that when moved induces mechanical engines which were used to produce energy. This wind force was usually used in countryside and undeveloped agricultural areas for pumping, thrashing, grinding and various other agricultural needs. Wind energy can be transformed into electrical force with the help of an electrical generator. Even these days, wind energy is used at commercial scale at wind farms to generate and provide electricity to agricultural and rural areas and other remote locations and far off places thus, helping such areas with their progress. . Nowadays developed countries like Denmark, Germany, USA and even some underdeveloped countries like India are promoting and getting benefit from wind energy. Wind energy is one of the major forms of Renewable Energy or Green Energy that is extensively being used in the world presently. Practically, wind energy can be experienced accurately in such places where the wind speed is about 10 mph-12mph.
2.2.9 The Cost of Wind Turbine:
The expenditure of wind turbine can be determined by the following factors:
· the installationcharges

· geographical and climatic conditions

· the labour rate of that area

· the estimated amount of generated energy

· the energy consumption estimation
One of significant aspect is to assess the wind potency on the prospective spot for turbine location. This is important because a region with very strong winds generates approximately less expensive electricity than a less windy area even when the same unit is installed.

According to estimation the latest wind turbine originators cost near about 8-10 lacs per kilowatt. This cost is rather more than the costs of an electrical generator, but good news are that wind energy rates are declining on annual basis, while most of the conventional methods charges go on with a drift in price boosting.

Normally in high-quality airstream's regions, the generated electricity is undoubtedly cost effective. In comparison to the charges paid for electrical energy generation, the wind energy charges are really economical as once a wind energy unit is installed then we doesn't need to pay the monthly electricity bill. Moreover, it is a non-polluting source of energy and its use can cut short the environmental and health pollution hazards.
2.2.10 Wind Energy - Merits
· Out of all renewable resources, wind energy is such an ideal one because:

· It is a pollution-free, infinite sustainable form of energy.

· It doesn't require fuel.

· It doesn't create greenhouse gases that are hazardous.

· It doesn't produce toxic or radioactive waste or any by-product.

· One of the supreme advantages of this renewable resource is its abundance and that it's free of cost. It is readily available and is widely distributed all over the globe. So its raw material is freely available and cost nothing.

· No significant hazard, harmless for birds and other wildlife.

· It is getting cheaper and cheaper with the passage of time. The day is no far when it will turn out into one of the cheapest energy resource both for industrial and commercial level.

· Pollution reduction can be possible with the usage of wind energy. Wind Energy can also be helpful in reducing the greenhouse effect all over the globe. According to an estimate one megawatt-hour of electrical energy that is generated by wind energy can cut down about 0.75 to 0.89 tonnes release of greenhouse gases. These greenhouse gases are the result of coal usage or fuel combustion every year.

· Wind turbines need a very limited area to be placed and installed. When wind turbines are planned to be installed on farmland, only near about 2- 3 % of the estimated land area is required for placing the wind turbines. All the remaining area is available for cultivation, livestock, and other domestic applications.

· One other benefit of wind energy that it is readily available around the globe, and therefore there would be no need of dependence for raw material on any other state. Our world is facing a severe energy crisis and rising prices of gas and petroleum and for coping with such conditions wind energy is a timely and appropriate approach.

· Wind is a completely renewable power source and we can sustain it over a long time period.

· The property-owners regularly collect compensation or payment for the use of their terrain as a wind energy generating farm, which boost up their earning and revenue and also it amplifies the land value.

· Its use creates pollution awareness in local people.

· Ownership of wind turbine generators by the people and the community allows them to contribute straightly in the protection of our Mother Land.

· Wind is a permanent energy resource. Wind will persist till the existence of sun, and according to one approximation solar energy can persist for about four billion years.

· Wind Energy is relatively consumable and highly resourceful. Hypothetically, if all the wind resources available to civilizations are being used, then we can have at least ten times more of the consumable energy that we are using currently.

· Wind energy can also help to diversify the economics of the countries. Wind energy can provide new sources of income and jobs for people who use to set up and maintain the turbines or manage the wind farms. Employment opportunities can range from meteorologists and surveyors to structural engineers, assembly workers, and mechanics and operators.
A clear and careful Statistics show that every Megawatt of new wind capacity creates 15-19 jobs and about 60 person-years of employment. The dependence on energy all over the world is expected to rise in the coming years. We can benefit our economy by local sources to meet our energy needs and import less fuel and energy from other countries.
2.2.11 Disadvantages
Up til now what is being undertaken is sufficient to prove the importance of wind energy and its usage but still, some disadvantages may be stumbling block in the way of its status and popularity.
· The costs of generation of wind energy although are diminishing day by day, but still today to start a developmental plan on large commercial scale to generate an appropriate quantity of wind energy we are in need of a large number of turbines to be built.

· Through certain estimates wind power has proved to be non-polluting, but still the machinery and turbines may generate a great deal of noise, that indirectly increases the noise pollution.

· Wind is a variable and unpredictable energy resource and can never be predicted appropriately. If wind strength in a certain area reduces it can cause the most sophisticated technology to turn out to be a dumb mechanism. So wind energy production specifically requires awareness of the climatically and wind conditions and weather of a place on extensive long term basis.

· It may be a major problem that many potential wind farms are far away from the places where wind energy is used. Therefore, it can be a load on the financial system of heavy costs of new communication lines and substations at remote areas.

· Wind Energy is non-dispatch able. It is a variable and unpredictable resource of energy. Amount of wind abounding a place and the quantity of energy produced depends on a variety of factors like wind speeds and the turbine features.
2.2.12 Future prospect of wind technology:
According to a report by the end of 2020 the wind industry internationally is able to provide at least 12% of the world's future electricity needs even if current consumption doubles.

Wind energy has been the fastest growing energy providing technology in the world for the past decade, and the pace of growth has been greatest in Europe, where around 80% of the world's wind energy generation equipment is installed. Reason behind this dense growth is the cost reductions and progressive government policies.

Wind power currently makes up a small slice of our total energy pie, but the rate at which it is growing is obvious to make it an important part of our energy picture in the near future. The average size of new machines being installed has been growing from some hundred kW to more than 1 MW, and machines with more than 4 MW generating capacity are already on the market. Such bigger machines allow producing far more power on a specific place and as a result a process of re-powering that is the replacement of old smaller turbines by new bigger ones, has already been started.

