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 INTRODUCTION
Solar Energy, radiant energy produced in the Sun as a result of nuclear fusion reactions. It is transmitted to the Earth through space by electromagnetic radiation in quanta of energy called photons, which interact with the Earth’s atmosphere and surface.

The strength of solar radiation at the outer edge of the Earth’s atmosphere when the Earth is taken to be at its average distance from the Sun is called the solar constant, the mean value of which is 1.37 kW per sq m. The intensity is not constant, however; it appears to vary by about 0.2 per cent in 30 years. The intensity of energy actually available at the Earth’s surface is less than the solar constant because of absorption and scattering of radiant energy as the strength of the solar energy available at any point on the Earth depends, in a complicated but predictable way, on the day of the year, the time of day, and the latitude of the collection point. Furthermore, the amount of solar energy that can be collected depends on the orientation of the collecting object.

 NATURAL TRANSFORMATION OF SOLAR ENERGY
Natural collection of solar energy occurs in the Earth’s atmosphere, oceans, and plant life. Interactions between the Sun’s energy, the oceans, and the atmosphere, for example, produce the winds, which have been used for centuries to turn windmills. Modern applications of wind energy use strong, light, weather-resistant, aerodynamically designed wind turbines that, when attached to generators, produce electricity for local, specialized use or as part of a community or regional network of electric power distribution.

Approximately 30 per cent of the solar energy reaching the outer edge of the atmosphere is consumed in the hydrological cycle, which produces rainfall and the potential energy of water in mountain streams and rivers. The power produced by these flowing waters as they pass through modern turbines is called hydroelectric power (see Hydro-Power).

Through the process of photosynthesis, solar energy contributes to the growth of plant life (biomass) that can be used as fuel, including wood and the fossil fuels that are derived from geologically ancient plant life. Fuels such as alcohol or methane can also be extracted from biomass.

The oceans also represent a form of natural collection of solar energy. As a result of the absorption of solar energy in the ocean and ocean currents, temperature gradients occur in the ocean. In some locations, these vertical variations approach 20° C (36° F) over a distance of a few hundred metres. When large masses exist at different temperatures, thermodynamic principles predict that a power-generating cycle can be created to remove energy from the high-temperature mass and transfer a lesser amount of energy to a low-temperature mass. The difference in these two heat energies manifests itself as mechanical energy (for example, output from a turbine), which can be linked with a generator to produce electricity. Such systems, called ocean thermal energy conversion (OTEC) systems, require enormous heat exchangers and other hardware in the ocean to produce electricity in the MW range.

  Solar Thermal Electricity
Solar thermal electricity can utilize one of three main types of concentrating technology. The only commercial solar thermal power plants in operation today (the Solar Electric Generating Sytems located in California) all use parabolic troughs. These focus the Sun’s energy on to a tube containing a heat transfer fluid that extends along the length of the trough’s focal line. The working fluid is raised to sufficiently high temperatures to produce superheated steam. The second method, involving the use of a central receiver or “power tower” (currently only at an advanced demonstration phase), relies on an array of heliostats tracking the Sun and reflecting its rays on to a receiver mounted on a tower in the centre of the heliostat field. Again, the concentrated heat energy is used to raise steam to drive turbines that generate electricity. The third technology involves the use of dish concentrators, analogous to satellite receiver dishes, to focus the incident solar radiation on to a single point. Commonly a Stirling engine (external combustion engine) is mounted at the focal point.

 SOLAR ENERGY FROM SPACE 
A scheme that has been proposed to produce power on a large scale involves placing giant solar modules in geosynchronous Earth orbit, where energy generated from sunlight would be converted to microwaves and beamed to antennas on Earth for reconversion to electric power. To produce as much power as five large nuclear power plants (1 billion watts each) quite a few square kilometres of solar collectors, weighing 4.53 million kg (10 million lb), would have to be assembled in orbit; an Earth-based antenna 8 km (5 mi) in diameter would be required. Smaller systems could be built for remote islands, but the economy of scale suggests advantages to a single large system.

 SOLAR ENERGY STORAGE DEVICES 
Because of the intermittent nature of solar radiation as an energy source, excess solar energy during periods of small demand must be stored in order to meet demands when solar energy availability is insufficient. Besides simple water and rock storage systems, more compact devices that rely on the phase-change characteristics of eutectic salts (salts that melt at low temperatures) can also be used, particularly in cooling applications. Batteries can serve as storage devices for excess electric energy produced from wind or photovoltaic devices. A broader concept is the delivery of excess electric energy to existing power networks and the use of these power networks as supplemental sources when solar availability is insufficient.
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Solar Home 

In this solar home in Corrales, New Mexico, United States, a flat plate solar collector (lower right) provides energy to heat water pumped by the windmill. The water is stored in large drums at the side of the home.
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Solar Heating 

Flat plate collectors utilize the sun’s energy to warm a carrier fluid, which in turn provides usable heat to a household. The carrier fluid, which in this case is water, flows through copper tubing in the solar collector, and in the process absorbs some of the sun’s energy. Next, the carrier fluid moves to the heat exchange, where the carrier fluid warms water that is used by the household. Finally, a pump moves the carrier fluid back to the solar collector to repeat the cycle.
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