
SOLAR ENERGY
Sun is the largest source of energy. Energy radiated from the
sun is electromagnetic waves reaching the planet earth in
three separated region,
1. Ultraviolet - 6.4 % (λ<0.38μm)
2. Visible -48 % (0.38 μm <λ<0.78μm)
3. Infrared -15.6 % (λ>0.78μm)
 

When solar radiation (solar energy) is absorbed by a body it
increases its energy. It provides the energy needed to sustain
life in the solar system. It is a clean inexhaustible, abundantly
and universally available energy and is the ultimate source of
other various sources of energy.
 

The heat generation is mainly due to various kinds of fusion
reactions , the most of energy is released in which hydrogen
combine to helium. An effective black body temperature of
sun is 5777K



Use of direct solar energy
 Solar thermal power plant
 Photolysis systems for fuel production
 Solar collector for water heating
 Passive solar heating system
 Photovoltaic, solar cell for electricity generation.

 
Use of indirect solar energy
 Evaporation, precipitation, water flow
 Melting of snow
 Wave movements
 Ocean current
 Biomass production
 Heating of earth surface
 Wind



Solar Constant:  The rate at which solar energy arrives at the
top of the atmosphere is called solar constant Isc
Standard value of 1353 W/m2 adopted by NASA, but 1367 W/
m2, adopted by the world radiation center.
 
Extra-terrestrial solar radiation:
Solar radiation received on outer atmosphere of earth.
 
 
 
                                       Where, nth day of the year
 
Terrestrial solar radiation: The solar radiation reaches earth
surface after passing through the atmosphere is known as
terrestrial solar radiation or global radiation.
 
Direct or Beam radiation: It is the solar radiation propagating
along the line joining the sun and the receiving object.



Diffuse radiation: It is the solar radiation scattered by
aerosols, dust and molecules. It does have a unique
direction.
 

Total radiation or Global radiation: The sum of beam
and diffuse radiation is referred as total radiation.
 

Irradiance: the rate at which radiant energy is incident
per unit area of the surface. The unit of Irradiance is W/
m2. It is used for beam and diffused radiation.
 

Radiant exposure (irradiation): the incident energy per
unit area on a surface is found by integration of
irradiance over a specified time usually an hour or a day.
Its unit is J/m2.
 

Radiant existence (Radiosity): The rate at which radiant
energy (W/m2) leaves a surface per unit area, by the
combination of emission reflection and transmission.



Emissive power: The rate at which radiant energy (W/
m2) leaves a surface per unit area, by emission only.
 
Albedo: The energy reflected back to the space by
reflection from clouds, scattered by the atmospheric
gases and dust particles and by reflection from earth
surface is called albedo of earth atmospheric system.
30 % of the incoming solar radiation back to
extraterrestrial region through atmosphere from earth
Solar time
 
Zenith: the point directly over head is called zenith.
 
Air mass ratio: Air mass is defined as the ratio of the
path length of radiation through the atmosphere,
considering the vertical path at sea level as unity.





Latitude (ɸ): the latitude of a location on earth surface is angle
made by the radial line joining the given location to the center of
the earth with its projection on the equator plane.
Declination (δ): It may be defined as the angular distance of the
sun ray from the plane of earth equator.
 
 
where, n =day of year counted from 1st of January.







Solar radiation measurement
Solar radiation measuring instruments are following type
Pyranometer: used to measure global radiation
Pyrheliometer: used to measure beam radiation
 

Pyranometer: It is used to measure total hemispherical
radiation-beam plus diffuse on a horizontal surface. If shaded, a
pyranometer measures diffuse radiation. Most of solar resource
data come from pyranometer. The total irradiance (W/m2)
measured on a horizontal surface by a pyranometer is
expressed as follows:
                   I total = I beam + I diffuse



Pyrheliometer: The pyrheliometer is a broadband instrument
that measures the direct beam radiation. Consequently, the
instrument should be permanently pointed toward the Sun. A
two-axis Sun tracking mechanism is most often used for this
purpose.
The detector is a multijunction thermopile placed at the bottom
of a collimating tube provided with a quartz window to protect
the instrument.
The detector is coated with optical black. Its temperature is
compensated to minimize sensitivity of ambient temperature
fluctuations.
The pyrheliometer aperture angle is 5°. Consequently, radiation
is received from the Sun and a limited circumsolar region, but
all diffuse radiation from the rest of the sky is excluded. A
readout device is used to give the instant value of the direct
beam irradiance. Its scale is adapted to the sensitivity of the
particular instrument in order to display the value in SI units,
Wm-2.





Utilization of solar energy by technological processes
Heliochemical: By the process of photosynthesis, plants
absorb the solar energy which maintains life the earth by
productions of various types of foods. The energy is absorbed
by the chemical reaction hence the process is called
Heliochemical.
 
Helioelectrical: The solar energy is input to photovoltaic
converters and power is output from it which is used for
spacecraft etc.
 
Heliothermal: This process can be used for water heating of
building etc.



Applications of solar energy
1. Heating and Cooling of buildings
2. Solar water and air heating
3. Salt production by evaporation of seawater
4. Solar distillations
5. Solar drying of agricultural products
6. Solar cookers
7. Solar water pumping
8. Solar refrigeration
9. Electricity generation through Photo voltaic cells
10. Solar furnaces
11. Industrial process heat
12. Solar thermal power generation


