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SOLAR DRYER!!
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Efficacy (%) 



EXAMPLE:

A 100 W bulb is switched ON for 8 hours. If the price of electricity 
is 50 fils / kWh, what is the cost of energy consumed during that 
period?

Solution: 

E = P. t = 100 x 8 = 800 W-hr = 0.8 kW-hr 

Cost = 0.8 x 50 = 40 fils
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SOLAR RADIATION

• How much solar energy reaches the ground?

• Where to find and how to read solar radiation data?

• Slope and orientation of solar collectors

• Shadow effects



1. HOW MUCH SOLAR ENERGY REACHES THE GROUND?



1. THE SUN



/m2



EXTRATERRESTRIAL RADIATION



VARIATION OF 
EXTRATERRESTRIAL RADIATION

Two sources of variation in 
extraterrestrial radiation must 
be considered.

1. The first is the variation 
in the radiation emitted 
by the sun.

2. Variation of the earth-
sun distance does lead 
to variation of 
extraterrestrial 
radiation flux in the 
range of ±3.3%.









BEAM AND DIFFUSE RADIATION ON HORIZONTAL SURFACES

Global radiation

Beam radiation

Diffuse radiation





Source: Target/e.u.z.

SOLAR RADIATION AT GROUND LEVEL

Solar radiation
Solar constant 

1367 W/m2

Atmosphere
Losses due to 

atmosphere

Diffuse radiation

Beam radiation

Reflection by ground

Absorption by atmosphere

Reflection by 

clouds

Global radiation at ground level 1100 W/m2





GLOBAL SOLAR IRRADIANCE AND ITS
COMPONENTS

Global

Direct (Beam)

Diffused









WHY THERE IS A 
DIFFERENCE IN THE 
SOLAR RADIATION 
BETWEEN DIFFERENT 
LOCATIONS ?



1. SUN PATH















2. 
GEOGRAPHICAL 
LOCATION 



Cairo Rome

SUN TRAJECTORY IN CAIRO AND ROME



http://andrewmarsh.com/apps/staging/sunpath3d.html

http://andrewmarsh.com/apps/staging/sunpath3d.html
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3. SEASONS 

















TYPICAL DAYS IN JANUARY AND JUNE

January June





4. WEATHER 
CONDITIONS



SOLAR RADIATION IS ALEATORY





Source: ITW

Solar radiation at ground level

Clean sky Moderate cloudy 

sky

Mostly cloudy sky Covered sky



The sum of direct horizontal irradiance and the diffuse horizontal irradiance (DHI) results in the 
total irradiance or global horizontal irradiance:



WHERE CAN RADIATION 
DATA BE FOUND?

Meteonorm: 
http://www.meteonorm.com/media/maps_
online/gh_map_africa.pdf

PV GIS: 
http://re.jrc.ec.europa.eu/pvgis/countries/
afr/4-gs13.png

NASA: 
http://swera.unep.net/index.php?id=wms_c
ompliant

Design Software: T*Sol, Transol, Polysun

NREA solar atlas



https://re.jrc.ec.europa.eu/pvg_tools/en/#MR

https://re.jrc.ec.europa.eu/pvg_tools/en/#MR
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ORIENTATION 



SUN LOCATION
SOLAR ALTITUDE
SOLAR AZIMUTH 



COLLECTOR SLOPE / TILT







SLOPE (TILT), Β

The angle between the plane of the 
surface in question and the horizontal:

0° ≤ β ≤ 180°

β ≥ 90° means that the surface has a 
downward-facing component.



Radiation on sloped surfaces

[kWh/(m2 month)]



Optimal slope angle







Losses due to different slope and orientation



Example of monthly values

Source: T Sol



SHAMS – 1 



• thumb estimation

• evaluation of obstacles’ coordinates

• compass and clinometer

• sofwares (evaluation of basic obstacles’ geometric data)

Shadows





Same obstacle in different positions



Shadow effect between collector rows

Source: ENEA
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SOLAR RADIATION 
MEASUREMENT 



MEASUREMENT INSTRUMENTS

Name Type of 

Receiver 

Use Comment 

Pyranometer Thermopile Outdoor global 

measurements 

Very high accuracy, 

slow response 

Photovoltaic Sensor 

(Solarimeter) 

Solar Cell Outdoor global 

measurements 

High accuracy, fast 

response 

Reference Cell Solar Cell Indoor calibration  

Spectroradiometer Photodiode or 

CCD 

Spectral measurements Slow, medium 

accuracy 

Campbell Stokes Cardboard strips Sunshine hours Crude 

Satellite Photo Film/CCD Estimation of global 

irradiation, cloud cover 

Broad coverage 

 



CAMBELL-STOKES SUNSHINE RECORDER



THERMOPILE PYRANOMETER



PHOTOVOLTAIC SENSOR



SPECTRORADIOMETER

Internal 
Microcomputer

Filter Wheel

Mirror

Cosine
Receptor

Holographic
Grating Monochromator

Entrance Slit

Grating

Exit 
Slit

Silicon Detector



SPECTRORADIOMETER



Pyranometer 1:
Measures diffuse 
horizontal irradiance.

Pyranometer 2:
Measures total
horizontal irradiance.

Shadow band



PYRHELIOMETER





SPECTRAL 
BLACKBODY 
EMISSIVE POWER





THERMAL CAMERA!!



SOLAR SPECTRUM



HELIUM NEON LASER SPECTRUM



Electromagnetic waves are 
characterized by their frequency 
or wavelength .

3. THE ELECTROMAGNETIC WAVES
Electromagnetic waves transport 
energy just like other waves, and 
all electromagnetic waves travel 
at the speed of light in a vacuum, 
which is

C0 =2.9979  108 m/s.





3.A THE ELECTROMAGNETIC SPECTRUM



3.B PHOTON ENERGY
each photon of frequency      is considered to have an energy of:

h =6.6256 x 10-34 J · s is Planck’s constant

The Energy of a photon is 

inversely proportional to its 

wavelength 



3.C THERMAL RADIATION

Thermal radiation emitted as a result of energy transitions of 
molecules, atoms, and electrons of a substance.

Thermal radiation is defined as the portion of the electromagnetic 

spectrum that extends from about 0.1 to 100 µm.

thermal radiation includes the entire visible and infrared (IR) radiation 
as well as a portion of the ultraviolet (UV) radiation.



3.C THERMAL RADIATION

General range of  thermal 

radiation



light is simply the visible portion of the electromagnetic 
spectrum that lies between 0.40 and 0.76 µm.

Light, or the visible spectrum, consists of narrow bands 
of color from violet (0.40–0.44 µm) to red (0.63–0.76 
µm)

A body that emits some radiation in the visible range is 
called a light source.

The sun is obviously our primary light source.



The electromagnetic radiation emitted by the sun is 
known as solar radiation, and nearly all of it falls into 
the wavelength band 0.3–3 µm.



3.D FUNDAMENTALS OF THERMAL RADIATION



Thermal radiation is continuously 
emitted by all matter whose 
temperature is above absolute 
zero. 

“everything around us such as 
walls, furniture, and our friends 
constantly emits (and absorbs) 
radiation.”

3.d FUNDAMENTALS OF THERMAL RADIATION



3.E BLACKBODY RADIATION

The amount of radiation energy emitted from a surface at a given 
wavelength depends on the:

 material of the body

 the condition of its surface 

 the surface temperature.

 A blackbody is defined as a perfect emitter and 
absorber of radiation.



EB “TOTAL BLACKBODY EMISSIVE POWER”

The radiation energy emitted by a blackbody per unit time and per unit 
surface area was determined experimentally by Joseph Stefan in 1879 
and expressed as: 

Eb is the total blackbody emissive power, which is the sum 
of the radiation emitted over all wavelengths.



SPECTRAL BLACKBODY EMISSIVE POWER

the amount of radiation energy emitted by a  blackbody at an absolute 
temperature T per unit time, per unit surface area, and per unit 
wavelength about the wavelength λ.



SPECTRAL BLACKBODY EMISSIVE POWER

The relation for the spectral blackbody emissive power Ebλ was 
developed by Max Planck in 1901 in conjunction with his famous 
quantum theory. 

This relation is known as Planck’s law and is expressed as



5777 K blackbody spectrum





The variation of 
the blackbody 
emissive power 
with wavelength 
for several 
temperatures.



As the temperature increases, the peak of the curve shifts toward 
shorter wavelengths. The wavelength at which the peak occurs for a 
specified  temperature is given by Wien’s displacement law as



SOLAR SPECTRUM IN COMPARISON TO THE SPECTRUM OF A BLACK RADIATOR AT 
5777K

5777 K blackbody spectrum





SPECTRAL DISTRIBUTION OF EXTRATERRESTRIAL RADIATION











THANKS FOR YOUR ATTENTION 

ANY QUESTIONS


