
Solar Energy Exploitation Systems 



1. Solar energy and basic forms of its exploitation 

2. Photovoltaic phenomena 

3. Solar cells and their characteristics 

4. Monocrystalline, polycrystalline and thin film solar cells 

5. Solar cells from other semiconductor materials 

6. Construction and fabrication of solar cells 

7. Construction and fabrication of modules 

8. Basic types of photovoltaic systems 

9. Energy storage for photovoltaic systems 

10. Stand alone and on-grid systems 

11. Applications of Photovoltaic systems 

12. Basic economic and ecological aspects 

13. Solar thermal systems 

14. Conversion solar energy to electrical energy 

 

Course structure - lectures 





Energy Demand increases at 2.6 % annually 

Source: Fraunhofer Institute, IISP, flyer, 2004 













r0  = 1.496 × 108 km 

Energy of Solar Radiation 
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albedo radiation is radiation reflected from the ground - R 
 

beam radiation, made up of beams of light that are not reflected or scattered - B 

diffuse radiation, coming from the whole sky apart from the sun’s disc- D 

global radiation (direct + diffuse + albedo).  G = B + D + R 

Irradiance means density of power falling on a surface, and is 

measured in W/m2 

solar constant 

B0 = 1367 W/m2 



There are random variations caused by climatic conditions: cloud cover, 

dust storms and so on 

Monthly mean values of global horizontal daily irradiation,  Gdm(0) 

A clearness index KTm, (calculated for each month) 

gives a measure of the atmospheric transparency. 

 



The clearness index 

The diffuse fraction of the mean daily global irradiation 









Radiation arriving on PV module 
Radiation arriving on an 

inclined surface 



Clear sky  

Reality: 



100% 

85% 

http://sunbird.jrc.it/pvgis/apps/pvest.php 



1.  Light absorption in materials and excess carrier generation 

 Absorption is due to interactions with material particles (electrons and nucleus). 

  If particle energy before interaction was W1, after photon absorption is W1+ h  

•    interactions with the lattice – low energy photons, results in an 

                                                        increase of temperature 
 

•    interactions with free electrons - important when the carrier  

           concentration is high, results also in temperature increase  
 

•    interactions with bonded electrons- the incident light may generate 

     some excess carriers (electron/hole pairs)  
 


