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2. Mean distance 
Sun-Earth

DS-E=149.5*106 km

1. Solar irradiance at Earth’s distance 
(Solar constant): ΙE=1367 W/m2

3. Area of sphere Sun-
Earth

ΕΠΓ-Η=4*π* RΗ-Γ
2=

2.8*1017 km2
5. Radius of photosphere

Rph=0.7*106 km

6. Area of 
photosphere

Aph= 4*π* Rph
2

=6.2*1012 km2

4. Solar radiation
Rs=IE* AS-E =3.8*1026 W

7 . Solar irradiance at photosphere 
Ιph=RS/ Aph =
6.2*107 W/m2

8. Temperature of 
photosphere

Iph=σ*Τ4

Τ5760 οΚ

Solar Radiation
Basic figures



The total area of Earth is calculated as 4πR2. 
This means that the average solar irradiance 
in Earth is equal to 25% of the solar constant

In any moment 
the solar 
constant (1367 
W/m2) affects a 
part of the Earth 
that corresponds 
to an area of 
πR2

Also, there is a spatial variation depending 
on the latitude, as the same irradiance 
affects areas with different sizes

Equinoxes 
Solstices

22/6 22/12

In relation to the equator, the area at 45ο

latitude is 40% larger, it is double at 60ο

and it is six times larger at 80ο

Solar Radiation
Basic figures
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Solar radiation

8% ultra violet (<400 nm), 39% visible (400-700 nm), 53% ultra red (>700 nm), 
Maximum: 500 nm

Solar spectrum at the top of the atmosphere and at sea level

Source: H.W. Wu, A. Emadi, G. de Graaf, J. Leijtens and R. F. Wolffenbuttel, Design and fabrication of an albedo insensitive 
analog sun sensor, Procedia Engineering 25,  527 – 530, 1877-7058 2011 



Extraterrestrial irradiance (W/m2)

Source: Christopherson, 2000

Equator

Tropic of 
Capricorn

Tropic of 
Cancer

Arctic 
zone

Antarctic 
zone

North 
pole

South 
pole

Equinox EquinoxSolstice SolsticeLatitude

Month

North pole 

Equator

New York (40o N)

Solar Radiation



Factors that influence the ground solar radiation

GROUND

Relief

Sunshine

Surface albedo

Solar altitude

Solar energy emmited

Distance of 
Earth-Sun

Depends on solar activity

The distance is 
3/1 147*106 and at
4/7 152*106 km, 
The difference in distance is 
3.4% and this leads to a 
difference of extraterrestrial 
irradiance of about 6.5 %

Depends on time (hour, day of the year) and latitude

Depends on the clouds and the 
structure of the atmosphere

Depends on the surface. Indicative values: 
water: 0.06, ground: 0.25, snow: 0.95 

Solar Radiation



Mean annual irradiance at ground level (W/m2)

Πηγή: Christopherson, 2000

Solar radiation in the atmosphere



Mean annual irradiance at ground level (kWh/m2)

Solar radiation in the atmosphere



Expected annual electrical energy production 
(kWh per kWp of installed power) 

Solar radiation

Example panel
• Installed power: 210 W 
• Dimensions: 

1650.5×951.3×46 mm
• The nominal power is 

achieved at 1000 W/m2

Calculation of efficiency
• Panel area:
• 1650.5×951.3 mm=1.57 m2

• At 1000 W/m2 each panel receives 
1570 W and produces 210 W. 

• Efficiency: 210/1570=13.4%

Solar panels efficiency



Biomass

• Wood or forest residues
• Waste from food crops 
• Energy crops

Dead plant and animal material suitable for using as fuel. Roughly 2.5 tn 
of dry biomass correspond to 1 toe.

Source: Thomas B. JohanssonThomas B. JohanssonKes McCormickKes McCormickLena NeijLena 
NeijW.C. TurkenburgW.C. Turkenburg, The Potentials of Renewable Energy, January 2012

Definition and types

• Food processing
• Animal farming 
• Solid waste and wastewater 



Biomass
Indicative characteristics

Crop Part Humidity 
(%)

Production of dry 
biomass (tn/1000 m2)

Calorific value 
(MJ/kg)

Wheat Straw 10 217 18.5

Barley Straw 10 120 18.2

Corn Stem 15 1010 18

Oat Straw 8.5 355 18

Rye Straw 8 200 18.3

Cotton Stem
Residuals

40
15

350
100

18
17.5

Olive tree Pruning
Core

43
48

37
120

19
19.7

Peach tree Pruning
Core

41
20

52
180

19,8
19.3

Vineyard Pruning 39 32 18.7

Apricot tree Pruning 38 53 17.8

Pear tree Pruning 39 49 18.7

Almond tree Shells 20 220 19.1



Miscanthus

Energy crops

Biomass

SorghumCardoon Cane

Crop

Production of dry 

biomass (tn/1000 m2)

Calorific values 

(MJ/kg)

Cardoon 1 - 2 18

Cane 2 - 3 18.6

Miscanthus 1 - 2 17.3

Eukalyptus 1.8 – 3.2 19

Switchgrass 1.4 – 2.5 17.4

Kenaf 0,7 - 2 17

Sorghum 1 - 3 17.2


