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Solar radiation and the underwater light field



The sun as the source of energy for life on Earth

The energy needed to sustain life on Earth arrives as 
sunlight, through the process of PHOTOSYNTHESIS, by 
which light energy is converted into energy in organic 
compounds supporting all of life processes. That energy 
is then converted to heat, and dissipated in space.

Earth



The flow of  energy through the biosphere



Radiation and temperature
• The temperature of the sun’s core is 20,000,000 

degrees, but the radiation of any body depends on its 
surface temperature, which for the sun  is  5760 0K,

• The Stefan–Boltzmann constant

• σ = 5.673X10-8 Js-1m-2K-4

• The radiation emitted by a square meter of the body 
surface (flux) is 

• R = σ K4 Js-1 (W)m-2

https://en.wikipedia.org/wiki/Stefan%E2%80%93Boltzmann_constant


• R= σ x T4 Wm-2

R= 5.673X10-8 x 57604 Wm-2

• For the entire sun 
R= 5.673X10-8 x 57604 [Wm-2] x 4π r2 [m2] W

• The radius of the sun is r = 6.965 x 108



Wein’s law

λmax[m] = 289.7 x 10-5 oK [m]
T[oK]

For the sun whose surface is at 5760 oK

λmax = 5.18X10-7 m = 518 nm



Spectral curves of radiating bodies





Earth’s radius 
a = 6.37 x 106m

של פניו יקבל בממוצע m2וכל 

S= σ oK4 x 4πr2 x πa2

4πd2 x4πa2

S= σ oK4 x (r2/d2) x πa2

4πa2

Total solar energy 
reaching Earth 
depends on  

.1Sun’s 
temperature ,K

.2Sun’s surface 
area  4πr2

3  .Earth’s 
distance from the 

sun, d Earth’s
4  .Projected area 

of Earth’s shadow 
πa2

5.Earth’s surface 
area   4πa2 



Albedo of the Earth = 0.39
Of that, part, the albedo (between 1 
and 0, for Earth 0.4), is reflected back 
to space.

Thus the surface temperature of any 
planet assuming no atmosphere and 
no residual internal heat can be 
calculated as follows.
Energyin = Energyout
σ oKSUN

4 x (r2/d2)/4 x (1- 0.4)= σ 
oK4

surface
oK4

surface=0.6 oKSUN
4 x (r2/d2)/4



• Of the red shift we know from the position of the 
hydrogen absorption and emission lines



Star spectra contain information of the 
elements in it













Photo of 
green algae

Photo of 
brown algae

Photo of 
Red algae

The quantity and quality of photosynthetically 
active radiation (visible light) changes with depth.  

Blue and green light penetrate deepest.

All algae have 
chlorophyll a (white 

line in top graph)
Green algae also have 

chlorophyll b and are generally 
limited to shallow turbid water.  

Brown algae have auxiliary 
pigments such as fucoxanthin 
that expand absorption into the 
green wavelengths and allow 

them to proliferate at 
intermediate depths

Red algae can survive at the 
deepest depths as auxiliary 

pigments such as 
phycoerythrin absorb blue and 

green light



Spectral distribution of 
underwater light in 

spring and summer in 
the oligotrophic Gulf of 

Eilat (Red Sea)



Spectral distribution of underwater light in spring 
and summer in the eutrophic Lake Kinneret



Light and chlorophyll in Lake Kinneret



Each wavelength is absorbed differently with depth 
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Light in water

• Light is absorbed with depth:
• Ez=E0e-kdz

• Ez is the light intensity at z meters
• E0   is the light intensity at 0 meters
• kd is the light attenuation coefficient

• Ez/E0e-kdz

• ln(Ez/E0)=-kdz
• kd= -ln(Ez/E0)/z [m]



The euphotic depth zeu
•zeu Is the depth at which light is 1%

of its surface intensity
• Ez=1%E0
• Ez=0.01E0

• 0.01E0=E0e-kd zeu

• 0.01= e-kd zeu

• ln0.01= -kd zeu
• zeu[m]= -ln0.01/ kd









Photosynthesis
• 6CO2 + 6H2O  <-> C6H12O6 + 6O2↑

•PG-R=PN

•PG=PN +R



הפוטוסינתזה
• 6CO2 + 6H2O  <-> C6H12O6 + 6O2↑

• PG-R=PN

• R נשימה
• )כולל הפסדי נשימה(פוטוסינתזה ברוטו  

• PG
• פוטוסינתזה נטו  PN



Photosynthesis
•6CO2 + 6H2O -> C6H12O6 + 6O2↑

•
•6C18O2 + 6H2O  -> C6H12

18O6 + 6O2↑
•

•6CO 2 + 6H2
18O -> C6H12O6 + ?618O2↑

•
•6CO 2 + 12H2

18O -> C6H12O6 + 618O2↑ +6H2O



Antarctic 
photosynthesis 
and daylength

Dashed line 
represents gross 
photosynthesis 



measuring photosynthesis

6CO2 + 6H2O  -> 14C6H12O6 + 6O2↑
fluorescence

photoacoustics
PG-R=PN



 

PS II σ

PS I σ

σopt

PSII Fluorescence

Sunlight

PSI Fluorescence

Heat

Photochemistry




Radioactive carbon labelling of high and low light Stylophora 
pistillata branches under a range of light intensities















Primary productivity in tropical rainforest and 
upwelling marine zones

gm-2 y-1/ 45000 gm-2 ~ 1/20 y-1 2200

45000 gm-2 / 2200gm-2 y-1 ~ 20 y 

500 gm-2 y-1/ 20gm-2 ~25 y-1

20gm-2 / 500 gm-2 y-1~1/25y 

20:1/25=500!!!









:פוטוסינטזהשל פוטואקלימציה Dunaliella salina (b&d)מאוקלמת לאור גבוה 
(a & c)ונמוך



פוליפים של אלמוג ובתוכם אצות שיתופיות



וקסנטלותזוא
באלמוגים שונים



Stylophora pistillata

Low light
High light



High and low light acclimation in Stylophora pistillata 
zooxanthellae

pg ch a 
cell

106 cells cm-2µg ch a 
cm-2

Parameter         
Treatment

2.2 ± 0.31.7 ± 0.33.6 ± 1.1HL

8.3 ± 0.51.6 ± 0.114.2 ± 4LL

3.71.13.9LL/HL



Electron micrograph of zooxanthella 
from low light Stylophora



Electron micrograph of zooxanthella from high 
light Stylophora 



Photoacclimation strategy



-לאור גבוה ו (HL)פוטוסינתזה ועצמת אור  (LL) לאצות
מאוקלמות לאור חלש



(פוטוסינטטיתנצולת  φ בזואוקסנטלות) 
מאלמוגי אור גבוה ונמוך



Haematococcusתרבית של  pluvialis
, אור חלש למעלה חזק למטה ,



Carotenoidsהקרוטנואידים

• "קוצרי אור"מתחלקים ל
• Fucoxanthine
• Peridinine
• photoprotective " אורלמגיני"ו
•Β carotene
• Astaxanthine
• Xanthophyll -פיגמנטים של מעגל ה



השפעת עוצמת אור גידול של אצות על קצבי  
הפוטוסינתזה והגדילה  שלהן



Schematic representation of the effects of latitude, cloud 
cover, pond depth and cellular pigment content on the 
time integrated average photon flux



























Why algae
Quantum yield
Areal efficiency
=income









Sludge water

Algal culture ponds

Sun light Flue gas; heating, 
stirring, CO2

Detoxified 
waste

Seawater

Wind ; stirring

fuel

discharge 

Algal biomass  for fuel
 Lipids for bio-diesel
 Sugars for bio-ethanol

Effluent

Sewage



cultivation ponds 
Algal cells with
Magnetic Nanoparticles 

Seawater

CO2

Magnetic 
Harvesting

Lipids
Trans-esterification Flow System

HTL

Unaerobic
PBR

Biodiesel

Sugars
Fermentation Solar System

Bio-ethanol

Antioxidants

Hydrogen

H2

Fluctuating Light



Wastewater

Sewage

Algal culture photobioreactors

Sunlight Flue gas; heating, stirring, CO2

Detoxified waste

Seawater

fuel

Effluent

Irrigation          discharge 

Algal biomass Fine 
chemicals

Photovoltaic electricity





Algal biotechnology unit at Bar Ilan
University

Ponds are fully 
computerized 
and optimized 
for the 
production of 
biodiesel and 
fine 
chemicals, 
using seawater 
and brackish 
water, 
fertilizer from 
sewage and 
CO2 from 
industry.



























h i g h l i g h t s

Aim: To realize the energy inputs of

the LCA to produce oil-rich algal

biomass for biodiesel.

We considered recent technologies

and main bottlenecks in algal biomass

production.

We calculated and compared the

energy requirements of the algal

cultivation systems.

Lowest energy input for a complete

harvesting process requires

4 MJ per m
3

algal suspension.

We propose the best scenario to grow

microalgae for biodiesel.

g r a p h i c a l a b s t r a c t





The end
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