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Solar radiation and the underwater light field
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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 supporti | of life processes. That energy
is then converted to ﬁ, and dissipated in space.




The flow of energy through the biosphere




* 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 :

 The Stefan—Boltzmann constant

e0=5.673X102%JsIm2K*4

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

¢ R =0 K4Js (W)m?


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

*R=0x T* Wm™2

R=5.673X103 x 5760* Wm

* For the entire sun
R=5.673X102 x 5760% [Wm2] x 41t r> [m?2] W
* The radius of the sunisr =6.965 x 108



Wein’s law

... [m] =289.7 x 10~ °K [m]
T[°K]

For the sun whose surface is at 5760 °K

A, =518X10" m = nm



Increasing flux

Wavwvelength (m)
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Total solar energy
reaching Earth
depends on
Sun’s .1

K ,temperature
Sun’s surface .2
area 4mr?
Earth’s .3
distance from the
sun, d Earth’s
Projected area .4
of Earth’s shadow
na?
Earth’s surface .5
area 4ma?

Earth’s radius
a=6.37 x 10°m
Y9N Y2 1939 Yw M? b
S= o °K4 x 4nr? x ma?
41td? x4na?

S= o °K# x (r?2/d?) x na?

4t




Albedo of the Earth = 0.39

Of that, part, the albedo (between 1
and O, 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.

Energy. = Energy_,

o °K,,n * X (r?/d?)/4 x (1-0.4)=0

oa
K surface

oK4_ . =0.6 °K 4 x (r2/d?)/4

surface
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The Hydrogen Spactrum
Above: Emission
Below: Absorption




Star spectra contain information of the
elements in it




UV radiation includes UV-A, the least dangerous form of UV radiation, with a

mmlcnuh range between 3 1 5nm to 400nm, UV-B with a wavelength range
between 280nm to 315nm, and UV-C which is the most dangerous between 100nm

to 280nm. UV-C 1s unable to reach Earth’s surface due to stratospheric ozone’s
ability to absorb 1t. «
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Light Penetration in Lake Superior (Open Water, Clear Day)
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Each wavelength is absorbed differently with depth
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 Light is absorbed with depth:
* E =E "
* E, is the light intensity at z meters
* E, is the light intensity at O meters
* k, is the light attenuation coefficient

* E /E e
* In(E,/Ey)=-k4z
* ky=-In(E,/E,)/z [m]



°Z

eu

Is the depth at which light is 1%
of its surface intensity

o E_=1%E,
*E,=0.01E,

* 0.01E,=E, e*dzeu
e (0.01= ekdzeu
*In0.01= -k, z,
*z,,[m]=-In0.01/ k,
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Oxyden

is releagsed

Glucose
i formed

Walter

Photosynthesis




Photosynthesis

*6CO, + 6H,0 <->C.H,,0, + 60,1
*P.-R=P,

P.=P, +R



1N1°010D,7

*6CO, + 6H,0 <->C.H,,0, + 60,1

*P.-R=P,

* Rnn'w)
* (Nn'wl 1090 771D) 1VINA ATNA'OIVID
* P,
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Photosynthesis

o, + -> + 60,1

*6C'20, + 6H,0 ->C.H,,'¢0, + 60,

*6CO , + -> CH,0, + 7 ™

*6CO , + ->C.H,,0, + 1T +6H,0
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measuring photosynthesis

+6H,0 -> H,,0,+6 ,1T
fluorescence

photoacoustics
P.-R=P,
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productivity on land (from Reichle, 1970). in the oceans (from Koblentz-Mishke et al., 1970).
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; il 381 Annyal net grigory p roductivity (NPP) and standing crop biomass estimates for contrasting communitics of the
* world. (After Whittaker, 1975.)

A

NPP, per unit area : Biomass per unit area
-3 - e -2
Arca AR ) - World NPP kg nr) World biomass
Ecosystem Lype (10°km* Normal range Mean (10% 1) Normal range  Mean  (10° )
Tropical rainforcs. 170 1000-3500 2200 37.4 6-80 45 765
“Tropical seasonal farest 7.5 1000-2500 1600 12,0 6-60 35 260
Temperate evergreen forest 3.0 GOO=-2500) 1300 6.5 6-200 35 175
Temperate deciduous lorest 7.0 600-2300 1200 8.4 G-60 30 210
Boreal forest - 12.0 400-2000 800 9.6 b6-40 20 240
Woodland and shrubland 8.5 2500-1200 700 6.0 2-20 & 50
Savannah 15.0 2000-2000 900 13.5 (0.2--15 -4 o0
Temperate grassland 9.0 200-1500 6lH) 5.4 0.2-3 1.6 14
Tundra and alpine 5.0 10-400 140 1.1 0.1-3 0.h 3
Deserl and semi-desert shruly 18.0 10-250 90 1.6 0.1-4 0.7 I3
Extremie desert, rock, sand and ice | 24.0 0-10 3 0.07 0-0.2 0.02 0.5
Calfivated lend 14.0 100-3300 630 9.1 0.4-12 1 14
Swamp and marsh 2.0 800-3500 2000 4.0 3-50 T 15 30
Lake and stream 2.0 100-1300 250 0.5 0-0.1 0.02 0.05
Total continental 149 773 11s 12.3 1837
Open ocean 3320 2400 125 41.5 0-0.005 0.003 1.0
[Upwelling zanes | 0.4 400-1000 500 0.2 0.005-0.1 0.02 0.008
Continental shell 26.6 200-600 160 9.6 0.001-0.04 (.01 0.27
Algal beds and reefs 0.6 300-4000 2500 1.6 0.04— 2 1.2
Estuaries 1.4 200-3500 1500 2.1 0.01-6 1 1.4
Tatal marine 361 : 152 55.0 - .01 3.9 '

Full total 510 333 170 3.6 1841




gm~2y*/ 45000 gm=2~ 1/20y* 2200

45000 gm2/2200gm>2y1~ 20y

500 gm~2y1/ 20gm=2~25 y1

20gm=2 /500 gm2y1~1/25y
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Figure 1.6 The accumulation of atmospheric oxygen through geologic time. The
first oxygen produced was absorbed first by oxygen-hungry minerals that produced a banded-iron for-
mation and later by “Red-Beds” (terrestrial rocks that absorbed atmospheric oxygen). Once these min-
erals had been saturated, oxygen could accumulate in the atmosphere. Modern oxygen levels were
attained about 400 million years ago, (After M. Schidlowski, 1980.)
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Parameter ug ch a 106 cells cm pgch a
Treatment cm-2 cell
HL 3.6+1.1 1.7+ 0.3 2.2+0.3
LL 14.2 + 4 1.6 = 0.1 8.3+0.5
LL/HL 3.9 1.1 3.7
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Schematic representation of the effects of latitude, cloud
cover, pond depth and cellular pigment content on the
time integrated average photon flux



Annual Global Surface Mean Temperature Anomalies
MNational Climatic Data Center/NESDIS/NOAA
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Temperature and €0, conceniraiion in the aimosphere over the past 400 000 years
(from the Vostok ice core) |
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—4— Muuna Loa almospheric CO, (pprmv) (atm CO.) y = 1.73kx - 31059
== Aloha seuwater pCO, (uatm) R: =094, terr = 0.0293 £
o4 & Aloha seaweater pH
8
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Fig. 1 Time series of atmospheric CO; at Mauna Loa (ppmv) and surface ocean pH and pCO; (uatm) at Ocean Station Aloha in the subtropical No
Pacific Ocean. Note that the increase in oceanic CO; over the last I7 years is consistent with the atmospheric increase within the statistical limits
of the measurements. Mauna Loa data: Dr. Pieter Tans, NOAA/ESRL (http:/www.esrlnoaa.gov/gmd/cegg/trends),
HOTS/Aloha data: Dr. David Karl, University of Hawaii (http:/thahana.soest hawaii.edu).
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Sunlight Flue gas; heating, stirring, CO,

Detoxified waste

Fine

Algal biomass :
chemicals

Photovoltaic electricity

Effluent

Seawater

Irrigation discharge

Wastewater



AlgaFarm designed, built, operated by A4F BIOFAT designed, built, operated by A4F
Tubular Photobioreactors > 1.300 m3 Cascade Raceways > 3.000 m2 - 900 m3




pondsare fully  Algal biotechnology unit at Bar Ilan

computerized
and optimized
for the
production of
biodiesel and
fine
chemicals,
using seawater
and brackish
water,
fertilizer from
sewage and
CO2 from
industry.
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Industrial and agricultural wastewater from So
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Biomass productivity $
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/ Dilution  Algae2kgm’
Stage 1- Heterotrophic cultivation
for biomass accumulation
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