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Human

● Energy Budget?



Body Area



Thermal Balance



Climbing stairs



Sweating?



Body Balance



Biker

● Friction power?



Semi-trailer

● 36 tons, from 0 to 90 km/hr in 1 minute
● Power? 



Wind Turbine

● Wind power going 
through the turbine?



3 Gorges Dam

● Typical power?



Sun

● 74% H, 24% He
● 4 106 tons converted 

every second
● temperature

▸ centre: 15 106 K
▸ surface: 5800 K

● density
▸ centre: 150 g/cm3

▸ surface: ~10-2 g/cm3



 The debate on the age of the earth and sun 

Charles
DARWIN

Lord KELVIN
(William Thomson)



 Nuclear reactions in the sun 

3) Fusion 3He gives 4He: reaction PP1/PP2/PP3
PP1: 3He +3He → 4He + 1H + 1H + 12,86 MeV

Proton-proton chain - Appraisal: 4p → 4He + e+ + ve + 26MeV

1) Deuterium Formation
(Slow Interaction, slow: 1010 year)
Releases 0.42 MeV (positron and neutrino)

2) Deuterium-proton Fusion,
Releases 5,49 MeV (photon)

CNO reactions sometimes require higher energies,
but contribute less than 1% of the radiated power of the sun.



Sun density profile



 Our current understanding 

● The thermal power of the sun is produced by chains of fusion 
reactions. (1930)

● Created photons take millions of years to come out of the sun.
● The created neutrinos leave almost instantaneously.
● Neutrinos from the CNO cycle were first observed in 1970
● We just observed neutrinos from the pp cycle in 2014

Neutrinos from the primary proton–proton fusion process in the Sun
Borexino CollaborationNature 512, 383–386 (28 August 2014)



 Neutrinos from the initial fusion reaction 

BOREXINO collaboration observed 
neutrinos from the initial reaction
p+p → D+ + e+ + ve + 0.42MeV



 Evolution of the sun 

● Current Age: 4.7 Gyr 
● During 7.6 Gyr: gradual increase in the fusion rate (7% / Gyr) 
● Then contraction of the heart, increased heart temperature and 

expansion of the envelope (Red Giant).
● Fusion of helium (108 K) into Carbon and Oxygen, 200 Myr
● Collapse of the heart (white dwarf) and expulsion of the outer 

layers



Photosynthesis - Quantum Yield

● Quantum Yield: number of O2 produced for one absorbed photon

● ~ 10%



Absorption spectra

● Absorption spectrum of 
chlorophyll:
▸ maximum in the red and 

blue, the leaves are green!

● Carotene absorbs in the blue 
and some in the green.



 Photosynthesis - Absorption 

● Absorption spectrum of plants  Loss of a factor ~ 3 



 Photosynthesis - Net Yield 

● Quantum yield ~ 10%
● Absorption spectrum ~ 30%
● Plant respiration, various losses ~ 50%
● Seasonality of plant growth

● Final Yield : ~1%
● 346 W/m2 at the top of the atmosphere,

< 200 W/m2 on the ground
● Net production: ~2 W/m2

● How many Toe per hectare per year?



 Photo-synthetic activity 



 Current biomass Productions  

●  Co-products (current estimates) 
▸ Harvestable straws (20%) 5.2 Mt dm
▸ Sons                              1.2 Mt dm
▸ Beet pulp                1.4 Mt dm

● Energy crops
▸ Sorghum biomass, triticale 10 à 15 t dm/ha.year
▸ Miscanthus, switchgrass 15 à 25 t dm/ha.year
▸ Short Rotation Coppice 10 à 12 t dm/ha.year

● Forest Production
▸ Wood: current organic growth : 103 Mm3/year
▸ Annual harvest 59 Mm3/year of which 21 Mm3/year timber

competition with
livestock

Competition
with the
area

(dm = dry matter)


