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; : Statistics of Wind Power

250.000 ---------.....World Total Installed Capacity [MW] ..

200.000 -----------mmm e e

150.000 ----------cooooooeeieeeooooms J

..-"

.. R | * The trend continued that wind capacity doubles every three years.

-+ All wind turbines installed by the end of 2009 worldwide are generating 340 TWh
per annum, equivalent to the total electricity demand of Italy, the seventh largest
economy of the world, and equalling 2 % of global electricity consumption.
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Country Share of Total Capacity 2009
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.g Fig. 4. Global oil production per person
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Fig. 5 The energy transition from (Oil/Natural Gas) to (Solar/Wind). We define the

transition year as the year (2021) in which solar/wind energy begins to exceed
oil/natural gas energy, and becomes the world’s dominant energy source. E represents
annual rates of energy production, in units of oil/gas production in 2010.
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The big catchup though happens

after year 6 assuming continuing

exPonential growtlﬁl
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Comments:

1) Kohn’s Precliction is that 2020 will

see a transition to Solar/ Wind domination
2) Heis Pre&ictinga 100 fold growth in the |
next 10 years!! '
HEGearn technologg fulfil this Kohn’s law?

4) More important Perhal:)s than Moore’s

law in silicon va”eg.

5" The first five years have a

4 five fold growth
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Energg from waves!!!

nttp: LA Www.vortexngalroenergﬂ.com/

5|ow~moving ocean and river currents could be a new, reliable and
affordable alternative energy source. A University of Michigan
engineer has made a machine that works like a fish to turn
Potentia”g destructive vibrations in Hluid flows into clean,

I"CﬂCWBbIC POWCF.

The machine is called VIVACE . A paper on itis Publishecl in the
current issue OF tne c]uarterlg Journal o1c Ogsnore Mecnanics

and Arctic Engineering

VIVACE is the first known device that could harness energy from most of the water
currents arouncl tne globe because it works n ﬂows moving slower tnan i knots (about D
miles per nour.) Most of the Earth's currents are slower than b, knots. Turbines and water

mills need an average of 50rb knots to oPerate egicientlg.

VIVACE stands for Vortex Induced Vibrations for Aquatic Clean Energg. It doesn't dcpend
on waves, tides, turbines or dams. It's a unic]ue ngclrokinetic energy system that relies on

vortex induced vibrations."
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http://www.vortexhydroenergy.com
http://www.vortexhydroenergy.com
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nergy Viimics Schools ot ish: Vivace is a new energy tec nologg that
gets its name From a Phenomenon that engineers have been bat’cling 1Cor 3] years.

VIVA SSlowWVater Clurten

VIV (vortex induced vibrations) clestroged the Narrows Briclge n Washington State in 1940, and the
Ferrgbriclge power station cooling towers in Englancl in1965.

lronica”g it is also the same Phenomenon that allows schools of fish to swim as fast as theg do. Now Dr.
Michael M. Bernitsas and researchers at the University of Michigan are turning this ‘threat’ into a
M tesource. _Ra_t_b_er i:_h?[]_ﬁS_L'J_EE_F_C_SS_i_I’}g VIV, Vivace ac_tual_lg creates and thgr_]hqa_[\@_s_t_s_cngjgghfr_qm VSTt B

does it all using slow water currents, a Previouslg untappecl source of sustainable energy.
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How ocean power operates
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i we cool 1000 ga”ons of water bg
2ol the power generated 15 52 MW.
At 5% egiciencg this gives 1.6 MW output as

USEB]DIC POWCF.

OfHshore Plants could Procluce chlrogen that can be
transported bg shlps

Not a blg Player as yet, and rather cool response in (,15
to this technologg
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| ecture 16
Continued
Mag 250201

Biofuels/Biomass

Motivation

All of a sudden, you know) we may be in the energy business bg
being able to Zrow grass on the ranch! And have it harvested and
converted into energy! That’s what’s close to haPPening

GWB: Feb 2006

Ford T was built to run on either ethanol or Petroll!
And then we discovered the middle eastern oil fields!

P TR == — e— PSS —

Tuesday, May 24, 2011



Photosg nthesis s

e 5 billion yrs ago, the atmos[:)here had H,, He, N, CO,, NHs and water
but no oxygen
e 3 billion years ago we had oxygen and Plant life, H, He escapecl the
earth.
o Photosgnthesis IS keg, anaerobic processes (no Oxygen requirecl)

created carbohgclrates
b 00 yare carbohgclrates, €. 2. Clp O fructose

Light= ENERGY

§ COQ = GHQO s 674 kcal — C6H1206 e 0 02

o

Glucose

We may thus think of carbohgclrate Procluction bg sunlight through this reaction.

A rouglﬁ rule:
45006 cal energy needed to grow a gram of carb.
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Amoleis a gram molecular weigl*it:

e.g O, mole has 32 gms H, mole has 2 gms
CH,O mole has 50 gms

(C=12,H=1,0=16 total 30)

Respiration: oPPosite of PS

Carbodydrate + Oy — Energy (AT P)

Rate of carbohgclrate Production, agricuiture) grains -> A cohol-> Gasohol

' We can say something quantitative about the total agricultura Procluction

on the basis of the solar constant!

Solar constant = 0.5cal /min/cm?
47% reaches earth
~ 500cal /(em? - day)
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~ 500cal /(cm? - day)

25% correct wavelength for PS
70% absorption by foliage

357 light useful for PS5 4500 cal per gram of carb gving

~ 6% of total 75 gm/ (m? x day)
~ 30 cal/(cm?® - d

-‘Experimentang one finds about 70 gm/ (m?% . clag) of grain Procluc’tion averagecl over many

Convert cal to grams using

a rough rule:

species
This comes out as ~5% of total energy, pretty close to our estimate of %!

J Hubbert’s data says total solar power available for PS is 40 TW.

*\We can calculate the total Potential Production 1Crom tlnis as 8x10'® gm/ year on earth.

15 tons/(acre - year) x 350 x 10° acres = 5.25 x 10°Tons/year
at 4300 (cal/gm) ~ 79 x 10> BTU

79Quadrillion BT'U versus 98Q)BTU used!!

" Gasohol: 10% ethanol + Petrol. Good for combustion egiciencg and is Promising.
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Nuclear Energg

*\/ast Possibilities

eMuch worry about saicetg, Part19 based on experience
eFurther ideas for safer harvesting

eNeed to know the basics:

236(] _> Kr +143 Ba+ 3n+ 199Mev

Fission reaction: Need to understand the sgmbols and concepts.

— — = = — -
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Generalname | name Charge Mass |Mass x c?
E =m ¢
Nucleon Proton +e OO 7T B8 S ey
Stronglg
interaction
(Hadrons) | neutron O EOO8 L 98 Nicy
electron - 00054 u
Lel:)tons
neutrino O ~small

c =3 x 10° m/sec

u=1.66x10 2 kG

g 711 B8 U 0P 8 Vot U e A f Bt
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Nucleus

= nucleus consists o1c v Protons ancl N neutrons.

lts mass is close to (but not exactlg) (A+Z) u.

Their nomenclature is as follows:
o (ngbob &
or sometimes simplg as

AZ(ngbol)

Examp[e OF abunclant oxggen

é6 08 or more simplg

Nomenclature: (Thanks for correction in

A= Mass number
class toclag)
Zo= A FOIIG 4 OL Proton) number

N= Neutron number

In nature we also Fincl other

“isotopes” of Oxggen
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A few important nucleii, and their isotopcs

Hyd’roge’n, %H Stable hg&rogen

Deuterium fH Stable hea\/g hgdrogen

Tritium H halflife = 12 years
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Helium
25iclhe
126C = %
a3 rbon
S 5600 yrs
Z§89zu
Uranium
25,0
244 . Pu
Plutomum
25994.PU

e
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Radius of a nucleus 10" m, i.e. a fermi

Strong interaction forces bind the
nucleons together) overcoming their
Coulomb repulsion bg an even stronger

attractiens

Bincling energy and mass defect.

The reason a nucleus is stable is due to the bindir)g energy. We can say:

Er1ucleus =E nucleons ~ Ebinding

D

Ebinding: Enucleons"Er’nucleus

Mclcmcech Ebinding / CZ
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