Pecture

Natural £as
April 11, 2012

Reasons for Optimism:
) undiscovered resources exist

2 Methane is now more “tamed” lots of methane in coal beds
3) 1100 Tcf estimated left (used up 1000TchH

°Mostlg methane CH, or ethane

o] ess harmful emissions, CNG 1s very Popular n many Parts of the world (SC Metro too)

eNatural gas @12.8%% /MDBtu versus electricitg @ 26.08%/MbBtu

*Heating eﬂciciencg reasonable: Chimneg gets most heat thougl% electric heating IS comPetitivc with 100%

conversion, but heat pump is best as we will discuss later.

*Resources:

*Q=1200x 107 cft

eUsed up 1037 x 102 cft

*15% left is one estimate

eRest Of the World has about 6400x102 cft



BATEH
DS INIFATRIO N
WORSD (L, (RS T ETIG!
B CESERIES
fim
3 EARBON
3
X (Ll Naptha
o =i ‘
$ EOh 5 ‘m i Kerosene
Coal .
Fractom Sale] =Sl
I (o Plake Ar

i HyY,D R0 G E NS

Heavy
Fuel 01l

Atrmosphere
Residual

r N - - L J m
Crude Oil Refining Liapodd)
Distillate Boiling | Carbon Atoms
Fraction Point ("C) | per Molecule o d)
(asolind $0-211( 5-12

Uacuumn
Residual
Naphtha 100-200 3-12
Kerosene & Jet Fuel | 150-2350 11-13
Diesel & Fuel Oil 160-400 13-17
Heavy Fuel Oil 315-540 20-45 :
Atmospheric Residue | over 450 over 30 KR CIISCUSS Furtlﬂer abOUt
HL TR RO S S L Greases, Paraftin (wax) and Pitch & Tar at tee

o
-

bottom of the fraction list.

g SeS e | [ ——— e I _ -, i



Examl:)les 21and 2.2: Price of natural £3as versus gasoline VErsus
electricitg TsiusIe= =
Natural £as sold bg gas company at $1§.Z8/1OOOH:5
Electricitg cost .089% per kwh.

Gasoline solcl at1.85% / ga”on For electrical con:&zic:;;we assume 100%
Com pare the three costs per BTuU
Energy ec]uivalents data We will calculate the cost of 107 Btu energy
pr ovided: bﬂ the three means electrical, gas and gasoline
(Page 2 of cover RK) Gasoline: 1.85/1.25 =1.48 $ for 10° Btu
Gasoline 1 Gallon energy
1.25x10° Btu
b gas 1000f3 Natural Gas: 13.28/10.35 =1.28 $ for 10° Btu
1.0%5x10¢ Btu Electricity: .089/kWh x 1kwWh/3413 Btu x 107 Btu =
Electricitg tkwh 3413 2.61'$ for 10° Btu
Btu

Ratios NG:G:E =1: (].]5) : (Z.O§>



Coal

'Origin IS 1N Plants that died 596 Million years ago bg anaerobic clecay of organic matter (without oxggen).
'Big role in the Pas’c clevelopment. (Steam age = Coal age )
eEnormous reserve left but severe environmental Problems and egiciencg ISsUes

(IS has about 25% of world’s reserves, Russia about 29%.,; China,

olf we use at the current ERC. goocJ for another 260 gearsllll

Shale ol

*USA has huge cleposit of oil shale in Green river formation in Wgoming/Utah/Coloraclo
«Oil shale is a solid hgdrocarbon, like wax contains Kerogen

eQ is between 600 to 2000 Billion barrels comparecl to-()=52-%15 Barrels of Petroleum.
°Ver9 low energy clensitg: 3to 5 million Btu/ton comPared Ha 27 for coal.

Tar Sand

*Canada special
\/iscous crude Bitumen

'Ener59 clensit9 S again very low- but vast cle[:)osits exist

= = - = = = a -y = s
P - = T S - =y = = = = = = S - - s



Sun: INSOLATION

_*"Mag we attain that excellent glorg of Savitar the (Sun) gocl:
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So may he stimulate our Pragers." T 2990 9 f\g |

—The Hgmns of the Rigvecla (2000 BC Anongmous) 59T I T 9= AT |

Similarlg E‘ggpt ik Magans .....

Solar Constant = 2 cal /min/ cm? (averagec over the 24 hr clag)

Solar energy reaching upper atmosphere in direct line of sight of Sun.

Averaging QVEI 5€as0onns Y'CCIUCCS tl"llS

Effective Solar Constant = 0.5 cal/min/ cm?

L osses in atmospl'were due to absorption amount to 55% so we get about 2756 of that

‘Foran8 hour cl39 @ noon

Btu

L Bt
Insolation = Energy in 8 hr day ~ 1520_u ~ 4.5kW hr

600 W /m?~ 190

f2



Total energy suPPliecl to USA per year bg the Sun

lnsola’cion X number o1C clags per year X total area

1520 Btu/ sqFt x 365 x 3.6

I mile = 1760 yds = 5280 ft
x10°¢ miles? x (5280)2 ¢

Eiotar = 5.6 x 10'? Btu/year

Eiotal—Used = 98 x 10'° Btu/year

A mere 0.16% 1!

We will stuclg in details several Sun related issues
Stirsar 8R0S K.

How do we know that?

Origin of solar energg? Thermonuclear processes.
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Clean Air Fair Santa Cruz.




Heat Engines

Thermodgnamics
and
Egiciency

Energy eclui\/alents:

1 Gallon gas= 1.25x10? Btu

I Btu=.8x107 Gallon gas = | match stick

= Ft~Pouncls (lift up Pouncl bg 778 1! That is a lot)

But: / g
Useful energy content is much less: Carnot eglcxencg

limits us in converting heat into energy. Entropic loss.

For this and next lecture you miglﬁt
refer to other books than RK
S5, Joseph Priest’s
Energg:Principles, Problems, Alternatives
Addision Wesleg



Concepits:
Temperature T, Heat AQ, Specific heat C, Latent heat L, Pressure
Laws of Thermodynamics 0,1,2,3
Mixtures and resulting temperatures
Carnot Cycle for efficiency
Quality of Heat and 2nd law efficiencies



