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Chapter 14

Energy

Sun

Water cycle

Potential & Kinetic

Photosynthesis

Sir Francis Bacon

Count Rumford

Energy & Chemical 

Reactions

Temperature

Catalyst

Concentration

Exothermic & endothermic

Exergonic & endergonic

CH4 + 2O2 ( CO2 + 2H2O + 192kcal

N2 + O2 + 4.32kcal ( 2NO

2H2O + 137kcal ( 2H2 + O2
2H2 + O2 ( 2H2O + 137kcal

First Law of Thermodynamics

Second Law of Thermodynamics

Entropy

calorie

Cal = 1kcal = 1000 calories

joule = 0.24 calories

Power

Watt  =  1 joule / sec

Chemical Reactions and Energy

Rates

Temperature

Concentration

Catalysts

Availability: short & long term

Pollution: air, water, thermal

Efficiency: net energy

Renewable Energy Source?

Fossil Fuels

Coal

Peat, lignite, bituminous, anthracite

Coke, coal tar, coal gas

C + O2( CO2
S +O2( SO2
SO3 
H2SO4

N2 + O2( 2NOx
particulates

acid rain

thermal

electrostatic precipitator

fluidized bed combustion
Wet Scrubbers
CaCO3 ( CaO + CO2
2CaO + 2SO2+ O2(2CaSO4
Natural gas

CH4

Petroleum

Fractional Distillation

straight-run gasoline

catalytic cracking

isomerization

alkylation

catalytic reforming

heptane

isooctane

octane

tetraethyl lead

Benzene

Methyl tetrabutyl ether

Methanol

Ethanol

Carbon dioxide

Carbon monoxide CO

Nitrogen oxides

Hydrocarbons

Electricity

Nuclear Fission

Mass Defect

Binding energy

Chain reaction

Fissile

Core

Fuel rods 3% 235U

control rods Cd, B

moderators

water, heavy water, graphite, Be

Primary cooling loop

Primary coolant

water, heavy water, He, CO2, Na

Secondary cooling loop

Nuclear Fuel Cycle

mining & milling U3O8
Enrichment UF6
Graham's Law of gaseous diffusion

Fuel pellets 3% 235-UO2
2.4 neutrons/fission

U-238

Temporary Storage

Reracking

AFR

Reprocessing

PUREX vs CIVEX vs MOX
AGNS

Permanent Storage

Breeder reactors LMFBR

Liquid metal fast breeder reactor

Na as coolant

Pu-239 melt at 640 degrees

U-238

2.9n/fission

Low-level nuclear waste
Chem Nuclear - Barnwell
High-level nuclear waste

short 1/2 life, fission products

transuranium elements

vitrification

Savannah River Plant

Hanford, Washington

Desireability quotient

Nuclear Fusion

Heat – plasma

Density

Time

Tokamak

3H + 2H ( 4He + n + energy

Solar Energy

Solar heating

Solar cells Si, As, B

Biomass

Bagasse

bacterial action

CH4 + water(steam) -> CO + 3H2
CO + 2H2 ( CH3OH

C6H12O6 ( 2CO2 + 2CH3CH2OH

Hydrogen

2H2  +  O2  (  2H2O  +  572 kJ 
Alcohol CH3CH2OH, CH3OH

Fuel Cells

Oil Shale & Tar Sands

water(steam) + C(coke) ( CO + H2

Synfuels

C + 2H2 ( CH4
CO + 3H2 + catalyst ( CH4 + water

CO + H2 ( formaldehyde

formaldehyde + H2 ( methanol

geothermal

http://www.photovault.com/Link/Technology/Power/Geothermal/TPGVolume01.html

Dry-steam

Wet steam

Hot Water 

Hydroelectric
OTEC ocean thermal energy conversion
Wind

Tidal

http://www.edu.pe.ca/kish/Grassroots/Elect/Tidal6.htm
DOE 2005 Energy report:

http://www.eia.doe.gov/emeu/aer/contents.html
http://www.eia.doe.gov/emeu/aer/diagram1.html
Problems: 14.1, 14.2, 14.3, 8, 23, 27, 32, 34, 36, 40, 42, 44, 46, 48, 50, 52, 54, 56, 60, 64, 66
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