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• A sedimentary rock

– stratified bands

• Laying down of different 

layers of organic 

material

• Terrestrial origin

– Remains of plant 

matter from ancient 

swamps
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Catagenesis

or

Metamorphism

Bacterial decay

Change through heat
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[image: image4.emf]Anatomy of a Swamp
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[image: image5.emf]Aerobic Decay

• First few centimeters

• Aerobic bacterial action

• Reduces volume significantly 

– Up to 50%

• Bacteria quickly use up available O

2

– Die ending first stage
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[image: image6.emf]Anaerobic Decay

• Anaerobic bacterial action

• Produces acids 

– Bacteria die ~pH4

• Peat changed into gel-like Gytta

– 50-60%C
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[image: image7.emf]Bituminization

• Thermal Process

• Requires burial of gytta 2,000-3,000 feet

• Bituminization begins at 100

o

C

– Water, oxygen, hydrogen driven off
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A measure of the degree of maturation
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[image: image9.emf]Coalification Sequence 

Peat to Anthracite

• Chemical changes

– Disappearance of 

cellulose

– Decreasing H and O 

proportions

– Increasing C 

proportions

– Greater aromatic 

content

– Decreasing proportion 

of volatile matter
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[image: image11.emf]Structure of Bituminous Coal
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Fossil Fuels

Petroleum and Natural Gas

Petroleum and Natural Gas
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[image: image13.emf]Petroleum & Natural Gas

• Marine Origin

• Organic debris covered by clay 

and sand

• Anaerobic bacteria release most 

oxygen and nitrogen

– Hydrocarbons left behind

• Heat and pressure crack 

hydrocarbons

– Methane and low molecular weight 

hydrocarbons released

– Trapped under impermeable rock

– Oil trapped in porous layers of rock
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[image: image14.emf]Formation of Oil Deposits

Primary migration

secondary

migration


	Primary migration - movement of oil from source to reservoir rock

Secondary migration - redistribution of oil within the reservoir rock to form a pool



	Slide 15
	
[image: image15.emf]Oil Deposits

Increasing temperature

500-700 m 

(0.31-0.43 mi)

Viable oil field

2000 m 

(1.2mi)

mainly

light hydrocarbons

(<10 C)

10,000 m 

(6.2 mi)

methane & graphite only
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[image: image19.emf]Gas Hydrates (clathrates)

Methane Hydrate
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[image: image20.emf]Conditions for Stability
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Fuel Energy
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An atom loses electron density
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• Increase in oxygen content

• Decrease in hydrogen content
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[image: image28.emf]Combustion of Fossil Fuels

• Hydrocarbons yield carbon dioxide and 

water upon combustion

• CH

4

+  2 O

2

CO

2

+ 2 H

2

O 

Energy input needed to

break bonds

(endothermic process)

Energy released on 

on forming bonds

(exothermic process)



H

=   



Energy of bonds broken  -



Energy of bonds made
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[image: image29.emf]Combustion of Methane

CH

4

+  2 O

2

CO

2

+ 2 H

2

O

Estimate of energy release:

CH

4

: C-H 4 @ 410 kJ = 1640 kJ

O

2

: O=O 2 @ 494 kJ =   988 kJ

CO

2

: C=O 2 @ 799 kJ = 1598 kJ

H

2

O: O-H 4 @ 460 kJ = 1840 kJ



H= (1640+988) - (1598 + 1840) = -810 kJ
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[image: image30.emf]Combustion Energetics 

Can be estimated from bond 

energies for all the classifications 

of fossil fuels.
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[image: image31.emf]   H/C   Ratio  Energy  Content   (kJ/g)  CO 2   released  (mol/10 3 kJ)   Hydrogen        ------  120        ------   Gas  4/1  51.6  1.2   Petroleum  2/1  43.6  1.6   Coal  1/1  39.3  2.0   Ethanol  3/1  27.3  1.6      

C/H Ratio
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[image: image32.emf]Energy Content of Fossil Fuels

Increasing H/C Ratio

Increasing CO

2

generation

Increasing Energy Content

natural gas > petroleum > coal
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[image: image33.emf]Ethanol, A Biomass-derived 

Fuel

• Significantly less energy on combustion 

than petroleum

– 27.3 kJ/g vs. 43.6 kJ/g

• Ethanol more highly oxidized molecule 

than a hydrocarbon 

– has a greater oxygen content
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[image: image34.emf]Ethanol vs Petroleum

• Ethanol has a greater density

– 0.79 g/cc  vs  0.70 g/cc

– 12%  more ethanol per tank

• Ethanol has a lower energy density 

– 27.3 kJ vs. 43.6 kJ

– produces ~40% less energy per gram

• Fewer miles per tank on ethanol
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Coal Rank

A measure of the degree of maturation
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Anatomy of a Swamp
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Coal

		A sedimentary rock

		stratified bands

		Laying down of different layers of organic material

		Terrestrial origin

		Remains of plant matter from ancient swamps
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Fossil Fuels

Origins
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Diagenesis
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or

Metamorphism

Bacterial decay

Change through heat
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Anaerobic Decay

		Anaerobic bacterial action

		Produces acids 

		Bacteria die ~pH4

		Peat changed into gel-like Gytta

		50-60%C
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Aerobic Decay

		First few centimeters

		Aerobic bacterial action

		Reduces volume significantly 

		Up to 50%

		Bacteria quickly use up available O2

		Die ending first stage
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Bituminization

		Thermal Process

		Requires burial of gytta 2,000-3,000 feet

		Bituminization begins at 100oC

		Water, oxygen, hydrogen driven off
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Fossil Fuels

Petroleum and Natural Gas
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Coalification Sequence 

Peat to Anthracite

		Chemical changes

		Disappearance of cellulose

		Decreasing H and O proportions

		Increasing C proportions

		Greater aromatic content

		Decreasing proportion of volatile matter
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Structure of Bituminous Coal
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Formation of Oil Deposits

Primary migration

secondary

migration



Primary migration - movement of oil from source to reservoir rock

Secondary migration - redistribution of oil within the reservoir rock to form a pool
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Petroleum & Natural Gas

		Marine Origin

		Organic debris covered by clay and sand

		Anaerobic bacteria release most oxygen and nitrogen

		Hydrocarbons left behind

		Heat and pressure crack hydrocarbons

		Methane and low molecular weight hydrocarbons released

		Trapped under impermeable rock

		Oil trapped in porous layers of rock
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Oil Deposits





Increasing temperature

500-700 m 

(0.31-0.43 mi)



Viable oil field

2000 m 

(1.2mi)



mainly

light hydrocarbons

(<10 C)



10,000 m 

(6.2 mi)

methane & graphite only
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Fossil Fuels

Fuel Energy
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Conditions for Stability
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Structure of Ice
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Burning Ice
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Gas Hydrates (clathrates)

Methane Hydrate
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Global Gas Hydrate Locations
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Carbon Reserves
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Combustion of Fossil Fuels

		Hydrocarbons yield carbon dioxide and water upon combustion

		CH4  +  2 O2         CO2  + 2 H2O 



Energy input needed to

break bonds

(endothermic process)

Energy released on 

on forming bonds

(exothermic process)

DH  =   S  Energy of bonds broken  -  S  Energy of bonds made
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Organic Oxidation

		Increase in oxygen content

		Decrease in hydrogen content
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Oxidation
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Combustion Energetics 

	Can be estimated from bond energies for all the classifications of fossil fuels.
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Combustion of Methane

		CH4  +  2 O2         CO2  + 2 H2O

Estimate of energy release:

	CH4:	C-H		4 @ 410 kJ = 1640 kJ

	O2:	O=O		2 @ 494 kJ =   988 kJ

	CO2:	C=O		2 @ 799 kJ = 1598 kJ

	H2O:	O-H		4 @ 460 kJ = 1840 kJ



H= (1640+988) - (1598 + 1840) = -810 kJ
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Energy Content of Fossil Fuels





Increasing H/C Ratio

Increasing CO2 generation

Increasing Energy Content

natural gas > petroleum > coal
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C/H Ratio
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			H/C



Ratio


			Energy Content



(kJ/g)


			CO2 released (mol/103kJ)





			Hydrogen


			     ------


			120


			     ------





			Gas


			4/1


			51.6


			1.2





			Petroleum


			2/1


			43.6


			1.6





			Coal


			1/1


			39.3


			2.0





			Ethanol


			3/1


			27.3


			1.6










   H/C   Ratio  Energy  Content   (kJ/g)  CO 2   released  (mol/10 3 kJ)   Hydrogen        ------  120        ------   Gas  4/1  51.6  1.2   Petroleum  2/1  43.6  1.6   Coal  1/1  39.3  2.0   Ethanol  3/1  27.3  1.6      
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Ethanol vs Petroleum

		Ethanol has a greater density

		0.79 g/cc  vs  0.70 g/cc

		12%  more ethanol per tank

		Ethanol has a lower energy density 

		27.3 kJ vs. 43.6 kJ

		produces ~40% less energy per gram

		Fewer miles per tank on ethanol
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Ethanol, A Biomass-derived Fuel

		Significantly less energy on combustion than petroleum

		27.3 kJ/g vs. 43.6 kJ/g



		Ethanol more highly oxidized molecule than a hydrocarbon 

		has a greater oxygen content
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2001 Average
Retail Price: $1.42/gallon

14%

18%

Marketing

Profs

{ Federal & state

Taxes

Distribution &

Refining Costs &

2002 Average
Retail Prce: $1.35/gallon








