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CHAPTER 13: Fossil Fuels

Energy of the Industrial Age

Our civilization runs by burning the remains of
humble creatures who inhabited the Earth
hundreds of millions of years before the first
humans came on the scene. — Carl Sagan
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Learning objectives...

* Fossil fuels are linked to the Sun’s energy, depositional environments, biology
and geologic time.

* Heat, pressure and time convert organic material to fossil fuel.
e Coal, oil and gas

* Why we use fossil fuels and how they are recovered.
* Pros and cons of non renewable and renewable energy.



11:57:45 PM first coal-fired s’ream\

11:58:40 PM first generation of electricity 1831
engine in the year 1698 / g y

11:58:59 PM first oil well 1859

11:59:30 PM nuclear fission 1942

-4

11:59:34 PM photovoltaic solar panels 1955

For nearly the entirety
of our existence, we
drew exclusively on our
own internal energy
and technology related
to the combustion of
biomass: fire.

At 11:51:24 PM (1,200
years ago) humans
used windmills.
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At 11:1712 PM
(6,000 years ago)
humans harnessed
animals for work.
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VAV . At 11:21:25 PM
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humans used sails

years ago) humans 6

used waterwheels for i | ifor ships.

milling grain.
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Presenter Notes
Presentation Notes
FIGURE 13.4  Human Energy History  
If 200,000 years of human history were compressed into a single 24-hour day, each year would equate to less than half a second. This clock captures key events as times in a day, with all the technological advances occurring between 11:00 PM and 12:00 AM.
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Presenter Notes
Presentation Notes
FIGURE 13.2  Energy Consumption by Fuel Source  
(a) Both globally and in the United States, the fossil fuels petroleum (or oil), natural gas, and coal are the leading sources of our energy consumption.
(b) Overall, global energy consumption has risen about 2% per year on average, although it actually decreased during the recession in 2009 and again in 2020 during the COVID-19 pandemic.
Adapted from BP (2021). 
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FIGURE 13.3  US Primary Energy Consumption by Fuel Source and Sector, 2015  
Petroleum (oil), is primarily used for transportation, Other forms are mostly used to generate electricity.
Adapted from US Energy Information Administration (2021).



Coal started out slowly

Wood was the dominant but became the dominant
energy source for much energy source. Notice
of early US history, as how the small gray area
shown by the large quickly expands to take
green area taking up up most of the middle of
almost all of the graph. the graph.
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Oil and gas have now
replaced coal as the dominant
energy sources in the United
States. Small initial areas of
light green and orange have
expanded to take up most of
the middle of the graph.
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FIGURE 13.8  Share of Energy Consumption by Year  
Energy transitions have taken significant lengths of time to occur. It took coal more than 100 years to replace wood, and oil and gas more than 50 years to replace coal as the largest share of energy consumption. Note that total energy consumption has risen steeply over this time, so the gross amount of energy provided by wood in the early 1800s was far less than that provided by other sources in more recent years. Fossil fuels are grouped above the dashed line, while nonfossil fuels are below. In the past few decades, the share of nonfossil fuels has grown dramatically, although fossil fuels still dominate.
Adapted from US Energy Information Administration (2021).
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(a) Coal swamp forms.



(b) Rise in sea level buries swamp in sediment.
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(c) Compression of peat forms coal.



Rivers transport Plants in swamps may
sand to the basin form coal if buried

Coral reefs

Beach sand

Increasing temperature,
pressure, and compaction

LY

meters

00-1 000 kilo

Explanation

1. Delta sand 7. Ancient shale (the heat at this depth turns organic matter

2. Coal into oil)

3. Sandstone (compacted beach sand)* 8. Ancient sandstone*

4. Black mud settled from ocean water 9. Limestone*

5. Shale formed by compaction of mud 10 Ancient reef*

6. Brown sandstone (formed by compaction of river and delta  11. Qil migrates from shale to the reef and forms an oil
sand)* reservoir®

12. Dolomite formed by groundwater altering limestone*
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How Coal Was Formed

Millions of years ago, dead plant matter

fell into swampy water and over time, a thick
layer of dead plants lay decaying at the bottom of
the swamps. Over time, the surface and climate of the
Earth changed, and more water and dirt washed in, halting the

decay process, forming peat.
The weight of the top layers of water and dirt packed down the lower layers of
plant matter. Under heat and pressure, this plant matter underwent chemical and
physical changes, pushing out oxygen and leaving rich hydrocarbon deposits. What once
had been plants gradually turned into coal.

Coal can be found deep underground (as shown in this graphic), or it can be found near the surface.
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Coal reserves & Geologic time

e Permian

e Carboniferous
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lowa Coal

e Sub-Bituminous to
Bituminous

* High ash and sulfur
content (FeS2)

* Ash results from
sediment
(impurities) that
were washed
into the swamps
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Underground Eﬁﬂﬂs’ﬂfma Surface Mining Methods
Mining Methods Sazisay

- Mountaintop mine
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Reclamation




Pollutants

Transport and
transformation

Acid rain
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Battery acid

Vineg

Acid rain (isolated case)
Lemon juice

ar

Mean pH of Adirondack lakes, 1975
“Pure” rain (5.6)
Mean pH of Adirondack lakes, 1930s
Distilled water
Baking soda

Ammonia

O1 2345678 921011121314

Acidic

Neutral Basic




Sensitivity to Coal
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More sediment As temperature increases,
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Clast
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Porosity

High porosity
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permeability
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Changes in molecular composition

-

Depth (km)
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Geologic
Structures

(a) Anticlinal trap
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* Sun’s Energy — Life — Photosynthesis A GeO‘OgiC ’M | raC‘e,

* Source Rock

* BioGeoChemical Trifecta
* Biological accumulation
 Specific Depth
 Specific Heat

* Reservoir Rock

* Traps — Cap Rock

* Time — Millions of years

* Knowledge, Technology, Money
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New well = Cost 530 to 550 per barrel 2024 Global Revenue
of oil produced -
S4.2 trillion

$5 to 8 million 5100 million annually
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FIGURE 13.17  Getting Oil to the Surface  
Wells are drilled to access oil. 
(a) In some cases, underground pressure forces oil to the surface, causing a “gusher” as in this historical image of the Lakeview Gusher in Kern County, California, which spewed 18,000 barrels a day for 18 months in 1910 and 1911. 
(b) Oil can be pumped to the surface with a pumpjack and tank system. Water and steam can be injected into the well to increase the pressure too.
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Countries with the Largest Proven Reserves of Qil (billions of barrels)

4 Kazakhstan

300
Iran
158.4
’“\ X
’ ~ g
" Saudi Arabia
266.5 : % Js
« .,,:;,,-ﬂ"

Adapted from Central Intelligence Agency (2019) and BP (2022)
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Presentation Notes
FIGURE 13.16a  Leading Oil Producers and Consumers  �(a) The 15 countries with the largest proven reserves of oil are shown. 
Adapted from Central Intelligence Agency (2019) and BP (2022).
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Gas well

Cost
~1-3 km $3 million to drill
(0.6-2mi) horizontal well

Y

E 3 e

~15 m thick Ohio to more
than 30 m in New York

e o) 1%1

B e
e Middle Devonian \ /

(~390 million year old) Hydraulic fracturing
Marcellus Shale with water and chemicals
facilitates recovery of gas.
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Organization of Petroleum Exporting Countries

(OPEC)

* 1960 - Iran, Iraqg, Kuwait, Saudi
Arabia and Venezuela

e Qatar (1961), Indonesia
(1962), Libya (1962), the United
Arab Emirates (1967), Algeria
(1969), Nigeria (1971), Ecuador
(1973), Gabon (1975), Angola
(2007), Equatorial Guinea (2017)
and Congo (2018)

e Mission ‘Coordinate and unify the

petroleum policies of its member
countries and ensure the
stabilization of oil markets, in order
to secure an efficient, economic and
regular supply of petroleum to
consumers, a steady income to
producers, and a fair return on
capital for those investing in the
petroleum industry’



The Great Way, Wu-Men Huikai

The Great way has no gate;

There are a thousand paths to it.
If you pass through the barrier,
You walk the universe alone.

Change is Hard.
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CHAPTER 14: Energy Alternatives

How Are Our Energy
Decisions Changing?

I’d put my money on the sun and solar energy.
What a source of power. | hope we don’t have
to wait till oil and coal run out before we
tackle that... - Thomas Edison

Copyright © 2023 W. W. Norton & Company, Inc.
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300 —
250
200
150 —
100 -

50

0
1980

1990

2000

Year

2010 2016

Canada

Terawatt-hours

' Solar PV (residential)
- Coal

- Natural gas
"~ Solar PV (utility)

p/#/county/tech. Reprinted by permission of Joshua D. Rhodes, PhD

zed Cost of Electricity Map, University of Texas at Austin, Energy Institute,

utexas.edu/Icoe._ma

Global Wind Enei'_gy Consumption
800 -
600 -
400 -
200 -
0 | T T 1
1980 1990 2000 2010 2016

Year


Presenter Notes
Presentation Notes
FIGURE 14.19  Cheapest Energy Source by Region  
This map is based on research at the University of Texas at Austin Energy Institute. It uses levelized cost of energy and county characteristics to determine which form of electric power generation is the cheapest to install in each location. It does not factor in federal or state tax credits or other subsidies for alternative energy.
Adapted from the University of Texas at Austin Energy Institute (n.d.).



Energy Efficiency

Percentage of energy input retained when converting fuel to electricity

Coal 29% ei!ﬁgisezt
Oil = 31%
Naturalgas 38%
Biomass 52%
Solar 207%
Nuclear 290%
Hydro 317%
Geotherm 514% v
most 1%

Wind efficient

Source: Energy Points The Wall Street Journal



Number of patents filed for renewable energy technologies, World

Global number of patents filed under each renewable technology category per year. Note that figures for 2014-16
may be subject to a time lag; processing times of patent applications vary and some patents submitted over this
period may not yet be recorded in statistics. These figures will be updated with time if additional patent applications
are recorded.
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7

Uranium Fuel Cycle

F)—S —©

Uranium ore is mined into yellowcake and then a gas, UF;

Pellets are putinto fuel rods  Enriched UF, is converted Gas is enriched to increase
and used to make electricity  back to UQ, and made into the amount of U-235

ceramic fuel pellets

Used fuel is stored In the future the used fuel may be reprocessed
at the power plant site ar stored in an underground repository

Uranium ore is milled Yellowcake is turned into LIE;

Isotope Half-Life (Years)
U-234 2.455 x 105
U-235 7.038 x 108
U-238 4.468 x 109
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Fukushima, Japan
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Effects

Radiation dose of first responders to Chernoby!

Instant radiation dose - vomiting, internal bleeding,
death within 2 weeks

50% chance of dying within 60 days if untreated

Highest dose received by a worker at 2011
Fukushima disaster

Approx dose rate if you lived in Chernobyl's
"Red Forest" area for one year

Annual limit for nuclear workers in Europe
Instant radiation from a whole body CT scan
Annual natural background radiation in US

Approx annual dose above natural background in the
less contaminated parts of Chernobyl Exclusion Zone

Radiation dose from a London to Los Angeles flight
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Heat flow, in milliwatts
per square meter

-BLHE

Less than 40
From 40 to 60
From 60 to 100
Greater than 100

Power plant location

[ East of Rocky Mountains
[] Basin and Range
[ Battle Mountain area
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groundwater

Natural heat warms
groundwater

Steam turns turbine
to generate electricity

Geothermal
well

T —— -

Hot water rises in a well
and turns to steam
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1. Natural recharge of water from rain

2. Hot water produced by Earth processes
3. Steam to production well

4. Steam to turbines to produce electricity
5. Water is injected back into ground






Locations of ldentified H
Favorability of Deep Enha

Geothermal Resource of the United States

rothermal Sites and
Geothermal Systems (EGS)
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Geothermal issues —
Open vs. Closed systems P SO s

e \Water use and contamination PROS CONS
e Air contamination Rellable source

of power

e Land use

Location dependent

* Emissions — Climate change

High initial costs

Usable for large and
small-scale installations

Surface instability
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https://www.ucsusa.org/resources/environmental-impacts-
geothermal-energy
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o Solar panels convert the
sun's energy into electricity.

Single-axis
tracking on a
Vertical axis

P

greensarawak.com

Single-axis
tracking on a
Horizontal axis

Dual axis solar tracker

This tracker not only tracks the sun as it moves east to west, but also follows it as it
moves from north to south. Two axis trackers are more common among residential
and small commercial solar projects that have limited space, so they can produce
enough power to meet their energy needs.

The electricit
a breaker bo>

L]

|
o Items such as a refrigerator and lamp
can plug into the outlets for power.

Dual-axis
tracking on a
Rotating axis

Dual-axis in a
frame

greansaranak.com



Wind

Collectors
(Passive
and active)

©

Solar cells
(Photovoltaics)

Hydropower
* Micro (small)
* Large dam

®

Biomass
¢ Urban waste
* Agriculture

©

't

Electricity
* Homes
® Industry

e Agriculture

e

Heat

(water or air)
* Buildings
® Industry

* Agriculture

Fuels

©

 Alcohol
*Hydrogen

}

@ Produces most electricity from renewable solar energy

Rapidly growing, strong potential; wind and solar are growing at 30% per year!

@ Used today; important energy source

@ Potentially a very important fuel to transition from fossil fuels













Tengger Desert Solar Park — 1500MW - China
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* Resources - REEs

* Battery storage

Pros Cons

Free electricity High upfront investment
Freedom from rising utility rates Space requirements
Adds value to your home Solar systems are hard to move
Lots of financing options available

Ease of use

Freedom Forever customers get
additional piece of mind






United States - Land-Based and Offshore Annual Average Wind Speed at 100 m

Wind Speed
m's

=105
10.0

Source: Wind resource estimates devetoped by AWS Truepower,
LLC. Web: http:Awww avestruepower com. Map developed by
MREL. Spatial resclution of wind resource data: 2.0 Km.
Projection: Albers Equal Area WESE.
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=0% to <1%
m1% to <5%
m5% to <10%
m10% to <15%
m15% to = 20%
m 20% and higher

2019

Wind Energy’s Share of Electricity Generation
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Warm air along 3

mountain slopes

Valley breeze from

high pressure area o

blowing upwards DK

@ eschooltoday.com

Warm air on
mountain floor
Mountain breeze from

high pressure area
blowing downwards

& eschooltoday.com






PROS AND CONS

Wind

CONS

Resources and
® Recycling?

%} Intermittent

@ Noise and
visual pollution

Some adverse
environmental impact

© Energysage
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PROS AND CONS

of hydropower

PROS CONS

Renewable
source of energy

Some adverse
environmental impact

Pairs well with

other renewables .

Expensive up-front

Can meet peak
electricity demand

Lack of
available reservoirs

QOOO®

© Energy>age



TABLE 15.1 Energy Policy: What Is Being Discussed

1. Promote conventional energy sources: Use much more natural gas, with the objective to reduce our reliance on energy from foreign
counfries.

2. Encourage alfernative energy: Support subsidies for wind energy and other alternative energy sources such as solar geothermal,
hydrogen, and biofuels (ethanol and biodiesel). Increase the amount of biofuel (ethanol] mixed with gasoline sold in the United States.

3. Provide for energy infrastructure: Ensure that electricity is received over a dependable modern infrastructure.

4. Promote conservation measures: Set higher efficiency standards for federal buildings and for household products. Require what is now
waste heat from power generation and industrial processes be used to produce electricity or other products . Recommend fuelefficiency
standards for cars, frucks, and SUVs. Provide new fax credits to install energy-efficient windows and appliances in homes. Provide a tax
credit for purchasing a fuel-efficient hybrid or clean-diesel vehicle.

5. Seriously consider nuclear power: Recognize that nuclear power plants can generate large amounts of electricity without emitting air
pollution or contributing to climate change (global warming).

6. Promote research: Develop alternative energy sources; find innovative wars to improve coal plants and help construct cleaner coal plants;
determine how to safely tap into the vast amounts of ol trapped in oil shale and tar sands; and develop pollution-free automobiles.
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