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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 





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.

• Coal, oil and gas 

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



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.



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). 



Presenter Notes
Presentation Notes
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).



Presenter Notes
Presentation Notes
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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Coal reserves & Geologic time

• Permian 
• Carboniferous 

• Mississippian 
• Pennsylvanian 



Iowa Coal
• 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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Sensitivity to Coal
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Coal window

• Oil window
• Depth 4 to 6 km 
• Temp. 125 to 160 C

• Natural gas window 
• Depth 6 to 9 km
• 150 to 225 C 

BioGeoChemcial
Production Windows



Geologic 
Structures





A Geologic ‘Miracle’ • Sun’s Energy – Life – Photosynthesis 
• Source Rock
• BioGeoChemical Trifecta 

• Biological accumulation 
• Specific Depth
• Specific Heat 

• Reservoir Rock
• Traps – Cap Rock  
• Time – Millions of years 
• Knowledge, Technology, Money



New well = 
$5 to 8 million

Cost $30 to $50 per barrel 
of oil produced
$100 million annually

2024 Global Revenue 
$4.2 trillion

Presenter Notes
Presentation Notes
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.

https://businessplan-templates.com/blogs/running-costs/oil-gas
https://businessplan-templates.com/blogs/running-costs/oil-gas
https://businessplan-templates.com/blogs/running-costs/oil-gas


Oil and Gas Refineries 
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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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Organization of Petroleum Exporting Countries 
(OPEC)

• 1960 - Iran, Iraq, Kuwait, Saudi 
Arabia and Venezuela

• 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)

• 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. 



CHAPTER 14: Energy Alternatives

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





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.).





https://ourworldindata.org/renewable-energy 

https://ourworldindata.org/renewable-energy
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Geothermal issues – 
Open vs. Closed systems 
• Water use and contamination
• Air contamination 
• Land use
• Emissions – Climate change  

https://www.ucsusa.org/resources/environmental-impacts-
geothermal-energy 

https://www.ucsusa.org/resources/environmental-impacts-geothermal-energy
https://www.ucsusa.org/resources/environmental-impacts-geothermal-energy












Tengger Desert Solar Park – 1500MW – China





Solar
• Resources - REEs
• Battery storage







2019









Wind

Resources and
Recycling? 
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