
Energy Resources
Chapter 16

16.1 Worry Over Energy Sources is Nothing New: 
Energy Shocks Past and Present



16.2 Peak Oil: When Will It Occur & What is Its 
Importance?



16.3 Energy Supply & Demand







https://www.csmonitor.com/Environment/2018/0911/California-to-phase-out-fossil-fuels-by-2045




16.4 Fossil Fuels

Coal / Oil / Natural Gas / Unconventionals 

1 Joule = 1 N•M or 9.8 kg•m/s2  
From 1950 -> 2007, US energy consumption increased from 30 EJ to 100 EJ 

1 watt = joule per second  
You buy your electricity in kWH. 

Running a 1000 watts hair dryer for an hour = 1 kWh. 
Running an 8,000 watt water heater for 7.5 minutes = 1 kWh. 

Running one hundred 10 watt LED light bulbs for an hour equals 1 kWh. 
Running a 500 watt toaster oven for 2 hours = 1 kWh. 

Palo Verde Nuclear Generating Station produces about 3,600,000,000 watts, 3.6 GW or 3,600 MW. 

Coal 





Types of Coal

Peat/Candy Lignite Sub-bitumenous Bitumenous

Anthracite





Coal Sludge Spill 
Buffalo Creek, WV, 1972 

118 dead 
500 homes destroyed 

No regulations needed. 

A mine waste impoundment located on the Middle Fork of the Buffalo Creek watershed in Logan County (WV) failed a 
minute before 8 a.m. on February 26, 1972, causing the sudden release of 17.6 million cubic feet of water (or 132 
million gal) onto the Buffalo Creek Valley floor.  The instantaneous release of the water behind this impoundment 
immediately began a fall of 253 feet to Buffalo Creek, washing out two additional combination waste banks and 
impoundments in its path, tore off the corner of a burning mine-refuse bank, before cascading directly into the western 
slope of Buffalo Creek Valley, one half mile away.


As the blackened water, filled with sludge and refuse from mining operations, turned southwesterly on its subsequent 
path of death, destruction and devastation, it promptly wiped out the small community of Saunders, located within 
several hundred yards of the burning bank.


Sixteen more Buffalo Creek Valley communities—Pardee, Lorado, Craneco, Lundale, Stowe, Crites, Latrobe, 
Robinette, Amherstdale, Bocco, Fanco, Braeholm, Accoville, Crown, and Kistler—were either partially or totally 
destroyed before the flood wave finally traversed the winding, 17-mile course from the site of the impoundment and 
the confluence of Buffalo Creek with the Guyandotte River at Man, WV.


The 10-foot to 20-foot high flood wave traveled the valley at an average speed of better than 7 feet per second (or 5 
miles per hour), reaching Man at 11 a.m. During those three hours at least 118 lives were lost with an additional seven 
persons still listed as missing by the West Virginia State Police. Besides the tragic loss of so many lives, an additional 
1,000 persons suffered injury.


In addition, 30 business establishments, 1,000 automobiles and trucks, 10 bridges, and power, water and telephone 
lines were all destroyed, and the county road and the rail lines servicing the valley’s coal mines were severely 
damaged.


Property damage was estimated in excess of $50 million, while highway damage exceeded $15 million. In was, in the 
truest sense, the most destructive flood in West Virginia history.



https://www.theguardian.com/world/2019/jan/25/brazil-dam-collapse-news-latest-mining-disaster-brumadinho

Types of Coal Mines

Underground



Types of Coal Mines

Mountaintop Removal

Types of Coal Mines

Strip Mines



Jobs, Coal, Kayenta, Arizona, and the Navajo Nation

• At the NGS, Mercury emissions in 2011 were 586 lbs or 3.4 lb/ TBtu. The EPA's Mercury and Air Toxics 
Standard (MATS), slated to take effect in 2015, will require that the plant reduce mercury emissions to 
1.2 lb/ TBtu or 0.013 lb/ gross GWh.


• NGS has 538 employees, and pays about $52 million per year in total wages.


• The 1,786 acres for the plant site is leased from the Navajo Nation.


• Rights-of-way and easements on tribal lands include the plant site, 78 miles of railroad right-of-way 
covering 1,309 acres, and 96 miles of transmission line right-of-way covering 3,850 acres.


• Annual lease payments to the Navajo Nation were $608,000 as of 2012.


• Air permit fees paid to the Navajo Nation EPA are about $400,000 per year.


• Property taxes paid to the State of Arizona are about $4.8 million per year. Since 2011, payments in lieu of 
taxes have also been paid to the Navajo Nation at half the Arizona tax rate, or about $2.4 million per year.


• The Kayenta mine has 430 employees, and pays about $47 million per year in total wages.


• Coal royalties are paid at 12.5% of gross proceeds, as on federal BLM lands.[69] The royalties and other 
mine payments amount to about $50 million per year, $37 million paid to the Navajo Nation and $13 
million to the Hopi tribe.

Water payment rate had been $7 an acre-foot, resulting in 
payments to the U.S. of about $180,000 per year.  

Payments were set to increase to $90 an acre-foot in 
2014, or about $2.4 million per year. By comparison, water 
rates and leases in the Four Corners region are typically 

$40 to $155 per acre-foot.



https://www.npr.org/2018/12/18/675253856/an-epidemic-is-killing-thousands-of-coal-miners-regulators-could-have-stopped-it

Where does coal go?  
What is it used for?



Petroleum - Rock Oil (C + H + O) 
and 

Natural Gas = CH4

Depositional Basin

Oil and Natural Gas





From 2009, BP





https://toronto.citynews.ca/2019/01/27/trans-mountain-pipeline-work-destroyed-salmon-habitat-scientist-says/

https://www.thestar.com/calgary/2019/01/31/supreme-court-of-canada-says-bankrupt-energy-companies-must-clean-up-old-oil-and-gas-wells-before-paying-off-creditors.html




Unconventional Oil & Gas 
Hydraulic Fracturing / Fracking 

Oil Sands





Issues $urrounding Hydraulic Fracturing 
Air Emissions 

Occupational Inhalation Risks 
Climate Change 

Water Consumption 
Water Contamination 

Injected Fluid 
Flowback 

Surface Spills 
Methane 

Radionuclides 
Land Usage 
Seismicity 

Induced Seismicity - Hydraulic Fracturing 
Induced seismicity - Water Disposal 

Noise 
Safety issues 

Community Impacts 
Scientific Limitations in Monitoring

Rex Tillerson is CEO of Exxon Mobile. 
on how good fracking is.



https://www.youtube.com/watch?v=Tudal_4x4F0&t=285s

How Does Hydraulic Fracturing Work? http://www.exploreshale.org/#

What are petroleum and natural gas used for?

What a 42 gallon barrel of oil creates. 

 22.6 gal of gasoline — enough to drive 622 miles in the average American car

 6.7 gal of diesel — enough to drive 41.7 miles in a tractor-trailer

 5.5 gal of jet fuel — not enough to fly a fully loaded 747 one mile. You'll get about 0.95 miles

 2.4 gal of "still gas," a mixture of gas produced in refineries

 2.2 gal of "marketable coke," a residue used in the production of aluminum anodes, furnace electrodes and 
liners and shaped graphite products

 1.5 gal of fuel oil - for heating locomotives, ships and for power generation systems

 1.2 gal of liquefied gas - used in heating appliances & vehicles & increasingly 

      replacing chlorofluorocarbons as an aerosol propellant and a refrigerant

 0.8 gal of asphalt

 0.4 gal of lubricants, often placed in greases

 0.7 gal of other products


Real items made from the barrel:

 4 pounds of charcoal briquettes

 12 cylinders of propane

 170 wax birthday candles

 A quart of motor oil


Pharmaceuticals, plastics, cosmetics and foodstuffs. 


What are petroleum and natural gas used for?

Utilities

NG vehicles

Industry - heating, smelting, 

Ammonia - fertilizer.  Thanks, Fritz Haber :( 

    Chlorine, poor wife,


Plastics




Shortly after Haber's return from Belgium, Immerwahr, herself a Ph.D. in chemistry,  shot herself in the 
chest using Haber's military pistol.  On May 2, 1915, she died in her son's arms.  


The morning after her death, Haber left for the first gas attack against the Russians on the Eastern Front.

Natural gas prices at the Henry Hub in US dollars per million BTUs ($/mmbtu).

16.6  Fossil Fuels & Acid Rain 



Rainfall in Wheeling, WV once measured pH 1.5

USA fossil fuel burning adds 17 million tons of NOx and 13 millions tons of SO2 yearly to the atomosphere.  

Damages soil and vegetation. 
Damages streams 

Damages lakes. 
Damages structures. 



What is the best solution to acid rain?   

Dump baking soda into lakes? 

Something else? 

Your textbook misses the most simple solution. 

16.7  Nuclear Fission 

In my despondency, I often wished I had never been 
educated as education had unmistakably enlarged my 
mental and moral horizon and revealed to me 
responsibilities which the sealed eye of ignorance can 
never see and sufferings and wrongs of humanity to 
which an uncultivated and callous nature can never be 
made sensitive. 


The more one knows, the more he suffers and is 
consequently less happy; the less one knows, the less 
he suffers and hence is more happy.


YUNG WING



A nuclear plant takes U 235 from the naturally occurring  
.7% in a good carnotite or uranite to 4%.  That’s it. 

A bomb has 90% concentration. 



A damaged drum with radioactive waste 
inside WIPP, New Mexico, USA on 
2014-05-15 during investigations for the 
cause of radioactive contamination, Panel 
7, Room 7. The picture shows a drum 
damaged from the inside due to a chemical 
reaction causing heat. Organic cat litter 
was used in one batch of drums from the 
Los Alamos facility where only innorganic 
cat litter is permitted due to different 
reactions to the chemicals inside the 
drums.

The Palo Verde Nuclear Generating Station, the largest in the US with 3 pressurized water reactors (PWRs), 
is situated in the Arizona desert. It uses sewage from cities as its cooling water in 9 squat mechanical draft 

cooling towers.  Its total spent fuel/"waste" inventory produced since 1986, is contained in dry cask 
storage cylinders located between the artificial body of water and the electrical switchyard.


Electricity generation trends in the top five fission-energy producing countries (US EIA data) 
50 plants are under construction as of 2018

In March 2017, Westinghouse Electric Company filed for Chapter 11 bankruptcy because of $9 billion of losses from 
its two U.S. nuclear construction projects.  SCANA considered its options for the project and ultimately decided to 
abandon the project in July 2017. On July 31, 2017, after an extensive review into the costs of constructing Units 2 

and 3, South Carolina Electric and Gas decided to stop construction of the reactors and later filed a Petition for 
Approval of Abandonment with the Public Service Commission of South Carolina.



Net electrical generation by source and growth from 1980 to 2010. (Brown) – fossil fuels.(Red) – Fission.(Green)- "all 
renewables". In terms of energy generated between 1980 and 2010, the contribution from fission grew the fastest.


The rate of new construction builds for civilian fission-electric reactors essentially halted in the late 1980s, with the effects 
of accidents having a chilling effect. Increased capacity factor realizations in existing reactors was primarily responsible 

for the continuing increase in electrical energy produced during this period. The halting of new builds c. 1985, resulted in 
greater fossil fuel generation.


Following interim storage in a spent fuel pool, the bundles of used fuel assemblies of a typical nuclear power station are often 
stored on site in the likes of the eight dry cask storage vessels pictured above. At Yankee Rowe Nuclear Power Station, which 
generated 44 billion kilowatt hours of electricity over its lifetime, its complete spent fuel inventory is contained within sixteen 

casks.


A 2008 meta analysis of 103 studies, published by Benjamin K. Sovacool, estimated 
the value of CO2 emissions for nuclear power over the lifecycle of a plant was 66.08 g/

kWh. Comparative results for various renewable power sources were 9–32 g/kWh.

Natual gas produces 680 g/kWh

0.62 kilograms (1.4 pounds) of CO2 per KWH a few 



https://openei.org/apps/LCA/

https://earth.nullschool.net/#current/particulates/surface/level/overlay=suexttau/orthographic=-106.97,21.26,357/loc=-63.970,6.606

Electricity Production

• Coal


• Oil


• Natural Gas


• Unconventional



Cool Data
https://www.eia.gov/electricity/state/



https://www.vox.com/energy-and-environment/2018/3/20/17128478/solar-duck-curve-nrel-researcher

Geothermal Energy





Solar / PV Power



Hydroelectric Power



Merowe Dam in Sudan. Hydroelectric power stations that use dams submerge large areas of 
land due to the requirement of a reservoir. These changes to land color or albedo, alongside 

certain projects that concurrently submerge rainforests, can in these specific cases, result in the 
global warming impact, or equivalent life-cycle greenhouse gases of hydroelectricity projects, to 

exceed that of coal power stations.




The nearly 8100 major dams in the United States in 2006. The National 
Inventory of Dams defines a major dam as being 50 feet (15 m) tall with a 

storage capacity of at least 5,000 acre feet (6,200,000 m3), or of any height 
with a storage capacity of 25,000 acre feet (31,000,000 m3)

Trends in the top five hydroelectricity-producing countries 



Wind Power



As of the end of 2016, the worldwide total 
cumulative installed electricity generation 
capacity from wind power amounted to 

486,790 MW, an increase of 12.5% compared 
to the previous year.





https://windexchange.energy.gov

Solar Power

PV 
Direct 
CSP



https://www.youtube.com/watch?v=NVK_fI-Y674

“We don’t need no steenkin’ storage.” - Amory Lovins
https://www.youtube.com/watch?v=Oo8iEL6SqgI


Capacity Factors - 2012 (Other) 

MINIMUM % - MAXIMUM %; MEDIAN %


natural gas combustion turbines: 10% - 93%; 80%

natural gas combined cycle: 40% - 93%; 56%


coal, pulverized & scrubbed: 70% - 93%; (’08-73%, ’17=55%)

nuclear: 85%-98%; 92% (2017, PVNGS=98%)


biopower: 75%-85%; 84%

hydropower: 35% -93.2%; 50%


enhanced geothermal: 80% - 95%; 90%

solar PV: 16%-28%; 27% (2013-18)


offshore wind: 27% - 54%; 43%

onshore wind: 24% -50.6%; 36%



https://insideclimatenews.org/news/16012018/csp-concentrated-solar-molten-salt-storage-24-hour-renewable-energy-crescent-dunes-nevada


https://www.nytimes.com/interactive/2018/12/24/climate/how-electricity-generation-changed-in-your-state.html



Let’s Summarize 
Study Sheet


