NONRENEWABLE RESOURCES


https://unsplash.com/photos/iQAF4A0To1g

Nonrenewable Resources Lecture

Brian H. Lower (PhD), Steven K. Lower (PhD), Kylienne A. Shaul (MS),
Ella M. Weaver (MENR)

The Ohio State University
School of Environment & Natural Resources
210 Kottman Hall, 2021 Coffey Road
Columbus, Ohio (USA) 43210

National Science Foundation

CC BY-NC-SA 2.0



https://creativecommons.org/licenses/by-nc-sa/2.0/
Professor Notes
Sticky Note
Nonrenewable Resources lecture was created, written and taught by, Brian Lower, Steven Lower, Kylienne Shaul and Ella Weaver for the School of Environment and Natural Resources at The Ohio State University.  With support provided by the U.S. National Science Foundation.    


Nonrenewable Resources Objectives

1. Define and identify nonrenewable resources and describe
their uses.

2. Outline the extraction and production of honrenewable
resources into products for human use.

3. Describe the impacts of using nonrenewable resources
on Earth’s atmosphere, water, and ecosystems.

4. Describe how burning fossil fuels for energy causes global
warming and the importance of limiting warming to 1.5°C.



Objective 1: Define and
identify nonrenewable

resources and describe their

USES.
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Professor Notes
Sticky Note
Nonrenewable resources are those that cannot be replaced by nature at a rate that keeps up with human consumption.  These include coal, petroleum (also known as crude oil), natural gas, and uranium.  Of these four nonrenewable resources, coal, oil and natural gas are known as fossil fuels because they formed from the remains of prehistoric plants and animals.  All nonrenewable resources (coal, crude oil, natural gas, uranium) are mined from underground deposits that formed over hundreds of millions of years.  Mining operations and processing of the materials produce air and water pollution, and can destroy habitats (for example, mountain top removal coal mining).  Air and water pollution also results from the use of these resources to produce energy.  For example, the combustion (burning) of coal, crude oil, and natural gas to produce electricity, drive a car, or fly a jet.  Pollution also results from uranium production and spent (old) uranium fuel rods that have been used in nuclear power plants.


Energy Consumption in the USA

Humans use a lot of
energy in our daily

lives. Our modern
societies can't exist without
energy (e.g., electricity,
transportation,
manufacturing, agriculture,
healthcare, education).

In the United States, most
(87%) of our energy
comes from nonrenewable
resources. While 13% of
our energy comes from
renewable resources.


Professor Notes
Sticky Note
Nonrenewable resources are harnessed for energy production, meeting human needs in areas such as transportation, manufacturing, food production, and electricity.  The U.S. gets 87% of the energy it uses from nonrenewable resources like coal, oil, and natural gas.  Crude oil accounts for 36% of the energy the U.S. consumes, natural gas 33%, coal 10%, and nuclear power 8%.  On the other hand, renewable energy resources like wind, hydro, solar and biofuels contribute 13% to the total energy consumed in the United States.


Energy Production in the USA

The United States is rich
in energy resources. We

have always been able From 1950-2022, 90% of the energy
to produce the energy the USA produced was from
we need domestically nonrenewable resources

Nonrenewable energy
has always dominated
energy production in the
USA. The same is true
for all countries. We

all depend on non-
renewable energy for
our way of life.

NGPL are products like butane and propane.


Professor Notes
From 1950 onward, 90% of the energy generated in the United States originated from nonrenewable sources, signifying the longstanding dominance of nonrenewable energy in our country. This pattern holds true globally, as all nations rely heavily on nonrenewable energy resources to sustain our ways of life.


Fossil Fuels = Solid, liquid, or gas hydrocarbons that
formed naturally in Earth's crust from decaying organic

material (plants and animals). Natural Gas
A hydrocarbon is an organic compound consisting of carbon and

. . Petroleum
hydrogen. Hydrocarbons can be solid (coal), liquid (petroleum), or de oil
gas (natural gas). (crude oil)
Fossil fuels form naturally underground, over millions to hundreds of
millions of years. Its form depends on type of materials that are
present, the length of time compressed, and the pressure and
temperature.

Coal

Humans burn fossil fuels to produce energy (e.g., electricity,
transportation). When humans burn fossil fuels, the solid carbon
(coal) or liquid carbon (petroleum) is converted to carbon gases like
carbon dioxide (CO,).

Image by Naplee12, Wikimedia Commons. CC-BY SA 3.0. Image by Nefronus, Wikimedia Commons. CCO. Image by Amcyrus2012, Wikimedia Commons. CC BY 4.0.
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Professor Notes
Fossil fuels are hydrocarbons in solid, liquid, or gas form that naturally developed in Earth's crust through the decomposition of organic material (plants and animals). These fuels are utilized by humans for energy production, such as generating electricity and fueling transportation. Hydrocarbons, the fundamental components of fossil fuels, consist of carbon and hydrogen and can exist as solid (coal), liquid (petroleum), or gas (natural gas). 

Fossil fuels get their name from the fact that they form naturally underground over millions to hundreds of millions of years. The specific form (solid, liquid, gas) is influenced by the types of materials present, the duration of compression, and the prevailing pressure and temperature conditions. When fossil fuels are burned by humans, the solid carbon (as in coal) or liquid carbon (as in petroleum) is converted into greenhouse gases, including carbon dioxide (CO2), that contribute to climate change.


|
How coal formed

Before the dinosaurs Over hundreds of Heat and pressure turned
roamed Earth, many giant millions of years, the the dead plants into coal,
plants died in swamps plants were buried which is a black or

under water and dirt in brownish sedimentary rock,

(300-million years ago). _ : _ _
oxygen poor sediment which we dig from mines.

Source: EIA


https://www.eia.gov/energyexplained/coal/
Professor Notes
Coal is a solid hydrocarbon that formed in Earth's crust over hundreds of millions of years as plants died in swamps and were buried underwater and rock in oxygen poor sediments.  Heat and pressure converted the dead plant material into coal, which can be mined from underground deposits.  


Coal = black or brownish
sedimentary rock that contains
high amount of carbon and is
combustible

» Coal formed before dinosaurs roamed Earth.

« Coal contains the energy of plants that lived and died
in forested swamps.

» Coal takes hundreds of millions of years to form,
therefore it is nonrenewable.

« Coal is a hydrocarbon that releases energy (heat) and
greenhouse gases (CO,) when burned.

» We use coal’s energy to produce electricity.

« Coal is a solid that is mined from underground
sources.

» Coal contains pollutants that are released when mined
or burned.

Source: EIA

Molecular A

Structure

Coal


https://www.eia.gov/energyexplained/coal/
Professor Notes
Coal is a black or brownish sedimentary rock that contains 40-90% carbon and is burned by humans to produce electricity or heat.  The molecular structure of coal shows that in addition to carbon and hydrogen, coal also contains pollutants like nitrogen, sulfur, arsenic, cadmium, mercury, and selenium.  When coal is mined or burned to generate electricity, these elements are released into the environment as air and water pollutants.   


Source: EIA

How oil and natural gas formed

Tiny marine plants and
animals died and were
buried on the ocean
floor and became
covered with layers of
silt and sand.

Over millions of years,
the remains were buried
deeper and deeper. The
enormous heat and
pressure turned the
remains into oil and
natural gas.

Today, we drill down
through layers of sand,
silt, and rock to reach the
rock formations that
contain oil and natural
gas deposits.


https://www.eia.gov/energyexplained/coal/
Professor Notes
Hundreds of millions of years ago, before dinosaurs lived, tiny marine plants and animals died and settled to the ocean floor where they became buried with layers of silt and sand.  Over millions of years the enormous heat and pressure increased and turned the remains into oil and natural gas.  Today we can drill down through thick layers of sand and silt to reach rock formations that contain oil and natural gas deposits.  


Natural Gas = fossil fuel energy source containing a mixture of hydrocarbons,
consisting of mostly methane (CH,). Methane burns and thus can be used for

heating, cooking, and generating electricity.

Methane (CH,) is a gas Methane Combustion

hydrocarbon that is
e mined from underground CH,+ 0, - CO, +H,0 + heat

deposits and burned for \ /
energy (combustion). greenhouse gases


https://en.wikipedia.org/wiki/Natural_gas
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Professor Notes
Natural gas is a blend of gaseous hydrocarbons, primarily composed of methane, which constitutes approximately 97% of the hydrocarbon mixture.  Methane is the simplest hydrocarbon, consisting of 1 carbon atom and 4 hydrogen atoms.  Methane is mined from underground deposits and since it is flammable it can be burned to generate heat or electricity.  It is important to note that methane itself, is a potent greenhouse gas.  When burned, methane transforms into carbon dioxide, another greenhouse gas. 


Petroleum = black or yellowish-black liquid gasoline
that contains mixture of different 000000290
hydrocarbons that are combustible. ©°0 o
00000090
. get:joleu_r? is also crI:\IIed gr;Jde oifl r?r(;)il. . diesel
« Crude oil is a complex mixture of hydrocarbons (H)
that are refined into products such as gasoline, diesel 00@000@0@ 22
fuel, jet fuel, kerosene, asphalt, solvents, fertilizer, QQQQQQQQQQQQ
polyester, nylon, textiles, plastics, paint, pesticides,
lubricants, pharmaceuticals. 1
« Combustion of gasoline, diesel fuel, or jet fuel is the
technology used to power cars, trucks, buses, rockets, Refined Petroleum
trains, airplanes. into (crude oil)
products

* When fuel is burned it releases carbon dioxide (CO,),

carbon monoxide (CO), nitrogen oxides (NOx), and ‘
other air pollutants.


Professor Notes
Petroleum, also known as crude oil, is a black or yellowish-black liquid that contains a mixture of hydrocarbons, molecules consisting of carbon and hydrogen.  The hydrocarbon mixture is refined into different products that we use each day.  The length of the carbon-hydrogen chain determines the product that can be made from each hydrocarbon.  For example, gasoline is 4-12 carbons long, while diesel fuel is 10-28 carbons long.  Given the combustible nature of hydrocarbons, they serve as fuel for vehicles such as cars, buses, trucks, trains, jets, and ships. The combustion of liquid hydrocarbons as fuel leads to the generation of air pollutants, including carbon dioxide, carbon monoxide, and nitrogen oxide.


Products Made from a Barrel of Crude Oil

PRODUCTS GALLONS PERCENT (%)
Gasoline 18.0 43%
Diesel Fuel 9.2 22%
Plastics, Synthetic Fibers, Synthetic 6.7 16%

Rubber, Paints, Solvents,
Waxes, Lubricants, Pharmaceuticals

Jet Fuel, Kerosene 3.8 9%
Heavy Fuel for Ships 1.7 4%
Asphalt 1.7 4%
Butane, Propane 0.9 2%
Total 42.0 100%

Source: U.S. Enerqgy Information Administration; 1 barrel of crude = 42 gallons.



https://www.eia.gov/energyexplained/oil-and-petroleum-products/refining-crude-oil.php
Professor Notes
A barrel of crude oil, equivalent to 42 gallons, undergoes refining processes to yield various products that we use everyday. Predominantly, crude oil is transformed into different fuel types for automobiles, trucks, trains, jets, and ships. Approximately 16% of crude oil is utilized in the production of plastic products, synthetic fibers for clothing, waxes, lubricants, solvents, paints, and pharmaceuticals. Additionally, around 4% of the crude oil is refined into asphalt, a key component of roads and roofing materials.


* Plastic is synthetic material made from a wide
range of carbon-hydrogen polymer chains
derived from petroleum or natural gas.

» Inexpensive, durable, lightweight, flexible,
sterile, and can be molded into different shapes.

« There are many different types like polyester,
nylon, Spandex, silicones, polyvinyl
chloride (PVC), polypropylene (PP), etc.

« We started using plastic products in the 1950s

and since then we have produced about 10- Virtually every product we use
billion tons of plastic products. today is made of plastic or

- Its estimate that only 10% of all plastic has ever  has plastic components. All
been recycled. And plastic can't be recycled these products came from
indefinitely, it can only be recycled 2-3 times crude oil or natural gas.

before its quality is too poor to be reused.


Professor Notes
Plastics are synthetic materials manufactured from polymer chains derived from petroleum or natural gas.  Plastics are so ubiquitous they are found in most every product that we use today.  Plastic is used to manufacture clothing, appliances, electronics, plumbing, electrical, building materials, furniture, fabrics, cars, jets, ships, food packaging, toys, and medical equipment and supplies. Plastic is very stable, which makes it useful for manufacturing products with long lifespans.  However, its persistence is also a problem because plastics take centuries to break down and so they accumulate in the environment resulting in large amounts of plastic pollution.  It’s estimated that humans have made 10-billion tons of plastic since 1950 and that around 80% of it is either sitting in our landfills or polluting the environment as litter.  Virtually every product we use today is made entirely of plastic or has plastic components.  Some products that we use everyday that aren't made of plastic includes cotton shirts, leather shoes, silk scarfs, and wood building material.  Plastics are so ubiquitous that we find it everywhere, including the atmosphere, natural ecosystems, soils, glaciers, lakes, rivers and oceans.          


World’s Top 10 Oil Producers (2022) World’s Top 10 Oil Consumers (2021)

Million Share of Million Share of
Country Barrels Per World Total Country Barrels Per World Total
Day (%) Day (%)

USA 20.30 21% USA 19.89 20%
Saudi Arabia 12.44 13% China 15.27 16%
Russia 10.13 10% India 4.68 5%
Canada 5.83 6% Russia 3.67 4%
Iraq 4.61 5% Japan 3.41 4%
China 4.45 5% Saudi Arabia 3.35 3%
UAE 4.23 4%, Brazil 2.89 3%
Iran 3.67 4%, South Korea 2.56 3%
Brazil 3.17 3% Canada 2.26 2%
Kuwait 3.01 3% Germany 2.23 2%
Top 10 Total 71.83 74% Top 10 Total 60.20 62%
World Total 97.70 100% World Total 97.26 100%

Data source: U.S. Energy Information Administration, International Energy Statistics as of September 2023
(https://www.eia.gov/tools/fags/faq.php?id=709&t=6). 1 barrel = 42 gallons.
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Professor Notes
The top 10 oil-producing nations globally contribute to 74% of the total oil production, whereas the top 10 oil-consuming countries account for roughly 62% of the total oil consumption. Notably, six countries, namely, the United States, China, Brazil, Russia, Saudi Arabia, and Canada are both a Top 10 producer and consumer of crude oil. The United States consumes around 20 million barrels of oil daily, and secured the top spot in production for the year 2022 and also held the top spot in consumption for 2021.


How do we make electricity?

Most electricity today (around 95%) is generated
using a technology that was invented 200 years ago
by Michael Faraday. An Electromagnetic
Generator creates an electric current by rotating a
copper disc between a horseshoe magnet.

Today’s generators consist of a large rotatable magnet shaft surrounded by
numerous coils of copper wire. An electric current (electricity) flows through the
copper wire when the shaft spins. To make the shaft spin, it is connected to a
turbine which spins when fluid (steam, liquid water, hot gas, air) pushes on its
blades causing the blades to rotate.

Coal power plants, natural gas power plants, wind turbines, nuclear power plants,
geothermal power plants, and hydroelectric dams all use turbine driven
electromagnetic generators to create electricity.


Professor Notes
Fossil fuels can be burned to create electricity.  The vast majority of electricity generated today utilizes a technology that was discovered 200 years ago by a scientist named Michael Faraday.  He found that using a hand crank to rotate a copper disc between a horseshoe magnet created an electric current.  His Faraday Disc was the world's very first electric generator.  

Today’s electromagnetic generators consist of a rotatable magnet shaft surrounded by coils of copper wire. An electric current (electricity) flows through the wire when the magnetic shaft spins. To get the shaft to spin, it is connected to a turbine which spins when fluid (steam, flowing water, or hot gas) pushes on the turbine's blades. The fast-spinning turbine blades rotate the turbine drive shaft, which is connected to the generator's magnet shaft. The rotating magnet creates a magnetic field that causes the electrons of the copper coils to move into a wire creating electricity. Coal power plants, natural gas power plants, wind turbines, nuclear power plants, geothermal power plants, and hydroelectric dams all use turbine driven generators to create electricity.      


Turbine Driven Electromagnetic Generators

Looking inside a Turbine

Steam, flowing
water, hot gas, or
wind turns

the blades of
turbine, which
turns rotor shaft of
electric generator
creating electricity.

Electric Generator



https://commons.wikimedia.org/wiki/File:Dampfturbine_Montage01.jpg
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Professor Notes
Turbine driven electromagnetic generators convert kinetic energy to mechanical energy to electric energy.  Here we see inside a turbine, with its numerous blades connected to a central shaft.  Hot gas or steam pushes on the turbine blades causing the shaft to rotate.  The fast-spinning turbine blades rotate the turbine drive shaft, which is connected to a generator's shaft. This causes the generator's shaft to rotate thereby creating a magnetic field around its copper coils.  This causes electrons in the copper coils to flow generating electricity, which is transmitted from the power plant to consumers through transmission lines.     


Coal-Fired Power Plants

Coal is burned to boil
water and produce
steam. The steam turns
a turbine, which turns a
generator thereby
producing electricity.

Coal-fired power plants
emit greenhouse gases
and air pollutants.

Over 1/3 of global
electricity comes from
coal-fired power plants.


https://en.wikipedia.org/wiki/Coal-fired_power_station
Professor Notes
Coal-fired power plants burn coal in a furnace and the heat is used to boil water that is pumped into the power plant from a nearby lake or river.  The resulting steam is used to turn a turbine-driven electromagnetic generator to produce electricity.  Coal fired power plants emit air pollutants (including mercury, sulfur dioxide, nitrogen oxides, carbon monoxide, and particulate matter) and carbon dioxide, a major greenhouse gas that contributes to climate change.  Many countries use coal to generate electricity, coal-fired power plants account for about 33% of electricity worldwide.  


Natural Gas Power Plants

Natural gas power plants often consist of two generators (Gas turbine generator and Steam
turbine generator) operating in tandem to produce electricity. This is called a Combined
Cycle Power Plant. In the first cycle, natural gas (CH,) is burned, the hot gas turns a turbine,
which then turns a generator to create electricity. The heat exhaust is captured and used in
the second cycle to boil water, creating steam, which turns a turbine that turns a

generator and create electricity. Natural gas power plants emit greenhouse gases and air
pollutants. However, they emit less than coal-fired power plants.

=

Source: Jeff Dahl Steam Turbine Generator
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Professor Notes
Natural gas power plants generate electricity similar to coal-fired power plants, with the exception that methane (instead of coal) is burned to generate electricity.  Natural gas power plants often consist of two generators operating in tandem: (1) a gas turbine generator that produces electricity and (2) a steam turbine generator that produces more electricity.   
​ First, air is taken into a turbine, which spins very fast to compress the air producing high pressure.  The compressed air is mixed with methane (fuel) and burned to make a hot high velocity gas that turns the blades of the turbine generator and create electricity.  Next, the hot exhaust gas is captured for the second cycle, where it is used to boil water, creating steam, that turns a second steam turbine generator to produce more electricity.  

Natural gas power plants emit air pollutants like carbon monoxide, nitrogen oxides, nitrous oxide, volatile organic compounds (VOCs), particulate matter, and trace amounts of sulfur dioxide. However, burning natural gas produce fewer emissions of nearly all types of air pollutants and carbon dioxide (CO2) compared to burning coal or petroleum to produce an equal amount of energy.


How does nuclear power work?

Nuclear power plants work by How fission splits the uranium atom
utilizing nuclear fission — a process
where uranium-235 atoms split and UO, pellets O
release enormous amounts of energy are enriched ighter element
(heat) useq to boil water, .producmg with U-235
steam, which turns a turbine
generator that produces electricity. —" neutron

— o + ENERGY
Ur.anlum U02 neutron (H EAT)
oxide (UO,) llet Uranium 235 neutron
pellets are peliets
stacked in A nuclear reactor may contain o
fuel rods 10 million UO, pellets, which .
contained in produce enormous amount of lighter element
nuclear heat by nuclear fission.

reactor core

Source: Adapted from National Energy Education Development Project


Professor Notes
Nuclear power plants work by utilizing nuclear fission, a process where uranium-235 atoms split and release enormous amounts of energy (or heat) used to boil water, producing steam, which turns a turbine generator to produce electricity.  Uranium oxide pellets are small ceramic cylinders (less than 1 inch) consisting of 3-5% uranium-235 and used to power a nuclear reactor.  Each uranium oxide pellet contains as much energy as 2,000 pounds of coal.  Pellets are stacked into fuel rods, which are placed into a nuclear reactor core. Modern nuclear power plants may contain up to 10 million uranium oxide pellets used to generate energy by nuclear fission.


3|
Nuclear Power Plants

Nuclear power plants use the heat generated from U-235 nuclear fission to boil water
and create steam. The steam turns a turbine, which turns a generator to produces
electricity. As of 2023, the United States has 54 operating nuclear power plants.

Nuclear power
is considered
clean energy
because

it emits no
greenhouse
gases, and no
air pollutants.

Source: U.S. NRC


https://www.nrc.gov/reading-rm/basic-ref/students/animated-bwr.html
Professor Notes
The reactor core, where U-235 nuclear fission takes place, is encased in a steel-reinforced concrete containment structure.  The enclosure, usually dome-shaped, is an air-tight shell designed to contain radioactive pollution in the event of a nuclear accident.  Water, from a nearby lake or river, is pumped into the reactor core where it is brought to a boil by heat produced by U-235 fission.  Steam is used to turn a turbine-driven electromagnetic generator to produce electricity.  

Nuclear power is considered clean energy because it emits no air pollutants and no greenhouse gases. In 2024, the United States was operating 93 nuclear reactors at 54 nuclear power plants in 28 states.  The oldest reactor began operation in 1969 and the newest in 2023. The United States gets about 19% of its electricity from nuclear power plants.    


Objective 2: Outline the
extraction and production of
nonrenewable resources into

products for human use.



Coal
Production
and
Reserves

#5 Montana

5% Top 5 Coal
Producing States in
#1 Wyoming 2021 (% total)
41%
#4 lllinois #3 Pennsylvania
6% 7%

#2 West Virginia
14%

Coal Deposit

Based on 2021 coal consumption, the U.S.
has enough coal to last 300-400 years.


Professor Notes
The United States has the largest coal reserves in the world, estimated to be 22% of Earth's total proved coal reserves.  In fact, the U.S. has enough coal to last about 300-400 years at our current consumption rates.  The Top 5 coal producing states are Wyoming, West Virginia, Pennsylvania, Illinois and Montana.  At 41%. Wyoming is by far the biggest producing state in the U.S.    


Coal is mined from underground deposits using large machinery.

1. Surface Mining — coal seam is less than 200 feet from surface. Land on top of coal
is removed using explosives and large equipment. Draglines and excavators are
used to dig coal and load it onto trucks. It is safer for workers compared to deep
mining. It is more damaging to surface habitats.

2. Deep Mining — coal seam is greater than 200-feet from surface. Tunnels are dug
underground using explosives and large equipment. Workers go into the tunnels to
dig the coal and sent it to the surface using rail cars. This work is dangerous for
workers due to cave-ins, explosions, fires, hearing loss, breathing issues. Less
damaging to surface habitats.


https://commons.wikimedia.org/wiki/File:Bagger-garzweiler.jpg
https://creativecommons.org/licenses/by-sa/2.5/deed.en
Professor Notes
Once the coal is brought to the surface, it may be sent to a preparation plant. The purpose of these plants is to remove unwanted materials from the coal such as rocks, ash, sulfur, dirt.  The coal is then loaded onto train cars or barges and transported to coal-fired power plants where it is burned to generate electricity.  One of the biggest costs associated with coal production is the transportation of the coal from the mine (for example, in Wyoming) to a coal-fired power plants (for example, in Ohio). 




https://www.flickr.com/photos/ddimick/9507463242/in/photostream/
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Surface mining can be very destructive to natural habitats. Mountain top removal is a type of surface coal mining that is done in the Appalachian Mountains of West Virginia and Kentucky.  Mountain top removal is safer and much cheaper than deep coal mining.  Its safer because miners remain on the surface and don’t go underground.  Mountain top removal is significantly cheaper than deep mining because less workers are needed to work the surface mine. Unfortunately, mountain top removal is very destructive to surface habitats.   

Here we see a natural mountain habitat of West Virginia.  Notice the green trees, mountains, valleys, and river.  The bottom photograph shows how explosives are used to remove up to 150 meters of mountain to expose underground coal seams. The excess rock and soil is dumped into nearby valleys and referred to as valley fill.  The valley fill destroys natural habitats, streams, and rivers and pollutes soil and water with acid mine drainage, sulfur, selenium, and other metals.  


World's Petroleum Reserves

In 2020, global proved crude

oil reserves amounted to

1.65 trillion barrels of

oil. World oil consumption is

100 million barrels of oil per

day. Therefore, we have

about 50 years of oil #10 USA

#4 Canada
#2 Saudi #3 Iran

remaining with current Arabia
oil consumption and #1 Venezuela #5 Iraq
oil reserves.
Top 5 U.S. Oil Reserves (2021) 1 barrel =
42 gallons

Texas - 18.6 billion barrels

New Mexico — 4.9 billion barrels
Gulf of Mexico — 4.6 billion barrels
North Dakota — 4.4 billion barrels
Alaska — 3.2 billion barrels

o=


Professor Notes
In 2020, global proved petroleum reserves were estimated to be 1.65 trillion barrels.  Worldwide oil consumption is about 100-million barrels of oil per day.  This means that we have about 50 years of oil remaining on Earth at current consumption rates. Globally, the United States ranks 10th in petroleum reserves with our largest oil reserves located in Texas.   


World's Natural Gas Reserves

According to the U.S.

Energy Information

Administration (eia.gov), if

we continue with the same _
rate of natural gas #1 Russia
production as in 2021, the

United States has enough

natural gas to last about 80 #4 USA #2 Iran
years. #3 Qatar

#5 Saudi Arabia
Top 5 Producing U.S. States (2021)

Total
cubic

feet
(Tcf)


Professor Notes
In 2020, estimated total global proved reserves of natural gas stood at approximately 7,257 trillion cubic feet (Tcf). This volume is equivalent to 50 to 60 times the annual global consumption of natural gas and indicates that at the current consumption rate, and not accounting for unproven reserves, the world possesses roughly 50 to 60 years' worth of natural gas reserves. Among nations globally, the United States holds the fourth position in natural gas reserves, with its primary reserves situated in Texas, closely trailed by Pennsylvania.


Conventional Natural Gas and Petroleum Extraction

Geologists use seismic surveys on land and the
ocean to find natural gas and petroleum.

A well is drilled into land or offshore into the ocean
floor to bring the natural gas and/or petroleum to
the surface where it is collected.

Natural gas is sent to a processing plant where
methane is separated from natural gas liquids
(NGLs = ethane, propane, butanes, and
pentanes).

Petroleum is sent to an oil refinery where it is
refined into gasoline, diesel fuel, jet fuel, plastics,
heavy fuel, and asphalt.


Professor Notes
Geologists use seismic surveys on land and in the ocean to find oil and natural gas reservoirs. A seismic survey uses sound waves to determine the locations of subsurface oil and gas reservoirs.  A reservoir may have only oil or gas, or it may contain both. Because gas is lighter it will be found on top of the oil. The reservoir may also contain water.  Once a reservoir is located, an oil (or gas) well is bored into the Earth so that petroleum and/or natural gas can flow up to the surface where it is collected. Oil and gas may flow vertically up a well under the natural pressure of Earth (called conventional oil and gas production) or through the use of technologies used to force the oil and gas to the surface (called unconventional oil and gas production). Wells can be drilled into land or offshore into the ocean floor to collect oil and natural gas from reservoirs. 


Offshore Oil Drilling Platform —


https://en.wikipedia.org/wiki/File:Oil_platform_P-51_(Brazil).jpg
https://creativecommons.org/licenses/by/3.0/br/deed.en
Professor Notes
This is the Brazilian P-51 Oil Platform located in water depths of about 1,000 meters, in the Atlantic ocean, 150 km off the coast Rio de Janeiro.  These are massive structures that extract crude oil and natural gas from rock formations that lie beneath the ocean floor.  Offshore oil and gas platforms can be hazardous places for both the workers and environment, with environmental accidents and human injuries or deaths occurring each year.  One particularly notorious incident occurred in 2010 in the Gulf of Mexico, off the coast of the United States.  While drilling for oil an explosion occurred on the Deepwater Horizon Oil Rig, killing 11 people and spilling an estimated 200-million gallons of crude oil into the ocean.  It was the largest ocean oil spill in history and its operator, British Petroleum (BP) paid a fine of $21-billion dollars, which was the largest environmental settlement in U.S. history.       


Athabasca Tar !ands, Alberta, !anada


https://www.flickr.com/photos/nwfblogs/5061059220/in/photostream/
https://creativecommons.org/licenses/by-nc-nd/2.0/
https://en.wikipedia.org/wiki/Athabasca_oil_sands
https://en.wikipedia.org/wiki/Oil_sands
Professor Notes
Unconventional crude oil production includes the tar sands of Alberta, Canada. Tar sands, also called oil sands, are considered unconventional because they aren’t liquid crude oil produced from a conventional vertical well drilled into the ground.  Tar sands are a mixture of sand, clay, water, and a very thick and vicious type of petroleum called bitumen.  Since the oil is in a solid form, large shovels and trucks are used to dig and collect the tar sand from open pit surface mines. Deeper bitumen deposits are mined using in-situ mining where high-pressure steam is pumped underground and used to solubilize the bitumen into a slurry that can be pumped up to the surface and collected. The bitumen is then transported to extraction plants where the crude oil is separated from the sand and clay.  The resulting bitumen is heavy crude oil and can be used for asphalt (blacktop) for roads or waterproofing for roofing materials.  The heavy crude oil can also be upgraded into lighter crude oil so that it can be refined into higher profit products like gasoline and diesel fuel.  The upgrading process involves breaking the long hydrocarbon chains into smaller light-weigh hydrocarbons.  This process is called “cracking”.  Next, the smaller hydrocarbons can be turned into products like gasoline and diesel fuel at oil refineries.  The process of turning bitumen into gasoline and diesel fuel requires more energy and more water than conventional crude oil.  As a result, the oil produced from tar sands is estimated to release 2-4 times more greenhouse gases and use 2-3 times more freshwater than conventional oil production.  


. . . Light
Oil Refineries '9

Gasoline

An oil refinery is a sprawling industrial processing plant that
converts (refines) crude oil into products like gasoline,
diesel fuel, jet fuel, kerosene, heating oil, and asphalt.

The various products are separated from each other by
distillation. The crude oil is heated in a furnace causing l
each hydrocarbon to vaporize according to its boiling point
and separate from the mixture.

Heavy
The products collected at the top of the distillation unit have
lower boiling points that the products collected at the

Image by Psarianos, Theresa
bottom. Knott, CC BY-SA 3.0.

Exxon Mobile’s Baton Rouge Oil Refinery, Louisiana


https://en.wikipedia.org/wiki/Baton_Rouge_Refinery
https://en.wikipedia.org/wiki/Oil_refinery
Professor Notes
Crude oil is a mixture of hydrocarbons and by itself isn’t very useful.  To transform crude oil into useful products it must be processed at large industrial processing plants called oil refineries.  Here the crude oil is heated to very high temperatures in a furnace.  Heating the crude causes the hydrocarbons to separate based on their various boiling points.  Lighter products, such as butane, propane and gasoline will rise to the top of the distillation unit. Heavier products, that have higher boiling points will separate out at the bottom of the distillation unit. 


Unconventional Natural Gas Production
Shale Natural Gas Hydraulic Fracturing


https://geology.utah.gov/map-pub/survey-notes/energy-news/energy-news-hydraulic-fracturing-and-shale-gas/
https://en.wikipedia.org/wiki/Shale
https://en.wikipedia.org/wiki/Shale_gas
Professor Notes
Hydraulic Fracturing, also known as Fracking, is a technique where large volumes of water, sand and chemicals are injected into shale formations at high pressure to cause fracturing of the shale to release natural gas or oil so that it can flow to the surface. Shale deposits are typically 1-2 miles underground and sand is used to hold the fractures open so the gas can flow freely. Up to a dozen different chemical additives are used during fracturing to decrease friction, maintain fluid viscosity, prevent pipe corrosion, and prevent the formation of mineral deposits in pipes.  Wells are drilled vertically 1-2 miles down and then drilled horizontally for another 1-2 miles to reach all the natural gas contained within the shale. Hydraulic fracturing was first developed in the 1940s, and it was used in the United States for large-scale natural gas production beginning in the early 2000s.
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Professor Notes
Once natural gas is captured at the well, it is processed into different products for human use and then these products are transmitted and distributed to customers through pipelines or using specialized trucks and ships.  Natural gas is mostly (70-90%) methane (CH4), which is burned in gas power plants to generate electricity.  Methane is also be distributed to private homes where it is burned in gas furnaces to generate heat during cold months.  Natural gas also contains smaller amounts of compounds called hydrocarbon gas liquids or natural gas liquids (NGLs), which are separated from methane as processing plants.  NGLs include propane and butane, which can be burned for heat, for example propane is burned in gas grills to cook food.  NGLs also consists of ethylene and propylene, which are used to make products like lubricants, plastics, and synthetic rubber.


United States Uranium Resource Regions

Uranium is a

radioactive element Uranium Resources are
found in natural ore located in western U.S.
deposits. Uranium-235 Uranium ore (has a low
is one of its isotopes concentration of U-235) is
. mined and then goes through
and U-235 !S C_apable an extensive refining and
of nuclear fission and enrichment process to produce
used in nuclear power uranium oxide pellets that are

enriched with U-235 and used

plants to generate in nuclear power plants.

electricity.

Uranium ore

Source: USGS
Source: U.S. NRC E—


https://unsplash.com/photos/gray-concrete-towers-under-white-clouds-and-blue-sky-during-daytime-vMQFh9rAkeU
https://www.nrc.gov/reading-rm/basic-ref/glossary/uranium.html
https://www.usgs.gov/centers/central-energy-resources-science-center/science/uranium-mineral-systems
Professor Notes
The United States has significant uranium resources that it can use for nuclear power plants.  Uranium resource regions are located in several western states shown here.  Nuclear power plants primarily use a specific type of uranium (isotope U-235) for nuclear fission because these atoms are easily able to undergo nuclear fission.  However, U-235 is relatively rare in uranium ore, having a concentration of just 0.7% in natural uranium ore.  Therefore, the uranium ore that is mined from these regions must undergo further processing to increase the concentration of U-235 to 3-5% so that it can be used in nuclear power plants to generate electricity.  There are 4 steps involved in uranium production: uranium recovery, uranium conversion, U-235 enrichment, and nuclear fuel fabrication.  Each step in the process results in radioactive waste that must be collected for final disposition and storage at specially designated storage facilities or underground repositories.  Radioactive waste includes such things as uranium mine tailings, protective clothing, tools, equipment, containers, fission products, and liquid and solid waste biproducts         


The United States Nuclear Regulatory Commission (U.S. NRC) regulates the mining and
processing of uranium ore to be fabricated into nuclear fuel for nuclear power plants. Four
steps are involved in converting uranium ore into nuclear fuel.

Step 1 - Uranium Recovery. Uranium ore is recovered from underground mines and milled
(crushed) into a yellow/orange uranium oxide called yellowcake. Uranium recovery is typically
accomplished in two ways:

« Conventional Mining and Milling - uranium ore is excavated from open pit mines or
underground shafts. The ore is crushed (milled) and chemically treated to produce
yellowcake (uranium oxide powder).

* In-Situ Recovery (ISR) - a liquid solution is injected into the uranium ore underground.
The solution leaches uranium from the underground rock and is then pumped to the
surface. The solution is processed to produce yellowcake (uranium oxide powder).


Professor Notes
The United States Nuclear Regulatory Commission (U.S. NRC) regulates the mining and processing of uranium ore to be fabricated into nuclear fuel for nuclear power plants.  Four steps are involved in converting uranium ore into nuclear fuel.     

Step 1 - Uranium Recovery. Uranium ore is recovered from underground mines and milled (crushed) into a yellow/orange uranium oxide called yellowcake. Uranium recovery is typically accomplished in two ways: (1) Conventional milling - uranium ore is excavated from underground shafts or shallow open pit mines. The ore is crushed (milled) and chemically treated to produce yellowcake (uranium oxide). (2) In-situ recovery (ISR) - a liquid solution is injected into the uranium ore underground. The solution leaches uranium from the underground rock and is then pumped to the surface. The solution is processed to produce yellowcake (uranium oxide).  


Step 1 Uranium Recovery

Open Pit Uranium Mine

fission andg
used in nuclear
power plants.

Uranium ore is
recovered from Open
Pit Mines or In-situ Source: NRC
and then milled to
produce yellowcake.



https://commons.wikimedia.org/wiki/File:Ranger_Uranium_Mine_01.jpg
https://creativecommons.org/licenses/by/2.0/deed.en
https://en.wikipedia.org/wiki/Yellowcake
https://en.wikipedia.org/wiki/File:Uranium_ore_square.jpg
https://www.eia.gov/energyexplained/nuclear/the-nuclear-fuel-cycle.php
Professor Notes
Here we see an open pit uranium mine and a diagram of in-situ uranium recovery.  Both processes end with the production of a yellow to orange uranium oxide powder called yellowcake.  The concentration of U-235 isotope in yellowcake is about 0.7%, which is too low to be used in nuclear fission.  The concentration of U-235 is increased to 3-5% in the Steps 2 and 3 so that it can be used in nuclear power plants to generate electricity.    


Step 2 Uranium Conversion & Step 3 Enrichment of U-235

Step 2 - Uranium Conversion. Yellowcake is reacted with fluorine to create uranium
hexafluoride (UFg), a compound that is suitable for enrichment. The UF¢ starts out as a hot
gas and over several days it cools into a liquid and finally a solid. The solid UFg can then be
shipped to an enrichment plant.

Step 3 - Enrichment of U-235. The
nuclear fuel used in a nuclear power plant
needs to have a high concentration of U-
235 isotope (3% to 5%) than that which
exists in natural uranium ore (0.7%).
Enrichment of U-235 to concentrations of
3-5% can be accomplished by three
processes: Gaseous diffusion, gas
centrifuge (used in the United States), or
laser separation.

Source: |AEA Imagebank Source: Argonne National Laboratory



https://en.wikipedia.org/wiki/Yellowcake
https://commons.wikimedia.org/wiki/File:Uranium_hexafluoride_crystals_sealed_in_an_ampoule.jpg
Professor Notes
Step 2 - Uranium Conversion. Yellowcake is reacted with fluorine to create uranium hexafluoride (UF6), a compound that is suitable for enrichment.  The UF6 starts out as a hot gas and over several days it cools into a liquid and finally a solid.  The solid UF6 is shipped to a uranium enrichment plant. 

Step 3 - Enrichment of U-235. The nuclear fuel used in a nuclear power plant needs to have a high concentration of U-235 isotope of 3% to 5% U-235.  Natural uranium ore and yellowcake only contain U-235 at about 0.7%.  Enrichment of U-235 to concentrations of 3-5% can be accomplished by three processes: 

	•	Gaseous Diffusion - UF6 is pumped through special membrane filters that have tiny pores. The lighter U-235 atoms diffuse faster through the pores and can be separated from the heavier U-238 atoms, which diffuse slower.    
	•	Gas Centrifuge - the current process of U-235 enrichment used in the United States.  UF6 gas is placed in a gas centrifuge cylinder and rotated at a high speed, which separates the lighter U-235 atoms from the heavier U-238 atoms.     
	•	Laser Separation - lasers are used to excite the different isotopes in UF6 and separate out the lighter U-235 atoms from heavier U-238 atoms.  


Step 4 Fuel Fabrication -

Step 4 - Fuel Fabrication - The U-235 enriched uranium hexafluoride (UFg solid
form) is heated to a gaseous form, and then the UFg gas is chemically processed to
form uranium dioxide (UO,) powder. This powder is pressed into small UO, pellets,
which are stacked into fuel rods, and grouped together into fuel assemblies. The
fuel assemblies are transported to nuclear power plants and loaded into the nuclear
reactor core where nuclear fission takes place.

Fuel
Assembly

Source: NRC Source: IAEA Imagebank Source: Chemolunatic Source: NRC


https://en.wikipedia.org/wiki/Yellowcake
https://www.nrc.gov/materials/fuel-cycle-fac/fuel-fab.html
https://commons.wikimedia.org/wiki/File:UO2_Pellet.jpg
https://www.nrc.gov/reading-rm/basic-ref/glossary/fuel-assembly-fuel-bundle-fuel-element.html
Professor Notes
The 4th and final step in nuclear fuel production is fuel fabrication.  This involves heating U-235 enriched uranium hexafluoride to a gas and chemically processing it to uranium dioxide (UO2) powder.  The powder is pressed into small UO2 pellets that are about ¾-inch in diameter.  Uranium oxide pellets are stacked on top of each other inside long, slender, zirconium metal tubes called fuel rods.  100-200 fuel rods, each approximately 14-feet long, are bundled together into a single fuel assembly.  Fuel assemblies are shipped to nuclear power plants to provide fuel for their nuclear reactors.  A fuel assembly can sustain nuclear fission for 3-6 years and then it has to be replaced when all its U-235 fission material has been used up.  Typically, a nuclear power plant changes out about one-third of its reactor core (40 to 90 fuel assemblies) every 12 to 24 months.  The old fuel rods that are removed from the reactor core are referred to as "spent nuclear fuel" and must be stored securely for extremely long periods because they remain radioactive for thousands of years.    


Nuclear Power Plant

Nuclear Fuel Nuclear Reactor Hope Creek Nuclear Power
Assembly Core Plant, New Jersey, USA
Cooling
Tower
—> >

Source:CEA Source: Idaho National Laboratory Source: NRC



https://www.eia.gov/energyexplained/nuclear/the-nuclear-fuel-cycle.php
https://en.wikipedia.org/wiki/Cherenkov_radiation
https://en.wikipedia.org/wiki/Hope_Creek_Nuclear_Generating_Station
Professor Notes
Nuclear reactors run on nuclear fuel, which is contained within small uranium oxide pellets stacked on top of each other inside sealed metal tubes called fuel rods.  Approximately 100-200 fuel rods are bundled together to form a fuel assembly.  A reactor core is made up of hundreds of fuel assemblies. Typically, power plants change out about one-third of the reactor core (40 to 90 fuel assemblies) every 12 to 24 months in order to maintain power output.     
​ Fuel rods are immersed in water to cool and moderate the nuclear fission reaction.  A blue glow surrounding the nuclear reactor core is called Cherenkov radiation and it can be observed in the water surrounding the fuel rods.  The fission reaction produces heat to boil water and turn it into steam, which is used to spin a steam turbine generator and produce electricity.  

Here we see Hope Creek Nuclear Power Plant is located on the Delaware River in New Jersey.  Its operating license runs from 1986 until 2046.  It has a boiling water reactor that uses nuclear fission to boil water from the Delaware River and produce electricity using a steam turbine generator.  The plant produced approximately 1,300 megawatts of electricity, which is enough electricity to power approximately 1 million homes.​ 
The cylindrical containment building with its dome is visible in the photograph, and it surrounds the nuclear reactor core.  The plant’s huge 500-feet tall cooling tower, used to vent excess heat to the atmosphere, is visible from miles away.  White clouds of cooled water vapor can be seen rising from the top tower.  No greenhouse gases, no air pollution, and no radiation is emitted by Hope Creek Power Plant or any nuclear power plants.  No air pollution and no greenhouse gas emissions are two benefits of nuclear power. 


Objective 3: Describe the impacts
of using nonrenewable resources
on Earth’s atmosphere, water, and

ecosystems.



Air Pollution from Petroleum and Natural Gas Production

Air pollutants are emitted from leaks in
pipelines and equipment, venting and
flaring, and refining of crude oil and
natural gas into numerous products.

* Methane (CH,), a greenhouse gas

« Volatile Organic Compounds (VOCs)
« Ground-level ozone (smog)

» Hazardous Air Pollutants (HAPS)

» Particulate Matter (PM), black soot

Pollutants linked to health effects such as
asthma, emphysema, cancer, damage to
immune, nervous, reproductive systems,

birth defects.

Gas
Flare

VOCs
HAPs
PM
coO
NOXx
SO,
Heavy Metals


https://en.wikipedia.org/wiki/Black_carbon
Professor Notes
Air pollutants from petroleum and natural gas production are emitted into the atmosphere from leaks, flaring and venting.  Pollution comes from operations and equipment used to mine, transport, store, and process these resources, including wells, distribution pipelines, processing facilities, refineries, storage tanks, train tank cars, tank trucks, and tanker ships. Shown is a gas flare at a production facility, which is emitting air pollutants such as black soot, volatile organic compounds, hazardous air pollutants, carbon monoxide, heavy metals, nitrogen oxides, and sulfur dioxide.      
  
The major air pollutants includes methane (CH4), volatile organic compounds (VOCs), ground-level ozone (or smog), hazardous air pollutants (HAPs), and particulate matter (black soot). Methane is a potent greenhouse gas, and recent studies suggest that 1-3% of methane from the oil and gas supply chain leaks into the atmosphere each year.  This is a significant contributor to climate change because methane has a global warming potential 25-times greater than carbon dioxide    

Volatile organic compounds can irritate the eyes, nose and throat, and can cause difficulty breathing.  VOCs damage the liver, kidneys and central nervous system. VOCs also contribute to the formation of ground level ozone (smog), which causes difficulty breathing, asthma attacks, and damages plant tissue impacting agriculture productivity. Hazardous air pollutants are a group of 188 pollutants that the EPA monitors and regulates because they are known or suspected to cause cancer and other serious health effects.  Oil and gas mining and production emits HAPs that includes benzene, ethylbenzene, and n-hexane. These chemicals are linked to cancer, neurological and reproductive disorders, and kidney and liver diseases.


2015


https://www.noaa.gov/education/resource-collections/ocean-coasts/oil-spills
Professor Notes
Oil spills can happen anywhere that oil is mined, transported, refined, or used. Thousands of oil spills occur in U.S. waters each year, thankfully most of these spills are small.  For example, oil spills while refueling a ship.  Large oil spills do occasionally happen, and when they do, they typically occur when a pipeline breaks, an oil tanker ship sinks, or an accident occurs at an oil drilling operation. 

This map was created by the National Oceanic and Atmospheric Administration (NOAA) and shows location and size of the largest oil spills affecting U.S. waters from 1969 to 2015.  The largest spill occurred in 2010 in the Gulf of Mexico after a massive explosion on the Deepwater Horizon oil platform, which resulted in the deaths of 11 workers and the release of approximately 134-million gallons of crude oil into the ocean.


U.S. Agencies for Oil Spills and Chemical Accidents

 U.S. EPA s the lead
federal response
agency for oil spills
occurring on land or in
inland waters.

 U.S. Coast Guard is
the lead federal
response agency for
spills in coastal waters.

« NOAA provides
scientific support to the
federal on-scene
coordinator.


https://response.restoration.noaa.gov/
Professor Notes
Oil and chemical spills pollutant waters, damage habitats and can harm or kill all life including microorganism, insects, amphibians, fish, reptiles, birds, and mammals.  Spills can also make seafood unsafe to eat, which negatively impacts the fishing industry.  When an oil or chemical spill occurs in the United States the federal government takes charge.  The U.S. EPA  the the lead federal agency for oil spills occurring in inland waters or on land.  The U.S. Coast Guard is the lead federal response agency for spills in coastal waters.  The National Oceanic and Atmospheric Administration (NOAA) provides scientific support to the on-scene coordinators, sometimes with assistance from the U.S. Department of the Interior (DOI). The Oil Pollution Act of 1990 established that those responsible for oil spills can be held responsible to pay for cleanup and restoration. ​ 
Oil itself is very toxic to all wildlife and it can directly kill organisms that are unfortunately enough to be trapped in the spill.  Oil can also harm organisms by oiling or fouling an animal’s skin, feathers, or fur.  Birds won’t be able to fly, and the oil coating will lead to hypothermia in both birds and mammals.  Fouling can lead to a slow death for those animals that are impacted.  Impacted wildlife is difficult to find and catch and so unfortunately most wildlife can’t be rescued.  However, major efforts are made to capture as many animals as possible so that they can be washed and cleaned with mild detergent and then rehabilitated in special centers for weeks to months until they can be released back into the wild.


Hydraulic Fracturing and Freshwater Resources

3. Well Injection
2. Chemical Mixing 4. Produced Water Handling

5 Stages of the Hydraulic
Fracturing Water Cycle

1. Water Acquisition Source: EPA 5. Wastewater Disposal and Reuse


https://www.epa.gov/hfstudy/hydraulic-fracturing-water-cycle
Professor Notes
Hydraulic Fracturing, also known as Fracking, is a technique where large volumes of water, sand and chemicals are injected into shale formations at high pressure to cause fracturing of the shale to release natural gas or oil so that it can flow to the surface.  In 2016 the U.S. EPA released its final report titled “Hydraulic Fracturing for Oil and Gas: Impacts from the Hydraulic Fracturing Water Cycle on Drinking Water Resources”.  The report outlined five stages of the hydraulic fracturing water cycle with each stage being defined by a fracturing activity involving water: Stage 1, water acquisition; 2 chemical mixing; 3 well injection; 4 produced water handling; and 5, wastewater disposal and reuse.  ​ 
The report highlights various conditions that can affect the quality and quantity of freshwater resources such as: extracting water during low availability periods or in regions with limited amounts of groundwater; accidental spills of fracturing fluids leading to chemical contamination of groundwater; injecting fluids into wells lacking mechanical integrity, allowing substances to migrate to groundwater; direct injection of chemicals into groundwater; inadequate treatment of wastewater before discharge into surface water; and the storage of wastewater in unlined pits, resulting in groundwater contamination.


Alberta, Canada Tar Sands and Freshwater Resources

« Tar sands have 160 billion barrels
of recoverable crude oil.

« On average, 4 barrels of freshwater
is required to produce 1 barrel of
crude oil from tar sand.

« By 2030, Alberta’s water
consumption is expected to reach
400 million gallons of per day.

« Wastewater is stored in large tailing
ponds for decades until sand, clay
and petroleum waste settles out.

» In 2020, Alberta had 265 billion
gallons of tailings wastewater.


https://earthobservatory.nasa.gov/images/40997/athabasca-oil-sands
Professor Notes
The Canadian government estimates that 160-billion barrels of Alberta’s tar sand reserves are recoverable with available technology.  Producing oil from tar sands requires significantly more water and larger amounts of energy than conventional oil extraction.  On average 4 barrels of freshwater are needed to produce 1 barrel of crude oil from tar sand.  With technological advancements the amount of freshwater required has dropped over time, but processing tar sands into crude oil requires enormous qualities of freshwater.  By 2030, water consumption in Alberta’s tar sands is expected to reach 400-million gallons per day. ​ 
Tar sand is a viscous form of crude oil called bitumen, which is very thick, having the consistency of peanut butter.  To get the thick bitumen to flow, hot water or steam must be added to the tar sand to create a slurry that can be pumped and transported to processing plants where the bitumen is separated from the clay, sand and water.  The bitumen is sent to refineries to be turned into products. The leftover sand, clay, residual bitumen, and chemical waste are sent to large tailing ponds where they remain for decades to allow the solids to settle out where they can be collected and buried in reclaimed mine sites.  Some of the water contained in the tailing ponds are recycled back into the bitumen extraction process.​ 
In 2020, Alberta had over 265-billion gallons of tailings wastewater, which covered an area of around 50 square miles. Wastewater seeping from tailings ponds is a serious environmental problem to Alberta’s groundwater, steams and rivers.  The tailing ponds are toxic to aquatic wildlife, including waterfowl, so care must be taken to keep birds out of the ponds.  Large-scale, economically feasible solutions to clean tailings wastewater will need to be developed so that these toxic ponds don’t become a permanent features of the tar sand landscape.


Acid Mine Drainage from Coal Mines

Acid mine drainage (AMD) is the formation
and movement of acidic water, rich in
heavy metals, from mining sites.

Coal mining exposes sulfur-containing
minerals that were buried underground. These
minerals reach with oxygen and surface water
to form sulfuric acid (H,SOy).

The sulfuric acid dissolves and transports toxic
heavy metals into surface and ground water:
arsenic (As), copper (Cu), cadmium (Cd), iron
(Fe), lead (Pb), mercury (Hg), selenium (Se).


https://commons.wikimedia.org/wiki/File:Iron_hydroxide_precipitate_in_stream.jpg
Professor Notes
Coal mining exposes sulfur-containing minerals to the air and water, which leads to the formation of sulfuric acid and acid mine drainage (AMD).  The sulfuric acid dissolves toxic heavy metals found in the mine and overburden and transports the metals into streams, rivers and lakes.  The heavy metals includes arsenic (As), copper (Cu), cadmium (Cd), iron (Fe), lead (Pb), mercury (Hg), and selenium (Se).  Acid mine drainage contaminates drinking water for local communities and is toxic to the growth and reproduction of aquatic plants and animals.


Mountaintop Removal Coal Mining (Kentucky & West Virginia) —

Mountaintop removal (MTR) = type of surface coal mining where the mountain

top is removed to expose the coal seam. The excess rock and soil (overburden)
is dumped into valleys (valley fill).

Causes deforestation, loss of habitat and soil erosion in the mining area.
Local streams and rivers become polluted and buried under mining waste.
Acid mine drainage and heavy metals contaminate water ground and surface water.


https://commons.wikimedia.org/wiki/File:Mountaintop_Removal_Mining.jpg
https://creativecommons.org/licenses/by/2.0/deed.en
Professor Notes
Mountaintop removal is a type of surface coal mining where up to 500-feet of mountain top is removed to expose a buried coal seam. The excess rock and soil (called overburden) is dumped into valleys, called valley fill. This process is cheaper and safer compared to underground mining because the coal seams are accessed from above instead of underground.  This coal mining practice is mostly done in West Virginia and Kentucky.  ​ 
Mountaintop removal is a controversial practice because it permanently destroys mountain ecosystems, streams and valleys, it causes soil erosion and flooding in local communities, and it contaminates groundwater and surface water with acid mine drainage and heavy metals. As of 2020, Mountaintop removal has destroyed over 500 mountains and buried 3,200 km (2,000 miles) of streams in the United States.


Heavy Metal Pollution from Coal Mining Runoff Pollution

Selenium toxicity - cranial-facial deformities

Selenium toxicity - spine deformities


https://www.pnas.org/doi/full/10.1073/pnas.1112381108
Professor Notes
Heavy metals that leach from mine sites are very toxic to plants, insects, wildlife and humans. Here, is an example of what can happen to native fish populations when selenium leaches from valley fill material into nearby streams.  Selenium (Se) is an essential micronutrition, but it is toxic to wildlife, fish and humans at high concentrations.  A 2011 study published in the journal Proceedings of the National Academy of Sciences, collected fish species from streams polluted by mountaintop mining in the Mud River Watershed of West Virginia.  The study found high concentrations of selenium in the streams and a high incidence of selenium-related developmental deformities in many fish populations. The top photograph depicts a craniofacial deformity, while the bottom one illustrates a spinal deformity, both of which are associated with selenium toxicity.


Coal Ash Waste Ponds Coal ash waste ponds

contains arsenic, aluminum,

Coal ash is a waste product from burning
coal to generate electricity. Power plants
may recycle the coal ash, dispose of it by
releasing it into nearby waterways or store
it in landfills or ponds.



https://commons.wikimedia.org/wiki/File:William_H._Zimmer_Power_Station_aerial_2017a.jpg
https://creativecommons.org/licenses/by-sa/4.0/
https://www.epa.gov/eg/steam-electric-power-generating-effluent-guidelines
Professor Notes
When coal is burned in coal-fired power plants to generate electricity, it produces significant amounts of combustion waste material called coal ash. Coal ash is considered a pollutant because it contains toxic compounds including arsenic, aluminum, boron, cadmium, cobalt, lead, mercury, nickel, nitrogen, selenium, sulfate, thallium.  Therefore, coal ash is regulated by the U.S. EPA because these contaminants are toxic to plants and animals and can pollute habitats, rivers, groundwater and drinking water. ​ 
Coal ash is one of the largest types of industrial waste generated in the United States. According to the American Coal Ash Association, hundreds of U.S. coal-fired power plants generate over 100 million tons of coal ash each year.  Some of the coal ash is reused to make construction materials such as concrete and wallboard.  Starting in 2016, approximately half of the coal ash generated in the U.S. each year was recycled and reused in construction materials.  However, millions of tons of coal ash is still being produced each year and billions of tons of coal ash is currently stored in large coal ash waste ponds or landfills.  These waste sites pose a risk to adjacent streams, rivers, groundwater, and drinking water resources.


Coal Ash Waste Pond Accidents -

Kingston, Tennessee,
- [1{) 24

 The U.S. has about 250 coal power plants.

« The U.S. has over 700 coal ash waste sites.

« Environmental disasters have occurred in the
U.S. when coal ash waste ponds ruptured.


https://upload.wikimedia.org/wikipedia/commons/4/45/Aerial_view_of_ash_slide_site_Dec_23_2008_TVA.gov_123002.jpg
https://en.wikipedia.org/wiki/2014_Dan_River_coal_ash_spill
Professor Notes
The U.S. EPA has federal regulations in place to help prevent coal ash waste sites from leaking of contaminants into ground water and surface water, blowing contaminants into the air as dust, and the catastrophic failure of coal ash surface impoundments.  But with over 700 coal ash waste sites in the United States, accidents do happen.  ​ 
Two recent examples of large spills in Tennessee and North Carolina demonstrated the need for proper coal ash waste regulation and disposal.  In 2008, a coal ash pond impoundment failure led to the release of 1.1 billion gallons of coal ash waste into the Emory River and Clinch River in Kingston, Tennessee.  It took $1.1 billion and 7 years to complete the clean up.  In 2017, the EPA announced that the ecosystems impacted by the spill had returned to conditions prior to the 2008 accident. A second spill occurred in North Carolina in 2014, when a drainage pipe burst and released 27 million gallons and 39,000 tons of coal ash into the Dan River.  In 2015, Duke Energy, owner of the coal ash pond, plead guilty to nine violations of the U.S. Clean Water Act, resulting in $102 million in fines and restitution. 


Legacy Pollution from Uranium Mining and Processing

Major uranium deposits are
in western United States.
From 1944 to 1986, about 30
million tons of uranium ore
extracted from Navajo land.
There are 500 abandoned
uranium mines, and homes
and water sources with high
levels of radiation.

The EPA has a 10-year plan
(2020-29) will spend $1.7
billion to reduce risks of
radiation exposure to the
Navajo people.

Source: EPA


https://www.epa.gov/sites/default/files/2016-06/sfd1602325_allaums_0.png
Professor Notes
Major U.S. uranium reserves are in the western states Arizona, Colorado, New Mexico, Texas, Utah, Washington, and Wyoming.  Uranium is used as fuel for nuclear power plants to make electricity.  Uranium mining and processing for use in nuclear reactors results in radioactive waste in the air and water.  Radioactive dust can blow into communities and mine tailings and liquid waste can contaminated surface water and groundwater used for drinking.  ​ 
Uranium mining has caused health problems on Navajo lands were more than 500 abandoned mines can be found today.  When inhaled or ingested, uranium becomes concentrated in bones, liver, and kidneys and can remain in the body for years.  Uranium’s known health effects include damage to the respiratory tract and kidneys.  In laboratory animals, exposure to high levels of uranium causes neurobehavioral changes, decreased fertility, and birth defects. ​ 
There are several laws in place that are intended to protect people and the environment from uranium waste. These include, the U.S. Uranium Mill Tailings Radiation Control Act of 1978 and U.S. Clean Water Act of 1972.  These laws mandate that inactive uranium mines undergo remediation to meet standards set by the U.S. EPA, thereby mitigating or eliminating health risks to the public. Nevertheless, the process of cleaning up abandoned uranium mines is arduous and expensive. For instance, the EPA has outlined a 10-year initiative spanning from 2020 to 2029, allocating $1.7 billion to address the cleanup of numerous abandoned uranium mines situated on or near the Navajo Nation.


Radioactive Waste from Nuclear Power Plants

Four Types of Regulated Radioactive Waste

1.
2.

Low-level Waste - protective clothing, tools, equipment.
Waste Incidental from reprocessing spent nuclear fuel -
recovery of used nuclear fuel.

3. High-level waste - used nuclear fuel (spent fuel rods).
4.

Uranium mill tailings - from processing natural uranium ore.

Spent fuel rods in casts (High- Spent fuel
level waste) pool
(High-level

waste)


https://www.nrc.gov/images/waste/llw-disposal/llw-disposal-graphic.gif
https://en.wikipedia.org/wiki/Dry_cask_storage
https://en.wikipedia.org/wiki/Spent_fuel_pool
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Low-level radioactive waste includes things like protective clothing, tools, and equipment. This waste is stored in approved containers on-site (e.g., nuclear power plant) until it has decayed away and can be disposed of in a landfill. In cases where the volume of waste is substantial, transportation of the waste to one of four designated disposal sites across the United States becomes necessary. These sites are situated in Barnwell, South Carolina; Andrews, Texas; Clive, Utah; and Richland, Washington. Once at the disposal site, the waste is securely sealed within closed containers, which are then arranged within concrete vaults and buried underground for permanent containment. 

The second type, is radioactive waste incidental to reprocessing spent nuclear fuel. Sometimes spent nuclear fuel rods are reprocessed to recover unused plutonium within the nuclear fuel.  This is done to protect national security and to reduce the volume of waste that is sent to high-level waste facilities.  This second type of radioactive waste is ultimately transported to a disposal facility located in either Butte County, Idaho; West Valley, New York; Aiken, South Carolina; or Richland, Washington.  The waste is buried underground for permanent containment.    

High-level radioactive waste is a byproduct of the fission reactions that occur inside nuclear reactors. High-level waste can be spent (used) reactor fuel or waste materials remaining after spent fuel is reprocessed. Spent nuclear fuel is no longer efficient in creating electricity, because its fission process has slowed beyond a level that is useful. However, the used nuclear fuel is still thermally hot, highly radioactive, and poses a significant risk to the environment and humans. Currently, the United States doesn’t have a permanent disposal repository for high-level radioactive waste.  Therefore, this waste is stored at their reactors and the United States currently has about 70 storage sites.  At these sites, the radioactive fuel is first stored under about 40-feet of cool water in chambers called spent fuel pool.  Here, the spent fuel rods thermally cool for a period of 1-10 years until they can be transferred to dry casts for permanent storage. Given that approximately 30% of a reactor's fuel rods are replaced with new nuclear fuel rods every 1-2 years, the quantity of high-level waste stored at these facilities can be significant. 

Uranium mill tailings is waste that resulted from crushing uranium ore and leaching the milled uranium to produce yellowcake, a solid uranium oxide.  The tailings contain heavy metals and radioactive elements like uranium and thorium.  The U.S. Department of Energy is currently decommissioning 20 uranium mill tailing sites located in Colorado, New Mexico, Oklahoma, Texas, Utah, Washington, and Wyoming.  The sites are required to be remediated until the site meets the standards established by the U.S. Environmental Protection Agency (EPA) to protect air quality, drinking water, and groundwater.    


Nuclear Waste Storage Sites in the United States

Source: L. Larson CRSReports


https://crsreports.congress.gov/product/pdf/IF/IF11201
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Nuclear waste remains radioactive for tens of thousands of years and must be disposed of in such a way that it can be securely isolated for a long period of time.  The absence of a permanent storage site, like a deep geological repository, for nuclear waste in the United States is primarily due to public opposition to nuclear waste, which has hindered the selection of a suitable location. Consequently, nuclear waste is currently stored across numerous facilities throughout the country.  Spent nuclear fuel from nuclear power plants is stored on-site in both spent fuel pools and dry cask storage. Presently, there are approximately 75 sites for high-level nuclear waste storage and 4 designated for low-level nuclear waste storage in the U.S.  

Oversight of nuclear waste management is divided between the U.S. Nuclear Regulatory Commission (NRC) and the U.S. Department of Energy (DOE). The U.S. Environmental Protection Agency (EPA) establishes standards to limit radioactivity released beyond facility boundaries and sets public radiation exposure limits. Additionally, the U.S. Department of Transportation (DOT) regulates the packaging and transportation of nuclear waste.


Objective 4: Describe how burning
fossil fuels for energy causes global
warming and the importance of

limiting warming to 1.5°C.





https://climate.nasa.gov/causes/
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The Sun is the major source of energy for Earth’s oceans, atmosphere, land, and biosphere. Of the sunlight that reaches Earth, about 50% of it is absorbed by Earth’s surface and re-radiated as heat.  Most (90%) of this heat is absorbed by greenhouse gases and then radiated in all directions thereby warming the planet. This process of trapping heat at Earth’s surface is called the Greenhouse Effect.   

There are five major greenhouse gases: carbon dioxide, methane, nitrous oxide, fluorinated gases, and water vapor.  The Greenhouse Effect is essential for life on Earth and maintains an average surface temperature of 15 degrees Celsius (or 57 degrees Fahrenheit).  Without greenhouse gases Earth’s temperature would drop to a frosty -18 degrees Celsius (or -0.4 degrees Fahrenheit). Adding more greenhouse gases to the atmosphere traps more heat and amplifies Earth’s natural greenhouse effect, causing global temperature to rise. 

Water vapor is Earth’s most abundant greenhouse gas and is responsible for about 50% of Earth’s greenhouse effect.  Carbon dioxide and methane also plays major roles in Earth’s greenhouse effect. Carbon dioxide is estimated to be responsible for 30-35%, and methane 25-30%, of the current rise in global temperature.  Small increases in the concentration of carbon dioxide or methane has major effects on Earth’s temperature due to the length of time these two gases remain in the atmosphere and their ability to absorb and re-radiated heat.


Greenhouse Gases L

Carbon dioxide (CO,) — emitted from burning coal,
oil, and natural gas, cement manufacturing, solid
waste decomposition.

Methane (CH,) — emitted from natural gas
processing and transportation, cattle, agriculture
waste, landfills.

Nitrous Oxide (N,O) — emitted from agriculture,
burning fossil fuels, wastewater treatment.

F-gases — synthetic gases used as refrigerants,
aerosol propellants, foam blowing agents, solvents,
and fire retardants.


https://www.epa.gov/ghgemissions/overview-greenhouse-gases
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There are four greenhouse gases that are important to Earth’s climate: carbon dioxide, methane, nitrous oxide, and F-gases (fluorinated gases).  The effect on each gas on Earth’s climate depends on three factors: the amount of gas in the atmosphere, how long the gas stays in the atmosphere, and amount of heat the gas traps. Total U.S. Emissions of greenhouse gases in 2021 was 6,340 million metric tons of carbon dioxide equivalent (excluding land sector), and carbon dioxide accounted for approximately 80% of these emissions.  This was followed by methane at 11%, nitrous oxide at 6% and fluorinated gases at 3%. These proportions are generally consistent across most countries. 
   
Carbon dioxide enters the atmosphere by burning fossil fuels (coal, oil, natural gas) and the decomposition of dead matter.  Carbon dioxide is removed from the atmosphere and sequestered in plants through photosynthesis.  It is also absorbed by the ocean, as well as lakes and rivers. Methane enters the atmosphere from the processing and transportation of natural gas, cattle, and the decay of organic material in agricultural waste and landfills. Nitrous oxide is emitted from agricultural practices, combustion of fossil fuels, land use and wastewater treatment. Fluorinated gases (abbreviated as F-gases) are synthetic gases used in refrigerators, freezers, air conditioners, aerosol propellants, solvents and fire retardants.  


U.S. Greenhouse Gas Emissions

CO, = transportation > electricity >> industry
CH, = gas, oil > cattle >> landfills

Cco,

Source: U.S. EPA

N,O = agriculture soil and manure
CH, Fgas = substitutions for ozone depleting gas

I:gas


https://www.epa.gov/ghgemissions/overview-greenhouse-gases
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The center graph shows the emissions of carbon dioxide, methane, nitrous oxide, and fluorinated gases in the United States from 1990 to 2021. Notice that carbon dioxide emissions have been greater than the combined emissions of methane, nitrous oxide and fluorinated gases. Carbon dioxide, methane, and nitrous oxide emissions have decreased by 2%, 16%, and 3% respectively from 1990 to 2021. Fluorinated gas emissions, however, have increased by 105% between 1990 and 2021. 

Transportation is the largest source of carbon dioxide (accounting for 35%), followed by electricity generation (31%), and industry (15%).  Together these three sectors generate 81% of all carbon dioxide emissions in the United States.  

The major sources of methane are natural gas and petroleum production, which accounted for 29% of all methane emissions.  Enteric fermentation (digestive process of cattle) accounted for 25% of methane emissions and landfills accounted for 15%.  Livestock manure management (8%), coal mining (6%), and flooded land (6%) are also significant sources of methane gas.   

The main source of nitrous oxide is agriculture, accounting for 77% of all emissions with agricultural soil and manure management.  Finally, 92% of fluorinated gases are gases that were synthesized to substitute for ozone destroying substances, such as chlorofluorocarbons (CFCs).  F-gases are synthetic and used in refrigerators, aerosol propellants, solvents, and fire retardants.


U.S. 2022 CO, Emissions from Energy Consumption by Source and Use

An example of how to
read chart:

Petroleum accounted for
46% of all CO, emissions
in the United States in
2022 = 2.3 Bmt of CO.,.

78% of this petroleum was
used for transportation,
which fueled 96% of all
transportation in the U.S.

Transportation accounted
for 37% of all CO2 Cata for LS. 2052
. . . ata for U.S., 202
emissions in the United Bmt, billion metric tons of
States in 2022 = 1.8 Bmt. carbon dioxide (CO2) Source: U.S. EIA


https://www.eia.gov/energyexplained/energy-and-the-environment/images/CO2-spaghettichart-2022.pdf
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The United States produces energy from three fossil fuels: petroleum, natural gas, and coal. The U.S. uses (consumes) this energy in four sectors: transportation, industry, residential, and commercial.  Burning fossil fuels releases greenhouse gases, the major gas being carbon dioxide (CO2).  This chart shows the amount of carbon dioxide associated with each energy source (petroleum, natural gas, coal) as well as the amount of carbon dioxide released when the energy is consumed for transportation, industry, residential, or commercial uses.   

For example, petroleum accounted for 46% of all CO2 emissions in the United States in 2022, which is equal to 2.3 billion metric tons of CO2. 78% of this petroleum was used for transportation, which fueled 96% of all transportation in the U.S. And transportation accounted for 37% of all CO2 emissions in the United States in 2022, which equals 1.8 billion metric tons of CO2.


Global Warming Potential (GWP) of Greenhouse Gases

Global Warming Potential (GWP) is an index to measure how much heat (infrared
radiation) a greenhouse gas will absorb in the atmosphere over a period.

| Gas
Carbon dioxide
Methane
Nitrous Oxide

Fluorinated Gas

Formula
CO,
CH,
N,O

HFCs, PFCs,SFg,
NF3, others

Lifetime
variable
12 years
114 years

5-50,000 years

GWP (100 years)
1

28

265

800-24,000

Source: U.S. EPA


https://www.epa.gov/ghgemissions/overview-greenhouse-gases
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The Global Warming Potential (GWP) was developed by scientists to assign a numerical value to each gas considering three factors: the amount of gas in the atmosphere, how long the gas stays in the atmosphere, and amount of heat the gas traps. GWP enables comparisons of the global warming effects of various greenhouse gases.  Global Warming Potential measures the amount of energy that 1 ton of gas will absorb over a period (for example, 100 years), compared to the amount of energy absorbed by 1 ton of carbon dioxide.  Carbon dioxide is used as the reference gas and by definition, carbon dioxide has a GWP of 1. Gases with a higher global warming potential absorb more energy than gases with a lower GWP.  The global warming potential of carbon dioxide is 1, methane is 28, nitrous oxide is 265, and fluorinated gases range from 800 to 24,000. 

Global warming potential allows scientists to compare different greenhouse gases with regards to their effectiveness in causing global warming. For example, from the table we see that methane has a global warming potential of 28 over 100 years.  This means that 1 ton of methane gas leaking into the atmosphere is equivalent to emitting 28 tons of carbon dioxide over 100 years. 


Using Ice Cores to Reconstruct Past Climates

* Ice cores are time
capsules of past climates

* |ce cores trap bubbles of
air (e.g., carbon dioxide
and methane) from past
atmosphere.


https://en.wikipedia.org/wiki/Ice_core
https://icecores.org/sites/default/files/2018-02/drilling_electrothermal_doug-clark.JPG
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Scientists can reconstruct Earth’s past climates by drilling deep into glaciers and ice sheets to collect long cylinders of ice called ice cores. Ice forms from the incremental buildup of annual layers of snow.  Deeper layers of ice are older than upper layers, and thus an ice core contains ice formed over many years. Ice layers trap ash, dust, pollen, sea salt, and tiny bubbles of the atmosphere. The ice cores are retrieved from several kilometers below the surface and serve as time capsules providing insights into atmospheric composition, volcanic eruptions, dust storms, and even the types of plants that thrived in ancient environments.   

Ice cores trap tiny bubbles of the atmosphere, including carbon dioxide and methane, two important greenhouse gases.  These trapped bubbles of air provide samples of what the atmosphere was like long ago.  Ice cores have been collected from dozens of locations around the world, including Greenland and Antarctica. Greenland ice cores go back 125,000 years ago, and Antarctica ice cores extend back 800,000 years ago.  Thus, ice cores can be used to reconstruct the climate history over the last 800,000 years. 

By preserving indicators of past temperatures and greenhouse gas levels, these ice cores offer scientists a glimpse into the transformations our planet has undergone. They enable comparisons of atmospheric conditions before and after the onset of the Industrial Revolution, when humans began burning large amounts of fossil fuels.


Atmospheric Carbon Dioxide over past 800,000 Years

Source: NASA


https://climate.nasa.gov/vital-signs/carbon-dioxide/
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Using ice core data, we know that the current level of atmospheric carbon dioxide (CO2) is almost certainly higher than it has been in the past 800,000 years. For 800,000 years, atmospheric carbon dioxide levels fluctuated between 175 and 300 parts per million. The peaks and valleys in the graph show periods of ice ages (low CO2 concentrations) and warmer interglacial periods (higher CO2 concentrations).  During this time, atmospheric carbon dioxide levels never went above 300 parts per million. This includes the period during which humans evolved into modern-day societies.       

Homo sapiens, (modern humans) evolved from early hominids roughly 250,000 years ago in East Africa. Their migration out of Africa began around 100,000 years ago and roughly 50,000 years ago, modern humans developed language. Around 10,000 years ago, nomadic hunter-gatherer cultures transitioned to permanent agricultural settlements with the cultivation of crops and the domestication of animals.  The Industrial Revolution started around 1760 and the human population reached 1-billion around the year 1800.  Today, 8 billion people live on Earth and our population is expected to level off at 10 to 11 billion by 2100. 

For 99% of human existence, Earth’s atmospheric carbon dioxide levels fluctuated between 175 and 300 parts per million, never passing 300 ppm.  However, carbon dioxide levels began to climb past 300 parts per million after the start of the Industrial Revolution in 1760.  Global carbon dioxide concentrations continued to increase over the past 275 years to reach 420 parts per million today.  Thus, the amount of atmospheric CO2 has increased by 50% since humans began burning fossil fuels for energy in the mid-18th century.  The last time that our planet had atmospheric carbon dioxide concentrations of 400 parts per million of was 3 to 5 million years ago during the Pliocene, long before humans existed.  Back then, the planet was 2 to 3 degrees Celsius warmer than pre-industrial temperatures and oceans were 25 meters higher than present day. 


Intergovernmental Panel on Climate Change (IPCC)

* In 2018 the IPCC published a Special
Report titled Global Warming of 1.5°C.

 Limiting global warming to 1.5°C above pre-
industrial levels (1850-1900) would require
rapid, far reaching, and unprecedented
changes in all aspects of society.

« 1.5°C increase in global temperatures will
have a significant impact on climate, but a
2°C increase will be far worse.

« Global warming reached 1°C above pre-
industrial levels in 2017. If this pace of
warming continues, we will reach 1.5°C
sometime between 2030-2040.


https://www.ipcc.ch/sr15/
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The Intergovernmental Panel on Climate Change (IPCC), established in 1988, is the United Nations (UN) body, consisting of 195 member states, for assessing the science related to climate change.  The IPCC consists of scientists and officials from around the world who publish annual and special reports to help governments develop climate policies, assess the current science of climate change, its impacts and potential risks, and mitigation strategies of climate change. The IPCC is considered the leading world body on climate change.   

The IPCC defines global warming as an increase in combined surface air and sea surface temperatures averaged over the globe and over a 30-year period.  Global warming is reported relative to the period between 1850–1900, which is the period used as an approximation of Earth’s pre-industrial temperature. Data from the years 1850–1900 were selected as the reference period because it is the earliest period with recorded near-global temperature observations. ​ 
The IPCC published a special report in 2018 titled Global Warming of 1.5oC. The report stated that global temperature is currently rising by 0.2°C (±0.1°C) per decade and warming reached 1°C above pre-industrial levels in 2017. If this pace of warming continues, we will reach 1.5°C between 2030-2040.​ 
In their report, the IPCC warns that if global warming continues and exceeds 2°C, catastrophic climate change would occur around the globe. It would result in sea-level rise, extreme weather, heat waves, droughts, decreased water availability, damage to ecosystems, extinction of species, increase in invasive species, ocean acidification, and loss of glaciers and sea ice.  It would also dramatically alter human society across the globe resulting in heat-related illness and death, decreased freshwater availability, food insecurity, coastal flooding, extreme weather patterns, increase in diseases, and economic damage. 


Source: IPCC


https://www.ipcc.ch/sr15/graphics/
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Earth’s energy budget is equal to all the energy entering, reflected, absorbed, and emitted by Earth. It quantifies the amount of energy that reaches Earth from the sun minus to the amount of energy that leaves Earth’s as it radiates into outer space as heat.  If more energy is absorbed by Earth than is leaving, Earth warms up.  If more energy is leaving Earth than is absorbed, Earth cools down.  

The budget takes into account incoming radiation from the Sun, energy reflected into space by clouds and polar ice caps, energy absorbed by Earth’s surface, land cover (e.g., ocean, land, forest, dessert), infrared radiation from Earth’s surface and atmosphere, human activities (e.g., agriculture practices, urbanization, aerosol emissions), and the atmospheric concentration of greenhouse gas (i.e., CO2, CH4, N2O, fluorinated gases). Understanding these various radiative forces enables climate scientists to measure changes in Earth’s energy balance and thus make predictions about global temperature change.   

Here we see the observed and projected global warming relative to pre-industrial temperature (1850-1900). Global temperature is currently rising by 0.2°C (±0.1°C) per decade and we reached 1°C warming in 2017. Global warming is likely to reach 1.5°C between 2030 and 2040 if temperature continues to increase at the current rate. The maximum global mean temperature that Earth could reach in the future will be determined by the cumulative global anthropogenic CO2 emissions and the level of non-CO2 radiative forcing. 

Limiting warming to 1.5°C, would require global net anthropogenic CO2 emissions to decrease by about 45% from 2010 levels by 2030, and reach net zero around 2050.  Limiting warming to 2°C, requires anthropogenic CO2 emissions must decrease by about 25% by 2030 and reach net zero around 2070. In all models, Non-CO2 emissions must have deep reductions after 2030 to limit warming of both 1.5°C and 2°C. Net zero carbon dioxide (CO2) emissions will be achieved when anthropogenic CO2 emissions are balanced globally by human activities that remove CO2 from the atmosphere and store it in geological, terrestrial or ocean reservoirs, or products.


Source: IPCC


https://report.ipcc.ch/ar6/wg2/IPCC_AR6_WGII_FullReport.pdf
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In 2022, the IPCC released its Sixth Assessment Report (AR6) titled “Climate Change 2022: Impacts, Adaptations, and Vulnerability”. The goal of the report was to provide a thorough evaluation of our current understanding of the observed impacts and anticipated risks of climate change, along with potential adaptation strategies. It highlights the critical necessity of constraining global warming to 1.5°C. 

For global warming from 1.5°C to 2°C, risks increase across energy, food, and water sectors and will affect increasing numbers of people and regions.  The extent to which current and future generations will experience a hotter and different world depends on choices that we make now.    

Warming beyond 1.5oC (especially for warming beyond 2oC) from the pre-industrial period will increase the risk of long-term changes in Earth’s climate systems that will persist for centuries to millennia.  It will cause significant and sometimes irreversible changes to natural and human systems that includes sea level rise, disintegration of Antarctic and Greenland ice sheets, loss of some ecosystems and extinction of species, ocean acidification and loss of coral reefs, spread of diseases and invasive species.  Humans will be impacted by drought and precipitation deficits in some regions, heavy precipitation in other regions, island and coastal flooding, heat waves and increase in the number of extreme hot days, decreased yields of fisheries, and reduction in food available and crop yields. 


Source: IPCC


https://report.ipcc.ch/ar6/wg2/IPCC_AR6_WGII_FullReport.pdf
Professor Notes
IPCC’s Sixth Assessment Report (AR6), published in 2022, concluded that climate change has already affected marine, freshwater, and terrestrial ecosystems all around the globe.  It has caused local species losses, increased disease and mass mortality events of plants and animals that have resulted in climate-driven extinctions and declines in key ecosystem services.  Observed responses of species to climate change have altered biodiversity, food webs and historical ranges, and impacted ecosystem structure and resilience in most regions.  

With every additional increment of global warming, from +1.5oC to +4oC, more species and ecosystems around the world will be at risk.  As Earth warms, the number of species exposed to dangerous climate conditions increases, biodiversity loss increases, and species richness decreases. Some of these losses will be irreversible. 


Carbon Dioxide and Ocean Acidification

Oceans absorb carbon dioxide (CO,) which reacts with water (H,O) to form
carbonic acid (H,COs3). Acid lowers the pH of water.

Acid dissolves shells and skeletons of marine species and slows shell formation.
This impacts corals, oysters, clams, mussels, snails, phytoplankton and
zooplankton.

Oceans are 30% more acidic today than at the start of Industrial Revolution.

Sea butterfly shell
dissolves in pH 7.8
seawater. This is the
pH projected for the
ocean in the year
2100. These species
sit at the base of
marine food chains.


https://climate.nasa.gov/causes/
https://en.wikipedia.org/wiki/Ocean_acidification
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Ocean warming threatens many marine species, including coral reefs that live in near surface shallow waters.  A warm ocean causes thermal stress on marine organisms that contributes to coral bleaching and infectious diseases.  Warmer water also holds less dissolved oxygen, which is a problem for aquatic organisms that require oxygen like fish, crabs, oysters, shrimp.  

In addition to warming oceans, the ocean’s concentration of carbon dioxide threatens many marine species.  This is because carbon dioxide dissolves into Earth’s oceans like bubbles in carbonated soda. The more carbon dioxide in the atmosphere, the more carbon dioxide dissolved into the ocean.  When carbon dioxide dissolves in water it makes carbonic acid, which lowers the pH causing water to become more acidic.  Since the start of the Industrial Revolution, the pH of the ocean's surface waters has decreased from 8.2 to 8.1. This change of 0.1 pH unit may not seem like a big difference but the pH scale is logarithmic and so this change corresponds to 30% greater acidity.  The process by which the ocean to become more acidic is termed ocean acidification. 

Ocean acidification is especially detrimental to marine organisms that build their shells and skeletons from calcium carbonate.  This includes corals, oysters, clams, mussels, snails, as well as phytoplankton and zooplankton, which are the tiny plants and animals that form the base of marine food webs.  Ocean acidification slows shell formation, and the acidic ocean water dissolves the shells and skeletons of marine species, similar to the way our stomach acid dissolves the food we eat.  The young larvae of these organisms are particularly vulnerable to acidification and die.  This can result in the loss of coral reef systems and collapse of some food webs.   


Source: IPCC


https://www.ipcc.ch/report/ar6/syr/figures/figure-spm-3
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In 2023, the IPCC published Summary for Policymakers, Climate Change 2023, Synthesis Report, Contribution of Working Groups I, II and III to 
the Sixth Assessment Report of the Intergovernmental Panel on Climate Change. The report summarizes the current understanding of climate change, detailing its extensive impacts and associated risks, as well as strategies for mitigation and adaptation. It concludes that climate change is expected to exacerbate the severity of its impacts on both natural and human systems, amplifying regional disparities.  

The report concludes that as temperatures rise, the risks of species extinction or irreversible biodiversity loss within ecosystems also escalate. The risk of species loss was modeled by assessing the percentage of over 30,000 species facing potentially hazardous temperature conditions. These conditions were defined as surpassing the estimated historical maximum mean annual temperature each species experienced between 1850 and 2005. Models forecasted the expected risks for temperature increases of 1.5°C, 2°C, 3°C, and 4°C. The scale of species loss ranges from white (0% loss) to purple (100% loss). Notably, even small temperature increments of +1°C can lead to increasingly substantial species loss. 

The report outlines the significant impact of climate change on human health, particularly regarding heat and humidity. The IPCC has observed that rising temperatures have led to increased mortality and illness worldwide due to extreme heat events, exacerbated by urbanization. They forecasted heightened risks to human health from heat and humidity as temperatures rise by 1.7 to 2.3°C, 2.4 to 3.1°C, and 4.2 to 5.4°C compared to historical data from 1991-2005. Maps illustrate the frequency of days per year where the combination of heat and humidity poses a threat to human life. Areas marked in white signify no risk (0 days per year), while purple indicates regions where dangerous heat and humidity conditions persist every day of the year (365 days per year).


Source: IPCC


https://www.ipcc.ch/report/ar6/syr/figures/figure-spm-2
Professor Notes
The IPCC Synthesis Report on Climate Change 2023 analyzed the projected maximum temperature, soil moisture, and precipitation patterns. Their findings reveal that with each degree of warming, regional shifts in temperature and precipitation become increasingly extensive and pronounced.  Presented here are the projected changes in annual maximum daily temperature, annual mean total column soil moisture, and annual maximum 1-day wettest-day precipitation at different global warming levels of 1.5°C, 2°C, 3°C, and 4°C compared to the reference period of 1850–1900. 

Projections indicate that the annual maximum temperature on the hottest day is expected to rise significantly in mid-latitude and semi-arid regions, and particularly in the central region of South America. Urbanization trends are anticipated to amplify heat extremes. The scale bar illustrates a temperature increase ranging from 0 to 7°C on the hottest day each year compared to the data from 1850-1900. 

In assessing annual mean total soil moisture, standard deviation serves as a widely used metric for evaluating drought severity. A reduction by one standard deviation (denoted by the brown color representing -1.0 on the scale) reflects drought conditions similar to those occurring roughly once every six years within the 1850–1900 period. 

Projections indicate an increase in annual precipitation on the wettest day for most regions worldwide, across all warming levels. The depicted values indicate the percentage change from the 1850 to 1900 data. Blue indicates a percentage increase in precipitation, while brown signifies a decrease.


Source: IPCC


https://www.ipcc.ch/report/ar6/syr/figures/figure-3-2
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This figure, from the IPPC Climate Change 2023 Synthesis Report, shows the projected risks and impacts of climate change on two food production systems, maize and fisheries. It plots predicted global yields for maize and fisheries at different global warming levels (GWLs) relative to pre-industrial levels from 1850–1900.  Purple shows decline in yields, while green shows increase in yields. 

For the projected regional impacts on maize, the models account for changing temperature, precipitation, solar radiation, humidity, wind and atmospheric carbon dioxide levels. The models assumed that irrigated areas are not water-limited (i.e., they will have plenty of water), and models don’t account for pests, disease or future changes in agricultural technology.   

For the projected regional impacts on fisheries, the models account for responses to temperature, dissolved oxygen levels, and net primary production (e.g., phytoplankton, algae).  Models for Arctic regions (bottom figures, green color) have low confidence due to uncertainties associated with their complex physical and biogeochemical factors.  


Source: IPCC


https://www.ipcc.ch/report/ar6/syr/figures/figure-spm-6
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The IPCC report underscores the pressing peril posed by climate change to both human prosperity and the ecological balance of our planet. Emphasizing the critical importance of urgent, cohesive climate action in the near term (early 2030s), the report highlights that the decisions and initiatives undertaken within this pivotal decade will reverberate not only in the immediate future but also for millennia to come. 

Successfully curbing global warming demands a strategy marked by adaptability, cross-sector collaboration, inclusivity, and the integration of long-range planning and implementation of adaptation measures. Moreover, these actions must yield benefits across various sectors and systems to ensure enduring success. The decisions and actions taken by governments, the private sector, and civil society in this decade will shape the future of Earth for millennia to come. It's crucial that we achieve universal participation in policies and laws promoting comprehensive, swift, and sustained mitigation and implementation efforts. Mitigation measures encompass a range of options such as solar and wind energy, enhancing product energy efficiency, adopting lithium-ion batteries, investing in urban green infrastructure, and improving forest and agricultural management while curbing food waste. 

With a resounding call to action, the IPCC urges us to cap global warming at a maximum of 1.5°C through immediate, comprehensive, and substantial measures. It warns that adaptation efforts, while currently viable and impactful, will inevitably face escalating constraints and diminished efficacy as global temperatures rise. 
To stay within projected pathways limiting warming to 1.5°C or 2°C, we must enact deep and, in many cases, immediate reductions in greenhouse gas emissions across all sectors by the 2030s. Achieving global net zero CO2 emissions is imperative by the early 2050s to cap warming at 1.5°C and by the early 2070s to constrain warming to 2°C.
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	Nonrenewable Resources Objectives 
	1. 
	1. 
	1. 
	Define and identify nonrenewable resources and describe their uses. 

	2. 
	2. 
	Outline the extraction and production of nonrenewable resources into products for human use. 

	3. 
	3. 
	Describe the impacts of using nonrenewable resources on Earth’s atmosphere, water, and ecosystems. 

	4. 
	4. 
	Describe how burning fossil fuels for energy causes global warming and the importance of limiting warming to 1.5C. 
	o



	Objective 1: Define and identify nonrenewable resources and describe their uses. 
	Nonrenewable resource = natural resource that cannot be replaced by nature to keep up with human consumption. 
	• 
	• 
	• 
	Coal (solid hydrocarbon) 

	• 
	• 
	Petroleum (liquid hydrocarbon) 

	• 
	• 
	Natural Gas (gas hydrocarbon) 

	• 
	• 
	Uranium (radioactive metal) 


	Image . 
	by Maky.orel, Wikimedia Commons
	CC BY SA 4.0. 

	Energy Consumption in the USA 
	Humans use a lot of energy in our daily lives. Our modern societies can't exist without energy (e.g., electricity, transportation, manufacturing, agriculture, healthcare, education). 
	In the United States, most (87%) of our energy comes from nonrenewable resources. While 13% of our energy comes from renewable resources. 
	Figure
	Energy Production in the USA 
	The United States is rich in energy resources. We have always been able to produce the energy we need domestically. 
	Nonrenewable energy has always dominated energy production in the USA. The same is true for all countries. We all depend on nonrenewable energy for our way of life. 
	-

	Only 10% came From 1950-2022, 90% of the energy the USA produced was from nonrenewable resources 
	from renewables 

	NGPL are products like butane and propane. 
	Fossil Fuels = Solid, liquid, or gas hydrocarbons that formed naturally in Earth's crust from decaying organic material (plants and animals). 
	A hydrocarbon is an organic compound consisting of carbon and hydrogen. Hydrocarbons can be solid (coal), liquid (petroleum), or gas (natural gas). 
	Fossil fuels form naturally underground, over millions to hundreds of millions of years. Its form depends on type of materials that are present, the length of time compressed, and the pressure and temperature. 
	Humans burn fossil fuels to produce energy (e.g., electricity, transportation). When humans burn fossil fuels, the solid carbon (coal) or liquid carbon (petroleum) is converted to carbon gases like carbon dioxide (CO). 
	2

	Natural Gas 
	Petroleum (crude oil) 
	Coal 
	Image by Naplee12, . Image by Nefronus, . Image by Amcyrus2012, . 
	Wikimedia Commons
	Wikimedia Commons

	CC-BY SA 3.0. 
	CC-BY SA 3.0. 

	Wikimedia Commons
	Wikimedia Commons

	CC0. 
	CC0. 

	Wikimedia Commons
	Wikimedia Commons

	CC BY 4.0. 
	CC BY 4.0. 


	How coal formed 
	Before the dinosaurs roamed Earth, many giant plants died in swamps (300-million years ago). 
	Over hundreds of millions of years, the plants were buried under water and dirt in oxygen poor sediment 
	Over hundreds of millions of years, the plants were buried under water and dirt in oxygen poor sediment 
	Heat and pressure turned the dead plants into coal, which is a black or brownish sedimentary rock, which we dig from mines. 

	Source: 
	EIA 

	Figure
	Coal = black or brownish sedimentary rock that contains high amount of carbon and is combustible 
	• 
	• 
	• 
	Coal formed before dinosaurs roamed Earth. 

	• 
	• 
	Coal contains the energy of plants that lived and died in forested swamps. 

	• 
	• 
	Coal takes hundreds of millions of years to form, therefore it is nonrenewable. 

	• 
	• 
	Coal is a hydrocarbon that releases energy (heat) and 


	Molecular 
	greenhouse gases (CO) when burned. 
	2

	Structure 
	• 
	• 
	• 
	We use coal’s energy to produce electricity. 

	• 
	• 
	Coal is a solid that is mined from underground sources. 

	• 
	• 
	Coal contains pollutants that are released when mined Coal or burned. 


	Source: 
	EIA 

	How oil and natural gas formed 
	Tiny marine plants and animals died and were buried on the ocean floor and became covered with layers of silt and sand. 
	Over millions of years, the remains were buried deeper and deeper. The enormous heat and pressure turned the remains into oil and natural gas. 
	Today, we drill down through layers of sand, silt, and rock to reach the rock formations that contain oil and natural gas deposits. 
	Source: 
	EIA 

	Natural Gas = fossil fuel energy source containing a mixture of hydrocarbons, consisting of mostly methane (CH). Methane burns and thus can be used for heating, cooking, and generating electricity. 
	4

	Figure
	Methane (CH) is a gas 
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	Methane Combustion 
	hydrocarbon that is 
	CH→ COO + heat 
	+ O
	4

	2 
	+ H
	2

	2

	mined from underground deposits and burned for energy (combustion). 
	greenhouse gases 
	Methane Combustion 
	Image by Carlos534, Wikimedia Commons. 
	CC BY SA 4.0. 

	Figure
	Petroleum = black or yellowish-black liquid that contains mixture of different hydrocarbons that are combustible. 
	• 
	• 
	• 
	Petroleum is also called crude oil or oil. 

	• 
	• 
	Crude oil is a complex mixture of hydrocarbons that are refined into products such as gasoline, diesel fuel, jet fuel, kerosene, asphalt, solvents, fertilizer, polyester, nylon, textiles, plastics, paint, pesticides, lubricants, pharmaceuticals. 

	• 
	• 
	Combustion of gasoline, diesel fuel, or jet fuel is the technology used to power cars, trucks, buses, rockets, trains, airplanes. 

	• 
	• 
	When fuel is burned it releases carbon dioxide (CO), carbon monoxide (CO), nitrogen oxides (NOx), and other air pollutants. 
	2



	molecular structures of gasoline and diesel fuel 
	Petroleum (crude oil) Refined into products 
	Products Made from a Barrel of Crude Oil 
	PRODUCTS 
	PRODUCTS 
	PRODUCTS 
	GALLONS 
	PERCENT (%) 

	Gasoline 
	Gasoline 
	18.0 
	43% 

	Diesel Fuel 
	Diesel Fuel 
	9.2 
	22% 

	Plastics, Synthetic Fibers, Synthetic 
	Plastics, Synthetic Fibers, Synthetic 
	6.7 
	16% 

	Rubber, Paints, Solvents, 
	Rubber, Paints, Solvents, 

	Waxes, Lubricants, Pharmaceuticals 
	Waxes, Lubricants, Pharmaceuticals 

	Jet Fuel, Kerosene 
	Jet Fuel, Kerosene 
	3.8 
	9% 

	Heavy Fuel for Ships 
	Heavy Fuel for Ships 
	1.7 
	4% 

	Asphalt 
	Asphalt 
	1.7 
	4% 

	Butane, Propane 
	Butane, Propane 
	0.9 
	2% 

	Total 
	Total 
	42.0 
	100% 


	Source: U.S. Energy Information Administration; 1 barrel of crude = 42 gallons. 
	Source: U.S. Energy Information Administration; 1 barrel of crude = 42 gallons. 

	Plastic 
	• 
	• 
	• 
	Plastic is synthetic material made from a wide range of carbon-hydrogen polymer chains derived from petroleum or natural gas. 

	• 
	• 
	Inexpensive, durable, lightweight, flexible, sterile, and can be molded into different shapes. 

	• 
	• 
	There are many different types like polyester, nylon, Spandex, silicones, polyvinyl chloride (PVC), polypropylene (PP), etc. 

	• 
	• 
	We started using plastic products in the 1950s and since then we have produced about 10billion tons of plastic products. 
	-


	• 
	• 
	Its estimate that only 10% of all plastic has ever been recycled. And plastic can't be recycled indefinitely, it can only be recycled 2-3 times before its quality is too poor to be reused. 


	Figure
	Virtually every product we use today is made of plastic or has plastic components. All these products came from crude oil or natural gas. 
	Virtually every product we use today is made of plastic or has plastic components. All these products came from crude oil or natural gas. 


	World’s Top 10 Oil Producers (2022) World’s Top 10 Oil Consumers (2021) 
	Country 
	USA Saudi Arabia Russia Canada Iraq China UAE Iran Brazil Kuwait Top 10 Total World Total 
	Million Barrels Per Day 
	20.30 12.44 10.13 5.83 4.61 4.45 4.23 3.67 3.17 3.01 71.83 97.70 
	Share of World Total (%) 
	21% 13% 10% 6% 5% 5% 4% 4% 3% 3% 74% 100% 
	Country 
	USA China India Russia Japan Saudi Arabia Brazil South Korea Canada Germany Top 10 Total World Total 
	Million Barrels Per Day 
	19.89 15.27 4.68 3.67 3.41 3.35 2.89 2.56 2.26 2.23 60.20 97.26 
	Share of World Total (%) 
	20% 16% 5% 4% 4% 3% 3% 3% 2% 2% 62% 100% 
	Data source: U.S. Energy Information Administration, International Energy Statistics as of September 2023 (). 1 barrel = 42 gallons. 
	https://www.eia.gov/tools/faqs/faq.php?id=709&t=6

	How do we make electricity? 
	Most electricity today (around 95%) is generated using a technology that was invented 200 years ago by Michael Faraday. An Electromagnetic Generator creates an electric current by rotating a copper disc between a horseshoe magnet. 
	Today’s generators consist of a large rotatable magnet shaft surrounded by numerous coils of copper wire. An electric current (electricity) flows through the copper wire when the shaft spins. To make the shaft spin, it is connected to a turbine which spins when fluid (steam, liquid water, hot gas, air) pushes on its blades causing the blades to rotate. 
	Coal power plants, natural gas power plants, wind turbines, nuclear power plants, geothermal power plants, and hydroelectric dams all use turbine driven electromagnetic generators to create electricity. 
	Turbine Driven Electromagnetic Generators Turbine Blades Looking inside a Turbine Electric Generator Steam, flowing water, hot gas, or wind turns the blades of turbine, which turns rotor shaft of electric generator creating electricity. 
	Source: Siemens Pressebild 
	Source: NRC 

	Coal-Fired Power Plants 
	Coal is burned to boil water and produce steam. The steam turns a turbine, which turns a generator thereby producing electricity. 
	Coal-fired power plants emit greenhouse gases and air pollutants. 
	Over 1/3 of global electricity comes from coal-fired power plants. 
	Figure
	Source: Tennessee Valley Authority 

	Natural Gas Power Plants 
	Natural gas power plants often consist of two generators (Gas turbine generator and Steam turbine generator) operating in tandem to produce electricity. This is called a Combined Cycle Power Plant. In the first cycle, natural gas (CH) is burned, the hot gas turns a turbine, which then turns a generator to create electricity. The heat exhaust is captured and used in the second cycle to boil water, creating steam, which turns a turbine that turns a generator and create electricity. Natural gas power plants em
	4

	Figure
	Figure
	Source: Siemens Pressebild 

	Steam Turbine Generator 
	Source: 
	Jeff Dahl 

	How does nuclear power work? 
	Nuclear power plants work by utilizing nuclear fission – a process where uranium-235 atoms split and release enormous amounts of energy (heat) used to boil water, producing steam, which turns a turbine generator that produces electricity. 
	Uranium oxide (UO) pellets are stacked in fuel rods contained in nuclear reactor core 
	2

	UO2 pellets 
	UOpellets
	2 

	are enriched 
	with U-235 
	+ ENERGY (HEAT) 
	A nuclear reactor may contain 10 million UOpellets, which produce enormous amount of heat by nuclear fission. 
	2 

	Source: Adapted from National Energy Education Development Project 
	Nuclear Power Plants 
	Nuclear power plants use the heat generated from U-235 nuclear fission to boil water and create steam. The steam turns a turbine, which turns a generator to produces electricity. As of 2023, the United States has 54 operating nuclear power plants. 
	Nuclear power is considered clean energy because it emits no greenhouse gases, and no air pollutants. Source: 
	U.S. NRC 

	Objective 2: Outline the extraction and production of nonrenewable resources into products for human use. 
	Coal Production and Reserves 
	#5 Montana Top 5 CoalProducing States in 2021 (% total) 41% 
	5% 
	#1 Wyoming 

	#4 Illinois #3 Pennsylvania 6% 7% 
	#2 West Virginia 14% 
	Coal Deposit 
	Figure

	Figure
	Based on 2021 coal consumption, the U.S. has enough coal to last 300-400 years. 
	Coal is mined from underground deposits using large machinery. 
	1. 
	1. 
	1. 
	Surface Mining – coal seam is less than 200 feet from surface. Land on top of coal is removed using explosives and large equipment. Draglines and excavators are used to dig coal and load it onto trucks. It is safer for workers compared to deep mining. It is more damaging to surface habitats. 

	2. 
	2. 
	Deep Mining – coal seam is greater than 200-feet from surface. Tunnels are dug underground using explosives and large equipment. Workers go into the tunnels to dig the coal and sent it to the surface using rail cars. This work is dangerous for workers due to cave-ins, explosions, fires, hearing loss, breathing issues. Less 


	damaging to surface habitats. Image 
	by Martinroell, Wikimedia Commons. 
	CC BY SA 2.5. 

	Surface Coal Mining: Mountain Top Removal, West Virginia, USA Natural Habitat of Appalachian Mountains, West Virginia, USA Dennis Aparkswv, 2014 
	Dimick, 2013 

	World's Petroleum Reserves 
	#1 Venezuela #2 Saudi Arabia #3 Iran #4 Canada #5 Iraq #10 USA 1 barrel = 42 gallons 
	In 2020, global proved crude oil reserves amounted to 
	1.65 trillion barrels of oil. World oil consumption is 100 million barrels of oil per day. Therefore, we have about 50 years of oil remaining with current oil consumption and oil reserves. 
	Top 5 U.S. Oil Reserves (2021) 
	1. 
	1. 
	1. 
	Texas -18.6 billion barrels 

	2. 
	2. 
	New Mexico – 4.9 billion barrels 

	3. 
	3. 
	Gulf of Mexico – 4.6 billion barrels 

	4. 
	4. 
	North Dakota – 4.4 billion barrels 

	5. 
	5. 
	Alaska – 3.2 billion barrels 


	World's Natural Gas Reserves According to the U.S. Energy Information Administration (eia.gov), if we continue with the same rate of natural gas production as in 2021, the United States has enough natural gas to last about 80 years. #1 Russia #2 Iran #3 Qatar #4 USA #5 Saudi Arabia Top 5 Producing U.S. States (2021) Total cubic feet (Tcf) 
	Conventional Natural Gas and Petroleum Extraction 
	Geologists use seismic surveys on land and the ocean to find natural gas and petroleum. 
	A well is drilled into land or offshore into the ocean floor to bring the natural gas and/or petroleum to the surface where it is collected. 
	Natural gas is sent to a processing plant where methane is separated from natural gas liquids (NGLs = ethane, propane, butanes, and pentanes). 
	Petroleum is sent to an oil refinery where it is refined into gasoline, diesel fuel, jet fuel, plastics, heavy fuel, and asphalt. 
	Figure
	Offshore Oil Drilling Platform 
	Image by Agencia 
	Brasil, Wikimedia Commons. 
	CC BY 3.0. 

	Unconventional Oil Production Athabasca Tar Sands, Alberta, Canada 
	Image Image by Norman Einstein Image CC BY NC ND 2.0 
	by NWFBlogs, Flickr. 
	CC BY NC ND 2.0. 
	, Public Domain. 
	by James St. Johns 

	Bitumen 
	An oil refinery is a sprawling industrial processing plant that converts (refines) crude oil into products like gasoline, diesel fuel, jet fuel, kerosene, heating oil, and asphalt. 
	The various products are separated from each other by distillation. The crude oil is heated in a furnace causing each hydrocarbon to vaporize according to its boiling point and separate from the mixture. 
	The products collected at the top of the distillation unit have lower boiling points that the products collected at the bottom. 
	Crude Oil Heavy Light Gasoline Kerosene, Jet fuel Oil Refineries Exxon Mobile’s Baton Rouge Oil Refinery, Louisiana Image by Image by , CC BY-SA 3.0. 
	Abdar, CC BY SA 3.0. 
	Psarianos, Theresa Knott

	Image by R. , Shale Image by Pollinator Unconventional Natural Gas Production Shale Natural Gas Hydraulic Fracturing Image by Drilling Natural Gas Well into Marcellus Shale Pennsylvania 
	Ressetar, Utah Geological Survey
	CC BY SA 3.0 
	Ruhrfisch CC BY SA 4.0 
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	Figure
	United States Uranium Resource Regions 
	Uranium is a radioactive element found in natural ore deposits. Uranium-235 is one of its isotopes and U-235 is capable of nuclear fission and used in nuclear power plants to generate electricity. 
	Uranium ore 
	Source: 
	U.S. NRC 

	Uranium Resources are located in western U.S. 
	Uranium ore (has a low concentration of U-235) is mined and then goes through an extensive refining and enrichment process to produce uranium oxide pellets that are enriched with U-235 and used in nuclear power plants. 
	Source: 
	USGS 
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	Figure

	Figure
	The United States Nuclear Regulatory Commission (U.S. NRC) regulates the mining and processing of uranium ore to be fabricated into nuclear fuel for nuclear power plants. Four steps are involved in converting uranium ore into nuclear fuel. 
	Step 1 -Uranium Recovery. Uranium ore is recovered from underground mines and milled (crushed) into a yellow/orange uranium oxide called yellowcake. Uranium recovery is typically accomplished in two ways: 
	• 
	• 
	• 
	Conventional Mining and Milling -uranium ore is excavated from open pit mines or underground shafts. The ore is crushed (milled) and chemically treated to produce yellowcake (uranium oxide powder). 

	• 
	• 
	In-Situ Recovery (ISR) -a liquid solution is injected into the uranium ore underground. The solution leaches uranium from the underground rock and is then pumped to the surface. The solution is processed to produce yellowcake (uranium oxide powder). 


	Step 1 Uranium Recovery 
	Open Pit Uranium Mine 
	Image by Alberto Otero 
	Garcia, Wikimedia Commons. 
	CC BY 2.0. 

	Uranium ore is recovered from Open Pit Mines or In-situ and then milled to produce yellowcake. 
	Uranium ore consists of 99.3% U-238 isotope and 0.7% U-235 isotope. U-235 is the isotope capable of fission and used in nuclear power plants. 
	In-Situ Uranium Recovery Source: 
	NRC 

	Source: n 
	IAEA Imageban 
	Source: Public Domai

	Step 2 Uranium Conversion & Step 3 Enrichment of U-235 
	Step 2 -Uranium Conversion. Yellowcake is reacted with fluorine to create uranium hexafluoride (UF), a compound that is suitable for enrichment. The UFstarts out as a hot gas and over several days it cools into a liquid and finally a solid. The solid UFcan then be shipped to an enrichment plant. 
	6
	6 
	6 

	Step 3 -Enrichment of U-235. The nuclear fuel used in a nuclear power plant needs to have a high concentration of U235 isotope (3% to 5%) than that which exists in natural uranium ore (0.7%). Enrichment of U-235 to concentrations of 3-5% can be accomplished by three processes: Gaseous diffusion, gas centrifuge (used in the United States), or laser separation. 
	-

	Figure
	Source: Source: 
	IAEA Imagebank 
	Argonne National Laboratory 

	Step 4 Fuel Fabrication 
	Step 4 -Fuel Fabrication -The U-235 enriched uranium hexafluoride (UFsolid form) is heated to a gaseous form, and then the UFgas is chemically processed to form uranium dioxide (UO) powder. This powder is pressed into small UOpellets, which are stacked into fuel rods, and grouped together into fuel assemblies. The fuel assemblies are transported to nuclear power plants and loaded into the nuclear reactor core where nuclear fission takes place. 
	6 
	6 
	2
	2 

	Fuel Assembly 
	Source: Source: Source: Source: 
	NRC 
	IAEA Imagebank 
	Chemolunatic 
	NRC 

	Figure
	Figure
	Nuclear Power Plant 
	Nuclear Fuel Nuclear Reactor Hope Creek Nuclear Power Assembly Core Plant, New Jersey, USA 
	Source:Nuclear Fuel Rods Nuclear Reactor Containment Building CoolingTower Water Vapor Cherenkov radiation -blue glow of underwater nuclear reactor Source: Source: Delaware River water source 
	CEA 
	Idaho National Laboratory 
	NRC 

	Figure
	Objective 3: Describe the impacts of using nonrenewable resources on Earth’s atmosphere, water, and ecosystems. 
	Air Pollution from Petroleum and Natural Gas Production 
	Air pollutants are emitted from leaks inpipelines and equipment, venting andflaring, and refining of crude oil andnatural gas into numerous products. 
	• 
	• 
	• 
	Methane (CH), a greenhouse gas 
	4


	• 
	• 
	Volatile Organic Compounds (VOCs) 

	• 
	• 
	Ground-level ozone (smog) 

	• 
	• 
	Hazardous Air Pollutants (HAPs) 

	• 
	• 
	Particulate Matter (PM), black soot 


	Pollutants linked to health effects such as asthma, emphysema, cancer, damage toimmune, nervous, reproductive systems,birth defects. 
	Image by Darmawan Gas Flare VOCs HAPs PM CO NOx SO2 Heavy Metals 
	kwok CC BY SA 4.0. 

	Figure
	2015 
	Image 
	by NOAA 

	U.S. Agencies for Oil Spills and Chemical Accidents 
	• 
	• 
	• 
	U.S. EPA is the lead federal response agency for oil spills occurring on land or in inland waters. 

	• 
	• 
	U.S. Coast Guard is the lead federal response agency for spills in coastal waters. 

	• 
	• 
	NOAA provides scientific support to the federal on-scene coordinator. 

	• 
	• 
	Tar sands have 160 billion barrels of recoverable crude oil. 

	• 
	• 
	On average, 4 barrels of freshwater is required to produce 1 barrel of crude oil from tar sand. 

	• 
	• 
	By 2030, Alberta’s water consumption is expected to reach 400 million gallons of per day. 

	• 
	• 
	Wastewater is stored in large tailing ponds for decades until sand, clay and petroleum waste settles out. 

	• 
	• 
	In 2020, Alberta had 265 billion gallons of tailings wastewater. 


	Figure
	Map by NOAA 

	Hydraulic Fracturing and Freshwater Resources 
	5 Stages of the Hydraulic Fracturing Water Cycle 1. Water Acquisition 2. Chemical Mixing 3. Well Injection 4. Produced Water Handling 5. Wastewater Disposal and Reuse 
	Source: EPA 

	Figure
	Alberta, Canada Tar Sands and Freshwater Resources 
	5 km N Tailing pond Tailing pond Tailing pond 
	NASA (2016) 

	Image by D. Public Domain. Acid Mine Drainage from Coal Mines Acid mine drainage site. Orange coloris from iron. 
	Hardesty, Wikimedia Commons. 

	Acid mine drainage (AMD) is the formation and movement of acidic water, rich in heavy metals, from mining sites. 
	Coal mining exposes sulfur-containing minerals that were buried underground. These minerals reach with oxygen and surface water to form sulfuric acid (HSO). 
	2
	4

	The sulfuric acid dissolves and transports toxic heavy metals into surface and ground water: arsenic (As), copper (Cu), cadmium (Cd), iron (Fe), lead (Pb), mercury (Hg), selenium (Se). 
	Mountaintop Removal Coal Mining (Kentucky & West Virginia) 
	Mountaintop removal (MTR) = type of surface coal mining where the mountain top is removed to expose the coal seam. The excess rock and soil (overburden) is dumped into valleys (valley fill). 
	• 
	• 
	• 
	Causes deforestation, loss of habitat and soil erosion in the mining area. 

	• 
	• 
	Local streams and rivers become polluted and buried under mining waste. 

	• 
	• 
	Acid mine drainage and heavy metals contaminate water ground and surface water. 


	Image 
	by Doc Searls, Wikimedia Commons. 
	CC BY 2.0. 

	Heavy Metal Pollution from Coal Mining Runoff Pollution 
	Selenium toxicity -cranial-facial deformities 
	Figure
	Source: PNAS 

	Arsenic (As) Copper (Cu) Cadmium (Cd) Iron (Fe) Lead (Pb) Mercury (Hg) Selenium (Se) 
	Selenium toxicity -spine deformities 
	Figure
	Coal ash waste ponds contains arsenic, aluminum, boron, cadmium, cobalt, lead,mercury, nickel, nitrogen,selenium, sulfate, thallium. 
	Coal Ash Waste Ponds 
	Coal ash is a waste product from burning coal to generate electricity. Power plants may recycle the coal ash, dispose of it by releasing it into nearby waterways or store it in landfills or ponds. 
	Figure
	Source: EPA 

	Coal-fired power plant on Ohio River 
	Image 
	by Antony 22, Wikimedia Commons. 
	CC BY SA 4.0. 

	Coal Ash Waste Pond Accidents • The U.S. has about 250 coal power plants. • The U.S. has over 700 coal ash waste sites. • Environmental disasters have occurred in the U.S. when coal ash waste ponds ruptured. Kingston, Tennessee,December 23, 2008. 1.1 billion gallons of coal ash waste released. Eden, North Carolina, February2, 2014. 27 million gallons of coal ash waste released. 
	Source: Public Domain 
	Source: Public Domain 

	Legacy Pollution from Uranium Mining and Processing 
	• 
	• 
	• 
	• 
	Major uranium deposits are in western United States. 

	• From 1944 to 1986, about 30 million tons of uranium ore extracted from Navajo land. 

	• 
	• 
	There are 500 abandoned uranium mines, and homes and water sources with high levels of radiation. 

	• 
	• 
	The EPA has a 10-year plan (2020-29) will spend $1.7 billion to reduce risks of radiation exposure to the Navajo people. 


	Source: 
	EPA 

	Radioactive Waste from Nuclear Power Plants 
	Four Types of Regulated Radioactive Waste 
	1. 
	1. 
	1. 
	Low-level Waste -protective clothing, tools, equipment. 

	2. 
	2. 
	Waste Incidental from reprocessing spent nuclear fuel recovery of used nuclear fuel. 
	-


	3. 
	3. 
	High-level waste -used nuclear fuel (spent fuel rods). 

	4. 
	4. 
	Uranium mill tailings -from processing natural uranium ore. 


	Spent fuelpool (High-level waste) 
	Spent fuel rods in casts (High-level waste) 
	Source: NRC 


	Source: DOE 
	Source: DOE 

	Low-level waste buried underground 
	Source: NRC 

	Nuclear Waste Storage Sites in the United States Source: L. Larson 
	CRSReports 

	Figure
	Objective 4: Describe how burning fossil fuels for energy causes global warming and the importance of limiting warming to 1.5C. 
	o

	Figure
	Source: 
	NASA/JPL CalTech 

	Greenhouse Gases 
	Carbon dioxide (CO) – emitted from burning coal, oil, and natural gas, cement manufacturing, solid waste decomposition. 
	2

	Methane (CH) – emitted from natural gas processing and transportation, cattle, agriculture waste, landfills. 
	4

	Nitrous Oxide (NO) – emitted from agriculture, burning fossil fuels, wastewater treatment. 
	2

	F-gases – synthetic gases used as refrigerants, aerosol propellants, foam blowing agents, solvents, and fire retardants. 
	Source: U.S. EPA 
	Source: U.S. EPA 

	U.S. Greenhouse Gas Emissions 
	CO= transportation > electricity >> industry CH= gas, oil > cattle >> landfills 
	2 
	4 

	CO2 CH4 
	Figure
	N2O Fgas 
	Source: 
	U.S. EPA 

	NO = agriculture soil and manure F= substitutions for ozone depleting gas 
	2
	gas 

	U.S. 2022 CO2 Emissions from Energy Consumption by Source and Use 
	An example of how to read chart: 
	Petroleum accounted for 46% of all COemissions in the United States in 2022 = 2.3 Bmt of CO. 
	2 
	2

	78% of this petroleum was used for transportation, which fueled 96% of all transportation in the U.S. 
	Transportation accounted for 37% of all CO2 emissions in the United States in 2022 = 1.8 Bmt. 
	Data for U.S., 2022 Bmt, billion metric tons of carbon dioxide (CO2) 
	Source: U.S. EIA 

	Global Warming Potential (GWP) of Greenhouse Gases 
	Global Warming Potential (GWP) is an index to measure how much heat (infrared radiation) a greenhouse gas will absorb in the atmosphere over a period. 
	Gas 
	Gas 
	Gas 
	Formula 
	Lifetime 
	GWP (100 years) 

	Carbon dioxide 
	Carbon dioxide 
	CO2 
	variable 
	1 

	Methane 
	Methane 
	CH4 
	12 years 
	28 

	Nitrous Oxide 
	Nitrous Oxide 
	N2O 
	114 years 
	265 

	Fluorinated Gas 
	Fluorinated Gas 
	HFCs, PFCs,SF6, NF3, others 
	5-50,000 years 
	800-24,000 


	Source: 
	U.S. EPA 

	Using Ice Cores to Reconstruct Past Climates 
	• 
	• 
	• 
	Ice cores are time capsules of past climates 

	• 
	• 
	Ice cores trap bubbles of air (e.g., carbon dioxide and methane) from past atmosphere. 

	• 
	• 
	In 2018 the IPCC published a Special Report titled Global Warming of 1.5C. 
	o


	• 
	• 
	Limiting global warming to 1.5ºC above preindustrial levels (1850-1900) would require rapid, far reaching, and unprecedented changes in all aspects of society. 
	-


	• 
	• 
	1.5°C increase in global temperatures will have a significant impact on climate, but a 2°C increase will be far worse. 

	• 
	• 
	Global warming reached 1°C above preindustrial levels in 2017. If this pace of warming continues, we will reach 1.5°C sometime between 2030-2040. 
	-



	CC BY 3.0 Tiny air bubbles trapped inside an ice core 1 cm 
	Source: CSIRO 

	Scientists collecting a 2-meter section of ice core from a glacier 
	Source: D. Clark, NSF 

	Atmospheric Carbon Dioxide over past 800,000 Years 
	Source: NASA 

	Intergovernmental Panel on Climate Change (IPCC) 
	Source: IPCC 
	Source: IPCC 
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	Carbon Dioxide and Ocean Acidification 
	• 
	• 
	• 
	Oceans absorb carbon dioxide (CO) which reacts with water (HO) to form carbonic acid (HCO). Acid lowers the pH of water. 
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	• 
	• 
	Acid dissolves shells and skeletons of marine species and slows shell formation. This impacts corals, oysters, clams, mussels, snails, phytoplankton and zooplankton. 

	• 
	• 
	Oceans are 30% more acidic today than at the start of Industrial Revolution. 
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	Sea butterfly shell dissolves in pH 7.8 seawater. This is the pH projected for the ocean in the year 2100. These species sit at the base of marine food chains. 
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