Ch. W19: Fossil fuels

Energy Background:
Big bang:

e Hydrogen->fusion -> Helium ->iron stars (red giants)
e Giant red giants ->supernova->all elements beyond iron (including Uranium)
e Hydrogen, Helium and other elements->our sun

Sun: Hydrogen fusion->helium (helios means sun in greek)

Solar energy:

e Sun is source of photosynthesis: light + CO2 + water->sugar (carbon based fuel)
e Sun can also be direct radiant energy (solar thermal, photovoltaic-PV)

Solar energy storage: photosynthesis

e Biomass is a form of this stored, renewable fuel (wood, sugarcane->ethanol)
e Fossil fuels are slow legacy non-renewable solar energy: dead plants and animals stored
from eons ago (oil, coal, natural gas)

Solar energy release:

e Burning: biomass + oxygen -> energy (e.g wood)
e Combustion: fossil fuels + oxygen -> energy (e.g. burning coal)

Solar radiant energy:



e Solar thermal: capturing radiation, turn to heat, store this thermal energy (e.g. hot
water)

e Solar photovoltaic: capture radiation, move electrons, create direct current electricity
(plus and minus, just like batteries)

e Wind energy: from solar radiation heating air, moves across the surface, moves blades,
turbine, electricity

Gravitational energy: Tidal energy: caused by gravity from the sun (and moon) pulling on
water, moving it through turbines, electricity

Non-solar energy:

Uranium from those supernova is in the earth core:

e Slow nuclear energy: geothermal (actually geo-nuclear-thermal) energy
e Fast nuclear energy: dig up Uranium, create heat, make steam, move turbines, create
alternating current electricity (like in your house)

Future energy: Use Hydrogen isotopes to create fusion: H + H ->He (like the sun)
Issues: 1 million degrees, hard to ignite (pressure and temp like in the sun core)

Energy sources (from Withgott 7e):



TABLE 19.1 Energy Sources We Use

ENERGY
SOURCE

Coal

Qil

Natural gas

MNuclear
energy

Biomass
energy

Hydropower
Solar energy
Wind energy

Geothermal
enargy

Tidal and
wave energy

DESCRIPTION

Fossil fuel extracted from
ground (solid)

Fossil fuel extracted from
ground (liquid)

Fossil fuel extracted from
ground (gas)

Energy from atomic nuclei
of uranium

Energy stored in plant matter
from photosynthesis

Energy from running water
Energy from sunlight directly
Energy from wind

Earth's internal heat rising
from core

Energy from tides and
ocean waves

TYPE OF

ENERGY

Monrenewable

Monrenewable

Nonrenewable

Monrenewable

Renewable

Renewable
Renewabla
Renewabla

Renewable

Renewable
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Most energy production in our civilization is based on dopey steam technology from the
1800's:

1. heat water
2. make steam



3. steam blows over spinning turbines (like fans)
4. spinning generators generate electricity

(If this were on a ship, it would be connected to a propellor)

So,

Oil is burned, coal is burned, nuclear energy heats water into steam (old tech)

Natural gas can be used for this as well, but can also be used in a direct turbine (no steam, just like
a jet engine)

So?

If we are moving towards renewable energy sources like wind and solar, sudden changes in the
energy grid require fast response, like a "jet engine" powered by natural gas.

It is also much cleaner than oil or coal (less sulfur, no heavy metals)

Fun fact: one reason so many US Navy ships were sunk in the Pearl Harbor attack was it took
hours to heat the water in their boilers into steam to turn the propellors on these ships...
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Notice about 1/3 transportation, 1/3 electrical, and 1/3 industrial/residential (like in the audio clip
from Jim Woolsey)
How will electric vehicles (EV) change this?



How will energy storage change this?

How are fossil fuels formed?
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How is coal formed? Note different types, from Peat (like in Scotland: Bogs) to lower water content
versions, so they are better for heating.

Fun fact: UK sold most of their high quality anthracite after WWII to pay debts, so lower quality

highly toxic coal was used, causing the London Fog Disaster, killing thousands. UK debt to GDP
ratio then was 250%

How is oil found?

Believe it or not, satellites with sensitive gravity meters are one way...

also this:



https://en.wikipedia.org/wiki/Great_Smog_of_London
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Important bit about distillation: make sure you understand this, it shows up on AP exams...



Gasoline (48.6%)

Diesel fuel and
heating oil (25.0%)
Jet fuel (8.7%)
Liquefied petroleum
gases (3.1%)

Heavy fuel oil (2.0%)
Other (12.5%)

(¢) Typical output of refined oil

Distillation
column

Boiling temp. Product
Less than 5°C

|l 180-260°C

Kerosene
260-340°C
Diesel

Lubricating oil

Fuel il

s Residue

(b) Distillation process

FIGURE 19.9 The refining process results in a range of petroleum products.
At oil refineries (a), crude oil is boiled, causing its many hydrocarbon constituents to
volatiize and proceed upward (b) through a distillation colurnn. Constituents that
boil at the hottest temperatures and condense readily once the temperature cools
will condensa at low levels in the column. Constituents that volatilize at cooler
temperatures will continue rising through the column and condense at higher levels,
where temperatures are cooler. In this way, heavy oils (generally those with
hydrocarbon malecules with long carbon chains) are separated from lighter oils
{generally those with short-chain hydrocarbon molecules). Shown in (c) are
percentages of each major category of product typically generated from a barrel of
crude oil. Data () from ULS. Enengy information Administration.
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Not-so-fun fact: one reason gasoline is so expensive in Hawaii, is crude oil is refined into aviation
fuel (kerosene) because all airplanes that land here are empty and need to fill up to get elsewhere.

Dopey way we get electricity (remember steam comments above): make sure you
understand this, another AP exam favorite:



€ Steam turns a turbine,

which rotates magnets past -
copper coils in a generator, L E!Etc:jgfl’tlgcllsto
generating electricity.

consumers by
transmission lines.

Turbine

Generator
i Heat from
€) Coal is pulverized (2] N
and blown into El;li':'lsh::tgp
furnace. [

- Cooling tower
Cooling loop

Coal bunker

© Steam is cooled and returned
Pulverizing mill

as water to the furnace.

0 Pollutants from
combustion are
filtered.

FIGURE 19.10 At a coal-fired power plant, @ Toxic ash residue is
pulverized coal is combusted in a high- -
temperature fumnace, causing steam to turn a

taken to hazardous
waste landfills.
turbine and a generator to generate electricity.
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Petroleum products are everywhere: recall the HW question about "plastics"

Cosmetics, Shower

Nylon and Light switch Pesticides Tires, upholstery, Plastic
medicines, curtain

Containers Nonstick coating
polyester and and automobile lampshade on cookware
lotions, clothing fertnhzers components
and soap Shower

) Paraffin waxes
Plastic picture| B Plastic cups on fruit, candy,
Toothbrush head frame -:or'nponents Asphalt | Gasoline and dishware and other food
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Plastic Shoes with | Plastic storage | Vinyl and plastic | Home heating oil 1'. Blender and other Components of
wastebasket | synthetic soles \box laminate furniture | to heat house small appliances stove and other

Detergents, Polypropylene CDs and DVDs Compaonents Linoleum large appliances
cleaning supplies Toilet seat coat in TV and stereo flooring
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Consider this: as we reach Peak Qil, and beyond, oil will be too expensive to use for just fuel
will be reserved for these things.

Peak Oil:
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FIGURE 19.12 Peak oil describes (a) Hubbert's prediction of peak in U.5. crude oil extraction, along with actual data

a peak in production. U.S. .
production of crude oil peaked in
1970 (a), just as geclogist M. King
Hubbert had predicted. However,
drilling in Alaska and the Gulf of
Mexico enhanced production during 25
the subsequent decline, and i
production today has risen sharply
after deep offshore driling and E.
hydraulic fracturing made new E
£
m

Conventional oll
peaked in 2005

deposits accessible. As for global oil
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that it may soon peak. Shown in (b) !
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of Poak O, By permission of Dr. Colin
Campbel, (b) Modern prediction of peak in global oil extraction
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Fracking is Hydraulic Fracturing using toxic solvents forced through older oil and gas formations

Good thing: cheaper natural gas
Bad thing: toxic pollution, earthquakes, gas leaks (methane s 44x as harmful as a greenhouse

gas)

Political issues: why go to war for energy?


https://en.wikipedia.org/wiki/Fracking
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Conservation: 8x as efficient as installing new energy sources (solar thermal, PV)
One example: LED lighting:

LED bulbs
Use 85% less energy
Last 25 times longer
14%
31% Compact fluorescent (CFL) bulbs
Uise 75% less energy
Last 10 times longer 44%

68%
Traditional incandescent bulbs

6%
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Even more effective: insulation (look up R values)
Double glazed windows, like in your dream house!
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