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How are fossil fuels formedﬁ L
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Coal

GopLjga rock thatyis formed in the Earth in
several stages

— Buried remains.of plants.in Carboniferous
period (280myhbp)are subjected to heat and
pressure

— ovewtime, Sulfur is grédually Incorporated Into
tHe coal as it forms - :

Fo¢Coal 1S mostly carbon, With some water and
sulfur
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S, % Three types of Coal “ N3
«Beat @@ot a*oal)"is beginning stage
-"Lﬁ'g‘ﬂite - brown*Coal, low heat and sulfur
content, limited supplies

e Bituminous - soft.eoal, most commonly
used, high heat content, large supplies, high
SUlTUL g8 '

o Anthracite< hard coal, high heat gontent,
stakes fongest to form, expensive, fewer
stupplies, low sulfur

-
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Rormation.of Types of Codke
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“EXxtraction of.Coal: Ivl'lm'ngv -

. S%rip Mining - surface mining .in which% S
overlyinglayer of soil and rock is stripped #
: Qthd reach coal - most common

— Very destructive to the environment because
large amounts of topsoil are removed

-

— precipitation. combines,with spoil“anks to
make sulfuric acid'which pollutes water

o SubsurfaceMlining - 40% of mining in U.S.
— very'dangerous (black Tung, etce)

" # —dlabor intensive (require§ 5x more workers)
— acid drainage, land subSidencCe

-




How 15-Coal Used?

% 25% of world’sieommercial energy
e used torgenerate 39% of world’s electricity
(5% of'world’s steel

e China 1s world’s largest consumer(76% of
their epnergw '

. Coal'supplies 57% of thed.S. glectricity
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. ' HOw canseoal be used tOw >,

genérate electricity?

% &oal IS ground-into a fine powder (increase
4" surface area) and burned at a high
temperature

o Steel pipes filledwith water run.through the
fire produeing high=pressure steam

o TheSteam i8S used to turma turbines

* gTheturbine spins a gengrator which
produces electricity &
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*Conversign 10 GaseosS-anty "
- . A .
» N Liguid Fuels o’
. Coal quu'efacfion - conv. to methanol

o éem gasificatien - conv. to synthetic natural
gas or hydrogen gas

’.

-

* lowerair pollution,BUT

e low energy yleld because energy Is lost In
conversmn

o wiould increase use of'coal because 30-40%
§ ¥of'energyis lost in conversion

* Wore mining - -

-




E0Cation of remaining toarreder ves™
: ‘\ -

-

o|dentified oMeserves
shoujdygasgat least 220
ygars‘a Urrent usage
levels, but only. 65 years

South America

ormer USSR

If current usage increases v
2% per year

*Unidentified SOURCES
willlast900/149 years




Pros of.Coal Use

% Quige‘abundant
e High net energy yield
e China hasthe worlds largest supply
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Cons.of coal use vy

. Qn_\g'r()nmental effects of extraction (loss of
" soll, subsidence)

o extraction.is dangerous (black lung)
o water pollution

o air pollutiom

. prodt]ction of CO,







-

TFhree sources.of.oll

% Grugietoll from-underground deposits

e QOlIl from O1l Shale

* Oll frem*TarSands




Crude OIl

% Refinition:
— produced by the decomposition of deeply
buried organic material from plants.and animals
under high temperatures and pressures over

millions of years.
» Natugal§asiand crude’oil are found together
.




Crude otl recovery™ j"

= -Primary Oil Recovery .

_— dridling ®well and pumping out oil that flows by
8 A gravity intosthgwell

=»" Secondary Oil Recovery

= Injection of water into nearby wells to force the
heavy oil into the'well

=» Tertiary QilPRecovery * ;*

— imjection. 0fSteam or CO,4nto wells%o force oll
©out

" Average vyields are only 30-50% at which time
Mt becomes to expamsive to extract-More '\ »




*_MHow is crude oil reMMed ™y ~~
o
e Crude 0il is a mixture of 4*
many different hydro- *
carbons that can be
separated with distillation

From heaviest to lightest:

asphalt, wax, naptha,
diesel ail, heating oil, jet
fuel, gasolirte, cooking
gases (propane, butane)
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o Cheap

Easily transported
High net energy yield
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“_€ons of ConventionaroOiy ~~

-
Wheresthe femaining = e e o

Africa
. Middle East

[ESERVES are: « ™ e

18% SaudigAkabia —
110 |.gq‘

1% lran
11% UAE
10% Kuwait

*\Vorld reserves may be 80%
depleted.in 48-84 years
depending upon usage




( i the Gulf War, the Iraqgis b"urned 10% of Kuwalt’s
eafields as they retreated




< coirs.of Conventional ST (cont) -~

v

- b
»«|t Will become more and more expensive to e
Extragt remaining reserves

% Sl \vill beforced to return to less productive,
ormostly empty wells

* The burning of conventional oil produces
CO, ‘

« Mining.degradesithe land and causes
erosion \ :

.-,T'ransportation and off-Shore drilling cause
Spillage into waters

-

o -
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Shale Oil s -

% Qi ,Shale - fine grained rock that contains a
S mixture of hydrocarbon compounds called

kerogen

e Once broughtto the surface, the shale can
be crushed,and heated, vaporizing the
kerogen. ’

s PFheskerogen vapor Is then condensed to

b “imake shale oil




*P¥as and Cons of Shate*O
S % L )
Pros: .

Hlge'resourcescould meet the country’s r
gngede.for oil for 41 years at current usage levels.

piReserves of oll shale may be 200x greater-than
reserves of.crude oil

Cons:

Low energyuyield.(takes thei€nergy of 1/2 a barrel
of epdde il te'get one barke! of shate oil.

Reguires largesamount of water in dry areas where
fock Is found.

Burning produces COs* - -




P
Tar.Sands s i

. [aréand mixture of clay, sand, water and
S bitumen (a high sulfur oil)

* ‘The bitumen Is removed by heating the sand
until the bitumen,seftens and floats to the
surface X -

o Thegt is refined into traditional caude oil




*Rros and Cons of Tar'Sand? S

"Pros:
HUGE gesoUfce (Canada has 270 bil m?
3 Sobirlds largest*known olil deposits
"Cons:
Low energy Vyield (same reasons as'shale oil)

Production of toxic sludge and requires lots
of water

Refiniag produces air pollutfon
'BUrning produces CO,

-

-
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~ NATURAL GAS




QVervieyw =@ ‘\j’

oNattiral Gas is;thé third most important flel e
Making up*24%'of world’s consumption

o &t xtures0f50-90% methane and small
amounts of ethane, propane butane and

-

hydrogen sulfide
« conventional N.G. -'lies on top of crude oil

»_unconwefitighal N.G. -"en top of coal,
dissOlved in Water, underground safids;

I glinconventional sourcesthave promise In
future because of abundance:

-
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~ Pros of Natural"Gas™ .
- : . j
**Pros: ‘ )
— abtndant, cl®aner btrning (50% CO, of coal) i
— 8h&gpdr than oil

™ —"reserves should last 80-200 years at currentlevels

.

— can.be transported easily overland by pipeline

— high net energy‘yiela

— extraction deesy’t damage the*environment so much as
coal or#raniunt orée .

— €asy te-process
L Can be used to power vehicleS

- o
-




Cons of-Natural Gas

. io_me' toxic sulfur gases are produced

e must be converted to liguid form before
transport

 |eakage into air caf increase global warming

o« OVERALL™Considered.terbe the Best fuel in
gour, conversion to renewable energy sources




- Ulafortunately We have Iosta?lc_)y
of natural gas due to carelessness g

A
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$ SPotvisideofall fossil fuels Y
B Proguction of CO, .




2 NUCLEAR
ENERGY

-
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@verview - -

.

- Wéar energy eurrently amounts to 24% of
g the electricity in the U.S.

* Energy IS created through a controlled
nuclear reaction which'is used to boil water
and powena generatog,

o A hule amdunt'of energy.can be ceeated,
putsfuel 1s not renewable, and dangerous

¢ "\wastes are created

o
-




~ . - RadioactivityFe ™=y

- ) .

**Naturally occurring radioactive isotopes of atoms
aresumstable, and “decay”.

o .DUlingdllecay, thesatoms spontaneously change from
¥One type into another until a stable i1sotope of an

’

atom.us formed.

 Inthe process, three types of radiation-are given of
— alpha partieleS'@=e nuclei #2P; 2N)
— beta par'ticles (hwgh energy electkons) * %
#gamma radiation (high energy waves)

+ Ragdibactive decay of elements occurs at.a
predictable rate descrile€d by a halT-life:




P r NPy
Nuclear fission N

Nuclear fssion 1S,the process of splitting large,
adjoactive atoms into smaller atoms and
g'ragments

As each atom decays, It produces neutrons,
smaller nuclel and energy.” The neutrons can
cause neighboringnuclei to decay

A “critieal®mass” of radfoactive atoms is needed
to pE0duce a'ghaln reaction.., .




Neulrons

Uraninm-2335
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Heaclors in operaton




§ S@HOW DoReactors Workas Y

. Ulg,most Important iIsotope used In reactors
g 1S U-235.
o U-235 exists Iinall uranium ore, but only
7% or all ore‘is Us235.

« U-235 Isprgcessed (enri€hment - raises
levelfof U-235)10 form WO, whiclyis used
as fuel




\Hovv ReactorsdNVark
.
L ight-Water reactors (LWRSs)

Small amounts of
radioaclive gases

Uranium fusl input
(reaclor oore) g e (CCNt@INMaNt shel
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A | WRs™ ooy
«*Core ¥ o :

-

—sfugl rods (42ft) .arranged in a diamond shape (15x15)#
— Qoratrol rods - absorh neutrons and slow reaction down

= Water - keeps core cool(coolant), slows down the
neutrons so that they are at the right speed to trigger the

next reaction (moderator) and produces steam to make
electricity
e high pressure*steam firom teaCtor is used to heat
water which then'produces.steam used¥o run a
turoine
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LWRs N1

o..coldwwatetfronT a local source is used to

% Sedlticnse thesstéam, and that warm water is
returned to the environment (thermal
pollution)

o flel rods*last.abotit 3*4uyears, So every
year about'#/3 of the rods are reptced




. - LWRS: wastEs™ ™=y ==

- ) 2P
**Thesproduets of nuclearreactions are also * -
radjoactive ' i

o Soln&efthe products have short half-lives and need
®only be stored for a short time (1000 years). Others
have half-lives close to 10,000,000 years, and must

be safely stored-a minimum of 10,000-250,000 years
(maybe morglu, -




L ow=level wastes

. \‘\Lg;tés that give off small amounts of
S radiation

e must be stored safely for 100-500"yrs

e Most In the U.S. afe put in steel'drums and
dumpedntg the oc€an, dthers are put In
land#flls )

* gLandfills leak, so theregdre protests against
bundlng new ones--Joshua Jree

- | — -
-




High<level waStes™»

MW asthatdi | atiom
os Waste'that givesioff high amounts of radiatienor a_
sherttime,*oslow*amounts for a long time ’

. Spqn@ei rods and wastes from making bombs

sePlans:
— bury it : mestpopular - Yucca Mountain

— shoot it Into space

oury under ieessheet
pury. uatler mud.in‘oceans : .
oreak it dewn

« \Wesurrently accept high-level wastes from other
coumtries o~ . v




Nirclear Power Plants:'Safegy j"'

*Plant&are generally thought to

> 3 Nl safe

*However, most plants are older,
and may not be maintained

Properiy .

' 4 +AcCidents do happen

- o
-




3 Tﬁree I\/I|Ie Island March 28 \11949

’ Wnctlon causy
release+of

radioisotopes into
environment plus
Intense radiation
inSid‘e;:lCﬂiI)k_ |
9 S

o \Wake-up call
[y ="

L]




Chernobyl April 28 ’19‘86‘\ -

o System that prowdes Water
to core failed, causing r '
reactor core temps to roses™*
over 5400F melting the -
uranium fuel

e FIres ignited producing a
cloud of radioactive
sparticles

e 125,000 peopte have died
576,000 are pot. victims

. expected to cause 16,000
g deaths mwnext. 50yrs "




The futureor.fission e‘nergy j’.

»+In the 60’s:nugclear power.was heralded as the’ >
Solution t0*our eénergy problems.

& hetlicver, beginhing in 1975, people began to
guestion this technology, public oppesition is

-

-
greater now than ever
» Since 1975, no néw plants have been planned
« Fissigmablematerial isdimited

. — M - .
g-lfappearsthat fission plants.nstherr current
§ ¥state are’not going to b&the solution.we are

100king for.

o -
- -




4 ~ _ Breeder Reactors™ 3
2099 ofalldraniumfis U=-238 which is not fissidhablg

o U-238 is usedo absorb extra neutrons in reactorss

whicR.@@nverts itdo Pu-239.

*PU-239 1s fiIssionable.

e For each atom of U-235 broken down, there are 3
neutrons produced |
— one StartgneXt peaction
_ two caft canvert4)-238-Pu-289+ \
E More enefgysean be created than IS used (breeding)

* Breeder reactors can greatlysextend the lifetime of

radiOactive resourcesavéilability )




Breeder Reactors

% lflowever, if an accident occurs in a breeder
" reactor, it would be that much worse

o still have problems with disposal

e U.S. has enough Uranium right now for all
reactors 480410 ineentive o develop breeders




FISSION

y-producis
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Nuclear fusion -

— combining of atomic
nuclei to produce
heavier atoms

= releases a large amount
of energy In the

¥ production of He from

_H2 and {3

— N0 Waslte

*_*occurs In stars and

bombs "




Nuelear Fusion

% I rggttires hugeamounts of heat and
S pressure to do (like sun)

 Fusion has been achieved, but it still
requires moreenengy to do than.is produced

o Still hasprgblems+y *
o Coldfusion?'Great idea,didn’tshappen




