
Chapter 15—Miller 



Synfuels 
}  “Synthetic Fuels” 
}  Derived from coal & other natural sources 
}  Liquid or gaseous 
}  Include: 

}  Tar sands 
}  Oil shales 
}  Gas hydrates 
}  Liquefied coal 
}  Coal gas 
 
 
 

 Remember: They’re alternatives, but   
     they’re not perfect!!!   

 

    …Lots of CO2 emissions! 



� Tar Sands: 
� Worst type of oil for the 

climate, producing three 
times the greenhouse 
gas emissions of 
conventionally produced 
oil because of the 
energy required to 
extract and process tar 
sands oil. 



Synfuels: Tar Sands 
�  aka “Oil Sands” 
� Sand deposits permeated with thick oil called 

bitumen. 
� Must be heated underground to make it fluid 

enough to pump. 
� Must be refined like crude oil 
�  Lots of it!   

�  (1/2 again as much fuel as world oil reserves) 
� Reserves in Venezuela & Canada 



�  Oil Shale: 
�  Any sedimentary rock that contains solid 

bituminous materials (called kerogen) that are 
released as petroleum-like liquids when the rock is 
heated in the chemical process of pyrolysis. 

�  Oil shale was formed millions of years ago by 
deposition of silt and organic debris on lake beds 
and sea bottoms.  



Synfuels: Oil Shales 
� Rocks containing a mixture of hydrocarbons 

called kerogen. 
� Must be crushed & heated, and kerogen 

must be refined. 
� Not yet cost efficient, although there’s lot of 

it! 
� Reserves in Australia, Estonia, Brazil, 

Sweden, USA, China 



Synfuels 
�  Coal Liquefaction 

�  Nonalcoholic liquid (similar to 
oil) 

�  Produced from coal 
�  Less polluting than solid coal 
�  Too expensive now 

�  Coal Gasification 
�  Produce combustible 

methane 
�  C + H2O à CH4 + CO2  
�  Burns almost as cleanly as 

natural gas 



KEYSTONE PROJECT 

The Keystone Pipeline System is a 
pipeline system to transport petroleum 

products from Canada and the northern 
United States "primarily to refineries in 

the Gulf Coast" of Texas.  
The products to be shipped include:  

1. Synthetic Crude (syncrude)  
2. Dilbit (diluted Bitumen) 

3. Bakken synthetic crude oil 
and light crude oil 



Difference in chemical structure 

�  Oil: Extracted as 
petroleum, usually 
decayed 
phytoplankton, under 
water 

�  Coal: Decayed 
plants, animals on 
land/bogs/swamps 

�  Natural Gas: 
Methane 
�  Tiny fragments of oil 



Nuclear  

� Reactor: 

 

 



   Through nuclear fission, the 
nuclei of an atom, usually 
U r a n i u m - 2 3 5  a n d 
Plutonium-239, is split, resulting 
in a release of heat. The heat 
then warms water into steam, 
which in turn can be used to 
turn turbines, thus creating 
energy. 



URANIUM & PLUTONIUM 
�  U-235: produces a fission chain reaction 

�  Critical mass: amount of U-235 required to start a chain 
reaction 

�  Less than 1% of all uranium is U-235 
�  Known as enriched uranium 
�  Half life: 700 million years 

�  U-238 
�  Most common (99.3%) 
�  Half life of 4.5 billion years 
�  When hit by a neutron it decays into PU-239 

�  PU-239 
○  Produced in breeder reactors from U-238 
○  Half life of 24,000 years 
○  Regulated by international inspections because it can be used in 

nuclear weapons. 



The Parts:  
�  Core: Contains 35,000-70,000 long, thin fuel rods, each packed 

with fuel pellets (1/3 of a cigarette) and contains energy 
equivalent to 1 ton of coal. 

�  Uranium oxide fuel 

�  Control Rods: moved in and out of reactor core to absorb 
neutrons and regulate the rate of fission and amount of power 
the reactor produces 

�  Moderator: like liquid water, slows down neutrons emitted by 
fission process so chain reaction is kept going 

�  Coolant: (water) circulated through reactor’s core to remove 
heat (keep rods from melting) and produce steam for generating 
electricity 



Nuclear Fuel Cycle 
 

1.  Mining 
2.  Enrichment  

 (refining process) 

3.  Fuel rods 
4.  Fuel assemblies  

 (200 rods)  
5.  Reactor  

 (~ 250 fuel assemblies) 
6.  Fuel is used 
7.  Fuel is reprocessed 
8.  Fuel is disposed of or 

sent for enrichment. 



Nuclear power plants have a limited lifespan: the usual is 40 years, 
but on some rare occasions a plant’s license can be extended to 60 
years, at maximum. 
 
When they are retired, they are very much radioactive, and these 
radioactive materials take several thousand years to become safe 
again. There are several ways a plant can be handled when retiring: 
 
1. It can be dismantled and its contents retained in high-level nuclear 
waste storage facilities; however, these facilities currently do not 
exist. 
2. A physical barrier may be constructed and full-time security set up 
for 30-100 years before plant is dismantled. 
3. The entire plant can be enclosed in a tomb, not to be disturbed for 
several thousand years. 
 



Accidents happen 
And when they happen, the 
effects are catastrophic.  
 
1979; Three Mile Island; lack of 
coolant lead to a partial core 
meltdown and an explosion; 
no deaths, but very 
dangerous, and very 
expensive. 
 
1986; Chernobyl; steam 
explosion and meltdown 
resulted in radioactive 
material being spread across 
the entire continent of 
Europe. 
 
Aftermath can be 
psychologically devastating. 



SAFETY in Nuclear Power Plants 
� MELTDOWN = at high temperatures, the 

metal that encases the uranium fuel melts, 
releasing radiation. 
�  Also, the water used in a nuclear reactor can boil 

away, releasing radiation into the atmosphere. 

� THREE case studies: 
�  THREE MILE ISLAND (Eastern Pennsylvania) 
� CHORNOBYL (Former USSR – now Ukraine) 
�  FUKUSHIMA (Japan- 2011 Earthquake/Tsunami) 



Three Mile Island, PA -1979 
� Result of human error after cooling system 

failed. 
�  50% meltdown 
� Containment building kept almost all 

radioactivity from escaping 
� No substantial environmental damages and 

no immediate human casualties 
�  After 10 years, the only human health problem 

was increased stress. 
�  Increased public wariness, and caused new 

safety regulations to be enacted. 



Chernobyl, USSR -1986 
�  1 or 2 explosions destroyed the nuclear reactor 
�  Only 100% meltdown in world history 
�  Radiation quickly spread across Europe 
�  Human effects: 

�  Many firefighters containing the fire later died 
�  170,000 people had to permanently abandon their homes 
�  Death toll (as of 1999) was almost 170,000 
�  Nearly 400,000 adults and over 1 million children currently 

receive government aid for health problems 
○  Thyroid Cancer, leukemia, immune problems, birth defects… 

�  Soil/farmland was severely damaged 



Chernobyl, USSR
    -cont �  What happened?? 

�  Design of the reactor was flawed  
○  no containment unit & unstable at low power 
○  This type of reactor (RBMK) is not used in North America or Western 

Europe (too unsafe) 
�  Adjacent countries still use it! 

�  Human error 
○  Many plant operators had no training! 

�  How was it fixed?? 
�  Entombed the destroyed reactor in a “sarcophagus” 

�  Recent inspections have revealed safety hazards 
�  Numerous cracks in the sarcophagus 
�  $$$ to fix it – international donors are helping out. 



      Aftermath… 





 Chernobyl gets a dome! J 



FUKUSHIMA, JAPAN 
}  The plant suffered major damage from the 

earthquake and tsunami that hit Japan on 3/11/11 

}  The incident permanently damaged several 
reactors making them impossible to restart.  
}  The disaster disabled the reactor cooling systems, 

leading to releases of radioactivity and triggering a 
30 km evacuation zone surrounding the plant 

}  On April 20, 2011, the Japanese authorities declared 
the 20 km evacuation zone a no-go area which may 
only be entered under government supervision. 



Where to put the rods? 

� Yucca Mountain, Nevada: A deep 
repository for spent nuclear reactor fuel.  
(GWBush) Obama said we cannot dump 
control rods here. 

�  Nuclear Waste Policy Act (1982)  
�  Waste disposal is gov’t responsibility. 

 
�  Problems: 

�  Near a volcano & many earthquakes 
�  Could contaminate groundwater 


