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Unit 7 

Ch 15, 16, 17  RENEWABLE AND NONRENEWABLE ENERGY SOURCES

NON-RENEWABLE ENERGY SOURCES: (Fracking song)
Oil, Natural Gas, Coal, , Nuclear

RENEWABLE ENERGY SOURCES:

Wind, Solar, Biomass, Geothermal, Hydroelectric, 
1. -What are the advantages and disadvantages of conventional oil and nonconventional heavy oils?

2. What are the advantages and disadvantages of natural    gas?

3.   What are the advantages and disadvantages of coal  
  and   the conversion of coal to gaseous and liquid
 fuels?
4. What are the advantages and disadvantages of conventional nuclear fission, breeder nuclear fission, and nuclear fusion?
How Long Will the Oil Party Last?

-  Saudi Arabia could supply the world with oil for about 
    10 years.

-The Alaska’s North Slope could meet the world oil demand for 6 months (U.S.: 3 years).

-Alaska’s Arctic National Wildlife Refuge would meet the world demand for 1-5 months (U.S.: 7-25 months).
-We have three options:

· Look for more oil.

· Use or waste less oil.

· Use something else.

NOTE:    About 99% of the energy we use for heat comes from the sun and the other 1% comes mostly from burning fossil fuels.  ( earth would be -300oF)
· Solar energy indirectly supports wind power, hydropower, and biomass.

About 76% of the commercial energy we use comes from nonrenewable fossil fuels (oil, natural gas, and coal) with the remainder coming from renewable sources.
NET ENERGY:

 The amount of high-quality usable energy available from a resource after subtracting the energy needed to make it available for use.  

Ex  before gas  -( pumped oil from ground-( loaded on trucks-( shipped overland or by ship--(  refined into  gasoline or oil .  

Second Law of Thermodynamics( law of entropy)  net energy is always less than raw energy.

So  what energy sources are most efficient from a net energy  outlook?
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Natural and Anthropogenic  energy conversion percentages

· Light to chemical energy  in Photosynthesis   1% efficient

· Incandenscent light bulb    

5% efficient

· Coal fired plant (electricity)

30% efficient

· Fluourescent light bulb 


15-20% eff.

· Automobiles (gas)



15-20% eff.

· Automobiles ( diesel)


30-40% 

· Nuclear energy



30-40%

· Photovoltaic cell



20-25% 



· Wind  




40% (varies w/
· Hydroelectric  



70-80%
    wind speed  ( possibly up to 70%)

The higher the net energy ratio, the greater the net energy available. Ratios < 1 indicate a net energy loss.
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Lets look at each one :
1. Oil:   15-20% efficient
Crude oil  contains (NO2, SO3)
Small amounts of sulfur compounds,

nitrogen compounds 

100’s of  VOC’s   (hydrocarbons) 
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Refining crude oil:

Based on boiling points, components are removed at various layers in a giant distillation column.
 The most volatile components with the lowest 
 
  boiling points are removed at the top.

-Eleven OPEC  countries have 78% of the worlds  proven

ANWR  :  Arctic National Wildlife refuge   
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Tundra Biome:  Since 1980  U.S oil companies have been lobbying  Congress for permission to carry out drilling in the coastal plain.   

- USGS  geologists estimate that there is 7 -24 months of oil in ANWR at at present day  US  consumption rates . 
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CO2 emissions per unit of energy produced for various energy resources. 

CARBON CREDITS : (Kyoto Protocol 1992: formalized this idea)    (Copenhagen Protocol 2009 green house gases )
Both voluntary and mandated ( cap and trade program)  

Idea is to lower   GHG’s  
-Increasing fuel efficiency of vehicles by  1 mpg  for would save more oil than all the oil in ANWR in one year.[image: image6.jpg]Trade-Offs
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. 

Burning oil for transportation accounts for 43% of global CO2 emissions.

Heavy oils  from Oil  sand and Oil shale

1. Oil sand ( tar sand):

-Is a mixture of clay, sand, water and combustible 

     organic material called bitumen. 

-bitumen- a thick sticky heavy oil with a high sulfur content) 

-Bitumen is extracted using hot water and steam and converted to low sulfur synthetic crude oil.  

 -Canada has 75% of the worlds oil sand

-Canada gets  20% of its oil supply from its own oil sand 

reserves.

$15/barrel to make oil from oil sand

$ 1-2/ barrel to extract crude oil

2. Oil  shale:

Oily rocks are another potential supply of heavy oil.

 These rocks are called oil shale. 
- Oil shales contain a solid combustible mixture of 
   hydrocarbons called kerogen
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Shale oil is extracted by crushing the rocks  and heating them in a large container .  Sulfur , nitrogen and other impurities must be removed.
50% of the worlds reserves are in Wyoming, Utah and Colorado.  

3X the oil reserves of Saudi Arabia.   

Meet US demand for 110 years.

By 2020 could meet up to 25% of the worlds oil needs.
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It takes about 1.8 metric tons of oil sand to produce one barrel of oil.
· 
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Oil shale  is not necessarily Shale   
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2.Natural Gas: 
Conversion to electricity 15% efficient

-Natural gas consists mostly of methane (CH4)


- Is found above reservoirs of crude oil many times


- 50-90% methane


- smaller amounts of  ethane  C2H6






   Propane  C3H8






    Butane    C4H10

-   Tiny amounts of hydrogen sulfide   H2S
·  A great deal of natural gas that lies above oil reservoirs is burnt off  rather than used due to no pipelines. 

Propane and butane  are removed as liquefied petroleum gas  (LPG)  and stored in pressurized tanks .

Natural gas  provides  23% of US energy needs 

Honda in 2005  sold a $2000.00 home unit that could be used to refuel cars that burn natural gas.  

Natural gas releases much less CO2  than oil , coal, or sandoil

LNG   (liquid Natural gas)   :  Natural gas can be converted to LNG by supercooling the gast to -260oF and shipping the highly volatile liquid to other countries in refrigerated tanker ships. 
LNG cost is half that of oil
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3.COAL
- Used to produce mostly  electricity and steel

- produces  62% of worlds electricity
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Most abundant fossil fuel.

Anthracite = 98% carbon  ( most desirable) 
Coal reserves world wide could last 100-1000’s of years

Coal energy  30% efficiency
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Synthetic Natural gas  (SNG or syngas)    

Coal gasification   and coal liquefaction  

Coal is the most abundant fossil fuel, but compared to oil and natural gas it is not as versatile, has a high environmental impact, and releases much more CO2 into the troposphere.
MINED BY: Strip mining ,  mountain top removal 

Emissions include: arsenic, mercury, CO2 , SO2 , low level radiation 
4. Nuclear:  35% efficient
Nuclear fission vs nuclear fusion

FUSION:  coming together


Fusion of deuterium with tritium creating helium-4, freeing a neutron, and releasing  

energy by conversion of mass in accord with E=mc2
FISSION:  Splitting




An induced nuclear fission event. A slow-moving neutron is absorbed by the nucleus of a uranium-235 atom, which in turn splits into fast-moving lighter elements (fission products) and three free neutrons.
NUCLEAR ENERGY:

When isotopes of uranium and plutonium undergo controlled nuclear fission, the resulting heat produces steam that spins turbines to generate electricity.
Reactor Types:

1.    Light water reactor ( boiling) 
2.    Pressurized water reactor
3.    Liquid metal  fast breeder reactor
1. Boiling Water Reactor 
Light water reactor

In the boiling water reactor the same water loop serves as moderator, coolant for the core, and steam source for the turbine. 
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Light water reactors produce 85% of  the worlds nuclear generated electricity
Fuel rods:   40,000 to 70,000  each is packed with pellets the size of a cigarette.   
 Energy equivalent  1Pellet  = 1 ton of coal =  4 barrels of oil 

Uranium oxide UO2   97% U238        3% U235   - enriched U
Fuel  Rod-  contains uranium ore 

Control rod-  Moved in and out of reactor core to absorb 




neutrons  regulating the fission rate
Moderator -  substance that slows down neutrons 



Water or  liquid metal ( sodium)



Graphite 

Coolant-   usually water , circulates through the reactor’s core to remove heat to keep the fuel rods from melting. 
Containment vessel-  Thick steel- reinforced  concrete walls

 around the reactor core.
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2.  Pressurized Water Reactor 

In the pressurized water reactor, the water which flows through the reactor core is isolated from the turbine. 
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3. Liquid-Metal Fast-Breeder Reactor 

In the LMFBR, the fission reaction produces heat to run the turbine while at the same time breeding plutonium fuel for the reactor. 
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The plutonium-239 breeder reactor is commonly called a fast breeder reactor, and the cooling and heat transfer is done by a liquid metal. Sodium and lithium, with sodium being the most abundant and most commonly used. The construction of the fast breeder requires a higher enrichment of U-235 than a light-water reactor, typically 15 to 30%. The reactor fuel is surrounded by a "blanket" of non-fissionable U-238. 
Because  of very high costs and bad safety experiences  , this technology has essentially been abandoned.

(sodium if released could explode the reactor) 

U238 --( Pu239
France spent 13Billion dollars on a breeder in 1986  and shut it down permanently in 1998 
When reactors are refueled about once a year, intensely hot and radioactive fuel rods  are removed and stored on site outside of the nuclear reactor building in water filled pools after  they have cooled for several years they are moved to  dry casks .  
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Long term goals are to store the nuclear waste at a repository .   Yucca Mountain in Nevada ( North of Vegas)

Yucca was just closed down as an option by President Obama.
Nuclear accidents

1.    1979 Three Mile island  Pennsylvania   ( partial core  meltdown)  ( studies have shown no increase in cancer rates)
2.    1986 Chernobyl   Ukraine  1986  ( world’s worst)
a. Core

56 people died due to radiation exposure

350,000 people abandoned homes 

4000 + cancers  due to radiation exposure
3.   1953  Ottowa Canada     Partial core meltdown
4.    1957  Liverpool England    Graphite reactor spewed radiation over countryside  .  200square miles contaminated

5.   1976East Germany  radioactive core of reactor  nearly melted down due to failure of safety systems

6.   1999   uncontrolled chain reaction in a uranium processing nuclear fuel plant spewed high levels of radioactive gas into the air killing 2 and injuring another

7.   2007  radiation leaks, and fires at a major nuclear power plant   due to earthquake.   Plant closed a week later. 



Nuclear Energy  :  Trade  offs   35%  efficient
Advantages vs  Disadvantages

1.  Low environmental impact 
2.  High costs

3.  Radioactive wastes ( don’t go away for 1000’s of years)

4.  Vulnerable to terrorists
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In 1995, the World Bank said nuclear power is too costly and risky.

In 2006, it was found that several U.S. reactors were leaking radioactive tritium into groundwater.
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Nuclear Summary ? 
When a nuclear reactor reaches the end of its useful life, its highly radioactive materials must be kept from reaching the environment for thousands of years.

At least 228 large reactors worldwide (20 in the U.S.) are scheduled for retirement by 2012.

· Many reactors are applying to extent their 40-year license to 60 years.

· Aging reactors are subject to embrittlement and corrosion.

Building more nuclear power plants will not lessen dependence on imported oil and will not reduce CO2 emissions as much as other alternatives.

· The nuclear fuel cycle contributes to CO2 emissions.

· Wind turbines, solar cells, geothermal energy, and hydrogen contributes much less to CO2 emissions.

Nuclear Fusion:   after more than 50 years of research and billions of dollars it remains in the laboratory stage.
Since 1948    nuclear energy has received 

58% of all federal energy subsidies from the govt.  

22% fossil fuels

11%  renewable 

8%   conservation method research

A bit o information on Radon gas.    (Rn)
Radon gas released in bedrock is the second leading cause of Lung cancer .  It is produced by the radioactive decay of  Radium .  Uranium is considered the parent  element for radon. 

U238 ---( Ra226 --(Rn222     The most stable form of radon has a halflife of  4 days.    Least stable halflife = 4 seconds)
Chapter 17

RENEWABLE   ENERGY SOURCES 

What is a renewable energy source?
Renewable energy is energy  that is naturally replenished by nature and is sustainable to humans—such as sunlight, wind, rain, tides and geothermal heat—which are renewable (naturally replenished)
Lets make a list.

1.

2.

3.

4.

5. 

6.

7.

8.

9. 

10.

Wind

Geothermal

Solar

Tidal

Wave

Hydroelectric

Biomass :  ethanol, wood

THE UNITED STATES UNNECESSARILY WASTE ABOUT 43% OF THE ENERGY IT USES.

Energy Conservation: 

1.  Reducing  unnecessary wasted energy
This is the cleanest  quickest, and cheapist way to provide more energy , slow global warming, and reduce pollution 

2.   Eliminating  unnecessary waste

Four widely used devices waste large amounts of energy:

· Incandescent light bulb: 95% is lost as heat.

· Internal combustion engine: 94% of the energy in its fuel is wasted.

· Nuclear power plant: 92% of energy is wasted through nuclear fuel and energy needed for waste management.

· Coal-burning power plant: 66% of the energy released by burning coal is lost.
Energy Efficiency : 
1.  Using devices that  use less energy to do the same task.
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84% of all commercial energy used in the U.S. is wasted 
41% wasted due to 2nd law of thermodynamics.
Net  Energy efficiency: 
   How much useful energy we get from an energy resource 

after subtracting the energy used and wasted in making 

the energy available.
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Between 1973-1985 fuel efficiencies rose sharply due to govt. mandated CAFE standards.   Between 1988-2006 fuel efficiencies decreased by 6%.   Mainly due to SUV’s and trucks that are exempt from CAFE standards.

-most people 62%  believed mpg had increased.

WAYS TO IMPROVE ENERGY EFFICIENCY IN HOMES

VIDEO  OPB.ORG/FIELDGUIDE   search  “green roofs”
Green science Oregon episode 1  youtube 
1. We can save energy in building by getting heat from the sun,  super-insulating them, and using plant covered green roofs.    Green roof advantage:
i. Reduces water runoff
ii. Reduces heat island effect in cities
iii. Absorbs CO2 releases O2  (air purification)
2. We can save energy in existing buildings by insulating them, plugging leaks, and using energy-efficient heating and cooling systems, appliances, and lighting.
3.  White roof
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Strawbale is a superinsulator that is made from bales of  straw covered with plaster or adobe.  Its strength exceeds standard construction in many cases . 
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LIVING ROOFS
Roofs covered with plants have been used for decades in Europe and Iceland. ( benefits: better insulation,  reduce water runoff,  grow fruit. Purify air, reduce heat islands
Cogeneration: or  (CHP) combined heat and power:

Two useful form s of energy are produced from the same fuel source.   Ex  steam produced  in generating electricity is also used to heat nearby buildings. 
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1. SOLAR ENERGY  
1.  Passive solar heating  ( uses no pumps )
2.  Active solar heating  ( uses pumps to move water)
3.  Photovoltaic cells 

4.  Solar energy for high temperature thermal energy
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Photovoltaic (PV) cells can provide electricity for a house of building using solar-cell roof shingles.
Composed of thin wafers of purified silicon with trace amounts of gallium and cadmium so they function as a semiconductor.
Sunlight hits PV cell-  cells emit electrons that conduct a current. 

PV  cell efficiency is dependent on the quality of the silicon.  

PV cells:

37%  efficient cells have recently been made
14%  efficient  is what most are right now 

PV Cells    (photovoltaic cells)
Advantages




Disadvantages

High net energy



Need access to sun

Work on cloudy days

Low efficiency

Quick installation


Need electricity storage system

(Battery)

Easily expanded or 


High land use  


moved









Last 20-40 years


High costs right now
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In the 1970’s the us  led the world in solar cell research and production but in the 1980’s  the US govt. cut support for research.  Japan is now the world’s leader in solar cell tech. and sales . Germany # 2.  
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Electricity = Generating Environmental Total
Source Costs Costs Costs
Wind 3-7 0.1-0:3 3.1-7.3
Hydropower 3-8 0-1.1 3-9.1
Naturalgas 4-7.0 1.1-45 55-11.5
Coal 3-4 2.3-17.0 58210
Geothermal  5-8 i 6-9
Biomass 7-9 1-3.4 8-12.4
Nuclear 10-14 0.2-0.7 10.2-14.7
Solar cells 24-28 0.7 24.7-28.7
*Data from U.S. Department of Energy and a variety

of sources compiled by the Worldwatch Institute
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These costs will most likely remain the same except for wind and solar which  are expected to drop. 

Nanotechnology  may lead to mass production of  

“ Nano-cells”   that could be up to 50X thinner than todays. 

SOLAR   GENERATION OF HIGH TEMPERATURE HEAT TO PRODUCE  ELECTRICITY


Power tower  ( use solar arrays called heliostats) 



Solar turbine.  Heats water or liquid sodium to run a
steam turbine.  Many use concave mirrors or lenses 

to concentrate the sun.  mirrors track sun movement

Size of this preview: 800 × 355 pixels
Energy from the water cycle


1.Hydroelectric


2. wave energy


3.  tidal energy

2.  Hydroelectric
Water flowing in rivers and streams can be trapped in reservoirs behind dams and released as needed to spin turbines and produce electricity.

There is little room for expansion in the U.S. – Dams and 
        reservoirs have been created on 98% of suitable rivers.
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3. TIDE &   WAVE ENERGY 
1. Ocean tides and waves and temperature differences between surface and bottom waters are not expected to provide much of the world’s electrical needs.
2.  Two  large tidal energy dams are currently operating: one in La Rance, France and Nova Scotia’s bay of Fundy where the tidal amplitude can be as high as 16 meters (63 feet).
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3.   Wind  Energy :
·  Wind power is the world’s most promising energy resource because it is abundant, inexhaustible, widely distributed, cheap, clean, and emits no greenhouse gases.

·  Much of the world’s potential for wind power remains untapped.

·  Capturing only 20% of the wind energy at the world’s best energy sites could meet all the world’s energy demands.
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4.  BIOMASS: 

PRODUCING ENERGY FROM BIOMASS
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BIOMASS 

ADVANTAGES



DISADVANTAGES
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Motor vehicles can run on ethanol, biodiesel, and methanol produced from plants and plant wastes.

The major advantages of biofuels are:

· Crops used for production can be grown almost anywhere.

· There is no net increase in CO2 emissions.

· Widely available and easy to store and transport.
· 10-23% pure ethanol makes gasohol which can be run in conventional motors.

· 85% ethanol (E85) must be burned in flex-fuel cars.

· Processing all corn grown in the U.S. into ethanol would cover only about 55 days of current driving.

· Biodiesel is made by combining alcohol with vegetable oil made from a variety of different plants..
BIODIESEL

ADVANTAGES
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[image: image49.png]Reduced CO emissions

Reduced CO, emissions (78%)

Reduced hydrocarbon
emissions

Better gas mileage (40%)

High yield for oil palm crops

Moderate yield for
rapeseed crops

Potentially
renewable

Slightly increased emissions
of nitrogen oxides

Higher cost than regular
diesel

Low yield for soybean
crops

May compete with growing
food on cropland

Loss and degradation of
biodiversity from crop
plantations

Hard to start in cold weather




ETHANOL 

Crops such as sugarcane, corn, and switchgrass and agricultural, forestry and municipal wastes can be converted to ethanol.
ADVANTAGE




DISADVANTAGE 
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5. GEOTHERMAL :

· Geothermal energy consists of heat stored in soil, underground rocks, and fluids in the earth’s mantle.
· We can use geothermal energy stored in the earth’s mantle to heat and cool buildings and to produce electricity.
· A geothermal heat pump (GHP) can heat and cool a house by exploiting the difference between the earth’s surface and underground temperatures.
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· The house is heated in the winter by transferring heat from the ground into the house.
· The process is reversed in the summer to cool the house.
· Deeper more concentrated hydrothermal reservoirs can be used to heat homes and buildings and spin turbines:
· Dry steam: water vapor with no water droplets.
· Wet steam: a mixture of steam and water droplets.
· Hot water: is trapped in fractured or porous rock
GEOTHERMAL
Advantages            disadvantages 
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What is a “brown field” ?   ( under jurisdiction of CERCLA)
SUPERFUND LAW

Love Canal — There Is No “Away

Between 1842-1953, Hooker Chemical sealed multiple chemical wastes into steel drums and dumped them into an old canal excavation (Love Canal).

In 1953, the canal was filled and sold to Niagara Falls, NY  school board for $1.

The company inserted a disclaimer denying liability for the wastes.
· In 1959 an elementary school, playing fields and homes were built disrupting the clay cap covering the wastes.

· In 1976, residents complained of chemical smells and chemical burns from the site.
·  In 1980 the love canal area was abandoned

· Love Canal sparked creation of the Superfund law, which forced polluters to pay for cleaning up abandoned toxic waste dumps. (CERCLA)

