CHAPTER 9
NON RENEWABLE ENERGY SOURCES

1.  ENRGY SOURCES
· Resource – Source of raw materials used by society

· Renewable resources – A resource that will regenerate within a human time scale. 

· Usually  “biological resources”  (reproduce and grow)
· Example: crops, timber, fish…

· Nonrenewable resources – A resource that does not significantly regenerate itself on a human time scale.

· usually depleted by being “lost” or “dispersed” (would take too much energy to “re-concentrate” the resources to be useful for society)

· Example: fossil fuels (coal, crude oil, natural gas…); ore deposits of metals; soils…

· Perpetual resources - A resource that is always available. 
· Example: Sun energy; wind energy; tides…

· Reserves – The known deposits from which materials can be extracted profitably with existing technology under present economic conditions. (Fig. 9.1, p.189)
· Example: for minerals in particular, a reserve is an identified ore deposit that has yet to be exploited.

Chapter 9a-  NONRENEWABLE SOURCES OF ENERGY

2.  THE FOSSIL FUELS
· Fossil Fuels - Coal, oil (petroleum), natural gas (mainly methane) were formed from the decaying remains (fossils) of organisms that lived millions of years ago.
· Petroleum - Essentially oil or liquid fossil fuel.

2.1 Fossil-Fuel Formation

· Read only: (Enger & Smith, 2013; p. 190-191)

2.2 Issues Related to the Use of Fossil Fuels

· Modern society depends a great deal on energy – Of the world’s commercial energy, 87% is furnished by the nonrenewable resources (Fossil fuels and nuclear energy)
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· “The United States has only 2% of the world’s oil reserves but consumes 25% of its oil, leaving them at the mercy of a global oil market. The Organization of Petroleum Exporting Countries (OPEC) cartel and the unpredictable Persian Gulf countries possess more than 75% of the planet’s oil reserves. The intensity of the US interest is reflected by two wars since 1991 and a constant military presence in the Persian Gulf countries and their surrounding waters. Many critics of the U.S.-led 2003 Iraqi war are convinced that the war was more about oil than about Saddam Hussein or the “weapon of mass destruction” that have never been found. Certainly, the 1991 Gulf War to push Iraq’s armies out of Kuwait had significant oil overtones.” (Wright, 2008, pp.303 & 306)

Why so much use of fossil fuels?

Fossil fuels are currently abundant and relatively inexpensive 
Advantages:

· easy to mine;

· abundant supply but limited
· high-grade, concentrated energy (High “net energy yield”)
· Net energy yield – Total amount of useful energy available from an energy resource or energy system over its lifetime, minus the amount of energy used (1st law of thermodynamics), automatically wasted (2nd law of thermodynamics), and unnecessarily wasted in finding, processing, concentrating, and transporting it to users.

· easily transported; 

· serve for many different uses (heating, cooking, transportation, industrial…)

Drawbacks:

· There is the danger of running out of fossil fuels 

· The dependence on foreign oil (for example the USA—imports more than ½ its total oil consumption…)

· Using them causes air and water pollution at a “global scale”;  it contributions to the greenhouse gases in the atmosphere; and degrades large areas of land
GREENHOUSE EFFECT, GLOBAL WARMING:

· Coal, crude oil/petroleum and gas are “carbon” emitting fossil fuels when burned 

· Carbon liberated in the atmosphere reacts with the oxygen of the atmosphere to produce “Carbon dioxide (CO2)”;--- since we are releasing more carbon in the atmosphere than it can absorb by plants…, the carbon dioxide level is augmenting in the atmosphere --- which leads to a “greenhouse effect” ---i.e. where carbon dioxide as the capacity of holding the infrared radiation that is emitted from the earth (Fig. 16.16, p.380)--- in turn, bringing a “global warming of the atmospheric temperature”.  (global temperature change)
· Greenhouse effect – The property of carbon dioxide (CO2) that allows light energy to pass through the atmosphere but prevents heat from leaving; similar to the action of glass in a greenhouse (or when you close the windows of your car on a hot sunny day)
 [Read- “Global Warming and Climate Change” – Enger & Smith, 2013: p.378-385]
Causes of Global Warming and Climate Change:

· Table 16.2 (p.381) --- Principal Greenhouse Gases

	Greenhouse Gas


	Contribution to 

Global Warming
	Principle Sources

	Carbon Dioxide (CO2)

	60%
	Burning fossil fuels; Deforestation

	Methane (CH4)

	20%
	Produced by bacteria (fermentation): wetlands, rice fields, guts of livestock (cows, beef…)


	Chlorofluorocarbons (CFCs) *

	14%
	Release form foams, aerosols, refrigerants, and solvents


	Nitrous oxide (N2O)


	6%
	Burning fossil fuels, fertilizers, deforestation


* Chlorofluoro carbons (CFSs) – Stable compounds containing carbon, hydrogen, chlorine, and fluorine. They were formerly used as refrigerants, propellants in aerosol containers, and expanders in foam products. They are linked to the depletion of the ozone layer.
Potential Consequences of Global Warming and Climate Change:
(Refer to Table 16.3, p.383 -- Consequences of increases in Greenhouse Gases)
Rising Sea Level:

· Because of melting of glaciers
· Because warmer water expands and takes up more space
Disruption of the Hydrologic cycle:

· Increases evaporation with some areas becoming drier and while other areas will receive greater rainfall
· Will have many consequences --- disruption of navigation; hydropower; water supply; demand for flood control; impact on the environmental quality and on recreation activities…
Health effects:

· Impact of hotter temperature (heat exhaustion)
· Aggravate air-quality problems
· Prevalence of particular diseases
Changing forests and Natural Areas:

· Alter the geographical distribution of vegetation types (Biomes)

Challenges to Agriculture and the Food Supply:

· Climate strongly affects crop yield

Unanticipated Changes:

· Greatest risks are those that are yet to be discovered
ACID RAIN (Acid Deposition):

· Fossil fuel burning also releases other pollutants as “nitrogen oxides (NOx)”, “sulfur dioxides (SO2)” which are responsible for the “acid rain” formation. (Fig, 16.10, p.375)
· Acid rain (acid precipitation) – The deposition of wet acidic solutions or dry acidic particles form air. 

[Read- “Acid Deposition” – Enger & Smith, 2013, p. 375-377]
Damages caused by Acid rains:
· Destroys building and monuments especially those containing limestone (calcium carbonate: CaCO3)

· It also attacks metal surfaces

· Affects natural ecosystems by changing the pH of the soil --- leading to the death of many forest communities; affects the growth of various plants

· Affects the aquatic ecosystems --- with more acidic water, there is a progressive loss of many kinds of organisms 

OZONE DEPLETION --CHLOROFLUOROCARBONS (CFCs)
(Read – Ozone Depletion – p.378)

· Chlorofluoro carbons (CFSs) – Stable compounds containing carbon, hydrogen, chlorine, and fluorine. They were formerly used as refrigerants, propellants in aerosol containers, and expanders in foam products. They are linked to the depletion of the ozone layer.
· Although this is usually treated with the “air quality” issue – it is worth mentioning it here – since the main cause of Ozone Depletion are the CFCs which also are included in the “greenhouse gases”  (14%).

· Ozone (O3) –A molecule consisting of three atoms of oxygen that absorbs much of the sun’s ultraviolet energy before it reaches the Earth’s surface.

· Ozone layer – Is the outer layer of the atmosphere, approximately 15 to 35 km (9-21 miles) from the Earth’s surface, shields the Earth from the harmful effects of ultraviolet light radiation. 

· Ozone absorbs ultraviolet light (UV transform O3 into O2 and again into the oxygen atom (O); then O2 recombines with O to form a new molecule of O3 – reestablishing the ozone --- while in the process, the UV have been absorbed) --- but with the CFCs, the Chlorine (Cl) reacts with the ozone, reducing the ozone layer to a point that sometimes in the Antarctic and the Arctic there is a complete depletion of the ozone layer, known as the “ozone hole”. 

Consequences:

· Less ozone in the upper atmosphere result in more ultraviolet light reaching the Earth’s surface, causing increased:
· Skin cancers

· Cataracts in humans

· Increased mutations in all living things (attacks the genetic codes)

· Affects primary productivity (burns the leaves from the trees…) --- and is expected to have major impacts on the “phytoplankton” in the marine environment --- (which will in turn have a domino effect on the rest of the food chain--- phytoplankton being primary producers --- the base of all food supply in the ocean and a major contributor to replenishing the air with fresh oxygen through the photosynthesis process).

	THE FOSSIL FUELS

	Fossil Fuels
	Advantages
	Drawbacks/Disadvantages

	Coal Use (26%)
	· Ample supply in many countries (more evenly distributed)

· World’s most abundant fossil fuel (10X greater than crude oil and natural gas together)

· About 200 years of reserve 

· 2nd most used (26%) after petroleum

· High energy yield

· Low cost when environmental and health costs are not included
· Cheaper than crude oil and natural gas but much more pollution is produced  
· Coal is burned in power plants to generate about 42% of the world’s electricity (73% in China) & greatly used for industrial needs  
	· Severe land disturbance and water pollution

· Solid state rather than liquid state (more difficult to transport)

· Mining – hot, dirty, dangerous, ecologically damaging

· Mining coal – destroys habitat; water pollution; acid drainage; black lung disease; subsidence; accidental deaths in mines

· Dirtiest fossil fuel --
· It emits large quantities of Carbon (25% more than oil & 80% more than natural gas)
· Releases more sulfur dioxide and nitrogen dioxides – greatly contributing to acid  rains
· Fine particle and toxic metals are releases when burned ( uranium, cadmium, mercury, zinc….) threatening  human health 

· Once burned – high production of coal ash – contains many toxic wastes and indestructible chemical elements

· China and India both depend largely on coal for their commercial energy supply

·  

	Crude Oil Use (34%)
	· Most widely used form of commercial energy (34%)

· Remains relatively cheap 

· Easily transported (pipelines…); efficient distribution system

· Ample supply for several decades – present reserves: ~50years 
· More concentrated than coal and crude oil  
· Used for various needs (heating; industrial…) but more than 50% is used for transportation (ideal fuel for vehicles) 

· Crude oil – what comes out of the ground  

· Refining oil --  transformed into different products (petrochemical industry) – major air pollutant  (high percentage of volatiles) 

· Low land disruption

· 
	· Environmental costs not included in market price

· Releases CO2 and air pollutants when burned
· Burns with less pollution production than coal

· Air pollution similar to that from coal (greenhouse effect; acid rain…)

· Water pollution from oil spills and leaks in oceans (ships, oil rigs…) and on land (pipelines,  oil rigs…)



	Natural gas Use (21%)
	· Gaseous form (versatile)

· 3rd most commonly used fossil fuel (21%) but use is growing rapidly 

· Highest energy yield of the fossil fuels – only 10% of its energy is lost in shipping; generally requires little refining

· Supplies – the present gas reserves implies ~50years (at current consumption rates); but new reserves are discovered as technology advances
· Least disruptive to the environment: Burns more cleanly -- Emits less CO2   and air pollutants when burned than other fossil fuels
· Russia as the largest natural gas reserves (2/3 of all natural gas is located in Russia and Middle East)

	· Often transported and stored as “liquefied natural gas” – which is highly flammable and explosive (ignitable) – dangerous for explosions and fires

· Potential   ground-water pollution from fracking 

· Land subsidence




FOUR OPTIONS RELATIVE TO THE USE OF FOSSIL FUELS:

· Look for more fossil fuels

· Use less fossil fuels

· Waste less fossil fuels

· Use other energy resources

Chapter 9b --- NUCLEAR ENERGY

· Please note that “nuclear energy” is equally a “non-renewable resource” but it will be discussed more extensively in the next section of this chapter (Chapter 9b)
_______________________________________________________________________________

AT THE END OF THIS CHAPTER THE STUDENT WILL BE ABLE TO….

CLO 7 The student will be able to survey the energy sources that we use by listing the various forms of energy resources, by classifying as either renewable or non-renewable energy; by furnishing the percentage of worldwide commercial energy uses; by enumerating environmental issues associated with each source of energy use; and stating sustainable strategies that could be adopted for each energy use.
SLO 7.1 The student will be able to furnish a brief historical overview of the various energy consumption rates with attention given to the Industrial Revolution and the energy needs in modern day society. (Chapter 8)
SLO 7.2 The student will be able list the three forms of fossil fuels; furnish their worldwide commercial use; and enumerate for each one, the advantages and drawbacks; and list strategies for conserving fossil fuel energy. (Chapter 9a)
SLO 7.3 The student will be able to outline and assess environmental impacts of nuclear power use. (Chapter 9b)
SLO 7.4 The student will be able to outline the major sources of renewable energy and assess their potential for growth. For each major renewable energy, the students will be able to enumerate its advantages and disadvantages.  (Chapter 10)
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