
Name _________________________ 

Alternative Energy Sources- Fuels for the Future 

Solar Energy 

1. How much energy do we receive from the Sun compared to the amount of energy from other 

sources?  

2. If we could convert less than 1% of solar energy, what could occur?  

 

3. List the four types of solar energy and an example of each: 

a.  

 

b. 

 

c. 

 

d.  

4. What are a few drawbacks of solar cells?  

 

Wind Energy 

1. Describe the wind industry in the U.S.? 

 

 

2. How does wind energy work? 

 

 

Hydroelectric Power 

1. How does hydroelectric power work? 

 

 

2. How much of the electrical power does hydroelectric serve? 

 

Biomass Energy 

1. How are biomass fuels different than fossil fuels? 

 

 

2. How is ethanol produced? 

 

 

3. Currently where are biomass fuels used? 

 

 

Geothermal Energy 

1. Where in the U.S. is geothermal energy being utilized? 

 

 

Nuclear Fission Energy 

1. What element is split in nuclear fission?  

2. How much energy in the U.S. is from nuclear sources? 

3. What are reasons why nuclear energy has not grown? 



Name _________________________   Date ___________________ 

Advanced Placement Environmental Science 

Chapter 3: Science, Systems, Matter and Energy CD Practice Questions 

 

1. What are the smallest subatomic particles? ___________________ 

 

2. What is the formula for: 

atomic mass _____________________ 

atomic number _____________________ 

 

3. Rain water is usually ______________________ (pH)  

 

4. How many other atoms can a carbon atom attach to?____________________ 

  

5. In the simulation of the Mars rover, what type of energy does the rover have at the top of the hill? 

 

___________________ 

 

6. What color has the longest wavelength? __________________ 

  

7. After 2 half-lives, what percent of parent isotopes will remain? ___________________ 

 

8. After 3 half-lives, what percent of parent isotopes will remain? ___________________ 

 

9. Where does most energy captured by producers go? _______________________ 

 

10. What would be the best long-term solution to environmental problems? (what type of economy?) 

 

_________________________________________ 

 
 

 



Fossil Fuel Activity 
  
The economies of the industrialized world run on fossil fuel.  Coal, gas and petroleum, formed 
hundreds of millions of years ago by decaying plants and animals, have provided modern people with 
a supply of stored energy from the sun.  Fossil fuels have allowed us to move from a society based 
primarily on energy from people and living plants and animals to one based on fossil fuels.  Special 
conditions that existed when coal, gas and petroleum formed are not present now, so they can no 
longer form in significant amounts, if at all.  Furthermore, formation of fossil fuels is a very slow 
process, too slow for any replacement to keep step with current use.  Because fossil fuel reserves are 
limited and cannot be replaced, they are said to be nonrenewable. 
  
Limited supplies are, however, not the only concerns.  When fossil fuels are burned, they produce 
carbon dioxide, the principal contributor to the greenhouse effect.  Increases in atmospheric levels of 
carbon dioxide have been observed during this century and threaten to cause global warming.  Other 
gases emitted by fossil fuels contribute to air pollution and acid rain.  Coal mining, particularly of the 
above-ground type called strip mining, damages the landscape, while dust and noxious gases in 
underground mines are a health hazard for miners.  Finally, many people are concerned that our 
dependence on oil, mostly from the Middle East, makes us vulnerable to the politics of that area. 
  
In this activity, you will estimate the amount of fossil fuel you consume directly, through 
transportation, electrical appliances, and home heating.  You will also estimate your indirect fossil fuel 
use.  Don’t get caught up in getting exact measures – the goal of this exercise is to help you see the 
order of magnitude of fossil fuel use involved and to familiarize you with energy unit conversion. 
  
Procedure: 
  
1)  Estimate how many miles you travel using fossil fuels for 7 days.  How you travel – bus, car, train, 
airplane – does not matter, but do not include walking or biking.  If you’re not sure how far you’re 
going, just estimate.  Convert your total miles for this period to kilometers by multiplying by 1.6. 
2)  Multiply your total kilometers for 1 week by 52 to get kilometers traveled per year. 
3)  Divide kilometers traveled per year by the number of miles per gallon your car gets.  If you’re not 
sure, or you’ve used a combination of different types of vehicles, use 50 kpg (which is very fuel 
efficient, probably more than you’re actually getting).  This will give you the number of gallons of fossil 
fuel that you’re using per year for transportation. 
4)  Multiply the number of gallons of fuel you use per year by 125,000 BTU’s (the amount of energy in 
one gallon of gasoline) to find the number of BTU’s you use in one year. 
5)  To estimate the amount of fossil fuel equivalent to the energy you consume in electrical 
appliances, use Table A on “Energy Requirements of Household Electric Appliances” to find the 
appliances you use.  Add the values for each appliance to find your annual energy consumption for 
electrical appliances in kilowatt-hours per year (kWh/yr). 
6)  Multiply the number of kilowatt-hours per year by 3411 (the number of BTU’s equivalent to 1 
kilowatt-hour) to find the number of BTU’s of electrical energy you use annually. 
  
Note:  The electricity you receive in your home may not be generated by burning fossil fuel but by 
some alternative, such as wood, hydroelectric, or wind power.  If that is the case, you can omit this 
value from the estimate of your fossil fuel use.  However, it may be of interest to you to calculate the 
equivalent amount of fossil fuel that would be required if your utility company did use fossil fuel in 
producing electricity. 
  
7)  To estimate the amount of fossil fuel you consume in home heating: 
 a)  If your home is heated by electricity, you can obtain a monthly heating  



  bill and convert the kilowatt-hours to BTU’s per year as in #6. 
 b)  If your home is heated by natural gas, oil, or wood, you can use your 
  monthly heating bill and the following information to convert your 
  fuel use into BTU’s per years: 
  
  1 cubic foot of natural gas  =       1,031 BTU’s 
  100 pounds of coal   =            1,111,100 BTU’s 
  1 gallon of fuel oil   =  140,000 BTU’s 
  
8)  Add the number of BTU’s from #4, #6, and #7 to find your total fossil fuel consumption per year. 
  
  
  
  
  
  
  
  
  
  
  
  
  
  
Follow-up: 
  
1)  The figure you calculated is the energy you use directly.  It does not include the energy you use 
indirectly.    Indirect energy use includes energy used in manufacturing products you buy, growing 
and processing food, and transporting food and products to you.  Approximately 75% of the energy 
we use is used indirectly.  Therefore, you need to multiply the total number of BTUs you calculated by 
4 to obtain your total energy consumption.  Compare this to the average total energy consumption per 
person in the United States of 300 million BTU’s. 
  
2)  Each gallon of gasoline burned produces 24 pounds of carbon dioxide.  Carbon dioxide is the 
principal contributor to the greenhouse effect.  Calculate the number of pounds of carbon dioxide you 
use for transportation each year.  This is not your total, as all other energy you use (except for solar, 
wind, and nuclear) also produces carbon dioxide.  The production of carbon dioxide per person in the 
United States is approximately 5 tons per year. 
  
 
 
 
 
3)  What are the different units that can be used for energy?  How do we use these different units? 
  
 
 
 
 
4) When finished go to http://www.infinitepower.org/calc_carbon.htm , fill out the data required and 
print out when complete.  
 

http://www.infinitepower.org/calc_carbon.htm


 
Table A 
  

Energy Requirements of Household Electric Appliances 
(kilowatt-hours consumed annually) 

Air filter – 216 Humidifier – 163 

Air conditioner – 860 (based on 1000 hours of 
operation per year 

Iron – 60 

Electric blanket – 147 Microwave – 100 

Blender – 1 Mixer – 2 

Broiler – 85 Radio – 86 

Clock – 17 Radio and CD player – 109 

Clothes dryer – 993 Refrigerator, automatic defrost, 17.5 cu. Ft. – 
1,591 

Clothes washer – 103 Range and oven – 596 

Coffee maker – 140 Refrigerator, manual defrost, 12.5 cu. Ft. – 
1,500 

Dehumidifier – 377 Sewing machine – 11 

Dishwasher – 165 Shaver – 0.5 

Circulating fan – 43 Sun lamp – 16 

Window fan – 200 Television, black/white – 100 

Freezer, 16.5 cu. Ft., automatic defrost – 1,820 Television, color – 320 

Electric frying pan – 100 Toaster – 39 

Hair dryer – 25 Electric toothbrush – 1 

Heat lamp – 13 Vacuum cleaner – 46 

Heating pad – 10 Waffle iron – 20 

Hot plate – 90 Waste disposal – 7 

Water heater – 4,219 Water heater, quick recovery – 4,811 

  
Table B 
  

Ways to Reduce Carbon Emissions (based on driving 10,000 miles/year 

What you can do Reduction 
Tune up your car 265 lbs. 

Drive a car with 30 mpg instead of 20 mpg 880 lbs. 

Drive a car with 40 mpg 1,320 lbs. 

Drive a car with 50 mpg 1,580 lbs. 

Take a train rather than fly 10 lbs./100 miles 

Carpool with 5 others 5,000 lbs. 

  
Table C 
  

Ways to Save Energy** 

What you can do Energy Savings 
Improve insulation in your hot water heater 300 kWh/yr 

Switch from resistance heater to heat pump 2,000 kWh/yr 

Switch from typical refrigerator/freezer to more 
efficient model 

1,250 kWh/yr 

Update central air conditioning 1,000 kWh/yr 

Substitute an 18-watt compact fluorescent bulb 
for a regular 75-watt bulb for 8 hours 

170 kWh/yr 

**Every kilowatt-hour saved reduces carbon emissions by 0.4 lbs. 

 



APES Laboratory Exercise in Half-Life: 

Nuclear Physics Skittium Experiment 

Name       _______________________________  

 

Discussion: Many people have heard the term "half-life" and know that it is related to radioactive elements. 

This lab will help you understand exactly what is meant by half-life and how scientists use this idea to better 

understand the nucleus.  

 

Purpose: To understand the statistical nature of half-life.  

 

Procedure:  
 

You will be given a sample of a radioactive element known as Skittium. Radioactive members of this 

isotope family are easily distinguished by the bold ‘S’ emblazoned across the front surface of the atom. 

Particle physicists are at a loss as to why the radioactive members of the species have this . . . perhaps you 

have a hypothesis?  

 

Place all members of the family in a box, MAKING SURE ALL ATOMS HAVE THE Skittle LOGO 

UP SO YOU CAN READ IT!! 

 

Count the atoms as you place them in the box and record the total number you start with in a data table.  

 

Next, close and shake the box one time. As you open the box and look inside you will see that several of the 

previously radioactive members of the group have decayed, and the ‘S’ logo is no longer visible. This means 

that they are now considered "safe" and, since they are no longer radioactive, may actually be eaten without 

fear of any harm to you! Please do so, and as you remove the edible atoms, count them so you may 

determine the number of atoms that have decayed in that particular shake.  

 

You will need to continue in this manner until no radioactive members remain. Be sure to record the 

decayed atoms after each shake.  

 

Data Table: 

 

SHAKE # NUMBER 

REMOVED 

NUMBER 

REMAIN 

SHAKE # NUMBER 

REMOVED 

NUMBER 

REMAINED 

1   6   

2   7   

3   8   

4   9   

5   10   

 



Analysis: 

1. Plot a graph of number of Skittium remaining vs. shake number.  What does this graph tell you? 

 

 

 

2. Approximately what percent of the remaining Skittium were removed on each shake? 

 

 

 

3. Each shake represents a half-life for the Skittium.  What is meant by half-life? 

 

 

 

4.  Describe a practical use of understanding the half-life of a radioactive material.  (Besides knowing 

how long a bag of Skittium will last ) 

 

 

 

 

 

 

 

 

 



Name_______________________________ Date___________ 

 

AP Environmental Science Melt Away Mint Lab 

 
There used to be a commercial asking consumers, “How many licks does it take to get to the center of a Tootsie 

Roll Pop?”.   In this activity, we will find out how long it takes to melt a mint. 

 

Problem: How long does it take to melt a mint in my mouth? 

 

Hypothesis: IF I don’t suck or chew a mint, THEN it will take __________ seconds to melt the mint 

 

BECAUSE _______________________________________________________________________ 

 

VARIABLE: ______________________________________________________________________ 

 

Materials:  One Melt Away Mint 

Graph paper 

Clock or watch 

 

Procedure:  

1. Get a mint. Put it in your mouth. Don’t suck or chew on the mint. 

2. Let the mint sit in our mouth until it completely dissolves. Time how long it takes your mint to melt IN 

SECONDS.  Record the time in the data chart. 

3. Obtain data from all of your partners. Record their data in the data chart. 

4. Total the number of seconds to make the mints melt and divide by the number of people in your group to find 

the average. 

5. Write your group average on the board. 

6. When all groups have written their average, find the class average by adding all group averages together and 

dividing by the number of groups in the class. 

7. Use your data, your group average, and your class average to complete a bar graph comparing the data. 

 

Data: 

Time Required for Mint to Melt 

 

Group Members Names Time in Seconds 

1.  

2.  

3.  

4.  

Total Time in Seconds  

Group Average Time in Seconds  

Class Average Time in Seconds  

 

 

 

 

 

 



Conclusion: 

1. Which data do you think is the most accurate: your own data, your group data, or the class data?  Why? 

 

 

 

 

 

2. Generally which is more accurate: the data from a single trial or data from many trials put together? Why?  

 

 

 

 

3. Was your data exactly the same as the averages of the class?  Why do you think this is so?  

 

 

 

 

 

4. Statistically, is the way we collected our data (average, groups, etc.) the most accurate way?  Could we 

design a better experiment using other statistical methods? 
 

 

 

 

 

 



Name ________________________________________ 

 

COOKIE MINING ACTIVITY 

Definitions 

1. Ore - a material that can be economically mined. If you remove the material from the ground 

you can make a profit. 

2. Waste Rock - all of the material that is left over after you remove the metal from the ore. 

It has no economic value at this time and so is dumped on a waste pile away from the ore bearing 

rock. 

3. Mining - removing the ore from the non-ore rock. 

 

Student Exercise 

 

1. You will be issued one chocolate chip cookie, the ore is the chips, the waste rock is the 

cookie. 

2. First weigh your cookie with the paper towel issued to you and record below. 

3. Mine the ore by breaking up the cookie and removing the chips as cleanly as possible. 

4. Make a pile of chips as you mine them, DO NOT EAT YOUR ORE!! 

5. The waste rock is the cookie and crumbs, DO NOT EAT YOUR WASTE ROCK!! 

6. Weigh your ore and your waste rock separately. 

7. You may now eat your ore, however the EPA has now ordered you to return to the mine 

to its original shape, put the remaining waste rock back together 

 

Quantitative Exercise 

Starting Weight of Cookie  ________________________ 

Weight of Chips   ________________________ 

Weight of Cookie Crumbs  ________________________ 

 

Ore Percent =    _______________________ 

 

Questions: 

1. Were your chocolate chips (ore) completely clean of waste rock after mining?  How 

would the complete cleaning of an ore take place? 

 

 

 

2. How far off was your original mass of the cookie with your mass separated by ore and 

waste rock?   

 

 

 

 

3. What happened to the missing crumbs, how would this be simulated in a real mine? 

 

 

 

 

4. What detrimental effects would your extracted waste rock have on the environment? 



Incandescent vs. CFL Light Bulbs 
Measuring Electricity – Electricity is measured in units of power called watts. The watt was named to honor James Watt, 
the inventor of the steam engine. One watt is a very small amount of power. It describes the rate at which electricity is 
being used at a specific moment. A kilowatt (kW) represents 1,000 watts. The amount of electricity a customer uses over 
a period of time is measured in kilowatt-hours (kWh). Kilowatt-hours are what you see on your electricity bill at home. 
Have your parents show you this when the next electricity bill arrives at your home. 
 

For example, if you use a 60-watt bulb, 4 hours a day for 30 days, you have used 7.2 kW of electrical energy. 
Sample Calculation: (60 watts) X (4 hours/day) X (30days) = 7200 watt-hours 
7200 watt-hours/(1000 watts/kW) = 7.2 kW 

 
Calculating lifespan costs of life bulbs: In comparing two choices in technology, lifespan costing is useful. (A bulb’s 
lifespan is the time it produces light, before burning out). To do this, one must think of all the costs associated with the 
product and its use, from purchase to disposal. 
 
Lifespan cost calculation for one light bulb =  (Energy Cost in kWh) X (Lifespan of light bulb, in 

 hrs) X (Bulb wattage, in kW) + Purchase price of light bulb 
 
Assumptions:     Purchase price of incandescent bulb = $0.75/bulb 

Purchase price of CFL bulb = $6.00/bulb 
Energy cost= $0.075/kWh (7.5 cents per kWh) 
Incandescent bulb lifespan= 1,000 hours 
CFL lifespan= 10,000 hours 
Incandescent wattage= 60 
CFL wattage= 13 

What would be the lifespan cost for an incandescent and a CFL over 10,000 hours? (show work below) 
 

1. Incandescent: 
 
 

CFL: 
 
 

2. How much will you save over the given time period with a CFL? 
 

3. How much would you save if you replaced 15 of your light bulbs with cfl’s over the given time period? 
 
Calculating CO2 Air Pollution associated with a light bulb’s energy needs 
The carbon dioxide pollution produced when energy for one light bulb is generated = (1.37 lbs of CO2/kWh) x (bulb 
wattage in kW)x (hours of bulb life) 

4. How much more CO2 is generated from an incandescent vs. a cfl over 10,000 hours? (show work below) 
Incandescent: 

 
 

CFL: 
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Unit 3 Energy 

Chapter 3 Science, Systems, Matter and Energy 
Two Islands: Can we treat this one better? 

Easter Island an example of unsustainable living, are we doing this to the Earth? 

3-1 Science and Critical Thinking 
What is science and what do scientists do? 

Ask questions, collect data, hypothesize, develop models, if hypothesis holds up=scientific theory  

Critical thinking and environmental studies 
 C.T. is essential to study this subject 

How do scientists learn about nature? 

 Scientific method using variables, experimental and control groups 
What types of reasoning do scientists use? 

Inductive reasoning- bottom up reasoning, see objects falling, all objects must fall; deductive reasoning- top down reasoning- all birds have feathers, eagles 

are birds, eagles have feathers 
How valid are the results of science?  

Scientists cannot prove their theories are absolute; only disprove or establish a very good probability that theory will hold up 

How does frontier science differ from consensus science? 
 FS- Cosmology, CS- Newton’s laws 

3-2 Models and Behavior of Systems 

What is a system, and what are its major components? 
Set of components that function in a certain manner and can be observed, include inputs, throughputs, stores and outputs 

Why are models of complex systems useful? 

 Models are good at simulating real systems 

How do feedback loops affect systems? 

Positive feedback loop- input contributes more to the outcome (deposit $ into account, interest accrues) 
Negative feedback loop- input decreases to outcome (regulation on car exhaust= less air pollution) 

How do time delays affect complex systems? 

 Some don’t see big picture, ie smokers- 30-40 later get lung cancer 
What is synergy, and how can if affect complex systems? 

Two inputs contribute to output, one person lifts 300 lb, two people lift 300 lb much easier 

What is the law of conservation of problems? 
-Solutions to some issues leads to new problems; ie pesticides= more food but also more water pollution 

How can we anticipate environmental surprises? 

 -Better computer models, increasing research will help 
3-3 Matter: Forms, Structure, and Quality 

What are nature’s building blocks? 

- Elements- the distinctive building blocks of matter that make up every material substance, compounds are two or more elements held together by chemical 
bonds, elements are arranged by their chemical behavior in a periodic table of elements 

What are atoms made of? 

-the smallest unit of matter that is still a particular element, made up of protons (positively charged), electrons (negatively charged), neutrons (uncharged), 
the middle is called the nucleus (containing protons and neutrons) 

What are ions? 

- Electrically charged atoms, atoms that have gained or lost an electron and are associated with ionic bonding 
What holds the atoms and ions in compounds together? 

- Chemical formula- shows the number of atoms of each type in a compound can bond together by an ionic bond, or covalent bonds 

What are organic and inorganic compounds? 
 - carbon atoms and make up many important materials 

 a. Simple Carbohydrates- simple sugars, such as glucose that becomes energy 

b. Hydrocarbons- compound of hydrogen and carbon, such as methane, a component of natural gas 
c. Chlorofluorocarbons- also known as CFC’s, compounds of chlorine, carbon and fluorine, such as Freon-12 used as a coolant in refrigerators 

d. Larger and more complex organic compounds are called polymers: complex carbohydrates, proteins, and nucleic acids (DNA and RNA) 

What are four states of matter? 
- solid, liquid and gas, sometimes plasma a high energy matter is considered a fourth state of matter 

What are matter quality and material efficiency? 

-High-quality matter such as an aluminum can is superior to a low-quality matter aluminum found in the ground because the aluminum from the ground 
would cost more to mine and more dilute than recycling the used aluminum can. 

3-4 Energy: Forms and Quality 

What is energy and how is it transmitted?  
-Energy is capacity to do work and transfer heat in various ways, convection, radiation, etc. 

What is the difference between kinetic energy and potential energy? 

 -Stored (potential) or released (kinetic) 
What is the electromagnetic radiation? 

-Energy radiated in the form of a wave as a result of changing electric and magnetic fields 

a. Ionizing radiation- changes atoms’ electron to a positively charged ion that is considered ‘bad’ radiation, cosmic rays, gamma rays, x rays and ultraviolet 
radiation 

b. Nonionizing radiation- visible light, infrared waves, microwaves, TV waves, and radio waves 

What is heat and how is it transferred? 
Heat is the total kinetic energy of a given substance, temperature is the average speed of motion of particles of matter, heat can be transferred in 3 ways- 

Convection- transfer of heat by moving heated material, ex: through a pot of boiling water; Conduction- transfer of heat by collision of particles in an 

element, ex: the metal handle of the pot of boiling water; Radiation- transfer of heat by wave motion, ex: the heat coming from the pot and boiling water, 
though very little 

What is energy quality? 

 High quality- nuclear, fossil fuels; Low quality- oceans, atmosphere 
Keeping track of atoms 

-Make sure to know how to balance a chemical equation 2 H20= 4 Hydrogen +2 Oxygen atoms 

3-5 Physical and Chemical Changes and the Law of Conservation of Matter 
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What is the difference between a physical and a chemical change? 

Physical change- involves no change in chemical composition, ex: water to ice 
Chemical change- the chemical composition is altered, ex: coal burns to CO2 

The law of conservation of matter: Why is there no away? 

Law of Conservation of Matter states that in chemical reactions, no atoms can be destroyed but rather rearranged 
How harmful are pollutants? 

Three factors determine the severity of harmful effects, chemical nature; concentration- dilution to parts per million (ppm), per billion (ppb), or per trillion 

(ppt) can be effective to a limit; persistence- how long a substance stays in the air, water or soil, depending on how biodegradable (the natural environment 
breaks them down to acceptable levels), determines the severity of the pollutant 

3-6 Nuclear Changes 

What is natural radioactivity? 
Natural radioactive decay- radioactive isotopes (unstable emit fast moving particles of matter) become stable isotopes that are not radioactive 

The rate of decay is called a half-life, the time needed for one half of  the nuclei in a radioactive isotope to form a stable isotope, depending 

 on the isotope from days to billions of years 
How much ionizing radiation are we exposed to? 

-Background radiation is all around us, most comes from medical x-rays not nuclear powerplants 

What are the effects of ionizing radiation? 
-Ionizing radiation can damage human cells by mutating their genes, burns and cancer 

What is nuclear fission? Splitting nuclei 

nuclei of isotopes with large mass numbers (uranium)are split apart by striking with neutrons to create energy or heat that would turn turbines in a nuclear 
reactor, an atomic bomb is an uncontrolled nuclear fission chain reaction 

http://phet.colorado.edu/en/simulation/nuclear-fission  

What is nuclear fusion? Forcing nuclei to combine  

Nuclear fusion- two isotopes of with low mass numbers (hydrogen) are forced together at extremely high temperatures (100 million Celsius) and are fused 

releasing energy in the process, far more than nuclear fission, this energy is found in large thermonuclear weapons and the core of the sun/stars 
3-7 Two Laws Governing Energy Changes 

What is the first law of thermodynamics? 

 States energy cannot be created or destroyed only transformed 
Organisms cannot create energy so they must transform energy from the environment around it 

What is the second law of thermodynamics? 

States the amount of usable energy begins to decrease over time due to some energy loss to heat 
50% of what humans consume is converted to heat while the remaining energy is loss to heat 

Connections: How does the second law of thermodynamics affect life? 

-Organisms eat high energy food and use for energy but also give off heat at 98 F (low quality energy),   
3-8 Connections: Matter and Energy Change Laws and Environmental Problems 

What is the high-throughput economy? 

Economic growth is only achieved by increasing energy flow and use of resources 
What is a matter-recycling economy? 

-Economic growth is achieved by saving some energy flow and use of resources through recycling, temporary solution 

What is a low-throughput economy? 
-Low resource and energy use, more efficient use of leads to ultimate economic growth 

Chapter 15 Geologic Resources: Nonrenewable Mineral and Energy Resources 

Bitter Lessons from Chernobyl 
Horrible nuclear reactor accident that killed 8,000 and thousands more indirectly; large area uninhabitable and affected in the entire world 

15-1 Nature and Formation of Mineral Resources 

What are mineral resources? 
Mineral Resources are concentrations of naturally occurring material in the crust that can be extracted as a useful material, they are nonrenewable such as 

iron, copper, salt, coal, oil, natural gas and uranium) 

How do ores form from magma? 
Ores form deep within the Earth from cooling magma found at plate boundaries 

How do ores and other minerals form from sedimentary and weathering processes? 

In sediments at the bottom of a stream (gold), due to evaporation of water and various other ways (salt beds) 
15-2 Finding and Removing Nonrenewable Mineral Resources 

How are buried mineral deposits found? 

Several methods can be used depending on the type of mineral sought, ex: using a gravimeter, shows different densities of rock, seismic surveys, chemical 
analysis and satellite images 

-Surface mining removes shallow deposits while subsurface mining removes deep deposits 

-It is expensive to restore surface-mined land and is not done in many countries, subsurface mining doesn’t damage the environment as much but can be very 
dangerous for workers 

15-3 Environmental Effects of Extracting, Processing, and Using Minerals Resources  

What are the environmental impacts of using minerals resources? 
1.Causes land disturbance, soil erosion, air and water pollution 

Some land can collapse or subside above underground mines causing structural damage 

Water supplies are damaged by acid mine drainage, erosion of surface mines 
Air pollution can come from smelting ores to separate the metal from the other elements 

2. Environmentalists are not worried about the exhaustion of mineral resources but rather the extent of damage caused by their extraction, processing and 

conversion to products to the environment 
Some environmental effects of gold mining 

To mine 2 lbs of gold usually need to remove 50 automobiles worth of ore that pollutes the air and water; use of cyanide and toxic mercury kill fish and 

wildlife and pollute water= undrinkable 
Are there environmental limits to resource extraction and use? 

Based on the supply of a certain mineral and the rate at which the supply is used 

15-4 Supplies of Mineral Resources 
Will there be enough mineral resources? 

-Based on supply and demand, when resource are depleted by 80% = five choices recycle, waste less, use less, find a substitute, do without 

How does economics affect mineral supplies? 

http://phet.colorado.edu/en/simulation/nuclear-fission
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Traditionally mining companies are given a lot of incentives to extract minerals such as depletion allowances, tax reductions, buying land a very low real 

estate values and pay no royalties to the government 
Mining companies argue that they want to keep mineral prices low and they don’t want to move operations to other companies with less stringent mining 

regulation 

Controversy over the General Mining Law of 1872 
If companies can ‘patent’ public lands that they are mineable then they are allowed to mine and degrade the land 

Should more mining be allowed on public lands? 

33% of U.S. land is public (i.e. parks, wilderness, resource lands, etc.), 72% of the land is found in Alaska, most remains off limits to mining companies 
-2002, the Bush administration proposed a varied approach to more acquisition of public land to the mining industry, environmentalists and biologists 

strongly oppose such efforts 

Can we get enough minerals by mining lower grade ores? 
By using better equipment we can get more minerals but can be limited by cost, availability of water, environmental impact 

Can we get enough minerals by mining the oceans? 

There are many mineral resources found in the ocean but occur in such low concentrations that they would be unprofitable to extract, there are rich deposits 
of minerals along the ocean floor but most are too deep to extract at a profit right now and debate remain about who ‘owns’ the ocean floors 

Mining with microbes 

By using bacteria, minerals can be mined from low grade ores more sustainably 
Can we find substitutes for scarce nonrenewable minerals resources? 

Substitutes to many mineral can be used based on human ingenuity that in many ways surpass depleted minerals such as metals, ex: plastics and ceramics 

can provide insulation and withstand great temperatures 
15-5 Evaluating Energy Resources 

What type of energy do we use? 

The most direct form of energy that Earth receives is by nuclear fusion taking place 150 million kilometer away–the Sun; Indirect forms of energy are the 

result of the sun: wind, hydro power, biomass 

-99% of all energy used comes from the Sun, the remaining 1% is mostly the burning of nonrenewable resources from the Earth’s crust (fossil fuels) 
What types of energy does the world depend on, and how might this change? 

In most developing companies, the main source is biomass (wood, charcoal), which have been greatly depleted 

What types of energy does the U.S. depend on, and how might that change? 
The U.S. uses 24% of the worlds commercial energy but only holds 4.6% of the population (100 times higher than in China and India), most in the form of 

fossil fuels and nuclear energy 

Nuclear energy output has not increased because no new reactors are being built and output will gradually decline 
How can we decide which energy resources to use? 

Of the fossil fuels coal use is declining due to high pollution rates, oil consumption increases 1% each year because it is relatively cheap, abundance and use 

as a motor fuel, natural gas has increased by 2% a year due to ample supplies and less pollution than other fossil fuels 
The need to use cleaner forms of energy is the driving force behind a projected global transition to a solar-hydrogen energy age by the year 2100, but how?: 

Promote use of subsidies and tax breaks for solar-hydrogen technologies and dampen by reducing subsidies and tax breaks for fossil/nuclear fuel use 

What is net energy? 
Each energy resource has advantages and disadvantage with intense scientific, economic, and political controversy over which energy source to use 

By analyzing the net energy ratios (total available energy minus extraction, processing and getting to consumers), when the ratios fall enough than an 

alternative energy source needs to be considered 
15-6 Oil 

What is crude oil, how his it extracted and processed? 

Petroleum (crude oil) is extracted from the ground full of hydrocarbons and impurities, originally it was dead plants (plankton) and animals that were buried 
underwater sediments 2-140 million years ago that were converted to petroleum by heat and pressure 

Oil is usually found along with natural gas, where it is extracted, only around 35% is removed because heavy crude oil may be to expensive to recover,  

The oil removed has to be treated with petrochemicals, when the cost of oil rises to $130-140 a barrel, an alternative energy source may be needed 
Who has the world’s oil supplies? 

Organization of Petroleum Exporting Countries (OPEC), have 67% of world’s crude oil, the U.S. has only 3% of the world’s reserves but uses 26% 

Case study: Oil use in the U.S. 
US has 3% of world supply mainly in Gulf of Mexico, but use 26% of world supply, other possible sources- ANWR see below  

How long will oil supplies last and what are the pros and cons of oil? 

Identified global reserves of oil should last about 53 years at current usage unless other reserves are found (not likely in N. America);  
How useful are heavy oils from oil shale and tar sands? 

Alternative ways to extract oil is by using heavy oil from oil shale and tar sand but is pricey to extract 

A brief history of oil 
Discovered in 1859 in PA, consumption has exceeded production worldwide over the past 10 years 

Should oil and gas development be allowed in the Arctic national wildlife refuge? 

Arctic National Wildlife Refuge, geologists disagree about how much oil is found there maybe 7-24 months of US consumption, not worth the $ or risk to 
extract, until better methods can be used 

15-7 Natural Gas 

What is natural gas? 
Found above most reservoirs of crude oil and formed in a similar way, it is made up of methane, ethane, propane, butane and trace amounts of toxic gases 

Who has the world’s natural gas supplies?  

Russia and Kazakhstan have about 42% of the world’s natural gas reserves, U.S. has about 3%, usually found in the same places as oil 
How long will natural gas supplies last? 

At current consumption, natural gas reserves will last approximately 125 years, it is used primarily to heat houses and a source of electricity 

What is the future of natural gas? 
 Analysts see natural gas as the best alternative of the fossil fuels 

15-8 Coal 

What is coal, and how is it extracted and processed? 
Coal formed from dead land plants 300-400 million years ago, Anthracite, which is 98% carbon, is the most desired type of coal due to its high heat content 

and low sulfur output 

 Coal is mined in different ways and is associated with a hazardous occupation 
How is coal used, and where are the largest supplies? 

62% of energy consumption to generate electricity is attributed to coal and makes 75% of steel; 66% of the world reserves are found in the U.S. 

How long will coal supplies last? 
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The world’s most abundant fossil fuel and would last 225 years at current consumption rates 

What is the future of coal? 
Though the most abundant, coal causes land disturbances, air pollution, CO2 emissions (36% of world’s emissions) and water pollution 

What are the pros and cons of converting solid coal into gaseous and liquid fuels? 

 Lot of additional energy needed to convert, lot of pollution and CO2 output 
15-9 Nuclear Energy 

How does a nuclear fission reactor work? 

In a nuclear fission reaction, neutrons split the nuclei of uranium-235 and plutonium-239 and release energy as high energy heat 
What happened to nuclear power? 

In the 1950's nuclear energy appeared to be the alternative to fossil fuels, there has been little growth in new nuclear power plants since 1989 

The reason for decline in nuclear energy is the cost to produce the facilities, poor management and public concerns after Chernobyl (former Soviet Union) in 
1986 and Three Mile Island (Pennsylvania) 1979, and what to do with the waste 

What are the pros and cons of nuclear power? 

There is great concern for a total meltdown at a power plant or terrorist attack 
Potential terrorist attacks are of great concern because of hijacked nuclear warhead, dirty bombs 

How safe are nuclear facilities and nuclear plants? 

Most US facilities very safe but risk of leaks and terrorist attacks still a concern; former Soviet Union facilities worse off 
What do we do with low-level radioactive waste? 

Most low level waste (give off small amounts of ionizing radiation), are place in steel drums and placed in special landfills for 100-500 years 

What should we do with high-level radioactive waste? 
High level radiation need to be store for 10,000-240,000 years such as spent fuel rods, the only solution is to bury it in a geologically quiet area (most 

scientists disagree with this) 

How safe are radioactive wastes stored at nuclear plants? 

Stored in pools or dry caskets, a significant explosion could ignite waste and release radioactive material 

How widespread are contaminated radioactive sites? 
EPA estimates 45,000 sites in US alone costing $ billions to clean up, former Soviet Union many ‘disaster’ sites where humans are not allowed to live 

What can we do with worn-out nuclear plants? 

 Decommissioned by entombing for thousands of years is one option 
What is the connection between nuclear reactors and the spread of nuclear weapons? 

 Research from nuclear reactors leads to research of nuclear weapons 

What is the threat from ‘dirty’ radioactive bombs? 
Blast of dynamite laced with radioactive waste from hospitals or universities is an easy terrorist weapon that would kill thousands and psychological damage 

Underground storage of high level radioactive wastes in the U.S. 

Yucca mountain in Nevada, billions have been spent, recently decommissioned, US has no long term solution to store nuclear waste 
Can nuclear power reduce dependence on oil?  

 No, nuclear= electricity; oil= 97% transportation 

Can we afford nuclear energy?  
The high costs of extraction of isotopes, running plants and decommissioning makes nuclear energy not desirable 

Can we develop new and safer types of nuclear reactors? 

Advanced light-water reactors and pebble bed modulator reactor both cheaper and faster to build but still could produce more waste than traditional reactors 
Is breeder nuclear fission a feasible alternative? 

Generates more nuclear fuel than it consumes; too expensive, France built one and so costly it was shut down in 1998 

Is nuclear fusion a feasible alternative? 
 An alternative could be nuclear fusion, but probably not till the year 2100 

What should be the future of nuclear power in the U.S.? 

Too expensive, too risky, too big until better innovations can come in nuclear field; there are better sources of electric that should be used 

Chapter 16 Energy Efficiency and Renewable Energy 

The Coming Energy Efficiency and Renewable Energy Revolution 

The best solution to energy use is being more energy efficient! 
16-1 The Importance of improving Energy Efficiency 

What is Energy Efficiency? 

How much energy do we waste? 
Energy efficiency is reducing the amount of useless heat and using less energy to do more useful work, 84% of commercial energy is wasted in the U.S. 

What are the efficiencies of common devices? 

95% of energy input is lost in incandescent lightbulb, internal combustion engines waste 87% of their fuel, nuclear energy wastes 86% of energy for space 
heating 

What is net energy efficiency? 

Using nuclear energy vs. passive solar to heat your house, many steps for nuclear leads to 10% of energy being used, passive solar one step 90% of energy 
used 

16-2 Ways to Improve Energy Efficiency 

How can we use waste heat? 
Insulation of homes, buildings, sealing cracks where escapes; capturing waste heat from computers, light and other equipment can be collected to space heat 

How can we save energy in industry? 

Industry can save energy by cogeneration of combining steam and electricity produced from the same energy source, replacing energy-wasting motors 
Technology is the answer (but what was the question?) 

To provide energy services at the lowest cost, need to ask what we need the energy for?  Amory Lovins- expert on energy strategy 

How can we save energy in transportation? 
In Transportation the best way to conserve energy is increase fuel efficiency, 1% of cars get 35 mpg (miles per gallon) in the U.S. due to SUV, pickup, and 

minivan popularity 

Are hybrid-electric cars the answer? 
New hybrid technologies are becoming popular alternatives because they get 50-300 mpg and various tax incentives 

Are fuel cells cars the answer? 

Fuel cell cars burn hydrogen and release water vapor, mass production from most major auto companies will begin in a few years 
The real cost of gasoline in the U.S. 

$2-4/gallon cost does not reflect hidden costs- wasted time in traffic, air pollution, military costs in Middle East, govt. subsidies; taken into account- $8-15 

per gallon! 
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How can electric bicycles and scooters reduce energy use and waste? 

Short commutes can be charged for up to 30 miles and achieve 20 mph, no fossil fuels used 
How can we save energy in buildings? 

Using cost effective commercial building technologies could reduce energy use by 75%, cut CO2 emissions and save $130 billion per year; Cutting off 

lights, computers, TVs and other appliances when they are needed can make a big difference in energy use and bills; Using fluorescent bulbs instead of 
incandescent lightbulb saves a lot on energy bills 

Using the Internet to save energy and paper to reduce global warming 

 Internet shopping reduces energy use and decreases CO2 emissions 
Why are we not doing more to reduce energy waste? 

The main reasons the U.S. aren’t reducing energy waste is because oil is cheap, no sufficient tax breaks for improving energy efficiency and lack of 

knowledge about items that save money over the long run 
16-3 Using Solar Energy to Provide Heat and Electricity 

What are the major advantages and disadvantages of solar energy? 

Saves money, reduces air pollution and CO2 emissions, however making solar cells produces toxic chemicals, needs a backup system at night and rainy days 
and cells are still costly 

Only 1% of the worlds energy comes from solar energy and wind, there are not enough tax breaks compared to the fossil fuel industry for this form of 

energy to grow 
How can we use solar energy to heat houses and water? 

Passive solar- house built to absorb heat through windows and released throughout evening- cheapest way to heat home; Active solar heating- solar 

collectors are heated on roof and use to heat water or space heat 
How can we cool homes naturally? 

 Surround house with trees, use insulation, open windows, etc. 

How can we use solar energy to generate high temp. heat and electricity? 

Central Receiver system, solar thermal plant, nonimaging optical solar concentrator and solar cookers also can be used to generate heat for electricity or 

cooking (page 397) 
How can we produce electricity with solar cells? 

Solar energy is converted electrical energy by sunlight energizing electrons in the semiconductor to flow creating an electrical current 

16-4 Producing Electricity from Moving Water and from Heat Stored in Water 
How can we produce electricity using hydropower plants? 

Usually a dam is built across a river or stream, running water runs through and spins turbines to generate electricity; Hydro power can disrupt wildlife, 

destroy wetlands and disrupt the flow of a river 
Is producing electricity from tides and waves a useful option? 

In some local areas near coast it is feasible but not an energy solution for the world 

How can we produce electricity from heat stored in water? 
Ocean thermal energy conversion, saline solar ponds, freshwater solar ponds- small difference in temp can generate electricity, not expected to make 

significant contribution to global energy supplies 

16-5 Producing Electricity from Wind 
What is the status of wind power? 

 Wind power has been the fastest growing source of energy since 1990 

The cost of electricity by wind is about $.04 per kilowatt-hour, this equals coal’s costs 
What areas have the greatest potential for wind power? 

The Midwestern U.S. is considered the “Saudi Arabia of wind” which could meet all of the country’s electricity needs 

What are the major advantages/disadvantages of wind power? 
Pros- high efficiency, low cost no co2 emissions, quick construction, low land disturbance 

Cons- need steady winds, need backup system, visual and noise pollution, kills birds 

16-6 Producing Energy from Biomass 
How useful is burning solid biomass? 

Most biomass is burned for heating, cooking, and indirectly to drive turbines and produce electricity 

Ways to produce biomass fuel is to plant fast-growing trees, shrubs, perennial grasses in plantations 
Burning biomass produces CO2 but if plants are replaced at the same rates that they are removed at, then there is no CO2 emissions 

Is producing gaseous and liquid fuels from solid biomass a useful option? 

Small scale- renewable energy source if crops replanted but main criticism- competes for food crops and drives up food $ 
16-7 The Solar-Hydrogen Revolution 

What can we use to replace oil? 

By burning hydrogen, the only bi-product is water, this would eliminate most air pollution problems, reduce global warming threats and the dependency on 
oil 

What is the catch? 

If scientists find a cheap enough way of using solar cells to convert water to H2 there could be world shift from carbon-based to hydrogen based 
How can we store hydrogen? 

Problems of how to store H2 safely, storing enough hydrogen gas as a gas, liquid or solid right now models cannot go very far 

What is the role of fuel cells in the solar hydrogen revolution? 
Fuel cells where hydrogen and oxygen combine to form an electrical current, there has been much success but they are still costly 

Producing hydrogen from green algae found in pond scum 

 In labs, algae has been altered to produce hydrogen bubbles 
What are the pros and cons of hydrogen as an energy resource? 

Pros- no CO2, easier to store than electricity, 95% efficiency Cons- H not found in nature, high costs, no distribution system in place 

16-8 Geothermal Energy 
How can we tap the Earth’s internal heat? 

Certain geothermal cites can be drilled to extract dry steam, wet steam and hot water 

Iceland and certain parts of California are getting much of their electricity through geothermal energy 
The costs are too high in most area unless the areas are very concentrated and accessible sources 

16-9 Entering the Age of Decentralized Micropower 

What is micropower? 
Most energy analysts agree that decentralization to micropower systems will replace the large powerplants with a network of smaller energy efficient plants 

16-10 Solutions: A Sustainable Energy Strategy 

What are the best energy alternatives? 



 6 
#1- Energy efficiency best alternative, then shift to micropower sources with renewable sources of energy 

What role does economics play in energy resource use? 
Many economists favor increasing taxes on fossil fuels to reduce air pollution and CO2 emissions and reward renewable energy sources with more tax 

incentives 

How can we develop a more sustainable energy future?  
Vote and influence political figures to push sustainable energy policies 
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