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Geothermal Energy
Self-evaluation


[bookmark: _Toc212568386][bookmark: _Toc436734340]Conceptual Questions (answers open)
1. List four (4) advantages of geothermal energy over other energy sources.
2. What are the three requirements for geothermal energy?
3. How is underground geothermal energy used to produce electricity?
4. List the similarities and differences between the generation of electricity by geothermal energy and generation of electricity by burning fossil fuels.
5. What is a binary-cycle system?
6. What is the advantage of using a binary-cycle system?
7. How does a heat pump work?
8. Is geothermal energy likely to be “the answer” to all our energy needs in the future? Why/Why not?
9. List the energy transfers that happen when electricity is generated from burning fossil fuels.
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Answers to Student Questions
1. List four (4) advantages of geothermal energy over other energy sources.
The four (actually, 5) advantages for geothermal energy mentioned in the article are
a. It will not run out, as the Earth’s core will remain hot for the next 5 billion years
b. Power plants using geothermal energy can work 24/7, regardless of the weather
c. Geothermal energy is better for the environment than fossil fuels because it releases practically no greenhouse gases
d. Geothermal energy can be cheaper than energy from fossil fuels (it requires no fuel, 
per se)
e. Geothermal energy can be tapped locally, decreasing our dependence on foreign oil.
2. What are the three requirements for geothermal energy?
Three requirements for geothermal energy are
a. A source of heat,
b. Rock permeability and
c. Water.
3. How is underground geothermal energy used to produce electricity?
A well is dug into the earth to extract the hot water which turns into steam. The steam goes through the turbine, which turns due to the kinetic energy imparted to it by the hot steam. The turbine drives a generator that uses electromagnets to convert the kinetic energy to electrical energy. The “used” water, which has lost much of its heat to the turbine, is pumped back into the ground to be reheated geothermally and then it can be used again in the power plant.
4. List the differences between the generation of electricity by geothermal energy and generation of electricity by burning fossil fuels.
Differences between fossil fuel-produced electricity and geothermal-produced energy include:
a. fossil fuel-generated electricity
1) requires that the fossil fuel be burned, which requires the depletion of the fuel (a natural resource) and
2) produces pollution;
b. geothermal energy
1) extracts already-heated boiling water from the ground, requiring no external fuel and, as a result
2) produces no greenhouse gases.
5. What is a binary-cycle system?
A binary-cycle system sends heated water (that is not hot enough to boil), from underground, through a heat exchanger to heat a second liquid. Note that the two liquids do not mix or come in direct contact with each other; only heat is exchanged between the two. The boiling point of the second liquid is lower than that of water, so the heat from the water transferring to the second liquid is sufficient to cause the second liquid to boil. This produces gaseous vapor, like steam. This vapor then turns the turbines that power the generators to produce electricity.
6. What is the advantage of using a binary-cycle system?
A binary-cycle system can be used in more places than a typical geothermal system.
7. How does a heat pump work?
In the winter, heat pumps absorb heat from underground and transfer it through a heat exchanger to a building; in the summer, heat pumps absorb heat from the building and transfer it underground.
8. Is geothermal energy likely to be “the answer” to all our energy needs in the future? Why/Why not?
Geothermal energy is not likely to be the answer to all our energy needs because it doesn’t work everywhere. Many places in the U.S. don’t have all three requirements for geothermal energy: high temperature, underground water and permeable rock. These areas will require wind or solar energy as alternative sources of energy.
9. List the energy conversions that happen when electricity is generated from burning fossil fuels.
The energy conversions happening in a fossil fuel electricity power plant include the following:
a. Coal or oil is burned to produce heat to warm water. This converts chemical stored energy to thermal or heat energy.
b. Heat energy makes the water boil. Boiling water makes steam, water molecules moving quickly through air. This conversion is thermal energy changing to kinetic energy.
c. Energetic steam turns the turbine, a conversion of kinetic energy to mechanical energy.
d. The moving turbine turns the generator, forcing electrons to move through a wire, a conversion of mechanical energy into electrical energy.
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	True
	False
	Statement

	
	
	1. Geothermal power plants must shut down at night.

	
	
	2. Geothermal power plants release about 50% as much carbon dioxide as fossil-fuel power plants.

	
	
	3. The largest geothermal power plant development in the world is in Iceland.

	
	
	4. Most geothermal power plants work by using steam from hot springs or geysers.

	
	
	5. Currently, most geothermal power plants in the United States are in western states.

	
	
	6. The upper 10 feet of Earth’s surface remain at fairly constant temperatures.

	
	
	7. Currently, families in almost every country in Europe have geothermal heat pumps in their homes.

	
	
	8. Moving molecules can transfer kinetic energy to a turbine fan.

	
	
	9. When a gas is compressed, its temperature increases.

	
	
	10. Currently, geothermal power plants produce almost 50% of the electricity in the United States.
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Reading Strategies
These graphic organizers are provided to help students locate and analyze information from the articles.  Student understanding will be enhanced when they explore and evaluate the information themselves, with input from the teacher if students are struggling. Encourage students to use their own words and avoid copying entire sentences from the articles. The use of bullets helps them do this. If you use these reading and writing strategies to evaluate student performance, you may want to develop a grading rubric such as the one below.
Note:
 assign 0.5 points for every right answer, after proceed with the self evaluation

	Score
	Description
	Evidence

	4
	Excellent
	Complete; details provided; demonstrates deep understanding.

	3
	Good
	Complete; few details provided; demonstrates some understanding.

	2
	Fair
	Incomplete; few details provided; some misconceptions evident.

	1
	Poor
	Very incomplete; no details provided; many misconceptions evident.

	0
	Not acceptable
	So incomplete that no judgment can be made about student understanding























Directions: As you read the article, complete the graphic organizer below to compare geothermal power plants, binary-cycle power plants, and geothermal heat pumps.

	
	How do they work?
	Advantages
	Disadvantages

	Geothermal power plants
	
	
	

	Binary-cycle power plants
	
	
	

	Geothermal heat pumps
	
	
	



Summary: On the back of this sheet, write a 20-word summary sentence explaining the energy conversions in producing power from geothermal energy.
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