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Teaching unit on geothermal energy and thermodynamics 
• Deep geothermal energy is a desirable resource for electric power production. A basic knowledge in this field is 

important for everyone who wants to participate in the political discussion about the national energy policy 
• Comprehension of its functioning and the technological challenges requires a sound knowledge about 

thermodynamic principles.  
• The MINT Leaning Center of ETH Zurich and CCES jointly developed a teaching unit on geothermal energy and 

thermodynamics for Swiss high schools (class levels 9 to 13). 
• The teaching unit is designed by a context-led approach: Interesting problems within the field of geothermal 

power production serve as starting points to cover the physics curriculum on thermodynamics. In this way we aim 
to engage students’ interests in the underlying principles. 

• Cognitively activating forms of learning such as inventing with contrasting cases, prompts for self-explanations, 
instructions for metacognitive questions, and inquiry learning are integrated into these teaching units. 

• The teaching units developed by the MINT Learning Center are disseminated in two different ways: 
− the MINT Learning Center regularly organizes seminars for teachers who are already teaching at schools. 
− the teaching units are also integrated into the teacher education program of the ETH Zurich.  

 

Scope and goals of CCES@School 
• CCES@School is the environmental education initiative of CCES 
• CCES@School 

− provides teaching materials with new and scientifically sound knowledge about the environmental system for 
secondary school students 

− ensures that teaching materials fulfill both, scientific and pedagogic quality standards through collaboration between 
experts from both fields 

− integrates the latest results of empirical research on learning and instruction 
− facilitates the compatibility with the curriculum and the user friendliness for teachers 

600‘000‘000 GWh of thermal energy is contained 
in the layer of rock between 4 km and 5.5 km 
below Switzerland. 
 
Despite the large energy reservoir equivalent to 
10‘000 years of the current Swiss annual 
electricity cosumption there is currently no 
geothermal electricity generation in Switzerland.  
 
What are the challenges? 

Introductory lesson 
• Central question of the introductory lesson: The Swiss parliament decided to phase out nuclear power 

plants by 2034. What alternative, anytime available energy resources for electric production do we 
have? 

• The aim of this lesson is that students  
− understand the advantages and disadvantages of different power plants 
− get to know different ways of how geothermal energy can be used. 

Cognitively activating forms of learning 

Design an experiment to find out how much energy 
is released when the temperature of Lake Zurich is 
lowered by 1 K. 

Key question of the teaching unit 

• Inquiry Learning 

We couldn’t simply put a stone on a stove top and 
hold a thermometer close to its surface in order to 
determine its heat capacity.  

• Prompts for selfexplanations 

• Holistic Mental Model Confrontation 

Concluding lesson 
• As a résumé students imagine to be a manager of a future geothermal power plant and apply all they 

know about geothermal energy and thermodynamics to estimate the electrical power produced  
• In the end of the teaching unit students are able to answer e.g. the following questions: 

− which parameters influence the thermal power? 
− which properties of the rock can be optimized in addition and how? 
− even though the rock’s energy reservoir is still large the effectiveness of your power plant dropped 

considerably after twenty years of operation. How come? 
 
 
 

Explain how it is yet possible to measure the heat transferred and 
the stone’s temperature using the laws of thermodynamics. 

Compare the lay model with the expert model. What characteristics do they share? 
Where do you find differences? 
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