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	Modul:
	GEOTHERMAL ENERGY
	Module code: xx

	The level of cycles, years of study, semester
	II cycles
	Year: I/II semester

	Teacher
	Assis.prof. Damir Špago

	Contact details
	E-mail: damir.spago@unmo.ba              

	The total number of modul hours
	Lectures per week:2 
	Exercise per week: 2
	Total Hours
30+30 (L+E)

	ECTS
	6 ECTS

	Qualifications
	Master of Mechanical Engineering

	Modul status
	Compulsory

	Requirements for examination
	-

	Restrictions on access to modul
	-

	Explanation of credits point
	Total load for the course in the semester:
Lectures: 30 h
Exercises: 30 h
Independent work: 60 h
Program assignment: 30 h
TOTAL 150 h / 25 = 6 ECTS

	The aim of modul
	· This course provides an introduction to geothermal energy, covering direct applications (including the use of various types of heat pumps) and indirect (electricity generation), including enhanced geothermal systems for non-volcanic areas.
· After completing the course, students should be able to understand the principles and techniques of using geothermal energy and identify the main problems related to the further development of geothermal energy.
· A strong emphasis is placed on a thorough understanding of the thermal, hydraulic and mechanical processes occurring in a geothermal reservoir, which are also important for non-thermal applications such as CO2 geo-sequestration, underground storage of nuclear waste and other applications.

	Description of general and specific competences (knowledge and skills) / learning outcomes

	Upon successful completion of this modul, students will be able to and / or be able to:
• Understand, describe and analyze, in a clear and comprehensive way, the entire geothermal energy conversion chain, from its status as an energy source to its use as an energy service. They will also be able to identify, describe and analyze the situation and characteristics of different geothermal energy resources and energy end-uses, in their economic, social and environmental dimensions.
• Understand the role of geothermal energy in the context of the global and regional energy system, its economic, social and environmental connotations, and the impact of technologies on the local and global context.
• Possess the elements of analysis and knowledge necessary for the execution of the project, the basic engineering scale, related to the quality and/or supply of geothermal technology.
• Know the main directions of research in the field of geothermal energy use technologies and be able to bring innovative ideas and criteria for selecting the most suitable thermal equipment for a given application, dimensioning of geothermal equipment and facilities, and recognize and evaluate the latest technological applications in production, transport, distribution, storage and use geothermal energy.
• Analyze the performance of equipment and facilities in operation in order to perform a diagnostic assessment of the usage system and determine measures to improve their energy efficiency.

	Modul description

	1. Introduction to the course, scientific challenges; economic perspective, engineering development of geothermal reservoirs.
2. Sources of geothermal energy – Origin of geothermal energy, geothermal environments, geothermal reservoir systems. Systems with dominantly convective liquid reservoirs and with dominantly convective vapor reservoirs.
3. Heat transfer in soil - Thermal properties of different types of soil and overview of basic equations.
4. Fluid flow in the soil (heat transfer in geothermal water flows – thermal properties of water flows, possibilities of use).
5. Fluid flow in rock (porous and fractured rock systems).
6. International and national applications of geothermal energy.
7. Geomechanics of deposits (fundamentals of geomechanics and well stability, preparation and execution of the drilling process, protection measures and equipment).
8. Geomechanics of the reservoir (hydraulic stimulation and other issues).
9. Production of electricity using geothermal energy. Steam geothermal plants for electricity production (Single and double Flash systems, Binary systems).
10. Dry-steam systems and combined systems for the production of electricity. Case studies.
11. Direct use of geothermal energy and geothermal heat pump.
12. Heat pumps, division and application possibilities (Compression and absorption heat pumps, advantages and disadvantages of use).
13. Application of heat pumps in heat recovery systems and remote heating and cooling.
14 Enhanced Geothermal System (EGS). The impact of the use of geothermal energy on the environment.
15. Climate changes and new underground engineering applications (geothermal, CO2 geo sequestration, underground storage system). A guide to writing a report.

	Teaching / learning methods
	Lectures
Auditory and laboratory exercises 
Program/seminar

	Examination method and the weight factor assessment %
	I Colloquium – 20 points – 20%
II Colloquium – 20 points – 20%
Seminar Paper – 20 points – 20%
Final Exam – 35 points – 35%
Class Attendance – 5 points – 5%

	List of basic literature and
Internet web references
	1. Kreith,F. & Goswami: „Handbook of Energy Efficiency and Renewable Energy“, CRC Press, Taylor & Francis Group, 2007.
2. Vaughn, N.: „Introduction to Renewable Energy“, CRC Press, Taylor & Francis Group, 2011.
3. Jeanloz, R & Stone, H:”Enhanced Geothermal Systems”, US Department of Energy, Energy Efficiency and Renewable Energy, 1000 Independence Ave, SW Washington, DC 20585, 2013.
4. “The Future of Geothermal Energy”, This report is available on the Internet at: http://geothermal.inel.gov  and http://www1.eere.energy.gov/geothermal/egs_technology.html

	Monitoring of  quality and efficiency of modul performing
	An anonymous survey among students on the the success of teaching.



