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Overview
Studying renewable energy solutions is imperative due to several critical reasons. First, it addresses the urgent need for sustainable alternatives to fossil fuels, which are finite and contribute to climate change. Renewable energy sources, such as solar, wind, and hydroelectric power, offer environmentally friendly options that reduce greenhouse gas emissions and combat global warming. Second, renewable energy enhances energy security by reducing dependence on foreign oil and vulnerable energy supply chains. It fosters economic growth by creating jobs and promoting clean technology industries. Moreover, studying renewable energy solutions drives innovation, fosters technological advancements, and offers a path towards a more sustainable and resilient energy future, ultimately benefitting both the environment and society.
This course provides knowledge about renewable energy sources, related technologies and ability to: apply theoretical knowledge for the critical evaluation of applicability of various renewable energy technologies and devices; efficiently analyze information in literature sources; explain the operation principles and efficiency limits of machinery for renewable power generation.
Learning outcomes
On successful completion of this course, students should have the skills and knowledge to:
· Ability of the student to apply theoretical knowledge to understand the causes of the problems and solution possibilities;
· Ability to find, understand, and apply modern knowledge presented in literature sources; ability to exchange information and present results;
· Acquisition of theory knowledge required for solution of practical problems; ability to understand the literature sources, to exchange information and to present results; ability to understand, interpret and apply knowledge in renewable energy field; acquisition of knowledge required for understanding the operating principles of devices.
Content
· (topic 1) Introduction. Trends in global energy production, share of renewable energy sources, estimates of total renewable energy resources available
· (topic 2) Photovoltaics. Principles of solar cell operation, main properties of crystalline silicon and thin film solar cells. Production of solar cells. Research and market trends
· (topic 3) Modules and arrays. Production sequence, materials, circuits, mismatch effects. Typical warranties, testing, and safety
· (topic 4) Power conversion. Basic circuits for AC/DC and DC/AC conversion and their elements. PWM applications. Cost share of BOS components. Autonomous and grid-connected installations
· (topic 5) Wind energy. Model of an ideal wind energy converter. Power dependence on wind velocity. Types of turbines. Rotation speed management
· (topic 6) Hydro energy. Types of power stations; equipment; types of turbines and their application limits; energy conversion chain and losses
· (topic 7) Geothermal energy. Near-surface geothermal energy and energy from ambient air. Heat pumps and system components, heating capacity requirements. Deep geothermal energy for electricity production and heating, geothermal resources
· (topic 8) Bioenergy. Biomass conversion technologies. Use of wood, plants, waste, and landfill gases
· (topic 9) Smart grids and energy storage. Energy and data transfer in smart grids. Requirements for monitoring and control. Sensors and other electronics components in smart grids. Hydrogen production for energy storage and operation of fuel cells. Batteries technologies
· (topic 10) Value and cost of renewable energy. Correlation between production and use, investment delay possibilities. Feed-in tariff and other means of support. Long-term trends in renewable energy costs. Material supply issues in meeting the “Terawatt challenge”
Teaching methods
· Lectures: 32 hours
· Practical work: 16 hours in order to implement concepts introduced in the lectures, to practice on real applications and to train students during laboratory work sessions
· Seminar: 16 hours for complex discussions on renewable energy topics
Study materials	
· Alternative Energy Systems and Applications, 2nd edition, by B. K. Hodge, John Wiley & Sons (2017)
· Renewable Energy - Technology, Economics, and Environment, by M. Kaltschmitt, W. Streicher, A. Wiese, Springer (2007).
· Tutorials, lectures and notes provided by the course instructor.
Assumed Knowledge
· General physics courses on Mechanics, Thermodynamics, Electricity and Magnetism.
Evaluation criteria
· Written exam 40%
· Written assignments 20%
· Laboratory works 20%
· Seminars rating 20%

