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1. [bookmark: _Toc212018002]Course for Domain 3 – Renewable Techniques and Economic Feasibility
1.1. [bookmark: _Toc212018003]Course specification
	Course Title:
Renewable Energy Systems

	Domain:
SQUARES Domain 3 – Renewable Techniques and Economic Feasibility

	Credits:
6 ECTS

	Level:
Graduate (Master’s level) or final-year Bachelor’s

	Target Audience:
Civil, Electrical, Mechanical, Environmental, and Energy Engineering programmes,   Architecture and urban infrastructure 



Prerequisites:
Students should have prior knowledge of:
· Basic thermodynamics and heat transfer
· Fundamentals of electrical and mechanical systems
· Engineering mathematics
· Basic understanding of sustainability and climate issues
Course aim:
To develop technical, economic, and computational competencies in renewable energy systems. The course enables learners to analyze, design, and assess renewable energy technologies using analytical and computational tools, with a focus on their performance, economic feasibility, and integration.
Short description:
This course provides a comprehensive overview of renewable energy technologies including solar, wind, biomass, hydro, geothermal, and ocean energy, along with energy storage and hybrid systems. Students will explore their technical performance, integration strategies, and economic viability using analytical reasoning and computational tools. The course includes modules on computational modelling, enabling students to perform simulations and scenario analysis. A final module focuses on the integration of renewable systems in buildings and infrastructure, addressing energy efficiency, design compatibility, and sustainability certification frameworks. Throughout the course, students will apply both theory and practice through exercises, case studies, and project work.
1.2. [bookmark: _Toc212018004]Learning outcomes
Knowledge-based outcomes
By the end of the course, students will be able to:
· Identify and describe major renewable energy sources and their system components.
· Understand energy storage technologies and their roles in hybrid systems.
· Explain the physical principles, technologies, and system components behind each type of renewable energy and energy storage system.
· Recognize relevant environmental, regulatory, and sustainability frameworks.
· Understand the role of computational tools in modelling, design, and feasibility assessment of energy systems.
· Understand integration principles for renewable systems in buildings and infrastructure.
Skill-based outcomes
Students will be able to:
· Use computational tools to analyse, model, and simulate the performance of renewable energy systems.
· Analyse energy yield, load profiles, and performance of hybrid energy systems including storage.
· Conduct life-cycle cost analysis and economic feasibility studies for renewable energy projects.
· Compare alternative system configurations based on site conditions, energy demand, and economic criteria.
· Interpret energy data and apply modelling methods for energy yield and market forecasting.
Competency-based outcomes
· Design integrated renewable energy systems (stand-alone, grid-connected) for applications in buildings, infrastructures, or isolated areas.
· Balance trade-offs between energy output, cost, storage needs, and environmental impact.
· Apply sustainability principles, energy efficiency strategies, and policy frameworks in the system design process.
· Collaborate and communicate across engineering, economic, and environmental domains in the context of project work.
· Solve complex engineering problems using computational, technical, and economic reasoning.
1.3. [bookmark: _Toc212018005]Course modules
The course is composed of a set of 10 thematic modules covering the main renewable energy technologies, energy storage, economic feasibility, computational tools and system integration in buildings. Each module is defined by its learning focus, total hours, and keywords summarizing core concepts and competencies. The structure ensures a balanced approach between theoretical knowledge and applied practical sessions.
	Module #
	Title
	Hours (Lecture + Practical)
	Keywords

	1
	Introduction to Renewable Energy Systems
	2 + 1
	Energy policy, sustainability, RES overview, system classification

	[bookmark: _Hlk202176073]2
	Solar Energy
	3 + 3
	Irradiance, PV modules, solar thermal, system sizing, losses

	3
	Wind Energy
	3 + 3
	Wind physics, turbine types, site analysis, capacity factor

	4
	Biomass Energy
	3 + 3
	Biogas, gasification, pyrolysis, biofuels, combustion, circular economy

	5
	Hydropower
	3 + 3
	Run-of-river, reservoirs, turbines, head/flow, micro-hydro

	6
	Geothermal and Ocean Energy
	3 + 3
	GSHP, wave/tidal, high/low enthalpy, ocean R&D

	7
	Energy Storage & Hybrid Systems
	3 + 3
	Batteries, hydrogen, thermal storage, Power-to-X, reliability

	8
	Economic Feasibility and Life Cycle Analysis
	3 + 3
	LCOE, NPV, subsidies, risk, LCA, carbon pricing

	9
	Computational and AI Tools for RES Design
	6 + 6
	Modeling, AI forecasting, optimization, data analysis

	10
	Renewable Energy in Buildings and Infrastructure
	3 + 3
	Passive design, BEMS, LEED, district heating, smart systems

	TOTAL hours
	63
	
	


1.4. [bookmark: _Toc212018006]Lectures
Each module is divided into lecture and practical sessions. The lectures introduce key theoretical concepts, while the practical sessions emphasize applied learning through case studies, analytical tasks, and data-driven exercises. Together, they aim to build both technical proficiency and problem-solving abilities using real-world scenarios and computational thinking.
	Lectures
	Lecture (3 hours)
	Practical (3 hours)

	1. Introduction to Renewable Energy Systems
	This lecture is 2 hours
· Global energy transition goals
· Climate change, sustainability, SDGs, and decarbonization
· Overview of renewable energy sources (RES)
· Primary energy vs. useful energy
· Energy system components and classifications
· Policy frameworks and directives
	This practical session is 1 hour
Comparative analysis of national and global energy mix data; mapping RES policy targets; interactive quiz on RES classification.

	2. Solar Energy
	· Solar resource assessment and irradiation metrics
· Photovoltaic (PV) systems: modules, inverters, configurations
· Solar thermal systems for heating and hot water
· Design considerations: tilt, orientation, shading, tracking
· Efficiency, losses, and yield estimation
	Solar site analysis using online solar maps; basic PV system sizing exercise; panel tilt & orientation impact simulation.

	3. Wind Energy
	· Basic system sizing and performance analysis
· Wind characteristics and measurement
· Aerodynamics of wind turbines (horizontal vs. vertical axis)
· Wind turbine components and control systems
· Onshore vs. offshore wind systems
· Site selection and capacity factor estimation
· Environmental and social considerations (noise, land use)
	Wind speed data analysis; simple capacity factor estimation; wind turbine siting exercise using open GIS tools.

	4. Biomass Energy
	· Biomass resources (agricultural, forest, organic waste)
· Combustion, anaerobic digestion (biogas), pyrolysis and gasification
· Solid/liquid/gaseous biofuels and their applications
· Thermal and electrical generation from biomass
· Sustainability, circular economy aspects
· Emissions and residue management
	Calculate energy content of biomass; biogas potential estimation; compare GHG emissions from combustion and anaerobic digestion.

	5. Hydropower
	· Principles of hydroelectric power generation
· Run-of-river, reservoir, and pumped storage systems
· Hydraulic turbines (Kaplan, Francis, Pelton)
· Head, flow rate, and power calculations
· Site selection and environmental impact
· Micro- and pico-hydro systems for rural applications
	Hydraulic head and flow-based power calculation; hydro site feasibility study with simplified topographic data.

	6. Geothermal and Ocean Energy
	· Geothermal gradients and resource types
· High- and low-enthalpy systems (power and heating)
· Ground Source Heat Pumps (GSHP) for buildings
· Ocean energy overview: wave, tidal, thermal gradients
· Current technologies, challenges, and R&D status
· Environmental and spatial planning aspects
	Evaluate geothermal heat pump application to a local building; compare wave/tidal resource maps and technical maturity.

	7. Energy Storage & Hybrid Systems
	· Types of energy storage: electrochemical, thermal, mechanical, chemical
· Battery technologies (Li-ion, flow batteries, etc.)
· Hydrogen storage and Power-to-X concepts
· Thermal storage (sensible, latent, thermochemical)
· Designing hybrid systems: RES + storage + grid/demand
· Reliability, autonomy, and grid interaction
	Battery sizing for residential solar system; hybrid system configuration design task; comparison of storage types.

	8. Economic Feasibility and Life Cycle Analysis
	· Levelized Cost of Energy (LCOE)
· Net Present Value (NPV), Internal Rate of Return (IRR), Payback Period
· Investment and operational cost structures
· Incentives, subsidies, and carbon pricing
· Life Cycle Assessment (LCA): emissions and environmental impact
· Risk and sensitivity analysis
	Perform LCOE and NPV calculations on a given RES case; evaluate policy incentives on project payback period.

	9.1. Computational tools for RES Design
	· Role of computational tools in RES planning and decision-making
· Spreadsheet modelling of system performance and financials
· Simulation concepts: parametric vs. scenario modelling
	Create spreadsheet model of RES performance; simulate system performance under different conditions; compare results using parametric variations.

	9.2. AI Tools for RES Optimization and Forecasting
	· Intro to AI applications, Energy demand forecasting, Optimal system sizing, Fault prediction and O&M planning
· Visualization and data interpretation
· Tool selection and modular approaches
	Use open-source AI/ML toolkits to forecast energy demand; experiment with optimization algorithms for system sizing; analyze fault prediction scenarios using historical data.

	10. Renewable Energy in Buildings and Infrastructure
	· Energy demand profiles in residential, commercial, and public buildings
· Passive and active energy strategies
· RES integration in architectural and urban design
· Smart buildings, BEMS, and control strategies
· Standards and certifications: LEED, BREEAM, Passive House
· District heating and cooling networks
· Case studies and local context adaptation
	Building energy profile analysis; RES integration design sketch for a public building; certification checklist application (e.g., LEED).


1.5. [bookmark: _Toc212018007]Teaching and assessment methods
Teaching and learning Methods
This course employs a blended and applied teaching approach that integrates theoretical lectures with practical sessions, hands-on modelling tasks, and interdisciplinary project work. The teaching strategy is designed to promote deep learning, critical thinking, and the practical application of knowledge using real-world renewable energy challenges.
Teaching formats
The course uses the following delivery formats:
· Lectures (theory sessions) – introduce fundamental principles, concepts, and technologies (33 hours)
· Practical sessions (hands-on / applied learning) – include exercises, simulations, data analysis, system modelling, and case-based problem solving (30 hours)
· Project work (practical sessions) – especially in Modules 9.2 and 10, for group collaboration and design thinking
Learning methods
The course applies a mix of the following learning strategies:
	Method
	Description

	Case-based learning
	Real-life energy system scenarios are used to connect theory to practice (e.g., PV sizing for a public building)

	Problem-based learning
	Students engage with open-ended challenges such as economic feasibility analysis or hybrid system design

	Hands-on modelling and data analysis
	Exercises with spreadsheet tools and open-source simulation environments (adaptable to institutional access)

	Project-based teamwork
	Final modules involve group work to co-design renewable solutions for buildings or infrastructure

	Interdisciplinary collaboration
	Tasks may involve perspectives from engineering, architecture, economics, and environmental science



Digital and blended delivery
This course is designed to be flexible and can be delivered in:
· Traditional in-person mode
· Blended learning (online lectures + in-person practical sessions)
· Fully online (with adaptation of modelling and project components)
All practical activities should be adaptable for low-cost or open-access tools to ensure broad institutional compatibility.
Teaching and learning methods per module
The following table details the teaching and learning methods applied in each course module. While lectures provide foundational knowledge, each module includes interactive or applied components such as simulations, data analysis, case studies, and project-based activities, tailored to the technical and economic focus of the content. The approach ensures alignment with the course’s learning outcomes and supports practical skill development across disciplines.
	Module #
	Title
	Teaching & Learning Methods

	1
	Introduction to Renewable Energy Systems
	Lecture, Interactive Quiz, Policy Analysis

	2
	Solar Energy
	Lecture, Case Study, Site Assessment, System Sizing Exercise

	3
	Wind Energy
	Lecture, GIS-based Mapping, Wind Data Analysis

	4
	Biomass Energy
	Lecture, Emission Comparison, Feedstock Evaluation

	5
	Hydropower
	Lecture, Topography-Based Feasibility Assessment

	6
	Geothermal and Ocean Energy
	Lecture, Resource Comparison, Building Application Study

	7
	Energy Storage & Hybrid Systems
	Lecture, Hybrid Configuration Design, Comparative Analysis

	8
	Economic Feasibility and Life Cycle Analysis
	Lecture, Spreadsheet Modeling, Sensitivity Analysis

	9.1
	Computational Tools for RES Design
	Lecture, Spreadsheet Simulation, Scenario Modeling

	9.2
	AI Tools for RES Optimization and Forecasting
	Lecture, AI Forecasting, Optimization Tasks

	10
	Renewable Energy in Buildings and Infrastructure
	Lecture, Case Study Design, Certification Analysis



Assessment
The assessment emphasizes continuous evaluation through practical session performance and a summative final assessment in the form of a project or written exam. This ensures that both technical skills and theoretical knowledge are assessed in line with the course learning outcomes.
	Assessment Component
	Description
	Weight

	Practical session assessments
	Each practical activity is assessed individually through short reports, calculations, or design tasks. Together, they evaluate applied understanding across all modules.
	60%

	Final assessment
	Option a: Final project: Design and feasibility analysis of a renewable energy system (preferred for interdisciplinary or group work)
Option b: Written exam: Covers key theoretical and applied knowledge from across modules
	40%



Grading will be based on:
· Correctness of calculations and modelling
· Depth of analysis (technical, economic, environmental)
· Use of appropriate tools or data
· Quality of presentation or reporting
· Evidence of critical thinking and creativity
· Contribution to group work (if applicable)
1.6. [bookmark: _Toc212018008]Recommended Literature and Tools
Literature is selected to support both theoretical understanding and applied design skills across all modules. Tools are suggested flexibly to suit institutional availability, with a preference for open-source and widely accessible software.

Core Reading Materials
These textbooks provide foundational knowledge across all renewable energy systems covered in the course:
1. Boyle, G. (Ed.) (2012). Renewable Energy: Power for a Sustainable Future (3rd ed.). Oxford University Press.
2. Kalogirou, S. (2014). Solar Energy Engineering: Processes and Systems (2nd ed.). Academic Press.
3. Quaschning, V. (2016). Understanding Renewable Energy Systems (2nd ed.). Routledge.
4. The Physics of Renewable Energy (Graduate Texts in Physics, Springer, latest edition).

Module-Specific Supplementary Literature
These resources support deeper exploration by topic:
· Wind Energy: Hau, E. (2013). Wind Turbines: Fundamentals, Technologies, Application, Economics. Springer.
· Biomass: Jenkins, B. & Swithenbank, J. (2020). Biomass Combustion Science, Technology and Engineering. Woodhead Publishing.
· Hydropower: Paish, O. (2002). “Small hydro power: technology and current status.” Renewable and Sustainable Energy Reviews.
· Geothermal and Ocean Energy: DiPippo, R. (2015). Geothermal Power Plants (4th ed.). Elsevier.
· Economic Feasibility: Short, W., Packey, D. J., & Holt, T. (1995). A Manual for the Economic Evaluation of Energy Efficiency and Renewable Energy Technologies. NREL/TP-462-5173.
· Buildings & Integration:
· PHPP (Passive House Planning Package) Manuals
· CIBSE Guides for building performance
· LEED v4 Certification Handbooks

Tools and Digital Resources
The course promotes flexible use of modelling and simulation tools based on student access and institutional support:

	Category
	Examples
	Purpose

	Spreadsheet modeling
	Microsoft Excel, Google Sheets, LibreOffice Calc
	LCOE, NPV, system sizing, cost analysis

	Simulation platforms
	RETScreen, PVWatts, SAM, HOMER (if available)
	Techno-economic evaluation of RES systems

	Energy modeling
	PyPSA, oemof, OSeMOSYS (open-source models)
	Grid integration, system-level optimization

	GIS tools
	QGIS (open source)
	Resource mapping, wind/hydro site analysis

	Building modeling
	EnergyPlus, OpenStudio, DesignBuilder (where available)
	Module 10: integration in buildings

	AI/ML frameworks
	Google Colab, Python (Scikit-learn, Pandas), KNIME
	Forecasting, system optimization, Module 9.2

	Open datasets
	NASA SSE, PVGIS, EU Building Stock Observatory, IRENA stats
	Resource analysis, benchmarking, scenario input



Journals and Reports
Recommended research journals

· 
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2Deliverable 3.2
SQUARES project


· Renewable Energy
· Applied Energy
· Energy
· Energy Policy
· Renewable and Sustainable Energy Reviews
· Journal of Cleaner Production
· Energy Conversion and Management
· International Journal of Green Energy
· Energy Reports
· Sustainable Energy Technologies and Assessments
· Energy and AI
· Renewable Energy Focus
· IEEE Transactions on Sustainable Energy
· Journal of Renewable and Sustainable Energy

Recommended reports
· IRENA – Technology Briefs
· IRENA – Innovation Outlooks
· IRENA – Renewable Power Generation Costs Reports
· IEA – World Energy Outlook
· IEA – Net Zero by 2050: A Roadmap for the Global Energy Sector
· IEA – Energy Storage Trends
· IPCC – Mitigation of Climate Change Reports (especially energy-related chapters)
· NREL – System Advisor Model (SAM) Documentation
· NREL – Renewable Energy Data and Financial Evaluation Manuals
1.7. [bookmark: _Toc212018009]Courses and frameworks used in course design
The development of this course has been guided by established European frameworks and exemplary academic programs in the field of renewable energy. The content, structure, and learning outcomes were based on recognized skill classifications, as well as high-quality curricula from leading technical universities in Europe.
· ESCO. Design renewable energy systems (ESCO skill). European Skills, Competences, Qualifications and Occupations (ESCO). Retrieved from
https://esco.ec.europa.eu/en/classification/skill?uri=http%3A%2F%2Fdata.europa.eu%2Fesco%2Fskill%2Ff8413360-6114-40de-a276-c59b764b9913
· Norwegian University of Science and Technology (NTNU). TØL4018 – Energy, Environment and Sustainable Development. Retrieved from: https://www.ntnu.edu/studies/courses/T%C3%98L4018/#tab=omEmnet
· Technical University of Munich (TUM). Renewable Energy Technology I. Chair of Renewable and Sustainable Energy Systems. Retrieved from: https://www.epe.ed.tum.de/en/es/education/lectures/renewable-energy-technology-i/
· KTH Royal Institute of Technology. MJ2411 – Energy Systems for Buildings. Retrieved from: https://www.kth.se/student/kurser/kurs/MJ2411?l=en
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