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1. Syllabus & Structure of the wind specialization 
The content of wind specialization is described by the syllabus, presented in the following table: 
	Syllabus 

	1. Introduction 

	· Status of wind technology 
· Status of European Wind Energy R&D 

	2.  Advanced Wind Structure and Statistics 

	· Gusts and gust probability distributions 
· Effects of topography 

	3. Evaluation of Wind Energy Potential 

	· Wind modeling in flat and complex terrain 
· Wind energy siting approaches 

	4. Wind Turbine Aerodynamics 

	· Advanced methods 
· Aerodynamic stall 
· Unsteady aerodynamics 
· Vortex wake structure 
· Advanced wake models 
· Optimum design of wind turbine blades 

	5. Static and Dynamic Loading of Wind Turbines 

	· Aerodynamic and gravity loading 
· Inertial and structural loads 
· Aeroelastic modeling 
· Fatigue of wind turbine blades 

	6. Electrical Conversion Systems 

	· Synchronous and induction generators 
· Direct drive generators 
· Constant and variable speed systems 

	7. Wind Turbines Control 

	· Aerodynamic power control (stall, pitch, yaw) 
· Electromagnetic torque control 
· Control - dynamic analysis and stability 
· Control strategies 

	8. Design of Wind Turbines 

	· Important factors 
· Design options 
· Design parameters 
· Design of components 
· System design 
· Megawatt scale design 
· Offshore design 

	9. Performance Testing and Modelling 

	· Measurements under controlled conditions 
· Field testing instrumentation 

	10. Wind Farm Technology Issues 

	· Wind exploitation in wind farms 
· Energy predictions and optimization 
· Balance of plant 
· Wind farm electrical design 

	11. Electrical Integration 

	· Weak grids 
· Power quality 
· Network costs and benefits 

	12. Standards and Certification 

	· WT certification 
· International standards 

	13. Economics of WT 

	· Calculation methods 
· Current plant costs 
· Wind energy prices 
· The value of wind energy 
· External costs 
· Future price trends 

	14. Environmental Issues 

	· Environmental benefits 
· Environmental effects 
· Amenity (land use, visual impact ) 
· Technical analysis of noise and electromagnetic interference 
· Ecology (birds) 
· Consumption of energy and materials 

	15. Market Development and Status of Industry 

	· Characteristics of the EU industry 
· Present status of wind power 
· Market description 
· Market predictions 
· Wind energy targets 
· Wind energy market incentives

	Laboratory: A lab on testing of a Wind turbine model is offered (since 2012) 



The syllabus of the wind specialization is organized in three modules and one mini project: 
· Module 1: Wind potential, Aerodynamics & Loading of Wind Turbines
· Module 2: Wind Turbine Design, electrical & Control Issues, Certification 
· [bookmark: OLE_LINK3][bookmark: OLE_LINK4]Module 3: Wind Farm Technology, Economics & Environmental Issues
· Mini-Project
The evaluation of students’ performance is carried out through three exams - one for each module, and the submission of the mini-project (report and oral presentation). All the exams and submission of the mini-project are held at the end of the semester. 

2. Objectives 
The objective of the Wind Specialization is to qualify students for employment in the rapidly growing international wind energy sector. In this framework, the offered knowledge focuses on advanced issues on Wind potential, Aerodynamics, Loading of Wind turbines, Wind turbine design, Electrical and control issues, Wind farm design, economics and environmental issues. Additionally, in this semester, students develop skills on the use of simulation tools and on the analysis of problems related with the design of wind turbines and the development of wind farms. In the following table detailed educational objectives of the Wind Specialiazation are presented. The offered knowledge, skills and competences of the whole programme and of the individual modules and mini project are presented. 
	Learning Outcomes
· Knowledge
· Skills
· Competence
	Corresponding Modules/ Module Objectives
· Knowledge
· Skills
· Competence

	For the whole programme in 
Knowledge: 
· Wind potential 
· Aerodynamics 
· Loading of Wind Turbines
· Wind Turbine Design issues
· Electrical & Control Issues
· Certification
· Wind Farm Technology
· Economics 
· Environmental Issues

Skills: 
· Skilled in simulation programs for design and control of Wind Turbines (GH Bladed)
· Skilled in Wind potential evaluation, Wind farm design and environmental impacts using simulation programs (GH WindFarmer)
· Testing and Modelling
· Offshore 
· Understanding of economical parameters to successful project realisation

Competences: 
· Project development
· Team leading competences
· Able to setup operating schedule
· Identify milestones of project plan 

	Module 1: Wind potential, Aerodynamics & Loading of Wind Turbines
Knowledge:
· Status of Wind Energy
· Status of European Wind Energy and R&D
· Advanced Wind Structure and Statistics
· Evaluation of Wind Energy Potential
· Wind turbine Aerodynamics 
· Static and dynamic Loading of Wind turbines
Skills:
· Analysis of wind potential in flat and complex terrain
· Knowledge of aerodynamic features of wind turbines 
· Predict the aerodynamic behavior of blades using blade element theory
· Solving problem of Structural dynamics, and aero-elasticity 

	
	Module 2: Wind Turbine Design, electrical & Control Issues, Certification 
Knowledge:
· Electrical Conversion Systems
· Wind turbines control
· Design of wind turbines 
· Performance Testing and Modelling
· 	Measurements - anemometers - calibration 
· Electrical Integration 
· Standards and Certification
Skills:
· Skilled in Energy calculations
· Skilled in testing and modelling
· Electrical design of wind farms
· Know-how on European standards and certification

	
	Module 3: Wind Farm Technology, Economics & Environmental Issues
Knowledge: 
· Wind Farm Technology Issues
· Wind Farm design (wake effect, other issues)
· Economics of WT -Externalities
· Environmental Issues
· Market development and status of industry
· Offshore
· Wind forecast
· Large scale integration 
Skills:
· Skilled in Wind  Farms calculations 
· Skilled in Feasibility studies
· Knowledge on market development, prices, costs and externalities of wind energy
· Knowledge on environmental effects of wind farms

	
	Module 4: Mini-Project
Knowledge:
Focus on a topic of students’ choice which is interesting or useful for them: 
· Aerodynamics / Aero-elasticity / Aero-acoustics / Loads, 	
· Wind forecasting / capacity credit (short term – long term), 
· Hybrid solutions for isolated systems, 
· Wind farms design / wake effect, 
· Small scale wind turbines for rural/urban applications
· Financial issues / External costs / Green certificates / CO2 Emissions taxes
· Control
· Analysis of market development 
· Off shore (design, development, wind assessment)
· Measuring methods and monitoring
· Grid integration / electrical issues 
· Operation and damages
· Environmental issues 
· Or anything else.
Skills:
· Skilled in preparation, writing and presentation of a scientific study-project
Competences:
· Bibliographic research
· Scientific paper
· Experience on a scientific presentation



3. Curricular Analysis 
In the following table, an overview of the Wind Specialization provides a curricular analysis per module. This table indicates the classification of the modules into subject groups and curricular categories. In this context, also the credit points of a module are presented and divided among several categories. 
	List of Modules
	ECTS Points

	Seq. No.
	Module
	Fundamentals in Mathematics and the Natural Sciences
	Subject-specific Fundamentals
	Advanced Subject-specific Content
	Interdisciplinary non-technical Content including Principles of Business Management
	Total

	1
	Wind potential, Aerodynamics & Loading of Wind Turbines
	-
	2.5
	5
	-
	7.5 CP

	2
	Wind Turbine Design, electrical & Control Issues, Certification 
	-
	2.5
	5
	-
	7.5 CP

	3
	Wind Farm Technology, Economics & Environmental -Issues 
	-
	2.5
	4
	1
	7.5 CP

	4
	Mini Project*
	1.5
	2
	2
	2
	7.5 CP


*In the case of Mini Project, this division is only considered as an indicative one, as significant differentiations may occur according to the specific mini project selected and realized by each student. 

4. Specific Learning outcomes 
In this paragraph the specific learning outcomes, the student’s knowledge and the skills are presented for the wind specialization as a whole and per module.
In general, the learning outcomes of the wind specialization for the students are knowledge on Wind potential, on Aerodynamics, on Loading of Wind Turbines, on Wind Turbine Design issues, on Electrical & Control Issues, on Certification, on Wind Farm Technology, on Economics and on Environmental Issues. Students are skilled in simulation programs for design and control of Wind Turbines, in Wind potential evaluation, in Wind farm design, in the assessment of environmental impacts using simulation programs, in Testing and Modelling, in Offshore issues and in understanding of economical parameters to successful project realisation. Additionally, they gain competences on Project’s development, team leading competences, they are able to setup operating schedule and identify milestones of project plan. 
4.1. Module 1: Wind potential, Aerodynamics & Loading of Wind Turbines
In this module, special knowledge is offered on the Status of Wind Energy in Europe and in the world, on the Status of European Wind Energy and Research & Development, on Advanced Wind Structure and Statistics, on the Evaluation of Wind Energy Potential, on Wind turbine Aerodynamics and on Static and dynamic Loading of Wind turbines. 
Students are skilled in the analysis of wind potential in flat and complex terrain, in aerodynamic features of wind turbines, in the prediction of the aerodynamic behaviour of blades using blade element theory and in the solving problems of Structural dynamics, and aero-elasticity. 
	Lecture on
	hours
	Module
	Lecturer
	Teaching methods

	General Introduction & Market Development
	3
	M1
	Zervos or Caralis
	Theory

	Introduction Aerodynamics
	4
	M1
	Riziotis Vasilis
	Theory

	Blade Element Theory
	4
	M1
	Riziotis Vasilis
	Theory

	Tutorial Blade Elements (& Mini project)
	3
	M1
	Caralis George
	Tutorials

	Static & Dynamic Loading (1/6)
	5
	M1
	Voutsinas Spyros
	Theory

	Technology Overview
	4
	M1
	Voutsinas Spyros
	

	Static & Dynamic Loading (2/6)
	4
	M1
	Voutsinas Spyros
	Theory

	Statistics & Extreme Value Theory
	5
	M1
	Chaviaropoulos Takis
	Theory

	Flat Terrain & Wind Structure Statistics
	4
	M1
	Chaviaropoulos Takis
	Theory & tutorials

	Static & Dynamic Loading (3/6)
	4
	M1
	Voutsinas Spyros
	Theory

	Static & Dynamic Loading (4/6)
	5
	M1
	Voutsinas Spyros
	Theory

	Airfoil Theory
	5
	M1
	Sieros Giorgos
	Theory

	Wind Turbine Aerodynamics
	4
	M1
	Sieros Giorgos
	Theory

	Static & Dynamic Loading (5/6)
	4
	M1
	Voutsinas Spyros
	Theory & tutorials

	 Static & Dynamic Loading (6/6)
	3
	M1
	Voutsinas Spyros
	Theory & tutorials

	Tutorial 
	5
	M1
	Riziotis Vasilis
	Tutorial

	Aerodynamics workshop
	4
	M1
	Riziotis Vasilis
	Workshop

	Static & Dynamic Loading + Tutorial
	4
	M1
	Voutsinas Spyros
	Theory & tutorials

	Dynamic Model of full Wind Turbine
	5
	M1
	Riziotis Vasilis
	Theory & tutorials

	Workshop Stractural
	5
	M1
	Riziotis Vasilis
	Workshop

	Laboratory
	5
	M1
	Riziotis - Caralis
	Laboratory

	Exam 1
	3
	M1
	
	Exam

	Total
	92
	M1
	
	Theory, Tutorials, Workshop, Laboratory, Exam


4.2. Module 2: Wind Turbine Design, electrical & Control Issues, Certification 
In this module, special knowledge is offered on the Electrical Conversion Systems, on the Wind turbines control, on the Design of wind turbines on the Performance Testing and Modelling, on the Measurements - anemometers – calibration, on the Electrical Integration, on the Standards and Certification and on the Large Scale integration. 
Students are skilled in Energy calculations, in testing and modeling, in Electrical design of wind farms, in European standards and certification. 
	Lecture on
	hours
	Module
	Lecturer
	Teaching methods

	Tutorial 
	4
	M2
	Riziotis Vasilis
	Tutorial

	BLADED (GH)
	5
	M2
	Buils Richardo (Garrad Hassan)
	Theory & PC lab

	BLADED (GH)
	5
	M2
	Buils Richardo (Garrad Hassan)
	Theory & PC lab

	Tutorial Weibull
	4
	M2
	Caralis George
	Tutorial

	Tutorial
	5
	M2
	Caralis George
	Tutorial

	Performance - Testing & Modeling
	5
	M2
	Stefanatos Nikos
	Theory & tutorials

	Performance - Testing & Modeling
	4
	M2
	Stefanatos Nikos
	Theory & tutorials

	Performance - Testing & Modeling
	5
	M2
	Lekou Dionisia
	Theory & tutorials

	Performance - Testing & Modeling
	4
	M2
	Lekou Dionisia
	Theory & tutorials

	Performance - Testing & Modeling
	4
	M2
	Kokkalidis Fotis
	Theory & tutorials

	Performance - Testing & Modeling
	4
	M2
	Kokkalidis Fotis
	Theory & tutorials

	Electrical Conversion Systems (1/3)
	5
	M2
	Tenzerakis Sokratis
	Theory & tutorials

	Electrical Conversion Systems (2/3)
	4
	M2
	Tenzerakis Sokratis
	Theory & tutorials

	Electrical Conversion Systems (3/3)
	5
	M2
	Tenzerakis Sokratis
	Theory & tutorials

	Electrical Integration (1/2)
	5
	M2
	Papathanasiou Stavros
	Theory & tutorials

	Electrical Integration (2/2)
	5
	M2
	Papathanasiou Stavros
	Theory & tutorials

	Electrical Integration - practical issues
	4
	M2
	Ladakakos Panagiotis (ENTEKA)
	Theory & tutorials

	Large Scale Integration (1/2)
	4
	M2
	Frans Van Hulle (EWEA)
	Theory

	Large Scale Integration (2/2)
	4
	M2
	Frans Van Hulle (EWEA)
	Theory

	Certification
	4
	M2
	Voutsinas Spyros
	Theory

	Exam 2
	3
	M2
	 
	Exam

	Total
	92
	M2
	
	Theory, Tutorials, PC lab, Exam


4.3. Module 3: Wind Farm Technology, Economics & Environmental Issues
In this module special learning outcomes focused on Wind Farm Technology Issues, on Wind Farm design (wake effect, other issues), on Economics of WT and Externalities, on Environmental Issues, on Market development and status of industry, on Offshore Wind and on Wind forecast.  
Students are skilled in Wind Farms calculations, in Feasibility studies, in market development, prices, costs and externalities of wind energy, in environmental effects of wind farms, in special issues related to offshore development and in wind forecast.  
	Lecture on
	hours
	Module
	Lecturer
	Teaching methods

	Economics
	5
	M3
	Caralis George
	Theory & tutorial

	Economics
	5
	M3
	Diakoulaki Danai
	Theory & tutorial

	Tutorial
	5
	M3
	Caralis George
	Tutorial

	Tutorial - Economics
	5
	M3
	Caralis George
	Tutorial

	OFF SHORE
	5
	M3
	ECN-J.Beurskens
	Theory

	OFF SHORE
	5
	M3
	ECN-J.Beurskens
	Theory & tutorials

	Wind Farms - wake effect
	5
	M3
	Caralis George
	Theory & tutorials

	Wind Farms – construction – practical issues
	4
	M3
	Kouremenos (ROKAS-Iberdrolla)
	Theory & tutorials

	Wind Farmer
	5
	M3
	Aggelopoulou Chrysoula (GH)
	Theory & PC lab

	Wind Farmer
	5
	M3
	Aggelopoulou Chrysoula (GH)
	Theory & PC lab

	Environmental Issues – Practical issues
	4
	M3
	Papastamatiou Panagiotis ENTEKA)
	Theory & tutorials

	OFF SHORE
	5
	M3
	Voutsinas Spyros
	Theory

	Tutorial (wake effect)
	5
	M3
	Caralis George
	Tutorial

	Environmental issues // Noise (1/2)
	5
	M3
	Prospathopoulos John
	Theory 

	Environmental issues // Noise (2/2)
	5
	M3
	Prospathopoulos John
	Theory & tutorials

	Forecasting - Capacity credit
	5
	M3
	Caralis George
	Theory & tutorials

	Visit to a wind farm
	3
	M3
	Caralis George
	Technical Visit

	Wind applications in urban area
	4
	M3
	Bouris Dimitrios
	Theory & Tutorial

	Tutorial 
	4
	M3
	Caralis George
	Tutorial

	Exam 3
	3
	M3
	 
	Exam

	Total
	92
	M3
	
	Theory, Tutorials, PC lab, Technical visit, Exam


4.4. Mini-Project
Students are encouraged to realize a mini project in a subject of their interest. Through this project, students are focus on a special topic of wind energy: 
· Aerodynamics / Aero-elasticity / Aero-acoustics / Loads, 	
· Wind forecasting / capacity credit (short term – long term), 
· Hybrid solutions for isolated systems, 
· Wind farms design / wake effect, 
· Small scale wind turbines for rural/urban applications
· Financial issues / External costs / Green certificates / CO2 Emissions taxes
· Control
· Analysis of market development
· Off shore (design, development, wind assessment)
· Measuring methods and monitoring
· Grid integration / electrical issues
· Operation and damages
· Environmental issues
During this mini-project students are skilled in preparation, writing and presentation of a scientific project. They learn how to make a bibliographic research, organize their references, focus on a special topic, describe the problem, collect data, and draw conclusions. Finally they gain experience on presentations. Students are encouraged to connect their mini-project topic with their internship. 
Two days at the end of the semester are dedicated for the presentations of mini projects. All the students have to present their work in a committee of 3 professors and their colleagues attend them. The typical style is 15-20 minutes presentation plus Questions & Answers.  
5. Handbooks
The main official handbook of the Wind Specialization in Athens is the: 
· Tony Barton. David Sharfpe, Nick Jenkins, Evrim Bossanyi “Wind Energy Handbook”, Second Edition, 2011.  
Additionally, the following one is proposed as a rather simpler one to be used supplementary, in case that students face difficulties in the former one: 
· “Wind Energy Explained – Theory, Design and Application” J.F. Manwell, J.G.McGowan, A.L.Rogers, J.Willey and Sons, 2010. 
Then, the following one is proposed as a good handbook to cover electrical and integration issues: 
· Ackermann T., “Wind Power in Power Systems”, Wiley, 2005.
Finally, the last one focuses on Aerodynamic issues: 
· Martin O.L Hansen, “Aerodynamics of Wind Turbines” Earthscan, 2008, London.
[image: http://up.iranblog.com/2/1256609155.jpg] [image: http://media.wiley.com/product_data/coverImage300/04/04700150/0470015004.jpg][image: http://www.windpowerinpowersystems.info/images/book_cover.jpg][image: ]
Figure 1. Proposed Handbooks 
6. Laboratory
In the framework of Module 1, a workshop is realized every year in the large subsonic wind tunnel of the Aerodynamics laboratory, since 2012. Students test a Wind turbine model and conduct measurements under several wind conditions. Students reproduce the power curve and analyse wind turbine’s loading and strength (Responsible Professor: Vasilis Riziotis). 
[image: system]
Figure 2. Wind turbine model and equipment for testing in the large subsonic wind tunnel of the Aerodynamics laboratory 
7. Job perspectives
The Wind Specialization courses provide in-depth academic and technological training leading to a state-of-the-art qualification. Following wind energy specialization, students are qualified for employment in the rapidly growing international wind energy sector. Students can be employed by wind turbine manufactures, energy companies, utility companies, developers, consultancies and research institutes. 
Wind energy companies are growing to meet national targets for renewable energy sources. These companies need skilled professionals. EUREC master, through the wind specialization, connects wind energy companies with specialised students. Additionally, EUREC students are able to work on research and development fields. 
The Wind specialization is designed to offer students the range of skills necessary to meet the complex challenges of an engineering career, including project management, teamwork, communication, problem-solving and resource planning.
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