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	Module Description

	1. Qualification Goals

	Wind Turbines or so called wind power plants are the most competetive renewable energies up to now. More than 273 GW installed wind power worldwide shows the importance of this kind of renewable technique and their market strength. In Jordan, it is anticipated to install more thank 600 MW WECS by 2020 to meet the enery strategy.The participants of this module will learn how wind power is produced and how it is converted into electrical or mechanical energy.

Furthermore topics like wind physics, site charcterisations and the components of wind turbines such as rotor, drive train and electrical system are described in detail to the participants. The modulde also covers the flow of power from the wind to the rotor as well as the aerodynamic and mechanical behaviour of rotor blades, leading to the power curve of the wind turbine. Beside from the technical wind topics, the layout of wind farms will also be introduced in this module.
Economics of wind energy conversion will be introduced following the present worth method. Factors affecting the costs and benefits of wind generated electricity will be discussed and indices for economic appraisal will be evolved

	The module imparts predominantly the following competence:

	Technical 30%
	Methodical 40%
	Systematical 30%
	Social 0%


	2. Contents


	Mandatory course. Contents:
· Introduction to Modern Wind Energy Convertors

· Wind Characteristics and Resources

· Aerodynamics of Wind Turbines

· Wind energy conversion systems

· Performance of wind energy conversion systems

·     Economics of wind energy
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	3.  Expected outcomes


	General  Student Learning Outcomes (ABET):

(a) Ability to apply mathematics, science and engineering principles.

(e) Ability to identify, formulate and solve engineering problems.

(j)  Knowledge of contemporary issues.

(k) Ability to use the techniques, skills and modern engineering tools necessary for engineering practice

Specific course outcomes:
Students are expected to develop the following skills/understanding upon the successful completion of the course. They shall be able to: 

1. New developments of wind energy conversion systems (WECS) especially to those used to produce electricity.
2. Understand and able to characterize wind sites using different modules such as Weibull and Rayleigh distributions.
3. Understand the aerodynamics theories used in the analysis of wind turbine blades and Bets limit.
4. Able to use simple aerodynamics analysis to design ideal wind turbine blades.
5. Understand and able to carry out simple performance analysis of wind turbine including calculating the energy produced from certain WECS in a certain site. 
6. Understand and able to calculate different economic indicators related to WECS such as Levelized Cost of Energy (LCOE)



	4. Condition for Participation


	Prerequisites by Course: 

1. Fluid Mechanics 

2. Probability and Statistics
3. Energy Conversion
Prerequisites by Topic: Students who passed the above courses must review the following specific topics which are needed to this course 

1. Momentum Equations
2. Flow over airfoils, lift and drag forces 

3. Frequency distribution, probability  distribution functions



	5.  Literature and Script


	The following list aims at providing some access points to relevant literature or other resources.

The main references are the following text books: 

· Nelson, Vaughn, WIND ENERG: Renewable Energy and the Environment, Taylor & Francis Group, LLC, 2009
· Sathyajith Mathew, Wind Energy Fundamentals, Resource Analysis and Economics, Springer-Verlag Berlin Heidelberg 2006

· Manwell, McGowan and A.L. Rogers, Wind Energy Explained: Theory and Applications, John Wiley & Sons Ltd, 2009
Power Point Presentations will be distributed to the students at the beginning of the semester

Other printed and/or electronic scripts as announced in the lectures.
The following software will be used during the module: 

System Advisor Model (SAM) which can be downloaded from  website: www.nrel.gov
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	5.  Activities Plan


	Topic
	Typei
	SWHii
	CPiii
	C/E/COiv
	week

	Introduction and History of wind energy 
	L
	3
	0.3
	C
	1

	Wind Characteristics and Resources
	L
	9
	0.9
	C
	2-4

	Aerodynamics of Wind Turbines (1): Momentum theory, strip theory and Blade Element theory
	L
	6
	0.6
	C
	5-6

	Med-Term Exam
	 UE
	 
	0.8
	C
	7

	Aerodynamics of Wind Turbines (2):  Blade Element theory
	L
	5
	0.5
	C
	7-8

	Design of HAWT blades
	L
	6
	0.6
	C
	9-10

	Wind energy conversion systems: components and design
	L
	3
	0.3
	C
	11

	Performance of wind energy conversion systems
	L
	3
	0.3
	C
	12

	Continuous evaluation 1 (presentations of group projects)
	SE
	 
	0.3
	C
	13

	Economics of wind energy
	L
	5
	0.5
	C
	16

	Final exam
	UE 
	 
	0.6
	C
	15


	6.  Specific topic information



	Topic
	Lecturer
	Language

	· Introduction to Modern Wind Energy Convertors
	Suhil Kiwan
	English

	· Wind Characteristics and Resources
	Suhil Kiwan
	English

	· Aerodynamics of Wind Turbines: Momentum theory, strip theory and Blade Element theory
	Suhil Kiwan
	English

	· Design of ideal HAWT blades
	Suhil Kiwan
	English

	· Wind energy conversion systems: components and design
	Suhil Kiwan
	English

	· Performance of wind energy conversion systems
	Suhil Kiwan
	English

	·     Economics of wind energy
	Suhil Kiwan
	English


	7.   Description of Teaching Mode


	Illustrations to all calculations will be presented in classes. Students are expected to carry out analysis of real weather data for the country provided by the instructor. It is also expected that the students will choose different types of wind energy systems available in the market and carry out the calculations to estimate the performance and the economics of these systems in specific sites. They will solve several light homework problems tackling the different specific issues addressed in the class. At least one of these projects shall be done within a teamwork. 
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	8.   Effort and Credit Points

	Category

Activity

Number

Length

Student Hours

Comment

Scheduled Learning And Teaching Activities

Lecture

40

1:00

40
N/A

Guided Independent Study

Assessment preparation and completion

1

1:00

1

Midterm test

Guided Independent Study

Assessment preparation and completion

4

0:15

1

Quizzes assessments

Guided Independent Study

Assessment preparation and completion

1

2:00

2

Final exam

Guided Independent Study

Independent study

1

100:00

106
20 hours post ‐ processing and homework, 30 hours reading, 30 hours preparation for examination, and 24 hours for exercises and documentations.
Total

150

Total: 150 hours = 5 CP (30 hours = 1 CP = 1 ECTS).


	9.   Evaluation, Examination and Grades

	Continuous Evaluation:
The subject would have two continuous evaluation grades that will be added to the total course grade.
Examination:
Med term exam in the seventh week and a final exam at the end of the semester

Prerequisites for admission to oral/written examination:
Registration of course is only for senior undergraduate students with fifth year standing.
Grading:
Grading of the course will be as follows:
Med Term Exam 30%

Home-works and/or Quizzes: 10%

Projects (two projects): 20%

Final exam: 40%

Assessment:
Students must solve and submit solutions to homework problems in due time. Students should expect a Pop quiz during any class.

Minimum of two projects shall be done during the course. One of them is a team project where each team should select the proper wind turbine of a given site and evaluate its performance and economics. Students should present one of the projects in the class in week 13.




	10.   Duration of Course

	The course will be performed within one semester.




	11.   Number of Participants

	Courses are limited to 30 students




	12.   Inscription Formalities

	Registration at the subject is only for 5th year standing students.

Dates and deadlines will be announced by semester start.




Annex. Content Development

Topic 1: Introduction

· History of wind energy

· Modern Wind Energy Convertors

· Advantages and disadvantages of wind energy
· Types of wind energy convertors

· Energy in wind

Topic 2: Wind Characteristics and Resources
· General Characteristics of the Wind Resource

· Characteristics of the Atmospheric Boundary Layer

· Wind Data Analysis and Resource Estimation

· Wind Turbine Energy Production Estimates Using Statistical Techniques

· Wind Measurements and Instrumentation

· Overview of Available Resource Assessment Data Softwares

Topic 3: Aerodynamics and design of HAWT

· One-Dimensional Momentum Theory and the Betz Limit

· Ideal Horizontal Axis Wind Turbine with Wake Rotation

· Airfoils and General Concepts of Aerodynamics

· Momentum Theory and Blade Element Theory

· Blade Shape for Ideal Rotor without Wake Rotation

· General Rotor Blade Shape Performance Prediction

· Blade Shape for Optimum Rotor without Wake Rotation

Topic 4: Wind energy conversion systems

· Wind electric generators System: Tower, Rotor, Gear box, Power regulation, Safety brakes, Generator

· Wind farms

· Control of HAWT Systems

Topic 5: Performance of wind energy conversion systems (WECS)
· Power curve of the wind turbine

· Energy generated by the wind turbine; Weibull based approach and Rayleigh based approach

· Capacity factor

· Matching the turbine with wind regime

Topic 6: Economics of wind energy

· Factors influencing the wind energy economics

· Site specific factors

· Machine parameters

· Energy market
· Incentives and exemptions

· The ‘present worth’ approach

· Cost of wind energy

· Initial investment

· Operation and maintenance costs

· Present value of annual costs

· Benefits of wind energy

· Net present value

· Benefit cost ratio

· Pay-back period

 GPE – Glossary


I- VL – Lecture
The lecturer, usually a professor, gives presentations and imparts theoretical technical knowledge. Group size can vary widely and students participate through listening and asking questions.

I- UE – Exercise
Knowledge from lectures is shaped out and detailed by analytical, design, or experimental examples supervised by an assistant. Medium‐size groups of students learn to solve problems by working on example tasks and case studies.

I- SE – Seminar
Small or medium‐size groups of students will learn to work self‐dependently on selected topics with supervision of a professor or assistant. Discussions, presentations or written papers may be applied. 

I- Integrated course

Various instruction forms take turns in one course without clear methodological distinction.

II- SWH: Lecture Hours per Semester

(4 SWH is four hours a week in one semester OR two hours a week in two semesters. Exercises require
equivalent time additionally).
III- CP – ECTS:

Credit point according to the European Credit Transfer System.
IV- C/E/CO:

C = compulsory ; E = elective; CO = compulsory option
Meaning: by choosing the module the corresponding courses are mostly compulsory.


