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	Module Information
معلومات المادة الدراسية

	Module Title
	Solar Energy
	Module Delivery

	Module Type
	Core
	· ☒ Theory    
· ☒ Lecture
· ☐ Lab 
· ☐Tutorial
· ☐ Practical
· ☐ Seminar

	Module Code
	
	

	ECTS Credits 
	5
	

	SWL (hr/sem)
	125
	

	Module Level
	UGx11 6
	Semester of Delivery
	2

	Administering Department
	05
	 College
	 01

	Module Leader
	Dr. Hazim H. Hussain
	 e-mail
	dr.hazim@uomustansiriyah.edu.iq

	Module Leader’s Acad. Title
	Professor
	Module Leader’s Qualification
	Ph.D.

	Module Tutor
	No available
	 e-mail
	E-mail

	Peer Reviewer Name
	Dr. Ali Mohammed Abdurrahman
	 e-mail
	alialsalihi.atmsc@uomustansiriyah.edu.iq

	Scientific Committee Approval Date
	
	Version Number
	1.0




	Relation with other Modules
العلاقة مع المواد الدراسية الأخرى

	Prerequisite module
	None
	Semester
	

	Co-requisites module
	None
	Semester
	








	Module Aims, Learning Outcomes and Indicative Contents
أهداف المادة الدراسية ونتائج التعلم والمحتويات الإرشادية

	 Module Objectives
أهداف المادة الدراسية

	1. Learning the kind of renewable energy.
2. Understand the source of solar energy.
3. Learn the basic physics and lows of solar radiation. 
4. Understanding the general concept of interaction solar radiation with atmosphere.   
5. Understanding the basic of solar geometry.
6. Understanding the passive and active solar systems.
7. Learn the fundamentals of solar energy applications.


	Module Learning Outcomes

مخرجات التعلم للمادة الدراسية
	1. Developing the student’s scientific knowledge in renewable energy, its types and importance, in general and solar energy in particular.
2. Improve the abilities of the students to understand the basic processes of producing solar energy in the core of the sun and the mechanism of its transmission and arrival outside the atmosphere.
3. Learn about the main physical laws governing the relationship between radiation and energy and their transfer out and within the atmosphere and to the Earth's surface.
4. Knowing the processes that solar radiation is exposed to within the atmosphere, from reflection, scattering, and absorption, and the results of these processes in the distribution of the amount of energy and its transfer within the atmosphere and the Earth’s surface.
5. Understand and learn all the details of solar geometry, its importance and its relationship to solar energy applications.
6. Knowing the weather conditions and climatic factors that affect the amount of solar energy reaching the Earth's surface and the role of these conditions in influencing the operation of solar energy systems. 
7. Get an overview of solar radiation and solar energy measuring devices.
8. Knowledge the types of solar energy systems and their applications and their classifications (active and passive systems).

	Indicative Contents
المحتويات الإرشادية
	Part A. Introduction to Renewable Energy: ( 2 hr.)
Terms and Definitions                            
Introduction:
· kind of renewable energy.
· Characteristics, advantages and disadvantages of each type.
the deferent between renewable energy and alternative energy.
Part B. The sun as the source of solar energy:( 4 hr.)
· What is the sun
· The basic processes of producing solar energy in the core of the sun
·  The mechanism of solar energy from the core to the surface of the sun
The mechanism of transmission solar energy from the surface of the sun until outside the atmosphere. (Radiant Flux Emitted by the Sun)
Part C. Solar Radiation : ( 4 hr.)
· The physics of solar Radiation.
· Solar Constant 
Total Solar Radiant Flux Received by the Earth.
Part D. Solar Radiation & atmosphere:  (4 hr)
· The processes that solar radiation is exposed to within the atmosphere.
1. Reflection.
2.  Scattering.
3. Absorption.
                   Air mass and solar radiation path.

Part E. The fundamentals of Radiation Climatology: (8 hr)
· Energy budget of the earth-atmosphere system.
extraterrestrial radiation on a horizontal surface as function of season and latitude.
Part F. Basic solar geometry 1 (4 hr)
· Relation between the Earth and the Sun.
· Solar Time and Position of the Sun
· Solar angle I :
1. Declination δ, Hour Angle h.
 Part G. Basic solar Geometry 2 (2 hr)
· Solar angle II :
1. Solar Altitude Angle α.
2. Solar Azimuth Angle z.
Incidence Angle Θ.
Part H. Basic Geometry 3 
· Extraterrestrial radiation on a horizontal plane
· Total Radiation on Tilted Surfaces
· Beam radiation tilt factor
Total radiation on a tilted surface
Part L.  Terrestrial radiations measurement: (2 h)
· Total, direct and suffuse solar radiation measuring devices.
· Terrestrial irradiation estimation.
Satellite data.
Part M. Solar energy applications I: (2 h)
· Passive solar system I:
1. Daylight.
2. Space Heating.
3. Water desalination.
Drying Agricultural Products

Solar energy applications II: (2 h)
· Passive solar system II:
1. Flat plate Water heating
Concentrating solar system (water heating)
 Solar energy systems III: 
· Active solar system I:
Concentrating solar system (Generating Electrical Power)   
Solar energy systems IIII:
· Active solar system II:
Photovoltaic panels (Generating Electrical Power)   


	
	



	Learning and Teaching Strategies
استراتيجيات التعلم والتعليم

	Strategies
	During the 1-13 weeks of the course, the learning and Teaching Strategies includes;
1. Identify the primary concepts of renewable energy .
Method for Assessment: Graded exams, worksheets, pre- and post- course survey
2.  understanding the solar energy.
Method for Assessment: Graded exams, worksheets, pre- and post- course survey
3.  Understanding the basic of solar geometry.
Method for Assessment: Graded exams, worksheets, pre- and post- course survey.
4. Describe the processes related to the basic of solar geometry.
Method for Assessment: Graded exams, worksheets, pre- and post- course survey
5. Describe and understanding the basic of solar geometry.

Method for Assessment: Graded exams, worksheets, pre- and post- course survey
6. Learn the solar energy applications.




	Student Workload (SWL)
الحمل الدراسي للطالب محسوب لـ ١٥ اسبوعا

	Structured SWL (h/sem)
الحمل الدراسي المنتظم للطالب خلال الفصل
	63
	Structured SWL (h/w)
الحمل الدراسي المنتظم للطالب أسبوعيا
	4

	Unstructured SWL (h/sem)
الحمل الدراسي غير المنتظم للطالب خلال الفصل
	62

	Unstructured SWL (h/w)
الحمل الدراسي غير المنتظم للطالب أسبوعيا
	4

	Total SWL (h/sem)
الحمل الدراسي الكلي للطالب خلال الفصل
	125





	Module Evaluation
تقييم المادة الدراسية

	
As
	Time/Number
	Weight (Marks)
	Week Due
	Relevant Learning Outcome

	Formative assessment
	Quizzes
	2
	10% (10)
	Continuous
	LO #1, #2, #3 and #6, #7

	
	Assignments
	2
	5% (5)
	Continuous
	LO #4, #5 and # 8

	
	Projects / Lab.
	
	15% (15)
	
	

	
	Report
	1
	10% (10)
	9
	LO #2 and #4

	Summative assessment
	Midterm Exam
	1hr
	10% (10)
	8
	LO #1 - #6

	
	Final Exam
	3hr
	50% (50)
	15
	All

	Total assessment
	100% (100 Marks)
	
	





	Delivery Plan (Weekly Syllabus)
المنهاج الاسبوعي النظري

	Week  
	Material Covered

	Week 1
	Part A. Introduction to Renewable Energy: 
Terms and Definitions                            
Introduction:
· kind of renewable energy.
· Characteristics, advantages and disadvantages of each type.
the deferent between renewable energy and alternative energy.


	Week 2
	Part B. The sun as the source of solar energy:
· What is the sun
· The basic processes of producing solar energy in the core of the sun


	Week 3
	Part B. The sun as the source of solar energy:
· The mechanism of solar energy from the core to the surface of the sun
The mechanism of transmission solar energy from the surface of the sun until outside the atmosphere. (Radiant Flux Emitted by the Sun)


	Week 4
	Part C. Solar Radiation: 
· The physics of solar Radiation.


	Week 5
	Part C. Solar Radiation:
· Solar Constant 
Total Solar Radiant Flux Received by the Earth.

	Week 6
	Part D. Solar Radiation & atmosphere:  
· The processes that solar radiation is exposed to within the atmosphere.
1. Reflection.
2. Scattering.
3. Absorption.


	Week 7
	Part D. Solar Radiation & atmosphere:  
                   Air mass and solar radiation path

	Week 8
	Mid Exam

	Week 9
	Part E. The fundamentals of Radiation Climatology:
· Energy budget of the earth-atmosphere system.
extraterrestrial radiation on a horizontal surface as function of season and latitude.

	Week 10
	Part E. The fundamentals of Radiation Climatology:
Part F. Basic solar geometry 1 
· Relation between the Earth and the Sun.
· Solar Time and Position of the Sun
· Solar angle I :
1. Declination δ, Hour Angle h.


	Week 11
	Part G. Basic solar Geometry 2 
· Solar angle II :
2. Solar Altitude Angle α.
3. Solar Azimuth Angle z.
Incidence Angle Θ.
Part H. Basic Geometry 3 
· Extraterrestrial radiation on a horizontal plane
· Total Radiation on Tilted Surfaces
· Beam radiation tilt factor
Total radiation on a tilted surface

	Week 12
	Part L.  Terrestrial radiations measurement: 
· Total, direct and suffuse solar radiation measuring devices.
· Terrestrial irradiation estimation.
Satellite data.

	Week 13
	Part M. Solar energy applications I:
· Passive solar system I:
1. Daylight.
2. Space Heating.
3. Water desalination.
Drying Agricultural Products

	Week 14
	Solar energy applications II: 
· Passive solar system II:
1. Flat plate Water heating
Concentrating solar system (water heating)
 Solar energy systems III: 
· Active solar system I:
Concentrating solar system (Generating Electrical Power)   
Solar energy systems IIII:
· Active solar system II:
Photovoltaic panels (Generating Electrical Power)  

	Week 15
	Final Exam




	Delivery Plan (Weekly Lab. Syllabus)
المنهاج الاسبوعي للمختبر

	Week  
	Material Covered

	Week 1
	

	Week 2
	

	Week 3
	

	Week 4
	

	Week 5
	

	Week 6
	

	Week 7
	

	Week 8
	

	Week 9
	

	Week 10
	

	Week 11
	

	Week 12
	





	Learning and Teaching Resources
مصادر التعلم والتدريس

	
	Text
	Available in the Library?

	Required Texts
	Solar Energy: Fundamentals, Technology, and Systems, Klaus Jäger, et al, University of Technology, Netherlands, 2014.
	         available as PDF 

	Recommended Texts
	1. Principles of Solar Engineering; Third Edition, D. Yogi Goswami, Taylor & Francis Group,2015.
https://www.advan-kt.com/principlesofsolarengi.pdf
2. Handbook of renewable energy technology, Ahmed F. Zobaa, Ramesh C. Bansal, World Scientific Publishing, Singapore, 2011.
	available as PDF

	Websites
	


	

	[bookmark: _heading=h.30j0zll]		                   Grading Scheme
مخطط الدرجات

	Group
	Grade
	التقدير
	Marks %
	Definition

	Success Group
(50 - 100)
	A - Excellent
	امتياز
	90 - 100
	Outstanding Performance

	
	B - Very Good
	جيد جدا 
	80 - 89
	Above average with some errors

	
	C - Good
	جيد
	70 - 79
	Sound work with notable errors

	
	D - Satisfactory
	متوسط 
	60 - 69
	Fair but with major shortcomings

	
	E - Sufficient
	مقبول 
	50 - 59
	Work meets minimum criteria

	Fail Group
(0 – 49)
	FX – Fail 
	راسب (قيد المعالجة)
	(45-49)
	More work required but credit awarded

	
	F – Fail 
	راسب
	(0-44)
	Considerable amount of work required

	
	
	
	
	

	
Note: Marks Decimal places above or below 0.5 will be rounded to the higher or lower full mark (for example a mark of 54.5 will be rounded to 55, whereas a mark of 54.4 will be rounded to 54. The University has a policy NOT to condone "near-pass fails" so the only adjustment to marks awarded by the original marker(s) will be the automatic rounding outlined above.



5

