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Course Description:
Introduction to energy systems : conventional and renewable energy resources ; Solar Spectrum, Solar Time and angles, day length, angle of incidence on tilted surface; Sun path diagram; Shadow angle protractor; Solar Radiation ; Extraterrestrial Radiation; Effect of earth atmosphere; Estimation of solar radiation on horizontal and tilted surfaces; Measurement of solar radiation; Solar radiation calculations.
Photovoltaic fundamentals; Solar Cell Physics; The Photovoltaic Effect, Dark and illumination characteristics; Figure of merits of solar cell; Efficiency limits; Variation of efficiency with band-gap and temperature; Efficiency measurements; High efficiency cells.
Equivalent Circuit of the Solar Cell, Analysis of PV Cells: Types of Solar cells. Solar Cell Fabrication Technology. Solar Photovoltaic System Design; Maximum tracking; Centralized and decentralized SPV systems; Stand alone, hybrid and, grid connected system.
The Recent developments in Solar cells, Role of nano-technology in Solar cells. Concentrated Solar Power Systems.
Solar heater systems: Design, amount of heat.









Examples to work by students (Pre-class Activities)
· Compare between traditional energy and renewable energy systems.
· Compare between the various tariff systems that can be used in electrical energy systems 
· Define the various terms associated with load curves.
· Describe the main specifications of a certain module. 
· Identify the main losses associated with the operation of PV systems.
· Compare between the main recent technologies that can used in modern PV panels.

Examples on (In-Class and Post-Class Activities) 
· Implement an overall design for off-grid and on-grid case studies.
· Analyze the results of already installed PV systems  

More Pre-Class or Post-Class activities are declared in the details of the modules 

Course Modules:
Module 1: An Introduction to Renewable Energy Systems
Module 2: Solar Radiation Calculations
[bookmark: _GoBack]Module 3: Solar Photovoltaic Principles
Module 4: Solar Photovoltaic Systems
Module 5: Other Solar Systems Applications



Example of topics to be taught F2F (In-Class Activities)
· Describe the status of energy system in Palestine.
· Select the tariff system that is appropriate for a certain energy system.
· Implement calculations associated with load curves.
· Calculate the radiation reached to a tilted surface depending on a measured value on a horizontal surface.
· Calculate the power generated of a  certain module under certain conditions. 
· Form a complete design of various types of PV systems.
· Conduct a complete performance analysis for an installed PV system.
· Specify the recent technologies that can be used in modern high efficiency PV panels. 
· Describe the main requirements to build a complete effective solar thermal system. 
· Compare between various types of concentrated solar power systems.

More F2F topics are declared in the details of the modules
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Key Partners
Key Activities
Key Resources
Cost Structure
Revenue Streams
Channels
Value Propositions
Target group relationship
Target group

Do I know the group of students already and if yes: what do I know about them?
· The students should have background about power electronics and thermodynamic principles
· The team work, the discussion platforms as well as collaborative learning in F2F classes will enhance the group individuals relationship.
· This course is dedicated for the  students of the third year students of the sustainable energy department.

· Part of this course will be implemented with the solar lab supervisor

Course Modules:
Module 1: An Introduction to Renewable Energy Systems
Module 2: Solar Radiation Calculations
Module 3: Solar Photovoltaic Principles
Module 4: Solar Photovoltaic Systems
Module 5: Other Solar Systems Applications
What is my course about?

SOLAR ENERGY

The course is divided into chapters and each chapter is divided into modules
The modules of each chapter are later described.


  
Who am I creating this FCA course for?
What is the group size?

The  students of the third year students of the sustainable energy department

20-25 Students





 How do I want to realize my course objectives?
· F2F Lectures
· Distant Learning
· Field Visits




How will I deliver my course content: 
Via F2F classes and Via a learning path in Moodle
By uploading:
· Interactive lessons
· Lecture Presentations
· Self-implemented videos
· Utilizing different approaches for evaluation

What are the resources I need to realize my Course
· Class Room
· LCD Projector
· Equipped Solar Lab.
· Software Packages
· Text Book and/or References
· Teaching and Learning Interactive Material
· Access to Internet
· Arranging Field Visits


What will my students know after having taken my course?
Design and Installation of  different types of Solar PV systems







How will I evaluate the knowledge students gained from the F2F and the online content?
· The evaluation approaches are identified in detail in the storyboard Canvas

What will my outcome be and what will be the outcome for my students?
· The outcomes are identified in detail in the storyboard Canvas
How can I overcome the obstacles?
· Continuing Evaluation of students with different levels

What are my hard- and software needs?
· Equipped Solar Lab.
· Software Packages
· Arranging Field Visits

What will be my time investment? 
· Preparing additional short videos and assignments


What are the pitfalls for me and my students?
· Presence of different levels of students with different backgrounds
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Module 4 Objectives
The following objectives will be achieved through this module:
1- Describe the specifications of the various components constructing PV systems.
2- Follow procedures to make a full design for a standalone PV system.
3- Takes into account the conditions necessary to make an integrated design for a grid connected PV system.
4- Compare between fixed PV system installations with respect to tracking PV systems.
5- Conduct a complete performance analysis for an installed PV system.
6- Specify the recent technologies that can be used in modern high efficiency PV panels.  














Course Name:
SOLAR ENERGY SYSTEMS

Module 4 Title:
Solar Photovoltaic Systems















Chart your course. Think about your objectives (what do you want to reach with your students  Bloom Taxonomy), your criteria of evaluation (how will you check this?) and your method of evaluation (how are you going to evaluate this?). How did you integrate Technology, Content, Pedagogy taking the Context into account  TPackflip 3EEE Storyboard Canvas
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	Description of the course

	Module 4 Title:  Solar Photovoltaic Systems

	Module 4

Title 
Solar Photovoltaic Systems
	Module Objective 1
· Describe the specifications of the various components constructing PV systems.
	Online Module content
(LTM + Activities + tools)
· The content associated with module objective 1, 2, 4 and 6 (Partly)
· Interactive lessons
· Lecture Presentations
· Self-implemented videos
	Evaluation method online content
Feedback
Assessments 
Assignments: 
· Brief search about types of inverters..
· Design examples for PV systems-Home work. 
· Brief search about tracking systems.
· Preparing a report regarding field visits.
	Target group
· The third year students of the sustainable energy department students


	
	Module Objective 2
· Follow procedures to make a full design for a standalone PV system.
	
	
	

	Proportion F2F and distance
· <30% distance
· 30 – 70% distance learning
· <30% Field Visit/ (LMT)
	Module Objective 3
· Takes into account the conditions necessary to make an integrated design for a grid connected PV system.
	F2F Module content
(LTM + Activities + tools)
· The content associated with all module objectives .
· Interactive lessons
· Lecture Presentations
· Self-implemented video
	Evaluation method F2F content
Feedback
Assessments
Assignments:
· Oral questions the components constructing PV systems.
· Class exam concerning design of PV systems.
· Oral questions about tracking systems.  
· Oral questions regarding procedures to conduct a complete performance analysis.
· Oral questions regarding the recent technologies used in a certain PV module recently manufactured. 
	

	
	Module Objective 4
· Compare between fixed PV system installations with respect to tracking PV systems.
	
	
	

	Group size
· Small
· Intermediate
· Large
	Module Objective 5
· Conduct a complete performance analysis for an installed PV system.
	Field visit Module content
(LTM + Activities + tools)
· Field visits will be arranged for various types  of PV installations while implementing this module.
	
	

	
	Module Objective 6
· Specify the recent technologies that can be used in modern high efficiency PV panels.  
	
	
	

	Needs
· Class Room
· LCD Projector
· Equipped Solar Lab.
· Software Packages
· Access to Internet
· Arranging Field Visits



	ILO’s of this module
At the end of this module, the students will be able to:
· Summarize the specifications of each component may construct PV systems.
· Develop an integrated design for a standalone PV system.
· Select the necessary components required to build  a complete design of a grid-connected PV system.
· Identify the main requirements needed to  build a hybrid PV system. 
· Describe the main features may be obtained by adopting a tracking PV system.
· Summarize the necessary data required to implement a performance analysis of a certain PV system. 
· Characterize between what is correct and what is wrong regarding the practices used in selecting components  and building them to construct PV systems.  
· Categorize the main recent technologies may be utilized in manufacturing modern PV modules.
· Communicate effectively with colleagues and others to discuss issues related to designing PV systems and  implementing calculations of the energy production.
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