
GAU, Faculty of Engineering 

Course Unit Title Principles of Energy Systems Engineering  

Course Unit Code ENE 202 

Type of Course Unit  Compulsory  

Level of Course Unit  2nd  year B.Sc. 

National Credits 4 

Number of ECTS Credits Allocated 6  ECTS 

Theoretical (hour/week) 4 

Practice (hour/week) - 

Laboratory (hour/week) - 

Year of Study 2 

Semester when the course unit is delivered 2 

Mode of Delivery  
Face to face, lectures with slides and videos, trip to 

Power Plant 

Language of Instruction  English 

Prerequisities and co-requisities    

Recommended Optional Programme Components  Strong background in physics, chemistry and maths  

Objectives of the Course: 

 to introduce the student to the first and second laws of thermodynamics by solving energy/work 

problems with SI and British units.  

 to teach the student heat transfer and its main forms of mechanisms.  

 to introduce the students to the mechanical, electrical and thermal energy concepts and shaft work by 

solving problems involving pump-motor and turbine-generator couples.      

 to introduce the students to heat/carnot engines and conventional energy production.  

 to introduce the student to the renewable energy production technologies.  

Learning Outcomes  

When this course has been completed the student should be able to Assessment. 

1 

understand the application of first and second laws of thermodynamics to energy/work 

questions; to understand that energy is always conserved and that mechanical 

work/electrical energy can only be produced from fuels at the sake of dissipated heat.  

1,2 

2 

understand the various forms of heat transfer mechanisms and be able to model systems 

involving heat transfer mechanisms; to compare old and new heating systems; to 

determine  the number of cooling units.   

1,2 

3 

apply Bernoulli equation to analyze problems involving electrical , mechanical and 

thermal energy transformations and also shaft work; understand the energy transformation 

systems coupled with pump-motor and turbine-generator pairs; to compare the efficiencies 

of mechanical units like motors and find out the payback periods if a mechanical unit with 

the new technology is installed.  

1,2 

4 

solve problems invoving shaft work and heat engines; understand closed thermodynamic 

systems and thermal energy reservoirs; understand conventional electricity production in a 
power plant using coal/fuel oil; understand ocean thermal energy conversion. 

1,2 

5 

Understand the electrical energy production mechanisms in wind turbines, hydro-power 

generation plants, nuclear power plants, solar PV panel systems, geothermal energy 

systems, biomass energy production systems  and active solar heating systems;be able to 

solve questions related with these energy systems.   

1,2 

Assesment Methods: 1. Written Exam, 2. Assignment 3. Project/Report, 4.Presentation, 5 Lab. Work 

Course’s Contribution to Program 

  CL 

1 Ability to understand and apply knowledge of mathematics, science, and engineering 4 

2 Ability to design and conduct experiments as well as to analyze and interpret data 3 

3 
Ability to work in multidisciplinary teams while exhibiting professional responsibility and 

ethical conduct 
3 

4 Ability to apply systems thinking in problem solving and system design 2 

5 Knowledge of contemporary issues while continuing to engage in lifelong learning 3 

6 
Ability to use the techniques, skills and modern engineering tools necessary for engineering 

practice 
4 



7 Ability to express their ideas and findings, in written and oral form 3 

8 
Ability to design and integrate systems, components or processes to meet desired needs within 

realistic constraints 
3 

9 
Ability to approach engineering problems and effects of their possible solutions within a well 

structured, ethically responsible and professional manner 
4 

10 
Ability to apply chemical, physical and thermodynamic principles and concepts in the design, 

manufacture and technological development of conventional and renewable energy systems  
5 

11 
Ability to produce economically feasible sustainable engineering projects on production, 

distribution, consumption and storage of energy, by using single or hybrid energy systems 
5 

CL: Contribution Level (1: Very Low, 2: Low, 3: Moderate 4: High, 5:Very High) 

 

Course Contents 

Week   Exams 

1 Chapter 1 Introduction; review of SI and British energy units.     

2 Chapter 2  Energy forms, work , motion, first law of thermodynamics.   

3 Chapter 2  Energy conversions, conversion efficiencies, fuel cells, CO2 emissions, 

simple machines. ‘‘continued’’   

Quiz 1 

4 Chapter 3 Heat and work,  solar radiation, specific heat capacity, latent heat.     

5 Chapter 3 Heat transfer principles and mechanisms; conduction, convection, 

radiation .  Simultaneous heat transfer mechanisms. ‘‘continued’’   

Quiz 2 

6 Chapter 4   Energy conversion, wind energy, hydro-energy, power generation from 
mechanical energy, space heating and cooling. 

 

7 Chapter 4 Electrical work, shaft work, efficiency of cooking appliances. Cost 

savings.  ‘‘continued’’   

 

8   Midterm 

9 Chapter 5 Efficiencies of mechanical and electrical devices; motors, pumps, 

turbines and generators. Hydraulic performances of turbine-generator 

and motor-pump couple systems.  Estimation of  simple payback periods.   

 

10 
Chapter 6 

Second law of thermodynanics, heat engines, thermal reservoirs, thermal 

efficiency, carnot engines, carnot efficiency, conventional power plants. 

 

11 Chapter 7 Wind turbines, active solar heating systems Quiz 3 

12 Chapter 8 Wave energy, Ocean Thermal Energy Conversion    

13 Chapter 9  Nuclear energy, energy from solar PV cells   

14 Chapter 10 Hydro-power generation, geothermal energy, biomass energy.   

15   Final 

Recommended Sources 

Textbook: “Thermodynamics ;An Engineering Approach”, by Yunus A. Çengel and Michael A. Boles, Mc-

Graw Hill Edition, 5th edition, 2004.  

 

Supplementary Material: “Energy Systems Engineering; Evaluation and Implementation”, by Francis M. 

Vanek and Louis D. Albright, Mc-Graw Hill Edition, 1st edition, 2008. 

  
Supplementary Material:  “Renewable Energy; Power for a Sustainable Future”, by Godfrey Boyle, the Oxford 

University Press, 2nd edition,  2004. 

Assessment 

Attendance  5%  

Homework 10%  

Midterm Exam 25%  

Quizzes  20%  

Final   Exam 40%  

Total 100%  

ECTS Allocated Based on the Student Workload 

Activities Number  
Duration 

(hour)  

Total 

Workload(hour) 

Course duration in class (including the Exam week)  15 4 60 

Labs and Tutorials    



Assignments 10 2 20 

Project/Presentation/Report Writing  - - - 

E-learning Activities - - - 

Quizzes 3 5 15 

Midterm Examination 1 10 10 

Final Examination 1 16 16 

Self Study  14 4 56 

Total Workload  177 

Total Workload/30 (h) 5.9 

ECTS Credit of the Course 6 

 


