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(DI)
 

Courses of General Specialty Requirements (60 Credits, 37.5% of total 
160 Credits) 

No Code Course Title  Cr Prerequisite 

1.  EMP X13 Engineering mathematics (3)  3 EMP 012 

2.  EMP X14 Engineering mathematics (4)  3 EMP X13 

3.  EPE 111 Electric Circuits   3 - 

4.  EPE 112 Electromagnetic Fields  3 - 

5.  CCE 121 Computer Programming  3 - 

6.  EPE 113 Electric Circuits and Measurements  3 EPE 111 

7.  MEP 211 Thermodynamics  3 EMP 042 

8.  EEC 111 Electronic Circuits  3 - 

9.  CCE 211 Computer Organization and Microprocessors  3 CCE 121 

10. EPE 231 Energy Conversion and Transformers  3 EPE 112 

11. EPE 221 Electrical Power Engineering   3 - 

12. EPE 241 Power Electronics (1)  3 EEC 111 

13. EPE 251 Direct Current Systems  3 EPE 221 
EPE 231 

14. CCE 231 Automatic Control Principles  2 EMP X13 

15. EPE 341 Power Electronics (2)  3 EPE 241 

16. CCE 341 Digital Control  2 CCE 231 

17. EPE 321 Energy Economics  3 EPE 221 

18. EPE 311 Electrical Materials  3 EMP 042 

19. MEP 321 Fluid Mechanics  3 - 

20. MEP 311 Thermal Power Stations  2 MEP 211 

21. EMP 131 Electrochemical Engineering    3 - 
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(MA)
 

   
Table 4. Courses of Specialization Requirements 

(46 Credits, 28.75 % of total 160 Credits)

No Code Course Title  Cr Prerequisite 

1.  EPE 232 Synchronous Machines  3 EPE 231 

2.  EPE 331 Induction Machines  3 EPE 231 

3.  EPE 322 High Voltage Engineering  3 EPE 311 

4.  EPE 323 Electrical Power System Analysis  3 EPE 221 

5.  EPE 421 Protection of Electrical Systems  3 EPE 323 

6.  EPE 422 Control of Electrical Power Systems  3 EPE 323 
CCE 231 

7.  EPE 451 Energy Storage Systems  2 EPE 311 

8.  EPE 461 Power Generation from Renewable 
Sources  3 EPE 231 

EPE 331 

9.  EPE 463 Electric and Hybrid Vehicles Technology - 
 3 EPE 451 

10. EPE 452 Smart Grids  3 EPE 221 

11. EPE 464 Nuclear Power Plants  2 MEP 311 

12. EPE 471 Graduation Project (1)  1 
112 Cr. H

ENGX61 + 
HUMX32  

13. EPE 472 Graduation Project (2)  3 EPE 471 
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No Code Course Title  Cr Prerequisite

 

1.  EPE  332 Control of Electrical Machine systems   2 
EPE 232 
EPE 331 
CCE 231 

2.  EPE 333 Dynamic Performance of Electrical 
Machines 

 2 EPE 232 
EPE 331 

 

3.  EPE 441 Power Electronics Applications in 
Renewable Energy Systems  3 EPE 341 

4.  EPE 462 Integrating renewable resources with the 
grid 

 3 EPE 341 

 

5.  EPE 453 Electrical Installations  3 EPE 221 

6.  EPE 454 Automation of Electrical Distribution 
systems 

 3 EPE 221 

7.  EPE 465 Planning of Renewable Energy Systems   3 EPE 321 
EPE 422 

 

8.  EPE 455 Distributed Generation Units  3 EPE 422 

9.  EPE 423 Energy Efficiency  3 EPE 321 
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EMP 011  - 

EMP 021  -

EMP 041  -

PDE 021  -

EMP 031  -

HUM 011  -

 

  

EMP 012  EMP 011 

EMP 022  EMP 021 

EMP 042  EMP 041 

PDE 022  PDE 021

PDE 011  -

HUM 061  -
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EMP X13  EMP 012 

EPE 111  - 

EPE 112  - 

EEC 111  -

HUM 131  
HUM XE*  

 
 

  

EMP X14  EMP X13 

EPE 113  EPE 111 

CCE 121  - 

EMP 131  -

ENG X61  -

HUM X33  -
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EMP XE*  ** 

EPE 221  - 

EPE 231  EPE 112 

EPE 241  EEC 111

CCE 211  CCE 121

MPE X51  

 
 

  

EMP XE*  ** 

EPE 232  EPE 231 

EPE 251  EPE 221 
EPE 231 

CCE 231  EMP X13

MEP 211  EMP 042

HUM XE*  
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EPE 311  EMP 042 

EPE 331  EPE 231 

EPE 341  EPE 241 

CCE 341  CCE 231

MEP 321  -

HUM X32  -

 
 

  

EMP XE*  ** 

EPE 321  EPE 221 

EPE 322  EPE 311 

EPE 323  EPE 221

EPE 3E*  ***

MEP 311 MEP 211
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EPE 421  EPE 323 

EPE 422  EPE 323  
CCE 231 

EPE 451  EMP 131 

EPE 461  
EPE 231 
EPE 331

EPE 4E*  EPE 341

EPE 471  
112 Cr. H

ENGX61 + 
HUMX32

 
 

  

EPE 452  EPE 221 

EPE 463  EPE 451 

EPE 464  MEP 311 

EPE 4E*  ***

EPE 4E*  ***

EPE 472  EPE 471
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Le
ve

l 
0

Le
ve

l 
1

Le
ve

l 
2

Le
ve

l 
3

Le
ve

l 
4

EMP 011
Eng. Mathematics (1)

3 2+2+0

EMP 021
Eng. Mechanics (1)

3 2+2+0

EMP 041
Eng. Physics (1)

3 2+1+2

EMP 031
Eng. Chemistry

3 2+1+2

PDE 021
Eng. Drawing (1)

3 2+0+4

HUM 011
Technical English 

Language
1 1+0+0

HUM 061
History of Eng. 

and Tech.
2 2+0+0

EMP 012
Eng. Mathematics (2)

3 2+2+0

EMP 022
Eng. Mechanics (2)

3 2+2+0

EMP 042
Eng. Physics (2)

3 2+1+2

PDE 022
Eng. Drawing (2)

3 2+0+4

PDE 011
Production Tech

2 1+0+3

Program Courses Map Energy and Electrical 
Systems Engineering (EES)

EMP X13
Differential 
Equations

3 2+2+0

EPE 112
Electromagnetic 

Fields
3 2+0+3

HUM XE*
Elective Course 
University (1)

2 2+0+0

HUM 131
Introduction to Prog. 

and Info. Tech.

2 1+1+1

EPE 111
Electric Circuits

3 2+0+4

EEC 111
Electronic 

Circuits 
3 2+0+3

ENG X61
Technical Writing

2 2+0+1

EMP 131
Electrochemical 

Engineering 
3 2+0+3

CCE 121
Computer 

Programming
3 2+0+3

EPE 113
Electric Circuits and 

Measurements

3 2+0+4

HUM X33
Scientific thinking

2 2+0+0

EMP X14
Vector Analysis and 

Multivariable Calculus

3 2+2+0

EPE 221
Electrical Power 

Engineering
3 2+0+3

EPE 241
Power Electronics (1)

3 2+0+3

MPE X51
Occupational 

health and Safety
1 1+0+0

CCE 211
Computer Organization 

and Microprocessors

3 2+0+3

EMP XE*
Elective Course 

Faculty (1)
3 2+2+0

EPE 231
Energy Conv. and 

Transformers
3 2+0+3

HUM XE*
Elective Course 
University (2)
2 2+0+0

EPE 251
Direct Current 

Systems
3 2+0+4

CCE 231
Automatic Control 

Principles

3 2+1+0

EPE 232
Synchronous 

Machines
3 2+0+3

EMP XE*
Elective Course 

Faculty (2)
3 2+2+0

MEP 211
Thermodynamics

3 2+0+3

MEP 321
Fluid Mechanics

3 2+0+3

EPE 341
Power Electronics (2)

3 2+0+3

CCE 341
Digital Control

2 2+0+0

EPE 331
Induction Machines

3 2+0+3

HUM X32
Communication and 
Presentation Skills

2 2+0+1

EPE 311
Electrical 
Materials

3 2+0+3

EPE 322
High Voltage 
Engineering

3 2+0+3

EPE 323
Electrical Power 
System Analysis
3 2+0+3

EPE 321
Energy Economics

3 2+0+3

EMP XE*
Elective Course 

Faculty (3)

3 2+2+0

EPE 3E*
Elective Course (1)

2 2+1+0

MEP 311
Thermal Power 

Stations

2 2+1+0

EPE 421
Protection of Electrical 

Systems

3 2+0+3

EPE 461
Power Gen. from 

Ren. Sources

3 2+0+3

EPE 4E*
Elective Course (2)

3 2+0+3

EPE 451
Energy Storage 

Systems
2 2+0+1

EPE 422
Control of Elec. 
Power Systems

3 2+0+3

EPE 471
Graduation 
Project (1)

1 1+0+1

EPE 4E*
Elective Course (3)

3 2+2+0

EPE 4E*
Elective Course (4)

3 2+2+0

EPE 452
Smart Grids

3 2+0+2

EPE 464
Nuclear Power 

Plants
2 2+1+0

EPE 472
Graduation 
Project (2)

3 2+0+3

EPE 463
Electric and Hybrid 

Vehicles Tech.

3 2+0+3

ENG 262
Field Training (1)

0 0+0+0

ENG 363
Field Training (2)

0 0+0+0

***

***

ENG X41
Entrepreneurship 

0 0+0+0

HUM X21
Social Issues

0 0+0+0

**

**

**
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NARS 2018 
NARS 2018

D6D5D4D3D2D1B5B4B3B2B1A10A9A8A7A6A5A4A3A2A1

EMP 011 
EMP 021 
EMP 041 
PDE 021 
EMP 031 
HUM 011 
EMP 012 
EMP 022 
EMP 042 
PDE 022 
PDE 011 
HUM 061 
EMP X13 
EPE 111 
EPE 112 
EEC 111 

HUM 131 
HUM XE* 
EMP X14 
EPE 113 
CCE 121 
EMP 131 
ENG 161  
HUM X33 
EMP XE* 
EPE 221 
EPE 231 
EPE 241 
CCE 211 
MPE X51 
EMP XE* 
EPE 232 
EPE 251 
CCE 231 
MEP 211 
HUM XE* 
EPE 311 
EPE 331 
EPE 341 
CCE 341 
MEP 321 
HUM X32 
EMP XE* 
EPE 321 
EPE 322 
EPE 323 
EPE  332 
EPE 333 
MEP 311 
EPE  332 
EPE 333 
EPE 421 
EPE 422 
EPE 451 
EPE 461 
EPE  332 
EPE 333 
EPE 471 
EPE 452 
EPE 463 
EPE 464 
EPE 441 
EPE 462 
EPE 453 
EPE 472 
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Proposed study plan 
Level Zero, 1st term, fall semester 

 
Level Zero, 2nd term, spring semester 

 
 

  

Fi
na

l e
xa

m
 d

ur
at

io
n 

Pr
er

eq
ui

si
te

 

Credit and Contact hours  

Course title Code 

T
ot

al
 

L
ab

./P
ra

ct
ic

al
 T

ut
 

T
ut

. 

L
ec

tu
re

 

C
re

di
t h

ou
rs

 
2  4 0 2 2 3 Engineering Mathematics (1) EMP 011 
2  4 0 2 2 3 Engineering Mechanics (1) EMP 021 
2  5 2 1 2 3 Engineering Physics (1) EMP 041 
3  6 4 0 2 3 Engineering Drawing (1) PDE 021 
2  5 2 1 2 3 Engineering Chemistry EMP 031 
1  1 0 0 1 1 Technical English language HUM011 
  25 8 6 11 16 Total 

Fi
na

l e
xa

m
 d

ur
at

io
n 

Pr
er

eq
ui

si
te

 
Credit and Contact hours  

Course title Code 

T
ot

al
 

L
ab

./P
ra

ct
ic

al
 T

ut
 

T
ut

. 

L
ec

tu
re

 

C
re

di
t h

ou
rs

 

2 EMP 011 4 0 2 2 3 Engineering Mathematics (2) EMP 012 
2 EMP 022 4 0 2 2 3 Engineering Mechanics (2) EMP 022 
2 EMP 042 5 2 1 2 3 Engineering Physics (2) EMP 042 
3 PDE 021 6 4 0 2 3 Engineering Drawing (2) PDE 022 
2 - 4 3 0 1 2 Production Technology PDE 011 

1 - 2 0 0 2 2 History of Engineering and 
Technology HUM 061 

  25 9 5 11 16 Total 
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Level One, 1st term, fall semester 

 
Level One, 2nd term, spring semester 

 
 
  

Fi
na

l e
xa

m
 d

ur
at

io
n 

Pr
er

eq
ui

si
te

 

Credit and Contact hours  

Course title Code 

T
ot

al
 

L
ab

./P
ra

ct
ic

al
 T

ut
 

T
ut

. 

L
ec

tu
re

 

C
re

di
t h

ou
rs

 

2 EMP 012 4 0 2 2 3 Engineering Mathematics (3) EMP X13 
2 - 6 4 0 2 3 Electric Circuits EPE 111 
2 - 5 3 0 2 3 Electromagnetic Fields EPE 112 
2 - 5 3 0 2 3 Electronic Circuits EEC 111 

2 - 3 1 1 1 2 Introduction to Programming and 
Information Technology HUM 131 

1 - 2 0 0 2 2 Elective Course University (1) HUM XE* 
  25 11 3 11 16 Total 

Fi
na

l e
xa

m
 d

ur
at

io
n 

Pr
er

eq
ui

si
te

 
Credit and Contact hours  

Course title Code 

T
ot

al
 

L
ab

./P
ra

ct
ic

al
 T

ut
 

T
ut

. 

L
ec

tu
re

 

C
re

di
t h

ou
rs

 

2 EMP X13 4 0 2 2 3 Engineering Mathematics (4) EMP X14 

2 EPE 111 6 4 0 2 3 Electric Circuits and 
Measurements EPE 113 

2 - 5 3 0 2 3 Computer Programming CCE 121 
2 - 5 3 0 2 3 Electrochemical Engineering EMP 131 
2 - 3 1 0 2 2 Technical Writing ENG X61 
1 - 2 0 0 2 2 Scientific thinking HUM X33 
  25 11 2 12 16 Total 



                             
        

30M

 

Level Two, 1st term, fall semester 

 
Level Two, 2nd term, spring semester 

 
 
  

Fi
na

l e
xa

m
 d

ur
at

io
n 

Pr
er

eq
ui

si
te

 

Credit and Contact hours  

Course title Code 

T
ot

al
 

L
ab

./P
ra

ct
ic

al
 T

ut
 

T
ut

. 

L
ec

tu
re

 

C
re

di
t h

ou
rs

 

2 ** 4 0 2 2 3 Elective Course Faculty (1) EMP XE* 
2 - 5 3 0 2 3 Electrical Power Engineering EPE 221 

2 EPE 112 5 3 0 2 3 Energy Conversion and 
Transformers 

EPE 231 

2 EEC 111 5 3 0 2 3 Power Electronics (1) EPE 241 

2 CCE 121 5 3 0 2 3 Computer Organization and 
Microprocessors CCE 211 

1  1 0 0 1 1 Occupational health and Safety MPE X51 
  25 12 2 11 16 Total 

Fi
na

l e
xa

m
 d

ur
at

io
n 

Pr
er

eq
ui

si
te

 
Credit and Contact hours  

Course title Code 

T
ot

al
 

L
ab

./P
ra

ct
ic

al
 T

ut
 

T
ut

. 

L
ec

tu
re

 

C
re

di
t h

ou
rs

 

2 ** 4 0 2 2 3 Elective Course Faculty (2) EMP XE* 
2 EPE 231 5 3 0 2 3 Synchronous Machines EPE 232 

2 EPE 221 
EPE 231 6 4 0 2 3 Direct Current Systems EPE 251 

2 EMP X13 3 0 1 2 2 Automatic Control Principles CCE 231 
2 EMP 042 5 3 0 2 3 Thermodynamics MEP 211 
1  2 0 0 2 2 Elective Course University (2) HUM XE* 
  25 10 3 12 16 Total 
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Level Three, 1st term, fall semester 

 
Level Three, 2nd term, spring semester 

 
 
  

Fi
na

l e
xa

m
 d

ur
at

io
n 

Pr
er

eq
ui

si
te

 

Credit and Contact hours  

Course title Code 

T
ot

al
 

L
ab

./P
ra

ct
ic

al
 T

ut
 

T
ut

. 

L
ec

tu
re

 

C
re

di
t h

ou
rs

 

2 EMP 042 5 3 0 2 3 Electrical Materials EPE 311 
2 EPE 231 5 3 0 2 3 Induction Machines EPE 331 
2 EPE 241 5 3 0 2 3 Power Electronics (2) EPE 341 
2 CCE 231 2 0 0 2 2 Digital Control CCE 341 
2 - 5 3 0 2 3 Fluid Mechanics MEP 321 

1 - 3 1 0 2 2 Communication and 
Presentation Skills HUM X32 

  25 13 0 12 16 Total 

Fi
na

l e
xa

m
 d

ur
at

io
n 

Pr
er

eq
ui

si
te

 
Credit and Contact hours  

Course title Code 

T
ot

al
 

L
ab

./P
ra

ct
ic

al
 T

ut
 

T
ut

. 

L
ec

tu
re

 

C
re

di
t h

ou
rs

 

2 ** 4 0 2 2 3 Elective Course Faculty (2) EMP XE* 
2 EPE 221 5 3 0 2 3 Energy Economics EPE 321 
2 EPE 311 5 3 0 2 3 High Voltage Engineering EPE 322 
2 EPE 221 5 3 0 2 3 Electrical Power System Analysis EPE 323 
2 *** 3 0 1 2 2 Elective Course (1) EPE 3E* 
2 MEP 211 3 0 1 2 2 Thermal Power Stations MEP 311 
  25 9 4 12 16 Total 
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Level Four, 1st term, fall semester 

 
Level Four, 2nd term, spring semester 

 
 
  

Fi
na

l e
xa

m
 d

ur
at

io
n 

Pr
er

eq
ui

si
te

 

Credit and Contact hours  

Course title Code 

T
ot

al
 

L
ab

./P
ra

ct
ic

al
 T

ut
 

T
ut

. 

L
ec

tu
re

 

C
re

di
t h

ou
rs

 

2 EPE 323 5 3 0 2 3 Protection of Electrical Systems EPE 421 

2 EPE 323  
CCE 231 5 3 0 2 3 Control of Electrical Power 

Systems EPE 422 

2 EMP 131 3 1 0 2 2 Energy Storage Systems EPE 451 

2 EPE 231 
EPE 331 5 3 0 2 3 Power Generation from 

Renewable Sources EPE 461 

2 EPE 341 5 3 0 2 3 Elective Course (2) EPE 4E* 

- 
112 Cr. H

ENGX61 + 
HUMX32 

2 1 0 1 1 Graduation Project (1) EPE 471 

  25 14 0 11 15 Total 

Fi
na

l e
xa

m
 d

ur
at

io
n 

Pr
er

eq
ui

si
te

 

Credit and Contact hours  

Course title Code 

T
ot

al
 

L
ab

./P
ra

ct
ic

al
 T

ut
 

T
ut

. 

L
ec

tu
re

 

C
re

di
t h

ou
rs

 

2 EPE 221 4 2 0 2 3 Smart Grids EPE 452 

2 EPE 451 5 3 0 2 3 Electric and Hybrid Vehicles 
Technology EPE 463 

2 MEP 311 3 0 1 2 2 Nuclear Power Plants EPE 464 
2 *** 4 0 2 2 3 Elective Course (3) EPE 4E* 
2 *** 4 0 2 2 3 Elective Course (4) EPE 4E* 
- EPE 471 5 3 0 2 3 Graduation Project (2) EPE 472 
  25 8 5 12 17 Total 
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Course title Engineering Mathematic (3)
course code EMP X13PrerequisiteEMP 012

CHLec.Tut.Lab./Ap.TTCourse category
32 2 0 4  

Course Content: Complex numbers   Algebra of complex numbers   complex functions    limits and continuity  
-  the derivative and analytical functions  - Cauchy Riemann equations   Branch cuts and branch points  Riemann 
sheets  -  Complex integration     Laurent series  Singularities and zeros  residue 
theorem   real integrals calculations  conformal mapping - Fourier series  Laplace transform  Fourier integrals 
and transforms -  Power series solutions  special functions  Linear systems with periodic coefficients  
theory  applications. 

 
Course title Electric Circuits
course code EPE 111Prerequisite-

CHLec.Tut.Lab./Ap.TTCourse category
32 20 4 General Specialty Requirements

Course Content: Elements, quantities and basic laws of electric circuits  Source transformations Circuit 
simplification  Average and effective values of waveforms  Sinusoidal waveform characteristics  Complex 
power calculations  Methods of circuit analysis  Circuit theorems  Three-phase circuits -Analysis of electric 
circuits with non-sinusoidal sources  Resonance in electric circuits  Electric filters. 

 
Course title Electromagnetic Fields
course code EPE 112Prerequisite-

CHLec.Tut.Lab./Ap  TTCourse category
32 03 5General Specialty Requirements

Course Content: Vector analysis   Electric-field intensity  Field plotting  Electric flux  
 Electrical energy and potential  Conductor and dielectrics  Capacitance  Steady magnetic fields  

 Magnetic forces  Self-inductance  Mutual inductance  Magnetic circuits  Time varying 
magnetic fields   

 
Course title Electronic Circuits
course code EEC 111Prerequisite-

CHLec.Tut.Lab./Ap  TTCourse category
32 03 5General Specialty Requirements

Course Content: The pn junction diode modeling  Basic circuit applications of diodes  Bipolar Junction 
Transistors(BJTS) configurations  Miscellaneous bias configurations of BJTs  Design operation, Biasing 
stabilization of BJTs  Single stage BJT amplifier circuits analysis and applications  Metal Oxide Semiconductor 
Field Effect Transistors(MOSFETs)  Single stage MOSFET amplifiers design and applications  Structures, 
operation and applications of different 4 - layer diodes  Structure, operation, and applications of Phototransistor  
Photodiodes, Light Emitting Diodes (LED), and Solar cells applications. 
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Course title Engineering Mathematic (4)
course code EMP X14PrerequisiteEMP X13 

CHLec.Tut.Lab./Ap  TTCourse category
32 20 4General Specialty Requirements

Course Content: Vectors vectors algebra- vector functions (limits - continuity - derivative)  vector fields  the 
gradient  the divergence  the curl  vector integration  vector line integral  surface integrals  divergence 
theorems  stokes theorem  Reynolds theorems - Definition and classification of partial differential equations  
solution of first order partial differential equations (method of characteristics - separation of variables method) - 
solutions of second order linear partial differential equations (Method of characteristic  separation of variables 
method  method of Laplace and Fourier transforms )   

 
Course title Electric Circuits and Measurements
course code EPE 113Prerequisite-

CHLec.Tut.Lab./Ap  TTCourse category
320 4 6General Specialty Requirements

Course Content: Transient analysis of RL, RC and RLC circuits  Units and dimensions  Accuracy of 
measurement and error analysis  Classifications of measuring instruments Moving coil and moving iron 
instruments  Measurement of current, voltage, resistance power and energy  DC and AC bridges  Transducers 
and measurements of nonelectrical quantities  Digital voltmeters  Signal generation and analysis. 

 
Course title Computer Programming
course code CCE 121Prerequisite-

CHLec.Tut.Lab./Ap  TTCourse category
320 4 6General Specialty Requirements

Course Content: Principles of Computer and Digital Design - The Computer Numbering Systems - Logic Gates - 
Boolean Algebra - Karnaugh Maps - Combinational Circuit Design and Applications- Sequential Circuits and 
Applications- Overview of Programming Languages Variables  Operators  Expressions  Input/Output  
Functions  Program Flow Control  Loops  Decision Making  Arrays and Strings  Pointers  Data Structures  
Programming Approaches  Engineering Application 

 
Course title Electrochemical Engineering
course code EMP 131Prerequisite-

CHLec.Tut.Lab./Ap  TTCourse category
320 35General Specialty Requirements

Course Content: Single electrode potential - Helmholtz double layer - Nernst equation derivation - Types of 
electrodes -Electrochemical cells - Salt bridge - Concentration cells - EMF measurement  Electrochemical series  
Applications (Storage cells - Lead acid accumulator - Alkaline cells - Fuel cells - Solar cells) Solar cells chemical 
properties and manufacturing batteries and energy storage in chemical medium enhancing utilization of renewable 
energy systems 

 
 

Course title Electrical Power Engineering
course code EPE 221Prerequisite-

CHLec.Tut.Lab./Ap  TTCourse category
320 35General Specialty Requirements

Course Content: Configurations of Overhead Transmission Lines (OHTL)  Performance of Short, Medium, and 
Long OHTLs  Towers and Electrical Insulators  Mechanical Design of OHTLs  AC Distribution Systems  
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Power System Representation  Per-Unit Quantities  Y and Z-Bus Matrices  Concept of Volt/Var Control in 
Power Systems  Fundamentals of Underground Cables. 

 
Course title Energy Conversion and Transformers
course code EPE 231PrerequisiteEPE 112

CHLec.Tut.Lab./Ap  TTCourse category
320 35General Specialty Requirements

Course Content: Self and mutual inductance - Magnetically-coupled coils - Transformer and motional EMFs - 
Inductance variation with motion  Principles of electromechanical conversion in singly- and multiply-excited 
systems  Coenergy - Force and torque calculations - MMF distribution concentrated and distributed windings  
Transformer construction and theory of operation  Ideal and practical transformer- Equivalent-circuit and phasor 
diagram - Determination of equivalent circuit parameters - Efficiency and voltage-regulation calculations- Auto-
transformer - Three-phase transformers  Parallel operation  Cooling  Current transformer. 

 
Course title Power Electronics (1)
course code EPE 241PrerequisiteEEC 111

CHLec.Tut.Lab./Ap  TTCourse category
320 35General Specialty Requirements

Course Content: Types of Power electronics converters - Single-phase and three-phase uncontrolled rectifiers  
Single-phase and three-phase controlled rectifiers  Commutation techniques  Firing circuits for SCR  Multi-
pulse rectifiers  DC choppers. 

 
Course title Computer Organization and Microprocessors
course code CCE 211PrerequisiteCCE 121

CHLec.Tut.Lab./Ap  TTCourse category
320 35General Specialty Requirements

Course Content: Introduction to computer system and its main modules - Instruction formats and addressing 
modes - Computer Arithmetic operations - Memory hierarchy - Processing unit design - Computer I/O concepts, 
including interrupt and DMA mechanisms - Pipelining and Super scaling concepts - Multi processors - 
Microprocessor case study. 

 
 

Course title Synchronous Machines
course code EPE 232PrerequisiteEPE 231

CHLec.Tut.Lab./Ap  TTCourse category
320 35Specialization Requirements

Course Content: Construction and theory of operation  Armature reaction effect  Equivalent circuit and phasor 
diagram of synchronous generator  Power flow and efficiency- Determination of parameters  Generator 
characteristics and V-curves - Voltage regulation  Excitation systems - Parallel operation and load sharing  
Synchronizing torque  Synchronous motors (theory of operations and phasor diagram- Power flow and efficiency  
V-curves  Synchronous condenser  Motor starting)  Permanent magnets synchronous machines. 

 
Course title Direct Current Systems
course code EPE 251PrerequisiteEPE 221, EPE 231

CHLec.Tut.Lab./Ap  TTCourse category
320 46 General Specialty Requirements
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Course Content: DC machine construction  EMF and torque equations  Generator characteristics  Motor 
characteristics  Motor starting and speed control  Configurations and analysis of DC distribution systems  
Voltage control in DC distribution systems  DC Circuit breakers  Principles of HVDC systems. 

 
Course title Automatic Control Principles
course code CCE 231PrerequisiteEMP X13

CHLec.Tut.Lab./Ap  TTCourse category
221 03 General Specialty Requirements

Course Content: Mathematical models of systems  Differential equations and linear approximation of physical 
systems  Laplace transforms  Transfer function of linear systems  Block diagram and signal-flow graph models  
Time response of continuous systems  Transient and steady state responses  Performance of second-order systems  
S-plane root location and transient response  Steady-state error of feedback control systems  Systems type and 
error constants  Stability of linear feedback systems  Stability in the frequency domain  State space model 
representation  Controllability, observability and stability of state space models. 

Course title Thermodynamics
course code MEP 211PrerequisiteEMP 042

CHLec.Tut.Lab./Ap  TTCourse category
320 35General Specialty Requirements

Course Content: Basic concepts and definitions  Work and heat transfer  Ideal gases and equation of state  Pure 
substances  First law of thermodynamics  Second law of thermodynamics  Heat reservoirs and heat engines  
Introduction to heat transfer methods (conduction  convection  radiation)  Conduction heat transfer and thermal 
conductivity  Steady conduction heat transfer with internal heat source  Fins and extended surfaces  Unstable 
thermal conductivity - Principles of heat transfer (convection and radiation)  Other topics. 

 
Course title Electrical Materials
course code EPE 311PrerequisiteEMP 042

CHLec.Tut.Lab./Ap  TTCourse category
320 35General Specialty Requirements

Course Content: Electrical Conductivity of Materials - Electronic and Ionic Conduction - Energy Band Structures 
in Solids - Fermi energy - Materials classification - Conductors - Semiconductors - Dielectric materials - 
Polarization - Mechanisms of polarization -Ferroelectricity- Piezoelectricity - Dielectrics under alternating fields - 
Dielectric losses - Magnetic materials and their properties - Magnetic dipole moment - Magnetic losses  
Superconductivity - The influence of temperature on magnetic behavior. 

 
Course title Induction Machines
course code EPE 331PrerequisiteEPE 231

CHLec.Tut.Lab./Ap  TTCourse category
320 35Specialization Requirements

Course Content: Construction of induction machine  Theory of motor operation  Equivalent circuit and phasor 
diagram  Determination of parameters  Torque-speed characteristics  Power relations and efficiency Starting 
and speed control of induction motor  Single-phase Induction motors - Induction generator operation  Self-excited 
induction generator. Doubly-fed Induction machines. 
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Course title Power Electronics (2)
course code EPE 341PrerequisiteEPE 241

CHLec.Tut.Lab./Ap  TTCourse category
320 35General Specialty Requirements

Course Content: AC voltage Controllers - Single-phase and three-phase voltage source inverters - Single-phase 
and three-phase current source inverters - Cycloconverters - Pulse Width Modulation techniques - Driver circuits of 
power converters - Practical aspects of power electronics circuits. 

Course title Digital Control
course code CCE 341PrerequisiteCCE 231

CHLec.Tut.Lab./Ap  TTCourse category
220 02General Specialty Requirements

Course Content: Introduction to digital control - Discrete-time system representation and mathematical modeling 
of sampling process - Data reconstruction - Z-transform - Mapping of S-plane to z-plane - Pulse transfer function -
Transient and steady state responses - Steady-state error  Stability analysis of discrete time systems - Stability in 
the frequency domain - Discrete state space model representation and analysis - State feedback design - Intelligent 
Control Systems and Optimization, neural networks and Fuzzy controllers   applications. 

 
Course title Fluid Mechanics
course code MEP 321Prerequisite-

CHLec.Tut.Lab./Ap  TTCourse category
320 35General Specialty Requirements

Course Content: Fluids and their properties - Pressure and energy - Fluid kinematics - Euler and Bernoulli 
equations - Similarity and dimensional analysis - Real flow through tubes - Definitions and classifications of 
hydraulic machines  Types of pumps  Centrifugal pumps (Construction, operations, performance characteristics) 

 - Hydraulic Turbines performance and operations  Rotary compressors (axial and radial) - 
Other topics. 

 
Course title Energy Economics
course code EPE 321PrerequisiteEPE 221

CHLec.Tut.Lab./Ap  TTCourse category
320 35General Specialty Requirements

Course Content: Optimal sizing of conductors - Electric load curves - Operating factors - Classification of 
electrical power stations - Techno-economic Evaluation of Renewable Energy - Renewable energy project risks - 
Reserve power - Role of engineering economics in the decision making process, Economic decisions versus design 
decisions- Depreciation - Energy prices and markets - Constraints of power system operation - Unit commitment - 
Optimal load dispatch - Loss equations - Optimization techniques in power systems. 

 
Course title High Voltage Engineering
course code EPE 322PrerequisiteEPE 311

CHLec.Tut.Lab./Ap  TTCourse category
320 35Specialization Requirements

Course Content: Classification of voltage levels - Breakdown of gas dielectrics - Breakdown of liquid dielectrics - 
Breakdown of solid dielectrics - Generation of high DC and AC voltages - Generation of impulse voltages - 
Measurement of high voltages - Overvoltage phenomena and traveling waves - Overvoltage protection - Testing of 
underground cables. 
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Course title Electrical Power System Analysis
course code EPE 323PrerequisiteEPE 221

CHLec.Tut.Lab./Ap  TTCourse category
320 35Specialization Requirements

Course Content: Load flow studies - Symmetrical three-phase faults - Symmetrical components - Unsymmetrical 
faults - Transient phenomena in electric power systems - Stability of electric power systems and swing equation - 
Simplified criteria of transient stability. Computer-aided analysis of the performance of large-scale power systems. 

 
Course title Thermal Power Stations
course code MEP 311PrerequisiteMEP 211

CHLec.Tut.Lab./Ap  TTCourse category
221 03General Specialty Requirements

Course Content: Types of power stations and applications of first and second laws of thermodynamics  Cycles of 
heat engines (Carnot-Otto-Diesel-Brighton)  Internal combustion engine plants - Cycles of steam power plants (the 
Rankine cycle and its improvements) - Practical cycle of steam power stations - Cycles of gas turbine plants 
(Brighton course and its improvements)- Combined cycles - Types of boilers used in power plants  Steam turbines 

 Thermal applications of solar energy  Other topics. 

 
Course title Protection of Electrical Systems
course code EPE 421PrerequisiteEPE 323

CHLec.Tut.Lab./Ap  TTCourse category
320 35Specialization Requirements

Course Content: Requirements of power system protection  Protection elements  Fault indication methods  
Unit and non-unit protection  Relay operating principles  Overcurrent protection applied to distribution systems  
Radial feeder protection  Ring feeder protection  Differential protection  Distance protection  Generator 
protection  Transformer protection  Motor protection  Bus-bar protection  Transmission line protection  Wide 
area protection  Intelligent Electronic Device (IED) - Substation automation - Protection requirements for 
renewable energy sources.  

 
Course title Control of Electrical Power Systems
course code EPE 422PrerequisiteCCE 231, EPE 323 

CHLec.Tut.Lab./Ap  TTCourse category
320 35Specialization Requirements

Course Content: Components and modelling of power systems  Power and frequency control  Voltage and 
reactive power control  FACT systems  Wide area control  Control centers of electrical power - Remote terminal 
units  Phase measurement units  Centralized control  SCADA systems. 

 
Course title Energy Storage Systems
course code EPE 451PrerequisiteEMP 131

CHLec.Tut.Lab./Ap  TTCourse category
220 13Specialization Requirements

Course Content: Batteries  Flywheels  Hydrogen storage technology  Super and ultra-capacitors  
Superconducting magnetic energy storage  New storage technologies  Pumping hydro storage. 
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Course title Power Generation from Renewable Sources
course code EPE 461PrerequisiteEPE 231, EPE 331

CHLec.Tut.Lab./Ap  TTCourse category
320 35Specialization Requirements

Course Content: Photovoltaic systems  Wind turbines  Hydro power stations  Fuel cells  Tidal energy  
Biomass  Wave energy  Geothermal energy  Energy harvesting - New trends in renewable energy sources  
Applications of renewable energy systems in industry and agriculture. 

 
Course title Graduation Project (1) 
course code EPE 471Prerequisite112 Cr. HENGX61 + HUMX32

CHLec.Tut.Lab./Ap. TTCourse category
11 01 2 Specialization Requirements

Course Content: Topics are selected by groups of students according to their field of interest and based on the 
approval of the supervisors - Each group of students must give an oral presentation of the project topic to be 
approved - A survey is conducted on the project topic and its detailed steps. 

 
Course title Smart Grids
course code EPE 452PrerequisiteEPE 221

CHLec.Tut.Lab./Ap  TTCourse category
320 2 4Specialization Requirements

Course Content: Introduction and general considerations for smart grids (SG)  Characteristics of SG - Renewable 
energy integration with SG  Energy management in SG - SG elements (two-way communications  SCADA 
system - smart meters and sensors - electric vehicles) - Load management and demand response - Smart microgrids 
- Sampling theory and pulse modulation techniques - American and Europe PCM standards and hierarchy  Band-
pass modulation techniques - Probability of error. 

 
Course title Electric and Hybrid Vehicles Technology
course code EPE 463PrerequisiteEPE 451

CHLec.Tut.Lab./Ap  TTCourse category
320 35Specialization Requirements

Course Content: Types and configurations of electric and hybrid vehicles  Vehicle dynamics and load forces  
Regenerative braking techniques  Traction motor characteristics and vehicles performance  Calculations of 
traction drives ratings  Energy consumption  Types, operation, and sizing of batteries  Battery charge/discharge 
control and management  Electric propulsion systems: induction motors drive - Synchronous motors drive - 
Torque and speed control  Design principle of series hybrid electric vehicles: control strategies - design principles 
of a series hybrid drivetrain - Design example 

 
Course title Nuclear Power Plants
course code EPE 464PrerequisiteMEP 311

CHLec.Tut.Lab./Ap  TTCourse category
221 03Specialization Requirements

Course Content: Nuclear physics - Nuclear reactions - Nuclear fission reaction - Intermediate - finite reactor - Heat 
transfer and fluid flow - Nuclear power reactors - Light water reactor - Pressurized water reactor - Boiling water 
reactor - Heavy water reactor - Safety and environmental considerations. 
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Course title Graduation Project (2)
course code EPE 472PrerequisiteEPE 471

CHLec.Tut.Lab./Ap  TTCourse category
32 0 3 5 Specialization Requirements

Course Content: Selecting the suitable technique for project topic - Main professional and practical part - 
Complete data processing  Writing the project report that contains conclusion and recommendations. 

 
 
 
 

Course titleControl of Electrical Machine systems

course code EPE  332PrerequisiteEPE 232, EPE 331, 
CCE 231

CHLec.Tut.Lab./Ap  TTCourse category
221 03Specialization Requirements

Course Content: Different types of variable speed drive systems  Dynamic model of DC machines  Time-
domain block diagram and state equations of dc Machines - Control of DC machines  Application of controlled 
rectifiers and DC Chopper - Dynamic models of AC machines using reference frame theory  Scalar control of 
induction motors  Vector control techniques of AC motors (induction  synchronous  with permanent magnets)  
Application of pulse-width-modulated converters  Time-domain block diagram and state equations of dc Machines. 

 
Course title Dynamic Performance of Electrical Machines
course code EPE 333PrerequisiteEPE 232, EPE 331

CHLec.Tut.Lab./Ap  TTCourse category
221 03Specialization Requirements

Course Content: Elementary dc machine- Voltage and torque dynamic equations. Dynamic model of dc machines 
 Time-domain block diagram and state equations - Dynamic characteristics of dc motors (staring- sudden changes 

in load torque) - Reference frame theory - Dynamic model of induction motors. Dynamic performance of induction 
motors. Dynamic model of synchronous machines. Synchronous generator transients - Reactances and time 
constants under sudden three phase short circuit - Swing equation - Equal area criterion for transient stability. 

Course title Power Electronics Applications in Renewable Energy Systems
course code EPE 441PrerequisiteEPE 341

CHLec.Tut.Lab./Ap  TTCourse category
320 35Specialization Requirements

Course Content: Impact of power electronics on energy systems  Multi-level converters  Topologies of power 
electronics converters in PV systems  Series-connected and parallel-connected inverters  Grid-connected inverters 

 Transformer isolated converters  Power electronics converters for wind-energy systems  Full-scale converters  
Back to back converters  Power electronics converters for offshore wind-energy systems. 
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Course title Integrating Renewable Resources with the Grid
course code EPE 462PrerequisiteEPE 341

CHLec.Tut.Lab./Ap  TTCourse category
320 35Specialization Requirements

Course Content: Integration of Wind Energy Systems into the electrical Grid  Integration of Solar Photovoltaic 
Systems into the electrical Grid Introduction to Grid Integration Studies  Identifying Voltage Level of Integrating 
Renewables with the Grid  Integration of Hybrid Renewable Sources into the electrical Grid - Influence of the 
Renewable Energy Sources on the electrical Grid (Transient Behavior  Fault Current Level  Power Quality)  
Grid Code Requirements  Mitigation of Renewable Energy Sources Effects. 

 
Course title Electrical Installations
course code EPE 453PrerequisiteEPE 221

CHLec.Tut.Lab./Ap  TTCourse category
322 0 4Specialization Requirements

Course Content: Standard specifications  Egyptian and international codes  Design of internal and external 
illumination systems  Distribution bus-bars  Main and branch distribution boards  Installation of photovoltaic 
systems  Diesel and automatic transfer switch installation  Installation of underground and submarine cables  
Domestic installations  Electrical safety  Earthing systems. 

 
Course title Automation of Electrical Distribution Systems
course code EPE 454PrerequisiteEPE 221

CHLec.Tut.Lab./Ap  TTCourse category
322 0 4Specialization Requirements

Course Content: Definition of Distribution Automation System (DAS)  Benefits of DAS  Implementation of 
DAS Functions  Main Components of DAS  Automation System Architectures  Modern Communication 
Technologies  Smart Control Cabinets  Distribution Management System (DMS)  Fault Location, Isolation and 
Service Restoration (FLISR)  Volt/Var Control. 

 
Course title Planning of Renewable Energy Systems
course code EPE 465PrerequisiteEPE 321, EPE 422

CHLec.Tut.Lab./Ap  TTCourse category
322 0 4Specialization Requirements

Course Content: Standards of Renewable energy systems  Code of installation of solar and wind systems  
Installation of diesel engine and automatic transfer switch  Siting of renewable energy resources  Safety of 
electrical systems  Risks, protection and earthing of renewable energy resources  Load forecasting  System 
design and installation considerations  Sizing of domestic photovoltaic systems  Planning of small-scale 
renewable energy systems  Evaluation of energy reduction - Distribution network code: opportunities and 
challenges. 

Course title Distributed Generation Units
course code EPE 455PrerequisiteEPE 422

CHLec.Tut.Lab./Ap  TTCourse category
32 2 0 4 Specialization Requirements

Course Content: Definition of Distributed Generation (DG)  Types of DG units  Centralized and Decentralized 
Electric Power Generation  Benefits of Utilizing DG Units  Applications of DG Units  Impacts of DG on Power 
Systems  Siting and Sizing of DG Units  Geospatial suitability analysis of renewable energy-based DGs  
Concept of Minigrids and Microgrids. 



                             
        

42M

 

Course title  Energy Efficiency
course code EPE 423PrerequisiteEPE 321

CHLec.Tut.Lab./Ap  TTCourse category
32 2 0 4 Specialization Requirements

Course Content: Fundamentals of Energy Efficiency - Energy Reviews - Energy Efficiency in the Manufacturing 
Sector - Energy Efficiency in the Commercial Sector - Energy Efficiency in the Residential Sector - Energy 
Management Systems in Buildings and Industry - Energy Efficiency in the Transportation Sector - Life Cycle 
Energy Analysis - Energy Efficiency Policy and Planning. 
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COMPETENCIES OF ENGINEERING GRADUATE 
The Engineering Graduate must be able to: 
A1. Identify, formulate, and solve complex engineering problems by applying engineering fundamentals, 

basic science and mathematics. 
A2. Develop and conduct appropriate experimentation and/or simulation, analyze and interpret data, 

assess and evaluate findings, and use statistical analyses and objective engineering judgment to draw 
conclusions.  

A3. Apply engineering design processes to produce cost-effective solutions that meet specified needs 
with consideration for global, cultural, social, economic, environmental, ethical and other aspects as 
appropriate to the discipline and within the principles and contexts of sustainable design and 
development. 

A4. Utilize contemporary technologies, codes of practice and standards, quality guidelines, health and 
safety requirements, environmental issues and risk management principles. 

A5. Practice research techniques and methods of investigation as an inherent part of learning. 
A6. Plan, supervise and monitor implementation of engineering projects, taking into consideration other 

trades requirements. 
A7. Function efficiently as an individual and as a member of multi-disciplinary and multicultural teams. 
A8. Communicate effectively  graphically, verbally and in writing  with a range of audiences using 

contemporary tools. 
A9. Use creative, innovative, and flexible thinking and acquire entrepreneurial and leadership skills to 

anticipate and respond to new situations. 
A10. Acquire and apply new knowledge, and practice self, lifelong and other learning strategies. 
In addition to the Competencies for All Engineering Programs the ENERGY AND ELECTRICAL 
SYSTEMS Engineering graduate must be able to: 
B1. Select, model and analyze electrical power systems applicable to the specific discipline by applying 

the concepts of generation, transmission and distribution of electrical power systems. 
B2. Design, model and analyze an electrical/electronic/digital system or component for a specific 

application; and identify the tools required to optimize this design.  
B3. Design and implement elements, modules, sub-systems or systems in electrical/electronic/digital 

engineering using technological and professional tools.  
B4. Estimate and measure the performance of an electrical/electronic/digital system and circuit under 

specific input excitation and evaluate its suitability for a specific application. 
B5. Adopt suitable national and international standards and codes to: design, build, operate, inspect and 

maintain electrical/electronic/digital equipment, systems and services. 
Distinguished competencies for ENERGY AND ELECTRICAL SYSTEMS Program   
D1. Identifying, highlighting, and solving problems related to renewable energy systems and efficiently 

dealing with its modern automated systems. 
D2. The ability to carry out innovative, efficient, and integrated design to solve problems in renewable 

energy systems and electrical installations fields that require new and advanced ideas. 
D3. Applying relations, engineering theories, computing methods and appropriate design techniques and 

tools suitable to deal with new and renewable energy systems 
D4. Evaluating different technologies and strategies to choose the best and most appropriate ones for 

controlling electric machines, traction machines and electric and hybrid vehicles  
D5. The ability to deal with new and advanced technology in the field of smart electric grids and micro-

grids  
D6. Designing and implementing the tools, systems and software that relies on information technology 

and infrastructure of renewable energy systems  
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Matrix of competencies for Energy and Electrical Systems Engineering Program according to NARS 2018 

L
ev

el

Code Course name
Required competencies according to NARS 2018

D6 D5 D4 D3 D2 D1 B5 B4 B3 B2 B1 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1

Z
er

o

EMP 011 Engineering Mathematics (1)
EMP 021 Engineering Mechanics (1)
EMP 041 Engineering Physics (1)
PDE 021 Engineering Drawing (1)
EMP 031 Engineering Chemistry
HUM 011 Technical English Language
EMP 012 Engineering Mathematics (2)
EMP 022 Engineering Mechanics (2)
EMP 042 Engineering Physics (2)
PDE 022 Engineering Drawing (2)
PDE 011 Production Technology
HUM 061 History of Engineering and Technology

O
ne

EMP X13 Engineering Mathematics (3)
EPE 111 Electric Circuits
EPE 112 Electromagnetic Fields
EEC 111 Electronic Circuits

HUM 131 Introduction to Programming and Information 
Technology

HUM XE* Elective Course University (1)
EMP X14 Engineering Mathematics (4)
EPE 113 Electric Circuits and Measurements
CCE 121 Computer Programming
EMP 131 Electrochemical Engineering
ENG 161 Technical Writing

HUM X33 Scientific thinking

T
w

o

EMP XE* Elective Course Faculty (1)
EPE 221 Electrical Power Engineering
EPE 231 Energy Conversion and Transformers
EPE 241 Power Electronics (1)
CCE 211 Computer Organization and Microprocessors
MPE X51 Occupational health and Safety
EMP XE* Elective Course Faculty (2)
EPE 232 Synchronous Machines
EPE 251 Direct Current Systems
CCE 231 Automatic Control Principles
MEP 211 Thermodynamics
HUM XE* Elective Course University (2)

T
hr

ee

EPE 311 Electrical Materials
EPE 331 Induction Machines
EPE 341 Power Electronics (2)
CCE 341 Digital Control
MEP 321 Fluid Mechanics
HUM X32 Communication and Presentation Skills
EMP XE* Elective Course Faculty (2)
EPE 321 Energy Economics 
EPE 322 High Voltage Engineering
EPE 323 Electrical Power System Analysis 
EPE  332 Control of Electrical Machine systems
EPE 333 Dynamic Performance of Electrical Machines
MEP 311 Thermal power Stations

EPE  332 Power Electronics Applications in Renewable Energy 
Systems

EPE 333 Integrating Renewable Resources with the Grid

Fo
ur

 

EPE 421 Protection of Electrical Systems
EPE 422 Control of Electrical Power Systems
EPE 451 Energy Storage Systems
EPE 461 Power Generation from Renewable Sources 
EPE 471 Graduation Project (1)
EPE 452 Smart Grids
EPE 463 Electric and Hybrid Vehicles Technology
EPE 464 Nuclear Power Plants
EPE  332 Electrical Installations
EPE 333 Automation of Electrical Distribution systems
EPE 441 Planning of Renewable Energy Systems
EPE 462 Distributed Generation Units
EPE 453 Energy Efficiency
EPE 472 Graduation Project (2)
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on
ta

ct
 h

ou
rs

, w
hi
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ev
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 is

 le
ss

. 
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Th
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el
ec
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es

 p
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l s
ho
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be
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t l
ea

st
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5%
 o

f t
he

 to
ta

l c
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di
t h

ou
rs

 o
f t

he
 p

ro
gr

am
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