Green Engineering Concentration

Course: Electrical Energy Systems
This is an introductory level course in the generation, distribution, and management of electrical energy in the context of Green Engineering. This course presents the essential components and operating features of the power industry so that those components and features can be used effectively with emerging technologies of energy capture (i.e. solar, wind, geothermal, etc.). Upon successful completion of this course, students should have a firm understanding of the structure and components of an electrical power system and be able to model such systems and determine associated power flows, efficiencies, and energy budgets. Methods of assessment include homework, quizzes, tests, and a short paper on one of the topics related to the course.
This curriculum was enhanced by Western New England College through a Clean Energy Workforce Training Capacity Building grant. These grants were intended to prepare the Commonwealth’s training providers to meet the workforce needs of the clean energy sector. This grant program is offered through a partnership between the Executive Office of Energy and Environmental Affairs, the Massachusetts Clean Energy Center and the Executive Office of Labor and Workforce Development. The grant program was administered by Commonwealth Corporation.

Course Title: Electrical Energy Systems

Course Number: EE 336

Catalog Description: EE 336 Electrical Energy Systems

Prerequisite: EE 205 or ENGR 208 or equivalent. This is an introductory level course in the generation, distribution, and management of electrical energy in the context of Green Engineering. This course presents the essential components and operating features of the power industry so that those components and features can be used effectively with emerging technologies of energy capture (i.e. solar, wind, geothermal, etc.). Upon successful completion of this course, students should have a firm understanding of the structure and components of an electrical power system and be able to model such systems and determine associated power flows, efficiencies, and energy budgets. Methods of assessment include homework, quizzes, tests, and a short paper on one of the topics related to the course. 3 cr
Course Description: The next generation power generation and distribution system is supposed to be ‘smart’ in order to be more efficient, reliable, and better able to supply the increasing demand for electrical energy.   The new system will also make better use of alternative energy sources in order to reduce the ‘carbon footprint’ of the present system.  This new system will be an ‘upgrade’ on the existing system, blending existing technology with new technology.  The engineer that works in this area will need to understand and work with the old system as well as design innovative elements and processes for the new, ‘smart’ system.  This course assumes an audience with a general engineering background and is designed to provide a working knowledge of the basic components of an electrical power system and how those components work together to provide electrical energy to the consumer.  The information presented in this course will be of sufficient depth to allow the student to analyze a power system or design one from a set of customer specifications.  The scope of the course will not include how to design the individual components of a power system.  That information is more appropriate to a concentration in Electrical Power Engineering.  This course will make extensive use of mathematics software (such as MATLAB) in order to model system behavior as well as help the student better understand how the system works and is managed.

Course Outcomes and Assessment:
At the conclusion of the course, students will be able to:

1. Know what the components of a basic power system are and how they operate.

2. Analyze a basic power system to determine voltages, currents, and power flows within that system.

3. Design a basic power system that meets a set of performance criteria.

To meet these outcomes the following major topics will be covered (not necessarily in chronological order).

· Power system components (overview)

· Single-phase, AC circuits

· Three-phase, AC circuits

· The per-unit system

· Details of power transmission line operation

· Details of power transformer operation

· Details of AC generators (electromechanical energy conversion)

· Details of AC motor operation

· Overview of power electronics and the role it plays in electrical power systems

The methods of assessing student learning will be:

· weekly homework assignments which will be graded and returned with appropriate comments.

· a weekly quiz on any material that has been covered in class and the student has had an opportunity to work with in homework and projects.  All quizzes will be graded and returned with appropriate comments.

· a comprehensive final exam on all material covered in the course.

Course Requirements:

1. Assignment/Homework: There will be weekly homework assignments.  Assignments are to be done on engineering paper using the format learned in Introduction to Engineering.

2. Examination: There will be a final (comprehensive) examination at the end of the course.

3. Quizzes: There will be a quiz every week.

4. Attendance Policy and Procedure for reporting absences from class and labs: The information presented in this course is contiguous.  Consequently, excess absences usually cause the student to fall too far behind to successfully complete the course.  It is the responsibility of the student to notify the instructor of anticipated absences and to make appropriate efforts in getting missed class notes and doing any make up work.

5. Participation:  Class participation improves learning by keeping the student alert and focused as well as providing immediate feedback to the instructor as to whether or not he/she is getting the point across.  The more participation the better.

6. Writing Component: All work submitted for this course will be graded for proper use of English as well as technical content.  At least ten percent, 10%, of the grade for all work will be for proper use of English.

7. Computer Use: There will be homework problems that will require the use of a mathematics package such as MATLAB.  Such work will usually be submitted via Manhattan.  Any assignments involving a written report should be done on a word processor.  It is expected that the student has a hand calculator capable of performing engineering calculations (has trig functions and can do matrix and complex number arithmetic).  Course material can be distributed and collected through Manhattan.  It is the student’s responsibility to check this site regularly for last-minute announcements and to submit work in a timely manner as requested by the instructor.

8. Late work:  Late work will not be accepted unless there are extenuating circumstances.  This includes Manhattan submissions.

Method of Instruction:  The usual method of presenting material in this course is by lecture with some classroom discussion and by doing hands-on computer work. 

Project Report:

A report on a topic related to this course will be assigned.  Your instructor will present details on report structure, content and due date at the appropriate time during the semester.

COURSE OUTLINE

Topics:

1) The Electrical Power System

a) The power network

b) Power generation

i) Power plants

c) Distribution system

d) Residential service

2) Single-phase circuits

a) Analysis fundamentals

i) Kirchhoff’s current and voltage rules

ii) Thevenin equivalents

iii) Delta-wye circuits and transformations

iv) Power and efficiency considerations (power factor)

b) Mathematical modeling

c) Applications

3) Three-phase circuits

a) Three-phase quantities

b) The wye-connected system

c) The delta-connected system

d) Balanced and unbalanced systems

e) Mixed delta/wye connected systems

f) Three-phase power

g) The per-unit system

h) Applications

4) Transmission lines and Cables

a) Operating parameters

b) Construction elements

c) Modeling parameters

d) Application analysis

5) Transformers

a) Operating parameters

b) Construction

c) Modeling parameters

d) Application analysis

6) Synchronous Machines

a) Operating parameters

b) Construction

c) Modeling parameters

d) Applications analysis

7) Induction Motors

a) Operating parameters

b) Construction

c) Modeling parameters

d) Applications analysis

8) DC Machines

a) Operating parameters

b) Construction

c) Modeling parameters

d) Applications analysis

9) Concepts in Power Electronics

a) Circuit elements

b) Operating parameters

10) Electromechanical Energy Conversion

a) Electric-field forces

b) Magnetic-field forces

c) Electromechanical forces and their application

i) Actuators

ii) Transducers

Lab Development

Photovoltaic Operation and Efficiency

Investigate the operating characteristics and conversion efficiencies of photovoltaic panels and how those parameters are a function of load changes.  Determine optimal performance conditions under various loading conditions.

Inverter Operation and Efficiency

Investigate the operating characteristics and conversion efficiencies of a DC to AC inverter and how those parameters are a function of load changes.  Determine optimal performance conditions under various loading conditions.

Renewable Energy Management

Investigate the behavior and overall efficiency of an integrated energy (wind and photovoltaic) capture and management system in terms of the I/O of its subsystems and the system’s automatic control strategies. 
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