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Proposed New Degree Program

P.C. Rossin College of Engineering & Applied Science
Master of Engineering in Energy Systems Engineering
	1. Proposed new program mission statement


The mission of the proposed new graduate degree program is to invigorate the pipeline of new engineering graduates interested in energy oriented careers and thus produce a new generation of technical leaders for the energy and power industries.  Graduates of this program will have acquired a level of specialized knowledge and experience such that they are readily able to tackle the challenges facing the U.S. utility infrastructure, its operations, and its environmental impact.  

	2. Rationale for proposed new program


Over the next decade, nearly 50% of the skilled workers in the utility industries, including engineers holding technical leadership positions, will retire (EPRI, 2006). There is a shrinking pool of qualified professionals to fill this void.  More broadly, the personnel shortage in U.S. energy generation and delivery system is leading to a shortage in brainpower and intellectual energy for research and development in this area. These are significant issues that directly influence national security and economic growth, which must be addressed in the coming decades. 

The concept of the proposed new graduate degree program was reviewed and evaluated by representatives of several major utility companies through meetings and workshops organized by the Electric Power Research Institute (EPRI)
 and Lehigh University.  It is the consensus of industry representatives that graduates of engineering bachelor’s degree programs frequently do not possess the specialized knowledge and technical skills required to be immediately productive in their new positions.  As such, the program will target students with a B.S. degree in Science or Engineering.

	3. Description of proposed new program


A 30 credit hour 10-month M.Eng. in Energy Systems Engineering program is proposed, to be completed in less than one year during a summer-fall-spring semester sequence.  The proposed program consists of 12 credit hours of core courses in Energy Systems Engineering (9-credits) and Project Management (3-credits), 3 credit hours of an industry-related project, and 15 credit hours of technical elective courses.  The 15 credits of electives are selected from a list of approved elective courses pooled from all seven engineering departments, chemistry, earth & environmental sciences, environmental studies, physics, and economics.  Students will have the option to complete a more expansive industry project over two semesters (6-credits), in place of one technical elective (3-credits).  
	A. Admissions criteria


	(1) minimum requirements


Bachelor of Science (B.S.) in engineering, science, or mathematics.  

Post-bachelor’s degree regular admissions students must have at least one of the following:

(1) Undergraduate GPA of at least 2.75 out of 4.00.

(2) GPA of at least 3.00 for the last two semesters of undergraduate study.

(3) Scores at or above the 75th percentile on the GRE.
(4) GPA of at least 3.00 in a minimum of 12 hours of graduate work at other institutions.

The above admissions requirements are consistent with those of the RCEAS.

	(2) background courses required


None, however admitted students may be required to take additional courses to remediate specific academic deficiencies before starting this program.  For example, mathematics students must have completed coursework in physics and chemistry.  
	(3) required examinations (for example, GRE, GMAT, and the like)



GRE (Lehigh graduates are not required to take the GRE.)
	(4) language requirements for foreign students


The language requirements for foreign students are consistent with the RCEAS standards, which currently are:

TOEFL (Test of English as a Foreign Language) minimum composite score of 85 (iBT)

TOEFL subtest scores:  Writing – 25, Speaking – 24, Reading – 21, Listening – 15.

Any student with one or more skill section scores below these targets, and a composite score below 82, will be required to attend the StepUp Intensive English Program at Lehigh.
	(5) application process for interdisciplinary programs


The proposed program is interdisciplinary.  Students must apply to one of the seven participating engineering departments, indicating the Energy Systems Engineering M.Eng. program on their application forms.  A program coordinator will process the applications and a program faculty committee, consisting of a representative from each of the seven engineering departments, will review and evaluate applications in a timely manner.  The Associate Dean for Graduate Programs will serve as an ex officio member.

To be considered for admission, applicants must submit:
(a) A completed application and non-refundable application fee.

(b) At least two (2) letters of recommendation from qualified individuals to evaluate the applicant’s academic achievement and potential for graduate studies.

(c) Official transcripts from all colleges/universities attended.

(d) A personal essay summarizing his/her career objectives and work experience with respect to the chosen field of study.

	(6) admission deadline



For prospective students applying for financial aid, the deadline for application to the program is 
January 15th.  All other applications are due by April 15.
	B. Specific degree requirements


Master’s Degree:

	(1) New and/or existing course/credit requirements 


Table 1 in Appendix I lists the new courses that would need to be developed to support the 
proposed M.Eng. program.   New course proposals are attached.
Table 2 in Appendix I lists the existing courses that would be part of the proposed M.Eng. program.
*For specific details, see Section C: Details of the Proposed Program below. 
	(2) Thesis requirement


There is no thesis requirement for this degree which is course work oriented.  However, students must submit a final report at the completion of the 3-credit project, earning a grade of B or better.

	(3) Comprehensive examination requirement


There is no comprehensive exam requirement.  

Doctoral Degree
The proposed program is not at the Doctoral Degree Level.
	(1) language requirement

     Not Applicable (N/A)


	             (2) Qualifying and/or general examination requirements 


                    N/A
	(3) Course/credit requirements


                    N/A
	(4) Master’s degree requirements



      N/A
	(5) Faculty available to direct dissertations



      N/A
	(6) Expected time to complete the degree



      N/A
	C. Details of the Proposed Program 
Core Courses (12 Credits):

All program participants will complete a 12-credit core sequence.  The first three courses listed below will provide all students enrolled in the program with a common knowledge of the energy and power industries as a whole, and will identify the challenges facing the U.S. utility infrastructure, its operations, and its environmental impact.

· Energy Generation (ESE 401)

· Energy Management and Distribution (ESE 402)

· Energy and the Environment (ESE 403)

In addition to these three courses, students will be required to take a project management course, designed to provide our future technical leaders with the general management skills needed to successfully lead and complete a project.  Presently, this requirement will be met through the Survey of Project Management course (GBUS 459) that is offered through the College of Business and Economics.  However, there are ongoing discussions to evaluate a possible newly developed customized project management course offered through either CBE or RCEAS.
Technical Electives (15 credits):

Students will acquire a level of specialized knowledge and experience through the completion of five technical elective courses, selected from an approved list of courses designated by the participating departments.  When selecting their technical electives, students must adhere to the following guidelines:

· Two of the courses need to be at the 400-level from the approved ESE list (6 credits)
· Three additional courses satisfying the following (9 credits)

a. at least two courses from the approved ESE technical elective list

b. at least one course at the 400-level

· Three credits may be taken outside of RCEAS.  Additional credit hours may be taken at the discretion of the program’s faculty committee.
             Given the breadth of the technical elective course pool, all of the approved courses will obviously 

             not be appropriate for any particular student.  Each student will work closely with the program 
             director to design one’s master’s degree such that it is consistent with one’s undergraduate 
             educational background and conducive to one’s future career goals and interests.  While it is 
             intended that this will be a completely customized student specific process, it is expected that  

             certain identifiable technical elective “tracks” will evolve over time.  Examples of such “tracks” are 
             presented in Appendix II.  Additional tracks will continue to be defined.
Project (3 – 6 credits)

Students will apply their advanced technical knowledge and skills to complete a 3-credit project.  As envisioned, M.Eng. students will work collaboratively with a team composed of a supervising faculty member, post-doctoral students, and Ph.D. students to complete an industry-related project coordinated through Lehigh’s Energy Systems Engineering Institute (ESEI)
.  Students will have the option to complete a more expansive project over two semesters (6-credits), in place of one technical elective (3-credits).

A proposed sequence of courses is shown in Table 3 in Appendix I.


	D. Implementation Plan


An outline for the implementation of the proposed new Energy Systems Engineering M.Eng. program is listed below:

Fall 2008:  

-  Academic approval process.

-  Active recruiting/marketing.

-  Program director search.

-  Form program faculty committee.

Spring 2009

· Active recruiting/marketing.

· Hire program director, adjunct professors, and part time administrative assistant.

· Coordinate student projects with EPRI and ESEI industry participants.

· Fritz Lab renovations.

Summer 2009

-  Welcome program’s first incoming class.

We anticipate a first year class of 15-20 students.  We expect 30-40 students to be enrolled in the program at steady state.
	4. Academic Impact


	A. Is the proposed new program interdisciplinary?


The proposed program involves all seven RCEAS engineering departments, as well as the 

Departments of Chemistry, Earth & Environmental Sciences, International Relations, Political Science, Physics, Economics, and Management.  Students in the proposed program will be required to select elective courses currently offered in these departments.
	B. Identify any known effects of the proposed new program on other programs at the University. 


The inclusion of the Survey of Project Management course in the set of core courses requires a firm commitment from the CBE Management Department to offer the course annually during Lehigh’s second summer session July.  Students enrolled in the proposed new program will populate an approved list of existing courses offered through all seven engineering departments, as well as the Departments of Chemistry, Physics, Earth & Environmental Sciences, International Relations, Political Science, and Economics.  Consequently, the proposed new program will enhance the existing collaborations amongst the engineering departments and foster new relationships with the CAS and CBE.  
	C. If there are known effects, individuals in charge of the affected programs must be consulted about the proposed new program and the following information provided:


	(1) Who was consulted?


Approval for the Survey of Project Management course and business elective courses was received from CBE’s Associate Dean of Graduate Studies.  All seven RCEAS department chairs were consulted and provided feedback from their department.  The department chairs from the following CAS departments were consulted:  Chemistry, Physics, Earth and Environmental Sciences, International Relations, and Political Science.  The director of Lehigh’s Environmental Initiative was also consulted.  A summary of the comments and suggestions can be obtained from the RCEAS Associate Dean of Graduate Studies.
	(2) Is the proposed new program acceptable to all other programs affected?



Yes.  There are no known adverse effects.
	(3) Will any changes be required in the affected programs?  If so, please describe below:



No.
	D. Does the proposed new program affect the University’s commitment to diversity in any way?  If so, please describe below.



No.
	5. Resource Impact


	A. Provide impact statements in the four areas listed below:


	(1) Library impact statement


This degree program is not expected to increase the demand on library and technology resources beyond our normal usage.
	(2) Computer impact statement


This degree program is not expected to increase the demand on university computing resources beyond our normal usage.
	(3) Faculty impact statement


The proposed program is designed to minimize the demands on the current research faculty so they may remain fully engaged in their current research, teaching and service activities.  Thus, a professor of practice will be hired to advise and mentor the students enrolled in the program, coordinate their project work through the Energy Systems Engineering Institute (ESEI), and teach at least one of the three ESE core courses.  Depending on the breadth of the new hire’s knowledge of the energy industry, the remaining two ESE courses will be taught by either a current Lehigh faculty member or an adjunct professor.  The proposed program budget takes into consideration the hiring of two adjunct professors for the remaining two ESE courses.  Our expectation is to hire this first professor of practice on a 3-year contract as we evaluate the probable success of the program.  Once the program’s success is ensured, we will seek a longer term appointment for a professor of practice for the program.

Each student enrolled in the M.Eng. program will require a faculty mentor to complete their project work.  The projects are not meant to be an extra burden on a faculty member, but rather to provide an extra pair of hands to assist in their research projects.  Faculty members conducting research through the ESEI will carve out a small project for an M.Eng. student to complete over one semester.  The project will not require a thesis and is intended to connect the M.Eng. students with industry topics. These students will not require any financial support from the faculty mentor, in regard to tuition reimbursement or stipend allowance.  Costs associated with their project will be covered through the ESEI.
In addition to reviewing student applications, the program faculty committee will be assisting the program director, ESEI Industry Advisory Board, and EPRI in defining the ESEI research thrusts.  
Students enrolled in the ESE M.Eng. program are entering the program with diverse backgrounds in science and engineering.  Consequently, we do not expect any one elective course to experience a significant increase in enrollment.  Should this situation arise, there is room in the budget to accommodate the support of a graduate student to assist in grading.

	(4) Facilities impact statement (how proposed program affects load on existing facilities or requires new facilities)


The proposed M.Eng. program will be housed within Fritz Laboratory.  The space will include the director’s and administrative assistant’s offices, and a student lounge, which will serve as a “home” for the M.Eng. students.  The lounge will consist of individual workspaces, tables, a few computers, student lockers, and a small kitchen.  An initial evaluation suggests that the designated space can be renovated relatively inexpensively (painting and lighting) to provide a location for the program.
Student projects will be completed through existing research facilities.

	B. Provide a statement indicating who will assume financial responsibility for any new resources required:


Revenue to the program is student tuition.  Expenses to the program include:
Operating Expenses:

1. Director’s salary and benefits.

2. Adjunct faculty salary and benefits for two ESE courses.
3. Half-time administrative assistant salary and benefits.

4. General program operating costs.

5. Recruiting and industry outreach expenses for at least the first several years of the program.
Start-up Costs:

1. Fritz Lab renovation costs.
2. Program development costs.

3. Director’s salary for program preparation.
The initial target enrollment for the program is 15-20 students per year.  The break even enrollment (expenses equaling tuition revenue) is 17 students for the first year to cover operating and start-up costs.  The number is 11 students once the start-up costs are recovered.
The budget for the proposed M.Eng. program has been submitted and approved by the RCEAS Dean, S. David Wu.  A summary of the financial projection is provided in Table 4 in Appendix I.  This is a conservative projection, not taking into account tuition increases.  The incoming tuition represents the net tuition following the University 20% and RCEAS 10% fees.  Twenty-seven credits, as opposed to thirty credits were accounted for, to offset the impact of students enrolling in courses outside of RCEAS.  The program will operate in a deficit for the first year, but will be showing a profit following the second year.
Appendix I:  Tables
Table 1.  New courses in the proposed M.Eng. Program.

ESE 401 Energy Generation (3) Summer

This course provides an overview of the different methods of generating electricity, such as turbine driven electrochemical generators, fuel cells, photovoltaics, and thermoelectric devices.  Topics include the combustion of fossil fuels (coal, natural gas, and oil), nuclear fission and fusion, and renewable resources (solar, wind, hydro, tidal, and geothermal sources).  Sustainability and energy efficiency issues will also be addressed.
ESE 402 Energy Management and Distribution (3) Fall

This course provides an overview of modern power transmission and distribution systems.  Topics include transformer technology, transmission grids, load management, distribution optimization, power supply reliability, and infrastructure systems.  Security and deregulation issues will also be addressed.
ESE 403 Energy and the Environment (3) Spring

This course provides an overview of the direct and indirect impact of energy generation and transmission technologies on the environment.  Topics include global climate change, clean energy technologies, energy conservation, air pollution, water resources, and nuclear waste issues.
ESE 404 Energy Systems Engineering Project (3 – 6) Fall - Spring
A collaborative and intensive study in an area of energy systems engineering, with emphasis on direct industrial application.  A written report is required.
Table 2.  Existing courses that are part of the proposed M.Eng. Program

Existing Required (Core) Courses













Credit

Number

Title








            
Hours

GBUS 459
Survey of Project Management





  
    3

Existing Elective Courses (RCEAS)













Credit

Number

Title








            
Hours

CHE 331
Separation Processes







    3

CHE 350
Energy:  Issues and Technology





    
    3

CHE 373*
Fundamentals of Air Pollution





    
    3

CHE 400
Chemical Engineering Thermodynamics




   
    3

CHE 410
Chemical Reaction Engineering




               
    3

CHE 413
Heterogeneous Catalysis and Surface Characterization


   
    3

CHE 415
Transport Processes







    3

CHE 433
State Space Control







    3

CHE 434
Multivariable Process Control





    
    3

CHE 436
Systems Identification







    3

CEE 323
Environmental Groundwater Hydrology




    
    3

CEE 345
Geo-Environmental Engineering




    
   
    3

CEE 373*
Fundamentals of Air Pollution





   
    3

CEE 377 
Environmental Engineering Design





    3

CEE 379
Environmental Case Studies





    
    3

CEE 405
Analytical and Numerical Methods




    
    3

CEE 408
Computer Methods in Civil Engineering




   
    3

CEE 413
Mechanics and Behavior of Structural Members



    
    3

CEE 427
Transport of Contaminants in Groundwater




    3

CEE 443
Advanced Soil Mechanics I






    3

CEE 445
Advanced Foundation Engineering





    3

CEE 450
Advanced Structural Analysis I





   
    3

CEE 458
Repair and Retrofit of Steel Structures




   
    3

CEE 470
Reaction Kinetics in Environmental Engineering



    
    3

CEE 471
Water Treatment Facilities






    3

CEE 472
Waste Water Treatment Facilities





    3

CEE 473*
Environmental Separation & Control
 




    3

CEE 474
Aquatic Chemistry







    3

CEE 477
Transport of Pollutants in Surface Waters




    3

CEE 478
Toxic and Hazardous Wastes






    3

CSE 404*
Computer Networks







    3

CSE 443
Network Security







    3

ECE 308
Physics of Models of Electronic Devices




     
    3

ECE 316
Introduction to VLSI Circuits






    3

ECE 343
Digital Signal Processing






    3

ECE 401
Advanced Computer Architecture





    3

ECE 402
Advanced Electromagnetic Theory





    3

ECE 404*
Computer Networks







    3

ECE 420
Advanced Circuits & Systems





     
    3

ECE 441
Fundamentals of Wireless Communications




    3

ECE 451
Physics of Semiconductor Devices





    3

ECE 464
Introduction to Cryptography and Network Security



    3

Existing Elective Courses (RCEAS) – cont.












Credit

Number

Title








             Hours

IE 339

Stochastic Models and Application





    3
IE 358

Game Theory








    3

IE 382

Leadership Development






    3

IE 404

Simulation








    3
IE 409

Time Series Analysis







    3

IE 419

Sequencing and Scheduling






    3

IE 426

Optimization Models and Applications




    
    3
IE 447

Financial Optimization






     
    3
IE 458

Topics in Game Theory






     
    3

MAT 314
Metal Forming Processes






    3

MAT 315
Physical Properties of Structural and Electronic Ceramics


    3
MAT 344
Metal Machining Analysis






    3

MAT 346
Physical Metallurgy of Welding





     
    3
MAT 348
Materials Science for Electronic Applications



     
    3

MAT 393
Physical Polymer Science






    3
MAT 405
Mathematical Method in Materials Science and Engineering

     
    3

MAT 411
Modern Joining Methods






    3
MAT 418
Fatigue and Fracture of Engineering Materials



     
    3

MAT 429
Dielectric and Electrical Properties of Ceramics



     
    3

MAT 455
Materials for Nanotechnology





     
    3

MAT 458
Materials Design







    3

ME 360

Nuclear Reactor Engineering






    3

ME 402 
Advanced Manufacturing Science





    3

ME 420

Advanced Thermodynamics






    3

ME 423

Heat and Mass Transfer






     
    3

ME 426 
Radiative and Conducive Heat Transfer




     
    3

ME 430

Advanced Fluid Mechanics






    3

ME 431

Advanced Gas Dynamics






    3

ME 444

Experimental Stress Analysis in Design




     
    3

ME 446

Mechanical Reliability






     
    3

MECH 413
Fracture Mechanics







    3

* Indicates a cross-listed course.
Existing  Elective Courses (CAS)












Credit

Number

Title









 Hours

CHM 312
Fundamentals of Corrosion






    3

CHM 342
Thermodynamics and Kinetics





     
    3

CHM 433
Electroanalytical Chemistry






    3

CHM 441
Chemical Kinetics







    3

CHM 443
Solid State Chemistry







    3

EES 223
Structural Geology and Tectonics





    3

EES 306
Geological Records of Environmental Change



     
    3

EES 334
Geosphere Structure and Evolution





    3

EES 341
Field Camp in Earth and Environmental Sciences



    3

EES 358
Microbial Ecology







    3

EES 402*
Environmental Scientific Foundation for Policy Design


     
    3

EES 407
Seismology








    3

EES 415
Paleoclimatology







    3

EES 426
Tectonic Processes







    3

EES 427
Orogenic Belts







     
    3

EES 457
Advanced Remote Sensing of the Environment



      
    3

EES 459
Reconstructing Environmental Change




     
    3

ES 328

U.S. Politics and the Environment





    3

ES 339*
Global Security and the Environment





    3

ES 402*
Scientific Foundations for Environmental Policy Design


     
    3

ES 433

International Environmental Law & Policy




    3

ES 438

Environmental Risks:  Perception & Communication


     
    3

IR 333*

International Environmental Law and Policy




    3

IR 339*

Global Security and the Environment





    3

IR 344

International Politics of Oil






    3

IR 440

International Environmental and Science Policy



     
    3

PHY 348
Plasma Physics







     
    3

PHY 362
Atomic and Molecular Structure





     
    3

PHY 363
Physics of Solids







    3

PHY 364
Nuclear and Elementary Particle Physics




    3

PHY 420
Mechanics








    3

PHY 421
Electricity & Magnetism I





     
    3

PHY 422
Electricity & Magnetism II






    3

POLS 416
American Environmental Policy





     
    3

Existing Elective Courses (CBE)













Credit

Number

Title









 Hours

ECO 311
Environmental Economics






    3

ECO 314
Energy Economics







    3

ECO 454
Economics of Environmental Management




    3

ECO 456
Industrial Organization






     
    3

ECO 480
Economics of Technological Change





    3

* Indicates a cross-listed course.

	        Table 3.  Proposed sequence of courses in the ESE M.Eng. program.

	Course Title
	Credit Hours

	Summer

	Energy Generation
	3

	Survey of Project Management
	3

	Summer Total
	6

	Fall

	Energy Management and Distribution
	3

	Project
	3

	Technical Elective
	3

	Technical Elective
	3

	Fall Total
	12

	Spring

	Energy and the Environment
	3

	Technical Elective / Project
	3

	Technical Elective
	3

	Technical Elective
	3

	Spring Total
	12

	PROGRAM TOTAL
	30


Table 4:  ESE MEng Program Financial Projection
[image: image1.emf]Academic Year 2009 2010 2011 2012 2013

Incoming Tuition (27 credits)

270,270       353,430     436,590     519,750     561,330    

Operating Bugdet (227,775)     (235,395)    (243,314)    (251,550)    (260,125)   

Start-up Costs (130,500)     -                   -                   -                   -                  

NET PROGRAM (88,005)        118,035     193,276     268,200     301,205    

Students Enrolled 15 19 23 27 30

Tuition Paying Students  13 17 21 25 27



Appendix II:  Example Technical Tracks
Example Technical Elective Track 1:  

Student Undergraduate Background:  Materials Science Engineering

Student Energy Related Career Interest:  Generation Systems

Applicable Technical Elective Pool:

Selection of courses requires careful planning to insure that all prerequisites are satisfied before taking the courses

RCEAS Courses:

CHE 331 
 
Separation Processes

CHE 350 

Energy:  Issues and Technology

CHE/CEE 373 

Fundamentals of Air Pollution

CEE 377

Environmental Engineering Design

CEE 379

Environmental Case Studies

IE 382


Leadership Development

MAT 314 

Metal Forming Processes

MAT 315

Physical Properties of Structural and Electronic Ceramics

MAT 344 

Metal Machining Analysis

MAT 346

Physical Metallurgy of Welding

MAT 348 

Materials Science for Electronic Applications

MAT 393

Physical Polymer Science

MAT 405 

Mathematical Methods in Materials Science and Engineering

MAT 411

Modern Joining Methods

MAT 418 

Fatigue and Fracture of Engineering Materials

MAT 429 

Dielectric and Electrical Properties of Ceramics

MAT 455 

Materials for Nanotechnology

MAT 458 

Materials Design

ME 360


Nuclear Reactor Engineering

ME 402 

Advanced Manufacturing Science

CAS Courses:

CHM 312

Fundamentals of Corrosion

ES 328


U.S. Politics and the Environment

ES /IR 339 

Global Security and the Environment

ES 402


Scientific Foundations for Environmental Policy Design

ES 433


International Environmental Law & Policy

ES 438


Environmental Risks:  Perception & Communication

IR 333


International Environmental Law and Policy

IR 344


International Politics of Oil

IR 440


International Environmental and Science Policy

PHY 348

Plasma Physics

PHY 362

Atomic and Molecular Structure

PHY 363

Physics of Solids

PHY 364

Nuclear and Elementary Particle Physics

POLS 416 

American Environmental Policy

CBE  Courses:

ECO 311

Environmental Economics

ECO 314

Energy Economics

Example Technical Elective Track 2:  

Student Undergraduate Background:  Electrical Engineering/Electronics

Student Energy Related Career Interest:  Management and Distribution

Applicable Technical Elective Pool:

RCEAS Courses:

CSE/EE 404 

Computer Networks

CSE 443

Network Security

ECE 308

Physics of Models of Electronic Devices

ECE 316 

Microcomputer System Design

ECE 343

Digital Signal Processing

ECE 401 

Advanced Computer Architecture

ECE 402 

Advanced Electromagnetic Theory


ECE 420 

Advanced Circuits & Systems

ECE 441 

Fundamentals of Wireless Communications

ECE 451 

Physics of Semiconductor Devices

ECE 464 

Introduction to Cryptography and Network Security

IE 339


Stochastic Models and Applications

IE 358 


Game Theory

IE 382 


Leadership Development

IE 404 


Simulation

IE 409 


Time Series Analysis

IE 419 


Sequencing and Scheduling

IE 426


Optimization Models and Applications

IE 447


Financial Optimization

IE 458 


Topics in Game Theory

CAS Courses:

ES 328


U.S. Politics and the Environment

ES /IR 339 

Global Security and the Environment

ES 402


Scientific Foundations for Environmental Policy Design

ES 433


International Environmental Law & Policy

ES 438


Environmental Risks:  Perception & Communication

IR 333


International Environmental Law and Policy

IR 344


International Politics of Oil

IR 440


International Environmental and Science Policy

POLS 416 

American Environmental Policy

CBE  Courses:

ECO 311

Environmental Economics

ECO 314

Energy Economics

Example Technical Elective Track 3:  

Student Undergraduate Background:  Civil or Mechanical Engineering

Student Energy Related Career Interest:  Generation Systems

Applicable Technical Elective Pool:

Selection of courses requires careful planning to insure that all prerequisites are satisfied before taking the courses

RCEAS Courses:

CEE 405 

Analytical and Numerical Methods

CEE 408 

Computer Methods in Civil Engineering

CEE 413 

Mechanics and Behavior of Structural Members

CEE 443 

Advanced Soil Mechanics I

CEE 445 

Advanced Foundation Engineering

CEE 450 

Advanced Structural Analysis I

CEE 458 

Repair and Retrofit of Steel Structures

CEE 471 

Water Treatment Facilities

CEE 472 

Waste Water Treatment Facilities

IE 382


Leadership Development

MAT 314

Metal Forming Processes

MAT 344

Metal Machining Analysis

MAT 346

Physical Metallurgy of Welding

MAT 411

Modern Joining Methods

MAT 418

Fatigue and Fracture of Engineering Materials

ME 360


Nuclear Reactor Engineering

ME 402 

Advanced Manufacturing Science

ME 420 

Advanced Thermodynamics

ME 423 

Heat and Mass Transfer

ME 426 

Radiative and Conductive Heat Transfer

ME 430 

Advanced Fluid Mechanics

ME 431 

Advanced Gas Dynamics

ME 444 

Experimental Stress Analysis in Design

ME 446 

Mechanical Reliability

MECH 413 

Fracture Mechanics

CAS Courses:

CHM 312

Fundamentals of Corrosion

EES 223

Structural Geology and Tectonics

EES 306 

Geological Records of Environmental Change

EES 334

Geosphere Structure and Evolution

EES 341

Field Camp in Earth and Environmental Sciences

ES 328


U.S. Politics and the Environment

ES /IR 339 

Global Security and the Environment

ES 402


Scientific Foundations for Environmental Policy Design

ES 433


International Environmental Law & Policy

ES 438


Environmental Risks:  Perception & Communication

IR 333


International Environmental Law and Policy

IR 344


International Politics of Oil

IR 440


International Environmental and Science Policy

POLS 416 

American Environmental Policy

CBE  Courses:

ECO 311

Environmental Economics

ECO 314

Energy Economics
Example Technical Elective Track 4:  

Student Undergraduate Background:  Environmental Engineering/Chemistry
Student Energy Related Career Interest:  Energy and the Environment
Applicable Technical Elective Pool:

Selection of courses requires careful planning to insure that all prerequisites are satisfied before taking the courses

RCEAS Courses:

CHE 331 
 
Separation Processes

CHE 350 

Energy:  Issues and Technology

CHE/CEE 373 

Fundamentals of Air Pollution

CEE 323 

Environmental Groundwater Hydrology

CEE 345 

Geo-Environmental Engineering

CEE 373 

Fundamentals of Air Pollution

CEE 377 

Environmental Engineering Design

CEE 379 

Environmental Case Studies

CEE 427 

Transport of Contaminants in Groundwater

CEE 443 

Advanced Soil Mechanics I

CEE 470 

Reaction Kinetics in Environmental Engineering

CEE 471 

Water Treatment Facilities

CEE 472 

Waste Water Treatment Facilities

CEE 473 

Environmental Separation & Control

CEE 474 

Aquatic Chemistry

CEE 477 

Transport of Pollutants in Surface Waters

CEE 478 

Toxic and Hazardous Wastes

IE 382


Leadership Development

MAT 314

Metal Forming Processes

MAT 344

Metal Machining Analysis

MAT 346

Physical Metallurgy of Welding

MAT 411

Modern Joining Methods

MAT 418

Fatigue and Fracture of Engineering Materials

ME 360


Nuclear Reactor Engineering

CAS Courses:

CHM 312

Fundamentals of Corrosion

EES 223

Structural Geology and Tectonics

EES 306 

Geological Records of Environmental Change

EES 334

Geosphere Structure and Evolution

EES 341

Field Camp in Earth and Environmental Sciences

EES 358

Microbial Ecology

EES/ES 402

Scientific Foundations for Environmental Policy Design

EES 407

Seismology

EES 415

Paleoclimatology

EES 426

Tectonic Processes

EES 427

Orogenic Belts

EES 457

Advanced Remote Sensing of the Environment

EES 459

Reconstructing Environmental Change

ES 328


U.S. Politics and the Environment

ES/IR 333/433

International Environmental Law & Policy

ES /IR 339 

Global Security and the Environment



ES 438


Environmental Risks:  Perception & Communication

IR 344


International Politics of Oil

IR 440


International Environmental and Science Policy

POLS 416 

American Environmental Policy

CBE  Courses:

ECO 311

Environmental Economics

ECO 314

Energy Economics

ECO 454

Economics of Environmental Management

ECO 456

Industrial Organization

ECO 480

Economics of Technological Change

P.C. Rossin College of Engineering and Applied Science

Proposed New Course

	1. Proposed new course number and course description (as it will appear in course catalogue):


ESE 401 Energy Generation (3)

This course provides an overview of the different methods of generating electricity, such as turbine driven electromechanical generators, fuel cells, photovoltaics, and thermoelectric devices.  Topics include the combustion of fossil fuels (coal, natural gas, and oil), nuclear fission and fusion, and renewable resources (solar, wind, hydro, and geothermal sources).  Sustainability and energy efficiency issues will also be addressed.

	2. Instructional mode (lecture, recitation, laboratory, seminar, independent study, or other) and number of contact hours per week:


Lectures and seminars.  3 contact hours per week.

	3. Rationale for proposed new course:


The proposed 30 credit hour program is comprised of 9 credit hours of core energy systems engineering courses, 3 credit hours of project management, 3 credit hours of project work, and 15 credit hours of elective courses.

Students enrolled in the proposed new ESE M.Eng. program will come from a variety of engineering, science and mathematics backgrounds.  The goal of the three new proposed core courses (ESE 401, 402, and 403) is to provide all incoming students with a common overview of the entire energy spectrum:  energy generation, energy management and distribution, and energy and the environment.  The Energy Generation course (ESE 401), provides an introduction to the different mechanisms for generating energy.  Offering this course during the summer reduces the total credit hour load during the fall and spring semesters to a more manageable level (4 courses instead of 5 each semester).

	4. Academic impact on programs affected by new course:


	A. Is the proposed course to be cross-listed?



No

	B. Identify any known effects of the proposed new course on other programs at the University. 



No known effects.

	C. If there are known effects, individuals in charge of the affected programs must be consulted about the proposed new course and the following information provided:


	(1) Who was consulted?



N/A

	(2) Is the proposed new course acceptable to all other programs affected?



N/A

	(3) Will any changes be required in the affected programs?  If so, please describe below:



N/A

	D. Does the proposed new course affect the University’s commitment to diversity in any way?  If so, please describe below:




No.

	5. Resource Impact


	A. Provide impact statements in the four areas listed below:


	(1) Library impact statement 


The new course is not expected to increase the demand on library resources beyond normal usage.

	(2) Computer impact statement


The new course is not expected to increase the demand on university computing resources beyond normal usage.

	(3) Faculty impact statement (how proposed program affects load on existing faculty or requires new faculty)


A Professor of Practice will be hired to serve as Director of the ESE M.Eng. Program.  The Professor of Practice will be expected to teach at least one of the three new core ESE courses, depending on the area of expertise and breadth of his/her background.  Our expectation is to hire the first Professor of Practice on a 3-year contract as we evaluate the probable success of the program.

The remaining two ESE courses will be taught by practitioners from the utility industry, hired as adjunct professors.  

	(4) Facilities impact statement (how proposed program affects load on existing facilities or requires new facilities)



The proposed new course will only require classroom space.  

	B. Provide a statement indicating who will assume financial responsibility for any new resources required:


Revenue from the proposed new Energy Systems Engineering, M.Eng. program will cover all costs associated with the proposed new course (e.g. Professor of Practice/adjunct faculty salaries, printing, field trips, guest speaker lunches, etc.).

P.C. Rossin College of Engineering and Applied Science

Proposed New Course

	1. Proposed new course number and course description (as it will appear in course catalogue):


ESE 402 Energy Management and Distribution (3)

This course provides an overview of modern power transmission and distribution systems.  Topics include transformer technology, transmission grids, load management, distribution optimization, power supply reliability, and infrastructure systems.  Network security and deregulation issues will also be addressed.

	2. Instructional mode (lecture, recitation, laboratory, seminar, independent study, or other) and number of contact hours per week:


Lectures and seminars.  3 contact hours per week.

	3. Rationale for proposed new course:


The proposed 30 credit hour program is comprised of 9 credit hours of core energy systems engineering courses, 3 credit hours of project management, 3 credit hours of project work, and 15 credit hours of elective courses.

Students enrolled in the proposed new ESE M.Eng. program will come from a variety of engineering, science and mathematics backgrounds.  The goal of the three new proposed core courses (ESE 401, 402, and 403) is to provide all incoming students with a common overview of the entire energy spectrum:  energy generation, energy management and distribution, and energy and the environment.  The Energy Management and Distribution course (ESE 402), provides an introduction to the issues related to the management and distribution of energy.  

	4. Academic impact on programs affected by new course:


	A. Is the proposed course to be cross-listed?



No

	B. Identify any known effects of the proposed new course on other programs at the University. 



No known effects.

	C. If there are known effects, individuals in charge of the affected programs must be consulted about the proposed new course and the following information provided:


	(1) Who was consulted?



N/A

	(2) Is the proposed new course acceptable to all other programs affected?



N/A

	(3) Will any changes be required in the affected programs?  If so, please describe below:



N/A

	D. Does the proposed new course affect the University’s commitment to diversity in any way?  If so, please describe below:




No.

	5. Resource Impact


	A. Provide impact statements in the four areas listed below:


	(1) Library impact statement 


The new course is not expected to increase the demand on library resources beyond normal usage.

	(2) Computer impact statement


The new course is not expected to increase the demand on university computing resources beyond normal usage.

	(3) Faculty impact statement (how proposed program affects load on existing faculty or requires new faculty)


A Professor of Practice will be hired to serve as Director of the ESE M.Eng. Program.  The Professor of Practice will be expected to teach at least one of the three new core ESE courses, depending on the area of expertise and breadth of his/her background.  Our expectation is to hire the first Professor of Practice on a 3-year contract as we evaluate the probable success of the program.

The remaining two ESE courses will be taught by practitioners from the utility industry, hired as adjunct professors.  

	(4) Facilities impact statement (how proposed program affects load on existing facilities or requires new facilities)



The proposed new course will only require classroom space.  

	B. Provide a statement indicating who will assume financial responsibility for any new resources required:


Revenue from the proposed new Energy Systems Engineering, M.Eng. program will cover all costs associated with the proposed new course (e.g. Professor of Practice/adjunct faculty salaries, printing, field trips, guest speaker lunches, etc.).

P.C. Rossin College of Engineering and Applied Science

Proposed New Course

	1. Proposed new course number and course description (as it will appear in course catalogue):


ESE 403  Energy and the Environment (3)

This course provides an overview of the direct and indirect impact of energy generation and transmission technologies on the environment. Topics include global climate change, clean energy technologies, energy conservation, air pollution, water resources, and nuclear waste issues.

	2. Instructional mode (lecture, recitation, laboratory, seminar, independent study, or other) and number of contact hours per week:


Lectures and seminars.  3 contact hours per week.

	3. Rationale for proposed new course:


The proposed 30 credit hour program is comprised of 9 credit hours of core energy systems engineering courses, 3 credit hours of project management, 3 credit hours of project work, and 15 credit hours of elective courses.

Students enrolled in the proposed new ESE M.Eng. program will come from a variety of engineering, science and mathematics backgrounds.  The goal of the three new proposed core courses (ESE 401, 402, and 403) is to provide all incoming students with a common overview of the entire energy spectrum:  energy generation, energy management and distribution, and energy and the environment.  The Energy and the Environment course (ESE 403), provides an introduction to the environmental challenges that are brought about as a result of energy generation and usage.

	4. Academic impact on programs affected by new course:


	A. Is the proposed course to be cross-listed?



No

	B. Identify any known effects of the proposed new course on other programs at the University. 



No known effects.

	C. If there are known effects, individuals in charge of the affected programs must be consulted about the proposed new course and the following information provided:


	(1) Who was consulted?



N/A

	(2) Is the proposed new course acceptable to all other programs affected?



N/A

	(3) Will any changes be required in the affected programs?  If so, please describe below:



N/A

	D. Does the proposed new course affect the University’s commitment to diversity in any way?  If so, please describe below:




No.

	5. Resource Impact


	A. Provide impact statements in the four areas listed below:


	(1) Library impact statement 


The new course is not expected to increase the demand on library resources beyond normal usage.

	(2) Computer impact statement


The new course is not expected to increase the demand on university computing resources beyond normal usage.

	(3) Faculty impact statement (how proposed program affects load on existing faculty or requires new faculty)


A Professor of Practice will be hired to serve as Director of the ESE M.Eng. Program.  The Professor of Practice will be expected to teach at least one of the three new core ESE courses, depending on the area of expertise and breadth of his/her background.  Our expectation is to hire the first Professor of Practice on a 3-year contract as we evaluate the probable success of the program.

The remaining two ESE courses will be taught by practitioners from the utility industry, hired as adjunct professors.  

	(4) Facilities impact statement (how proposed program affects load on existing facilities or requires new facilities)



The proposed new course will only require classroom space.  

	B. Provide a statement indicating who will assume financial responsibility for any new resources required:


Revenue from the proposed new Energy Systems Engineering, M.Eng. program will cover all costs associated with the proposed new course (e.g. Professor of Practice/adjunct faculty salaries, printing, field trips, guest speaker lunches, etc.).

P.C. Rossin College of Engineering and Applied Science

Proposed New Course

	1. Proposed new course number and course description (as it will appear in course catalogue):


ESE 404 Energy Systems Engineering Project (3 - 6 credits)

A collaborative and intensive study in an area of energy systems engineering, with emphasis on direct industrial application. A written report is required.

	2. Instructional mode (lecture, recitation, laboratory, seminar, independent study, or other) and number of contact hours per week:


Laboratory.  3 contact hours per week.

	3. Rationale for proposed new course:


Students enrolled in the proposed new ESE M.Eng. program will come from a variety of engineering, science and mathematics backgrounds.  Students will apply their advanced technical knowledge and skills to complete a 3-credit project.  As envisioned, M.Eng. students will work collaboratively with a team composed of a supervising faculty member, post-doctoral students, and Ph.D. students to complete an industry-related project coordinated by the program director with the participating industry and faculty members.  Students will have the option to complete a more expansive project over two semesters (6 credits), in place of one technical elective (3-credits).

	4. Academic impact on programs affected by new course:


	A. Is the proposed course to be cross-listed?



No

	B. Identify any known effects of the proposed new course on other programs at the University. 



No known effects.

	C. If there are known effects, individuals in charge of the affected programs must be consulted about the proposed new course and the following information provided:


	(1) Who was consulted?



N/A

	(2) Is the proposed new course acceptable to all other programs affected?



N/A

	(3) Will any changes be required in the affected programs?  If so, please describe below:



N/A

	D. Does the proposed new course affect the University’s commitment to diversity in any way?  If so, please describe below:




No.

	5. Resource Impact


	A. Provide impact statements in the four areas listed below:


	(1) Library impact statement 


The new course is not expected to increase the demand on library resources beyond normal usage.

	(2) Computer impact statement


The new course is not expected to increase the demand on university computing resources beyond normal usage.

	(3) Faculty impact statement (how proposed program affects load on existing faculty or requires new faculty)


A Professor of Practice will be hired to serve as Director of the ESE M.Eng. Program.  The Director of the program will be expected coordinate the student projects with EPRI and industry participants.  

Lehigh faculty members will have the option to conduct research through the Energy Systems Engineering Institute (ESEI), which will be funded by EPRI and industry.  These faculty members will have the option to carve out small projects for the M.Eng. students to work on to fulfill their project requirement.  Faculty members will not be responsible for funding these students.  If conducted through the ESEI, costs accrued while completing the student project will be covered by the ESEI.

Faculty members not participating in the ESEI, but conducting energy related research, may also opt to have the M.Eng. students complete a small project related to their work.  These faculty members will still not be responsible for funding the students (tuition and stipend), however they may be expected to cover costs associated with the project’s completion.

	(4) Facilities impact statement (how proposed program affects load on existing facilities or requires new facilities)


The proposed new course will require existing lab space across campus.  The students will be distributed across several labs.  Consequently, the proposed course is not expected to have a major impact on existing facilities.

	B. Provide a statement indicating who will assume financial responsibility for any new resources required:


Revenue from the ESEI and the proposed new Energy Systems Engineering, M.Eng. program will cover the costs associated with the proposed new course, given that the project is completed through the ESEI.

� EPRI is a non-profit research organization that brings together its own research team with experts from industry and academia to meet challenges in electricity generation, delivery and use.


� Lehigh’s ESEI will be a university-based program where the utility industry, EPRI, and utility service providers partner with university faculty in a collaborative setting to develop educational programs for next generation technical leaders in energy generation, and to conduct leading edge research as an integral part of the educational process.
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