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Introduction

Electrical and computer engineering will be required to lead the development of advancements
in energy systems technologies. While energy systems will be one of the primary areas of
challenge in engineering in general, it remains the case that the electricity grid is the backbone
of energy systems and will only grow in importance in this respect. In addition, electrical
systems also will grow in importance as many systems including transportation “electrify” and
move to the use of the electrical infrastructure. The development, deployment, and use of
electrical energy systems technologies as well as the guarantee of their use in a secure, efficient
and reliable manner will require a highly trained workforce educated in a broader range of
technologies than the “power systems” engineers of a previous generation. This new
generation of engineers will not only need to understand traditional power systems
technologies but will also have to be expert in technologies not previously considered as a part
of “power systems”.

Areas that are of growing importance as the new electrical energy infrastructure is developed
include sensors and sensor networks, networking and communications, software systems
development for modeling and control, and security. It is this integration of “power systems”
with “information technologies” that will define the new energy systems infrastructure and the
engineers that will be required to advance and use this infrastructure. The industry need for the
development of the appropriate workforce in terms of the required expertise is exacerbated by
the aging of the current power systems workforce and the impending retirements of many of
its members.

The Electrical and Computer Engineering Department Heads Association (ECEDHA) has
recognized the need to update and upgrade programs in power and energy in light of new
technologies and requirements for the electric power grid including issues associated with
policy and regulations. The summer program for power engineering faculty described in this
report emerged from a November 2010 ECEDHA workshop sponsored by the U.S. National
Science Foundation and the Canadian Department of Foreign Affairs and International Trade.’
This workshop brought together a diverse set of academic and industry participants from
Canada and the United States to address a range of issues including curriculum changes, faculty
development and student recruitment.

The goal of the November 2010 workshop was to identify actions that will create a strong
academic foundation for educating the next generation of power engineering professionals and
supporting the industry through fundamental research in relevant disciplines. One of the
actions recommended by workshop participants was to conduct a summer program for
engineering faculty to educate them in the broad range of topics essential for a modern power
engineering curriculum and enable them to effectively prepare students for careers in this field.

! Electrical and Computer Engineering Department Heads Association, “ECEDHA Energy and Power Educational
Programs Development Workshop — Final Report,” March 2011, available at:
http://ecedha.org/pdf/2011/ecedha_ep workshop report.pdf.
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The NSF-ECEDHA Energy and Power Summer Program was conducted at the Georgia Tech
Global Learning Center on the campus of the Georgia Institute of Technology on July 8-12,
2011. This report summarizes the Summer Program and presents the results of a survey of the
participants. A complete set of presentation materials used by the seminar presenters is
posted on the ECEDHA web site at ecedha.org/ep presentations/ep presentations2011.asp.

Summer Program Location

The 2011 Energy and Power Summer Program was held at the Georgia Tech Global Learning
Center, which is adjacent to the Georgia Institute of Technology campus in Atlanta. The
program site was close to the power engineering labs at Georgia Tech, as well as local industry
facilities at GE Energy and Georgia Power. The program took advantage of this proximity by
including tours of instructional and research labs at Georgia Tech, and site visits to GE Energy
and Georgia Power.

Summer Program Topics

The following guidelines drawn from the discussion on curriculum development at the
November 2010 workshop were applied in designing the Summer Program:

* Sustainable energy will play an important part in the future.

» Utilization of the energy in the electric form has been steadily increasing and now is
being accelerated because of environmental considerations.

e The ECE curriculum should position itself for the role of electric energy in future
developments.

e A course in the ‘Fundamentals of energy engineering’ should be a part of the core
curriculum in ECE departments. Coverage: the fundamental aspects of energy
conversion/generation, delivery, utilization and environment.

* There should be mechanisms such as a project course for students to develop a system
of systems approach - for example projects involving power, power electronics,
communication and computation.

* A system of systems approach should be encouraged in capstone design courses.

An introductory course in ‘electric energy components and systems’

e Tailored to local needs, placed in the program according to local requirements
* Objective: to equip graduating engineers for day-to-day life relating to energy

A second ‘course’ on capstone design project or as an actual course

* System orientation
* Integrative of energy, controls, power electronics, communications, hardware
* Tailored to local requirements



A third course on Smart Grid

e Game changing/transformative

¢ Main elements include renewable resources with their uncertainties, distributed
resources, computer control

* Needs in energy supplanted by needs in sensors and communications

e The ‘grid’ is unfolding in an uncertain environment

* Need to excite the students right from the beginning; pre-college? Inclusive course in
‘energy’ early in the program?

* Objective: develop synergy between computer, other ECE disciplines and power
engineers - so that they ‘talk the same language’

e Fits with cyber-physical systems vision

Based on these guidelines, the following seminar topics were selected for the 2011 Energy and
Power Summer Program:

1. Basic Electric Power Energy Fundamentals

2. Basics of Power Delivery Systems

3. Role Power Electronics in Power Systems

4. Electricity from Renewables and Sustainable Energy

5. Energy, Ecology and Environment

6. Basics of Interconnected Energy and Power Systems

7. Basics of Cyber Security

8. Basics of Power System Control and Protection

9. Cyber-Physical System Security of Smart Grid

10. Sensors Technology: Data Gathering, Management, Archiving, and Storage
11. Energy Storage: Need and Technologies

12. Emerging Computer-Communication Architectures

13. The Role of Communications Communication Schemes, Protocol and Standards
14. Evolution of Energy Control Centers

A detailed agenda listing the schedule of seminars, lab tours, and site visits is included as
Appendix | of this report.

Summer Program Participants

Participants in the summer program consisted of experts from academia, industry, and
government to lead the seminars and conduct demonstrations, as well as faculty attendees
nominated by ECEDHA member institutions to participate in the program.

Seminar Leaders

e Bill Adams, Manager of System Operations, Georgia Power



* Ed Carlsen, Manager — Distribution Management Systems, Georgia Power

e Vikram Dalal, Thomas M. Whitney Professor of Electrical and Computer Engineering,
lowa State University

e Vicki Gamble, IT Financial Services Manager, Southern Company Services
* Jay Giri, Director of Power Systems Technology & Strategic Initiatives, Alstom Grid

* Manimaran Govindarasu, Associate Professor of Electrical & Computer Engineering,
lowa State University

e Chris Hobson, Chief Environmental Officer, Southern Company
* Van Holsomback, Manager — Distribution Automation & Reliability, Georgia Power
* Ward Jewell, Professor of Electrical Engineering, Wichita State University

e Pramod Khargonekar, Professor and Eckis Chair of Electrical & Computer Engineering,
University of Florida

e Deepa Kundur, Associate Professor of Electrical & Computer Engineering, Texas A&M
University

* Joe Massari, Technology Planning Manager, Southern Company Services
* John McDonald, Director, Technical Strategy & Policy Development, GE Energy

e A.P.Sakis Meliopoulos, Georgia Power Distinguished Professor, School of Electrical And
Computer Engineering, Georgia Institute of Technology

* Ned Mohan, Oscar A. Schott Professor of Electrical Engineering, University of Minnesota
* Dan Nordell, Senior Consultant, Xcel Energy
e Steve Pigford, Manager — Distribution Design & Performance, Georgia Power

* Noel Schulz, Paslay Professor of Electrical and Computer Engineering, Kansas State
University

* Arun Somani, Anson Marston Distinguished Professor of Electrical and Computer
Engineering, lowa State University

e S.S. (Mani) Venkata, Principal Scientist, Alstom Grid

e Bartosz Wojszczyk, Global Director, Smart Grid Technical Solutions, GE Energy

Faculty attendees were selected based on their commitment to use the summer program
experience to update and upgrade the power engineering programs at their institutions.

A full list of the attendees is included as Appendix Il of this report.



Attendee Survey

We surveyed the attendees on various aspects of the Summer Program to provide guidance on
developing future programs of this sort. The survey elicited feedback on topics, speakers,
program length, and program features. Attendees rated the various aspects on a five-point
scale, from not valuable or effective to highly valuable or effective.

The results of the survey reflect broad satisfaction with the program. Attendee ratings for the
seminar topics were predominately at the valuable or highly valuable levels; they judged the
speakers as effective or highly effective. The program format and the site visits also received
generally favorable ratings, with the seminars and the Georgia Power operations tour
considered the most valuable aspects of the program.

Detailed survey results are included in Appendix Ill.
Conclusions

The issue of strong faculty development in the area of power and energy is both challenging
and complex, while being critical to the deployment of updated programs. The challenges have
been mentioned before: the aging professorate and the changing nature of the field have
resulted in a present shortage of qualified faculty and an inadequate pipeline for renewal. This
is compounded by the fact that many universities over the previous two decades scaled back
their energy systems facilities and now are ill-equipped to attract new faculty into a suitable
research/teaching environment. The situation is further complicated by the multi-disciplinary
requirements of future energy systems programs and corresponding skill requirements of new
faculty.

The urgent need to update and upgrade power engineering programs cannot wait for the
recruitment and development of a cadre of young faculty. The summer program described in
this report targets existing electrical and computer engineering faculty, delivering the
information they need to develop and teach a modern power engineering curriculum.

The 2011 NSF-ECEDHA Energy and Power Summer Program provided the opportunity for
fourteen experts in power engineering from academia and industry to share their knowledge
with fifty-three electrical and computer engineering professors. While this represents a
significant advance in improving the state of power engineering education, there remains a
substantial need for additional programs of this sort.



Appendix I: Summer Program Agenda

Friday, July 8

5:00 pm — 6:00 pm Welcome Reception, Georgia Tech Hotel

Saturday, July 9
7:30 am —8:00 am

8:00 am —12 noon

12 noon—1:00 pm

1:00 pm —5:00 pm

Sunday, July 10
7:45 am —8:00 am

8:00 am —12 noon

12 noon—1:00 pm

1:00 pm —5:00 pm

Welcome Remarks, Saturday Overview

Morning Seminars, Global Learning Center, Room 225
Coordinator: Noel Schulz (Kansas State),

e Basic Electric Power Energy Fundamentals
Presenter: Noel Schulz (Kansas State),

e Basics of Power Delivery Systems
Presenter: S. S. (Mani) Venkata (Alstom)

* Role of Power Electronics in Power Systems
Presenter: Ned Mohan (Minnesota)

e Electricity from Renewables & Sustainable Energy
Presenters: Ned Mohan (Minnesota), S. S. (Mani) Venkata (Alstom)

Lunch

Activities/Free Time

Sunday Overview

Morning Seminars, Global Learning Center, Room 225
Coordinator: Sakis Meliopoulos (Georgia Tech)

* Energy, Ecology and Environment
Presenter: Ward Jewell (Wichita State)

e Basics of Interconnected Energy and Power Systems
Presenter: S. S. (Mani) Venkata (Alstom)

e Basics of Cyber Security
Presenter: Deepa Kundur (Texas A&M)

e Basics of Power System Control and Protection
Presenters: Sakis Meliopoulos (Georgia Tech), Pramod Khargonekar

(U of Florida)

Lunch

Activities/Free Time

7:00 pm — 8:00 pm Evening Seminar, Georgia Tech Hotel, Conference Room A
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Monday, July 11

Cyber-Physical System Security of Smart Grid
Presenter: Manimaran Govindarasu (lowa State)

7:45 am —8:00 am Monday Overview

8:00 am — 12 noon Morning Seminars, Global Learning Center, Room 225

12 noon—1:00 pm

2:00 pm —4:00 pm

7:00 pm — 8:00 pm

Tuesday, July 12
8:30 am—12 noon

Lunch

Coordinators: Pramod Khargonekar (U of Florida), Mani Venkata
(Alstom)
Sensors Technology: Data Gathering, Management, Archiving and

Storage
Presenter: John McDonald (GE Energy)

Energy Storage: Need and Technologies

Presenter: Vikram Dalal (lowa State)

Emerging Computer-Communication Architectures
Presenter: Arun Somani (lowa State)

Role of Communication Schemes, Protocol and Standards
Presenter: Dan Nordell (Xcel Energy)

GE Energy Grid 1Q Experience Center Tour and Seminar

Future of Smart Grid: Global Perspective
Presenter: Bartosz Wojszczyk (GE Energy)

Evening Seminar, Georgia Tech Hotel, Conference Room 2

Evolution of Energy Control Centers: Energy Management Systems
Presenter: Jay Giri (Alstom)

Georgia Power Operations Tour

Industry Overview
Presenter: Chris Hobson (Southern Company)

IT Showcase
Presenter: Joe Massari (Southern Company Services)

Infrastructure Operations Center
Presenter: Vicki Gamble (Southern Company Services)

Storm Center
Presenter: Steve Pigford (Georgia Power)

Control Center
Presenter: Bill Adams (Georgia Power)
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Appendix Il: Summer Program Attendees

First Name
Mansoor
Kishan
Nagy
Saroj
Tomislav
Valentina
Bing
Divya
Stephen
Vikram
Anthony
Vijay

Satinderpaul Singh

Shirshak
Dale
Malik
Simon
Jay

Alan
Ward
Chuanyi
Rick
Sukumar
Pramod
Hariharan
Tony
Deepa
Viadimir
Olga
H.S.
Manimaran
George
Cherian
John
Mark
Sakis
Behrooz
Ned
Tommy
Hossein
Dan
John
Stephen

Last Name
Alam

Baheti
Bengiamin
Biswas
Bujanovic
Cecchi

Chen
Choudhary
Craven

Dalal

Deese
Devabhaktuni
Devgan
Dhali

Dolan
Elbuluk

Foo

Giri

Harris

Jewell

Ji

Johnston
Kamalasadan
Khargonekar
Krishnaswami
Kuh

Kundur
Labay
Lavrova
Mallikarjuna
Govindarasu
Maracas
Mathews
McDonald
McKinney
Meliopoulos
Mirafzal
Mohan
Morris

Moussavinezhad

Nordell
Peeples
Phillips

Affliation

University of Toledo

National Science Foundation
California State University Fresno
Temple University

Syracuse University

University of North Carolina, Charlotte
University of Nebraska - Lincoln
Christian Brothers University

University of Tennessee at Chattanooga

lowa State University

The College of New Jersey
University of Toledo

Tennessee State University

Old Dominion University

California Polytechnic State University
The University of Akron

Florida A&M University

Alstom Grid

University of North Florida

Wichita State

Georgia Institute of Technology
Lawrence Technological University
University of North Carolina, Charlotte
University of Florida

University of Texas at San Antonio
University of Hawaii at Manoa
Texas A&M

Gonzaga University

University of New Mexico

Saint Louis University

lowa State University

National Science Foundation
University of the Pacific

GE Energy Services

The Citadel

Georgia Institute of Technology
Kansas State University
University of Minnesota
Mississippi State University

Idaho State University

Xcel Energy

The Citadel

Arizona State University
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First Name
Alan

Harry

Yi

Meikang
Altaf
Saifur
Periasamy
Thordur
Ed

Noel
Sohail

Nur

Mark
Kazem
Arun

Vijay
Aaron
Keith
Suresh
Srinivasa
Mani

Shuo
Bartosz
Yaoqing (Lamar)
Saleh
Peng

Last Name
Pisano
Powell Jr.
Qian

Qiu
Rahman
Rahman
Rajan
Runolfsson
Schlesinger
Schulz
Sheikh
Sisworahardjo
Smith
Sohraby
Somani
Srinivas

St. Leger
Teague
Vadhva
Vemuru
Venkata
Wang
Wojszczyk
Yang
Zein-Sabatto
Zhang

Affliation

Boston University

University of Virginia

University of Nebraska - Lincoln
University of Kentucky

Saginaw Valley State University
Virginia Tech

Tennessee Tech University
University of Oklahoma

Carnegie Mellon University
Kansas State University

Widener University

University of Tennessee at Chattanooga
Purdue University

University of Arkansas

lowa State University

Syracuse University

United States Military Academy
Oklahoma State University
California State University Sacramento
Ohio Northern University

Alstom Grid

University of Texas at San Antonio
GE Energy Services

University of Nebraska - Lincoln
Tennessee State University
University of Connecticut
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Appendix Ill: Attendee Survey Results

Energy and Power Summer Program Attendee Survey
Rate the individual seminar TOPICS:

. Highly Not
LR O valuable valuable
Noel Schulz Basic Electric Power Energy Fundamentals 11 12 4 3 0
(Mani) Venkata Basics of Power Delivery Systems 16 10 4 0 0
Ned Mohan Role of Power Electronics in Power Systems 22 8 0 0 0
Ned Mohan & (Mani) Electricity from Renewables & Sustainable Energy
16 12 2 0 0
Venkata
Ward Jewell Energy, Ecology, and Environment 18 10 1 1 0
i) Venkat: Basi f Int ted E d Power Systems
(Mani) Venkata asics of Interconnected Energy and Pow y! 14 12 3 1 0
Deepa Kundur Basics of Cyber Security 11 11 5 4 0
Sakis Meliopoulos & Basics of Power System Control and Protection 14 14 3 0 0
Manimaran Govindarasu Cyber-Physical System Security of Smart Grid 16 13 2 0 0
John McDonald Sensors Technology: Data Gathering, Management, 18 11 1 0 0
Archiving, and Storage
Vikram Dalal Energy Storage: Need and Technologies 20 10 0 0 0
Arun Somani Emerging Computer-Communication Architectures 8 10 10 2 0
Dan Nordell The Role of Communication Schemes, Protocols, and 13 13 4 0 0
Standards
Jay Giri Evolution of Energy Control Centers 21 7 2 0 0
Evolution of Energy Control Centers L ‘ ‘
The Role of Communication Schemes, Protocols, and Standards #
Emerging Computer-Communication Architectures
Energy Storage: Need and Technologies
Sensors Technology: Data Gathering, Management, Archiving, and Storage g—‘
Cyber-Physical System Security of Smart Grid A_‘ o Not Valuable
Basics of Power System Control and Protection A o
m]
Basics of Cyber Security B
Basics of Interconnected Energy and Power Systems o ng h ly Valuable
Energy, Ecology, and Environment a ;
Electricity from Renewables & Sustainable Energy 4_‘
Role of Power Electronics in Power Systems e
Basics of Power Delivery Systems =
Basic Electric Power Energy Fundamentals E
T T
0 10 20 30
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Energy and Power Summer Program Attendee Survey
Rate the individual seminar SPEAKERS:

. Highl Not
BT D Effective Effective
Basic Electric Power Energy Fundamentals Noel Schulz 12 8 5 3 1
Basics of Power Delivery Systems (Mani) Venkata 16 8 4 1 0
Role of Power Electronics in Power Systems Ned Mohan 19 8 1 1 0
Electricity from Renewables & Sustainable Energy  Ned Mohan 17 10 1 1 0
Electricity from Renewables & Sustainable Energy  (Mani) Venkata 13 11 4 1 0
Energy, Ecology, and Environment Ward Jewell 14 10 3 2 0
Basics of Interconnected Energy and Power (Mani) Venkata 13 10 ) 1 0
Basics of Cyber Security Deepa Kundur 13 9 2 6 0
Basics of Power System Control and Protection Sakis Meliopoulos 15 8 6 1 0
Basics of Power System Control and Protection Pramod Khargonekar 14 12 4 0 0
Cyber-Physical System Security of Smart Grid Manimaran Govindarasu 13 13 3 0 0
Sensors Technology: Data Gathering, Management, John McDonald 15 12 3 0 0
Energy Storage: Need and Technologies Vikram Dalal 17 10 1 1 1
Emerging Computer-Communication Architectures ~ Arun Somani 6 14 9 1 0
The Role of Communication Schemes, Protocols, Dan Nordell 12 12 4 0 1
Evolution of Energy Control Centers Jay Giri 20 6 3 1 0

Jay Giri a ‘ ‘
Dan Nordell m

Arun Somani

Vikram Dalal

John McDonald m—
Manimaran..%
Pramod m_‘ ‘ONot Effective |
]
Sakis Meliopoulos % ‘ o
STy ——— Il B 1
DO Highly Effective
(Mani) Venkata &_‘
Ward Jewell m—‘
(Mani) Venkata m_‘
Ned Mohan M
Ned Mohan u ‘ ‘ .
(Mani) Venkata E— | | :
Noel Schulz *a_‘_,

0 5 10 15 20 25
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ECEDHA Energy and Power Summer Program Attendee Survey

Rate the 4-day length of the program:

Answer Options

too short
just right
too long

Response Response
Percent Count
0.0% 0
75.0% 24
25.0% 8
answered question
Skipped question

Energy and Power Summer Program Attendee Survey

Otoo short
M just right
Otoo long
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Energy and Power Summer Program Attendee Survey

Rate the following aspects of the program:

. Highly Not Response
Answer Options valuable valuable Count
Morning & Evening Seminars 23 9 0 0 0 32
Georgia Tech Lab Tours 15 9 5 1 0 30
GE Energy Grid 1Q Experience Center Tour and Seminar 12 7 8 4 0 31
Georgia Power Operations Tour 22 6 1 1 0 30

B Morning and Evening Seminars
B Georgia Tech Lab Tours
OGE Energy Grid I1Q Experience Center Tour

and Seminar
O Georgia Power Operations Tour

Highly valuable Not valuable
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