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The U.S. Department of Energy would like to acknowledge and thank all of the program recipients who
carried out the projects under the Workforce Training for the Electric Power Sector Program. The

information gained from the project results, final reperfeedback and lessons learned provided by
these recipients was used for this report.
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the foundation for essential services that Americasré 2y S@SNE Rl &d ¢KS bl i
however, is agingrhe electricity system of the future must continue to evolve and adBm. mission
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national dforts to modernize the electricity delivery system, enhance the security and reliability of
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The American Recovery and Reinvestment Act of 2009 (Recoveryhict) was an unprecedented

action to stimulate the economy, invested $4.5 billion for electricity delivery and energy reliability
Y2RSNYAT FGA2y STF2NIa Ay GKS StSOGNRO aSOG2NI (2
infrastructure to providamore reliable power. The Recovery Act funding has allowed the utility

industry to accelerate its investments in grid modernization; helped strengthen the capabilities for
longterm analysis and planning in the three interconnections serving the lowedt@d States;

provided assistance that will allow States to hire new staff and retrain existing employees to ensure
they have the capacity to quickly and effectively review proposed electricity projects; supported the
development of interoperability staratds and framework; enabled 47 states, Washington DC and 43
cities to develop energy assurance plans for natural disasters; and provided energy restoration training
to over 600 local government and utility workers.

Recovery Act funding has also been usedddress another need that is critical to modernizing the
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manufacturing industries. Prior to the Recovery Act, research had identified a growing gap in the
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workforce expected to retire within the next five to ten years could approach 50% in some

organizations. The loss of institutional knowledge is a critical concern, especially for a profession
heaviyde Y RSy i 2y YSYy (G 2NRYy 3 | yWMerki@of TranksSn tt@ Elactrid WiityA y A Y
Industné  NB L2 NI | f 42 yisseédSpaweiekdingering pdyidatodpidgranis &re

essential to the supply of power engineering graduates to meet future needs. Yet, the restructuring of

the electric utility industry, along with wider interest in newer electrical engineering fields such as
microelectronicscomputers, and communications, have eroded support for power engineering

programs and associated lotgrm strategic research. In addition, recent data shows a decline in the
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Recognizing the importance of addressing the predicted workforce gap, Congress mandated the
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highly skilled electric power sector workforce, which is titamplementing a national cleaenergy o
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(FOA) 152, OE awarded approximately $100 million under the Workforce Training for the Electric
Power Sector Program (VWJto a mix of universities, community colleges, technical training programs,
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industry groups, manufacturers, and electric utilities across the U.S. to create and enhance new and
existing training programs and curricula.

The recipients represented a cressction of the workforce pipeline and supported a broad swath of
regional initiatives to prepare people for technician, staff, and engineering positions in the electricity
generation, transmission, and distribution industries. Technology areas incluggdyeefficiency and
renewable energy, including wind and solar power, as well as energy storage. The intent was to help
ensure a weltrained workforce for the grid of the future, provide opportunities for higher

compensation for technicians and displacedrkers, and assist with economic recovery in depressed
communities or regions. In addition, increasing investment in advanced laboratory equipment, faculty
development, and academic research ultimately was expected to lead to an increased awareness of
isaues facing the U.S. electric utility sector such as cybersecérig. | OKA S@S GKS t N2 3N
objectives, projects were awarded in the following three program areas.

DEVELOPING AND ENBMNG WORKFORCE TRHMBEPROGRAMS
(TOPIC AQ21 PROJECTOTALING $13,756,289

Universities, community colleges and technical schools created training programs to address the entire
electricity delivery system, including transmission, distribution, and electrical equipment
manufacturing. The programs were desigrniederve as models for training/retraining workers across

the county.

STRATEGIC TRAININB ADUCATION IN PONEYSTEMS (STEPS)
11 PROJECTS TOTAIHRIG346,317

Universities, community colleges and technical schools developed and implemented new cross
disciplinary electric power system curricula that cover a broad range of smantejaieéd topics,
including building, operating, and maintaining a modern electricity system, integrating renewable
energy sources, and addressing environmental and seaiigerns. Courses include power
electronics, information and communications technologies, policy, and economics.

SMART GRID WORKFORRANING PROJECTH(T Bg
17 PROJECTS TOTAIHBHE52,741

Utilities conducted training programs for new hires .(déesplaced workers, military veterans) and
retraining programs for electric utility workers and electrical equipment manufacturers to enhance
their knowledge of Smart Grid technologies and implementation. Students included Eaotr
personnel working o smart grid projects.
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Projects were awarded throughout the U.S., and with a diverse, representativesgossn of

electrical utilities, electrical manufacturers, and academia. A total of 52 projects received awards. Of
those, three projects were dcontinued at the request of the recipients. A summary of the 49 projects
that were completed appears below.

Tablel: Summary of Initial and Final Award Values

INITIAL FINAL

Number Total Total Total
Program Area of Tot\a}gﬁjv(\a/ard Federal Recipient Totz;lhlzgera Recipient
Awards Share Share Share

Developing and
Enhancing Workforce
Training Programs
(Topic A)

21 $18,229,422 $13,756,289 $4,473,133 $13,161,925 $5,049,674

Strategic Training anc
Education in Power 11 $36,477,192 $27,346,317 $9,130,875 $26,075,606 $9,199,396
SystemgSTEPS)

Smart Grid Workforce

Training Projects 17  $126,466,77: $52,552,741 $73,914,03% $45,122,104 $57,165,834
(Topic B)
TOTALS 49  $181,173,38¢ $93,655,347 $87,518,041 $84,359,635 $71,414,904

Note: The projects awarded under the Workforce Training for the Electric Power Sector Program varied in value fror
$87,210 to $5,000,000 (Federal funds). All Federal funding necessary to complete the projects was obligated at the |
initial award. Havever, during the course of the program some award values were modified due to project changes re
in the award values decreasing. Additionally, some projects were completed as originally planned but under budget.
unused Federal funds were adbligated from the awards and returned to the U.S. Treasury.
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The Workforce Training for the Electric Power Sector Program enrolled and trained significantly more
students than originally anticipated. In doing so, the Program raised more awaneagswide of

career opportunities in the power sector, helped displaced workers get back on their feet, retrained
veterans for positions in the electric utility industry, and fostered and promoted strong relationships
between academia and industry thateaexpected to be sustained.

FIGURE 1: PLANNED VS. ACTUAL ENROLLMENTS

Planned vs. Actual Enrollments
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FIGURE: PLANNED VS. ACTUAL GRADUATES

Planned vs. Actual Graduates
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Of the approximately 47,000 future technicians, engineers and managers for the power industry

trained in the Program, the trainingc- a A A FA Ol G A2y 2F a! GAt AGe 2 2NJ SN
number of graduates (16,208), resulting in 34.5 percent of the total cumulative number of graduates.

Also during this time, the DOE developed a comprehensive understanding of the U.S. elidityric ut
workforce, its requirements and the role of both academia and the private sector in meeting those

longterm needs.
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TABLE 2: Classifications of Training Programs

CATEGORY DEFINITION

Graduate Programs Development/delivery of specific courses/caula at the graduate level

Development/delivery of specific courses/curricula at the undergraduat
level

Development/delivery of training programs targeted for individuals in
(typically) tweyear associate degrggograms

Development/delivery of curricula, etc., for awareness educationd? K
students and KL2 teachers

Undergraduate Programs
Associate Degree

K-12 Outreach

Professionals* Training/retraining of individuals already employed in the utility industry

Individuals currently eployed by utilities that are receiving training from

Utility Worker that utility to perform a specific task

Veterans Training

Program* Programs specifically targeted to training/retraining returning veterans

Individuals in specialized trades orlityi workers that require retraining to
support the utility/Smart Grid industries

*Includes awarding of certificates, credentials, etc.

Technician Training*

Early work focused on developing curricula and delivering critically needed technician training. The
program was desited to increase awareness of careers in the electric utility industry over the next
decade, as well support other Science, Technology, Engineering and Mathematics (STEM) initiatives by
establishing a pipeline, beginning witHlR and continuing through uredlgraduate, graduate, and

other industry and privatesector training initiatives. A key success was that recipients developed
community and regional infrastructure that could provide lelegm sustainability, and these awards

will evolve into a national rtevork that will continue to renew the pool of engineers, scientists and
technicians needed to meet the needs for a trained utility workforce.

Over approximately 75,000 individuals, in eight different classifications of training, benefited or
advanced froncurricula, training or graduated from a program. This represents a 48 percent increase
from the originally planned 50,779 individuals to benefit from this program.
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TABLE 3: SUMMARY OF COMPLETED PROJECTS AND FUNDING

Total Total
Total Federal Total Federal Recipient Recipient
Number of Share: Share: Share: Share:
Projects Initial Final (Actual) Initial Final (Actual)

49 $93,655,347 $84,359,635 $87,518,041 $71,414,904

LESSONS LEARNEDEFORTED BY THE RENIFS

Recipients idenfied a number of themes, including (1) fostering and sustaining strong relationships

with industry, academia and other organizations such as unions; (2) the value of providing online and
GKE@ONARRE 002YoAYylF A2y 27F 2yt auydénts)](3)tRe néedIoRovel A 2 y | f
numerous smart grigelated topics and then be willing and able to update the curricula frequently to

keep up with changes in the technologies; and (4) the importance of financial aid in attracting and
retaining students.

There were also other lessons learned that the recipients reported. For example, development of a
governing board with a wide crosection of stakeholders was critical to the visibility and success of
some of the projects. Institutional investment of ftananagement and resources, including

investment from the stakeholders to demonstrate support, was necessary fortéwngsustainability.
Effective outreach programs are crucial for increasing awareness of the Workforce Training Program
initiatives, exbanging lessons learned and expanding stakeholders. In addition, some of the recipients
reported that successful workforce training programs require collaborative partnerships between
publicand privatesector organizations, to ensure the education andrtirag programs are closely
NBalLR2yaArgdS (2 AYyRdzZaidNE ySSRad® a2NB RSGIFIAf&A lo2d
Appendix 2 which provides fact sheets, including metrics, on each recipient. Below are examples of
lessons learned providday recipients.

(1) Fostering and sustaining strong relationships with industry, academia and other organizations is
crucial to success.

1 (Project OEO000450) Council for Adult Experiential Learning (CAEL) manages the Energy
Providers Coalition for Educati (EPCE), which is an established, emptdyeen coalition,
founded in 2000. EPCE's strong relationships between its industry grant partners provided the
opportunity to leverage the wekstablished industry education curriculum-development
processfi Kdza @I f ARFGAY3 (GKS NBftSgFryoOe 2F (KS 02 dz
and representative curriculum committee that is intensively engaged in the process of sharing
content and identifying subject matter experts from their own organizatiensures that the
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content is high quality, rigorous and meets the current and changing needs of the industry. The
payoff for thjs kir)dAofvcommitment to collaboratively developing curriculum cannot be
2O0SNRBRUIFUSR®E

(Project OE0000484) Mississippi Gulf Coastr@unity College strengthened relationships with
industry partners and academia by helping educators prepare their students for a place in the
electric power industry. Mississippi Gulf Coast Community College (MGC) offered curriculum
development traininga seven of its faculty members (three more than originally planned). In
addition, MGC hosted Smart Grid seminars that attracted 246-pesvndary and secondary
instructors, more than double the expected attendance. The seminars focused on developing a
workforce equipped to interact with Smart Grid technologies and alternative energy sources.

(Project OE0000464) Pratt Community College used a collaborative partnership with a vendor
of software and equipment used by its industry partner (and most other conagawithin the
industry) to develop simulation software for training students. This resulted in students being
trained in methods and systems used by the potential employers.

CKSNBE Aa GFftdzS Ay LNRPGARAY3I magitorfaly S YR G Keo

teaching/training) courses to students.

l

(Project OE0000484) Mississippi Gulf Coast Community College implemented online/hybrid
courses. Using this method, MGC developed six courses on the Smart Grid and emerging
technologies. MGC integrated tlogurses into three energy programs: Process Operation
Technology, Instrumentation, and Apprentice Lineman Training. MCG also installed nearly
$450,000 of Smart Grid technologies and simulation equipment in its labs. As a result, MCG was
able to educate avide variety of students. There were 176 graduates as an Incumbent Worker,
51 graduates in the Apprentice Lineman Training and 198 graduates from the Energy Grant
Programs. Still others, who were already employed as linemen, upgraded their knowledge of
the Smart Grid and earned continuing education units.

(Project OE0000457) Salt Lake Community College (SLCC) transformed an outdated,
correspondence course for lineworkers, metering and substation apprentices into a

contemporary curriculum that is consistewith industry standards and codes, and is now

delivered using hybrid, distance and classroom learning. Using this approach, 950 students
received at least one industry certificatiorf | NJ adzN1lJ- aaAy 3 { [/ / Qa 2 N :Z

(Project OE0000463) Wanal Electrical Manufacturers Association (NEMA), in collaboration

with George Mason University, Northern Virginia Community College, and member

manufacturers, produced a series of short videos that targeted senior high school aneérst

college stuénts. These videos demonstrate Smart Grid equipment, explain electrical
SYIAYySSNAy3a O2yOSLJias IyR LR2NINIe& OFNBSNB Ay
aSRAF F2NJ GKS bSg 9ySNHeEe 22N] F2NDS¢ LINR2SOi
GKAOK @gSNB dzLJ 2F RSR (2 b9a! Qad *+ARANDNARA , 2d
December 15, 2011, the videos and podcasts had received a total of 91,990 views and the
YouTube channel had 648 subscriptions.
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(3) It is important that a Smart Grid pn@gn cover numerous topics, be flexible enough to frequently
update the curricula to keep up with changes in the technologies, and include research activities to
help students stay informed of latest developments.

1 (Project OE0000398) Centralia Communitylege enhanced Smart Grid education across the
Pacific Northwest. Significant effort was invested to create the new Pacific Northwest Center of
Excellence for Clean Energy web portal (www.cleanenergyexcellence.org) and ongoing updates
ensures material coeint is current. As part of the project, Idaho State University developed a
course on supervisory control and data acquisition systems, and Montana developed a Smart
Grid teaching toolkit accompanied by horasea network displays and digital video displays.
Spokane Community College coordinated with Avista Utilities to offer-@ppeentice
Lineworker Program, which attracted 133 applicants8 of whom were accepted and enrolled
in the program.

1 (Project OE0000469) Ivy Tech Community College embedded Srigaid@ics into a large
number of courses. In collaboration with Purdue University, Ivy Tech created or modified 59
courses that dealt with the Smart Grid and in turn minimized the educatiorkforce gap in
LYRALFYIFQa St SOGNKO wWI¢ Blipassed & ilia? dodid of DeyeloRigory 3 3
modifying 33 courses.

1 (Project OE0000464) Pratt Community College and its project partners delivered a portfolio of
learning materials that gave students both a theoretical and practical education irt Sme
concepts. Some materials trained students to use an oscilloscope, familiarized them with
phasor and harmonic analyzers, and demonstrated how to measure-fitrase power. Others
consisted of laboratory units that focused on the fundamentals oftetst power technology;
power, phasors, and impedance in AC circuits; special transformer connections; the
fundamentals of rotating machines; DC motors and generators; and many other subjects. The
end approach was less structured than what had been allyioutlined and therefore more
flexible in developing the online learning materials.

(4) Financial aid is important in attracting and retaining students.

1 (Project OE0000457) Salt Lake Community College overcame potential barriers of student entry
into the program, caused by an inability to pay for the tuition. Financial aid, &t
intensive loans, scholarships, corporate tuition reimbursement and subsidies from industry,
helped to ensure that students could participate in the program. As a resthisoproject,
there were 974 graduates in Technician Training Program.

1 (Project OE0000443) Michigan Strategic Fund established the Michigan Utility Workforce
Development Consortium. The consortium brought together more than 25 partners from
industry, labdéN\E | 832 O0OA L 0A2y&aX YR I OFRSYAI G2 FAYR
needs. Higkech training in the power sector was offered through community colleges and
utility/union training trusts, including prapprenticeship, apprenticeship, and incumbent
worker training. Michigan Works! partners helped to identify eligible participants and direct
them toward the appropriate training pathway. As a result of this project, there were 232

. U.S. DEPARTMENT OF
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graduates in a PrApprenticeship Training Program, 62 graduates in ieiQOccupation
Specific Training Program, and 137 graduates in an Apprenticeship Training Program.

Additional information regarding these projects is available in attached project fact sheets which. A
Ay Of dzZRS RSiOFAfa 2y (KS inin®Eados @avided in thefact $6ekts adyeRs NI 3
to standard practices for confidentiality of proprietary business information. For more information

regarding the projects beyond what is provided on the fact shg@égse contact the recipients whose
contact infarmation is on the fact sheets.
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By increasing awareness of careers in the electric utility industry, establishing a more robust pipeline,
developing community and regional infrastructure that is expected to providetemy sustainabitiy,

and enrolling and training significantly more students than originally expected, the Workforce Training
for the Electric Sector Program recipients made progress in preparing the next generation of workers in
the utility and electrical manufacturing indtries. The Program is expected to spur the development of
other programs across the U.S. in the future, allowing the nation to continue building-&ravedd,
highly-skilled workforce that is prepared to support the grid of the future.
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FINAL
FEDERAL
SHARE

FINAL
RECIPIENT
SHARE

Ameren Services Company,

0425
Inc.
Austin Community College | 0426
Bismarck State College 0459
CAEL 0450
Centrali i
ia Community 0398
College
Clemson Uniersity Electric 0466
Power Research Associatiol
Community College of
Rhode Island 0477
Consoidated Edison 0455
Company
Critical Intelligence, Inc. 0474
Cuyahoga Communjt 0448
College
Duke Energy Business
Services LLC 0399
Florida P Ligh
orida Power and Light 0435

Company

Smarter Workforce Training

Program

Preparing Occupations for

Lineman Education

National Energy Center
Excellence Smart Grid
Laboratory (GridLab)

EPCE Workforce

Prepareliness for Smart Gric

Deployment Project

Northwest Center of

Excellence for Clean Energ)

Smart Grid Workforce
Development

Power Industry Essentials

Certificate Program

Electrical Power Technician

Program

Control Center Training for

Smart Grid Operation

Intelligence Training for
Targeted Cyber Attacks

Increasing Competitiveness
of the Electric Power Sector

through Responsive
Workforce Training
Strategies

Smart Grid Workforce
Training

Gateway to Power:

Development of Innovative
Strategic Electric Power,

Renewable Energy, and
Smart Grid Workforce

PERFORMANCE
B 6/10/2010-
6/11/2014
A 5/20/2010-
4/19/2011
A 6/15/2010-
9/14/2014
B 6/14/2010-
6/14/2014
B 8/1/2010-
10/29/2013
A 6/22/2010-
6/21/2014
A 7/30/2010-
9/30/2015
B 1/4/2010-
9/30/2013
A 8/13/2010-
8/12/2013
A 7/19/2010-
9/30/2013
B 6/1/2010-
5/31/2013
B 8/1/2010-
7/31/2013

$843,007

$87,134

$728,060

$2,549,465

$4,998,859

$733,901

$745,739

$223,865

$321,161

$749,204

$402,81

$4,867,375

$843,007

$49,694

$105,307

$2,549,467

$7,875,067

$83,082

$174,488

$223,864

$64,410

$95,055

$402,601

$7,610,009
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FINAL
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SHARE

FINAL
RECIPIENT
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General Electric Company

Georgia Institute of
Technology

Glendale Community
College

lllinois Institute of
Technology

Incremenial Systems
Corporation

lowa Valley Community
College District

Ivy Tech Community College

Key Training Corporation

Lehigh University

Michigan Strategic Fund

Mississippi Gulf Coast
GCommunity College

National Electrical
Manufacturers Association

Navajo Tribal Utility
Authority

0499

0461

0490

0449

0488

0438

0469

0439

0428

0443

0484

0463

0442

Training for the
Development of a Smart B
Grid Center of Excellence

Electrical Power

Transmission and

Distribution Connector A
Selection and Installation
Training

Southern California Utility
Initiative

Smart Grid Education and
Workforce Training Center

Massive Redime
Simulations for Training B
Smart Grid Operators

lowa Valley Collaborative
Lineworker Training and A
Awareness Project

Crossroads Smart Grid
Training Program

Grid Training Modernization
Project

Keystone Smart Grid
Fellowship Program

Michigan Electric Power
Workforce Training Strategy

Workforce Development for
the Electric Power Sector

Vids for Grids: New Media
for the New Energy A
Workforce

Smart Grid Workforce
Training

7/23/2010-
7/22/2013

5/27/2010-
5/27/2013

7/16/2010-
7/15/2014

8/16/2010-
8/13/2014

7/15/2010-
7/14/2013

7/20/2010
7/20/2013

7/1/2010-
9/30/2013

7/23/2010-
7/22/2013

7/30/2010-
6/30/2015

7/30/2010-
7/29/2014

8/1/2010-
7/31/2013

7/16/2010-
12/15/2011

7/1/2010-
6/30/2013

$634,312

$642,574

$750,000

$4,999,999

$3,600,000

$428,874

$4,699,353

$750,000

$748,058

$4,388,025

$713,830

$165,876

$704,486

$642,849

$71,996

$94,396

$7,632,795

$4,756,283

$158,600

$4,963,884

$1,467,98

$239,494

$6,798,131

$655,399

$153367

$704,486
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, U.S. DEPARTMENT OF
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Office of Electricity Déeliveryand Energy Reliability’

RECIPIENT

TITLE OF PROJECT

AREA

PERIOD OF

PERFORMANCE

Frogramsummar) mar y Report

FINAL
FEDERAL
SHARE

FINAL
RECIPIENT
SHARE

North Carolina State

. . 0437
University
Northgast Wigonsin 0445
Technical College
Northern Michi

orthern Michigan 0444

University

The Ohio State University | 0402

ONCOR Electric Delivery

Company LLC 0456
Oregon Institute of 0404
Technology

PEPCO Holdings, Inc. 0393

Pratt Community College 0464

Princeton Energy Resource:

International, LLC. 0440
i ity of Col
University of Colorade 0436
Boulder
University of Minnesota 0427
Salt Lake C it
alt Lake Community 0457
College
Salt Lake C it
alt Lake Community 0458

College

Master of Electric Power

STEPS
Systems Engineering

NEW Generation Power

Skills Training Development A
Initiative

Electrical Power Technician

. A
Workforce Training Progran

I-Smart: Integrated
Curriculum for Smart Power STEPS
Engineering

Grid Reliability through
Engineering Advancement | B
and Training

Strategic Training and

. STEPS
Education in Power System

Smart Grid Workforce
Training Project

Smart Grid Curriculum
Development

Mid-Atlantic Renewable
Energy Education Program
for Rural Electric Power
Sector

Strategic Networking

L TEPS
Training for Power Systems

Revitalization of Electric
Power Engineering
Education

STEPS

Workforce Training in Utah's
Electric Power Sector

Utah's Smart Grid Training | B

6/30/2010-
6/30/2015

7/1/2010-
6/14/2013

6/9/2010-6/8/2013

5/13/2010-
9/30/2013

6/10/2010-
6/9/2013

7/7/2010-7/6/2013

4/30/2010-
9/30/2013

8/1/2010-
7/31/2013

7/30/2010
7/31/2015

7/1/2010-
5/31/2014

7/30/2010-
7/29/2014

7/29/2010-
9/30/2013

7/29/2010-
9/30/2013

$2,492,266

$750,000

$673,462

$2,499,939

$150,969

$2,491,100

$3,978,38

$749,375

$615,345

$1,629,429

$2,485,058

$614,240

$1,523005

$953,158

$109,233

$131,96

$1,296,545

$180,481

$377,965

$3,893,580

$117,831

$249,904

$276,736

$1,695,423

$417,671

$1,530,894
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, U.S. DEPARTMENT OF

© ENERGY

Office of Electricity Déeliveryand Energy Reliability’

RECIPIENT

TITLE OF PROJECT

PERIOD OF

PERFORMANCE

Frogramsummar) mar y Report

FINAL
FEDERAL
SHARE

FINAL
RECIPIENT
SHARE

Savannah Technical College 0476

Syracuse University 0495

Pennsylvania State

. . 0506
University

University Enterprises, Inc. | 0492

University of Hawaii at

0394

Manoa
University of Hawaii 0430
Systems
University of Houston 0485
Universty of Kentucky 0409
University of Tennessee at 0413
Chattanooga
Washi

gs |ngt0n &te 0486
University
Workforce Development 0491

Institute, Inc.

Electric Utility Industry
Workforce Development

Multi-Institutional
Curriculum Development
and Delivery to Create the
New Smart Grid Workforce

STEPS

GridSTAR Center: Smart Gi
Training and Application B
Resource Center

California Smart Grid
Workforce Development A
Network

Integrated Education and
Research in Clean Energy
and Island Sustainability
Electric Power Sector
Training

STEPS

Education and Research in
Clean Energy and Island A
Sustainability

Smart Grid Energy Training

o STEPS
Coalition
Povyer and Energy Educatio STEPS
Institute
Workfprce Training for the STEPS
Electric Power Sector
Training in Clean Energy STEPS

Smart Grid Engineering

Development of a Smart
Grid Lineman Workforce

8/6/2010-8/5/2013

8/9/2010-8/8/2014

8/5/2010-
8/30/2014

7/20/2010-
9/19/2013

5/4/2010-
6/30/2014

7/30/2010-
7/31/2013

8/1/2010-
12/30/2014

5/4/2010-
5/13/2014

6/28/2010-
6/27/2014

8/1/2010-
7/31/2013

7/30/2010-
6/30/2014

$695,100

$2,461,378

$5,000,000

$749,992

$2,500,000

$750,000

$2,468,987

$2,496,891

$2,316,768

$2,233,791

$1,558,436

$393,597

$534,080

$5,000,000

$83,351

$277,778

$132,956

$1,228,451

$515,030

$322,402

$1,721,828

$1,558,436
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Workfofce Training for the Electric Power Sector

Ameren Services Company CONTACTS

Smarter Workforce Training Program Deborah Buterbaugh
Project Manager

National Energy Technology

Project Description Laboratory

,I’;\meren Serwc?s Company (Ameren) designed the 'Smarte.r Workfgrce Training 3610 Collins Ferry Road
rogram to facilitate the development of a well -trained, highly sk illed workforce for

the electric power sector. Such a workforce is vital to implementing a clean -energy Morgantown, WV 26507 -0880
smart grid nationwide. The program addr 304-285-4164

smart grid areas: (1) advanced distribution management systems (ADMSs), (2 ) a deborah.buterbaugh@netl.doe.gov
new geographic information system (GIS) functionality (i.e., a mapping system), and

, . Betsy Miller
(3) other smart devices for Amerends el

Principal Investigator

. Ameren Services Company, Inc.
Achievements 1901 Choteau Ave.

Qf the 2,860 individuals vyho completed the cour_sev_vc_Jrk, 183 had beep _recently Saint Louis, MO 63103-3003
hired or were new to their role. The other 2,677 individuals were obtaining new

S . S S S . 314-554-3829
skillsfi or improving their existing skills fi while remaining in their current role. Most i
of the students who took the courses were linemen, but supervisors, customer emilleré@ameren.com
service representatives, engineers, and field representatives also made up
substantial minorities of the student body. Gas workers, meter and maintenance PARTNERS
workers, mechanics, and distribution specialists were some of the many other types None Listed

of professionals who finished the course work.

PROJECT DURATION
Del ays hampered the project, yet despit 6/10/2010 86/11/2014
objectives were met. The results of training evaluations indicate that the students
gained enhanced knowledge of smart grid topics and technologies, as Ameren COST
intended. Students found the training in ORMap and in supervisory control and
data acquisition especially relevant; they had ample opportunities to apply what
they learned in their day -to-day activities.

Total Project Value
$1,686,014

DOE/Non-DOE Share
Because the courses provided the desired impact as designed, Ameren will continue  $843,007/$843,007
to offer the courses as needed fi as employees move into new roles, for instance, or

as employees who keep their current roles need refresher training. PROJECT LOCATION
Missouri
Actual CID: OE0000425
Managed by the National Energy Technology
Laboratory for the Office of Electricity Delivery
Projected and Energy Reliability

0 500 1,000 1,500 2,000 2,500 3,000 3,500
Number of Graduates

January 2015
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Metrics

Total Course Data

Utility Training Program
Projected Number of Enrollmen 1080
Actual Number of Enrollments 2860
Projected Number of Graduates 1080
Actual Number of Graduates 2860

3,500

Cumulative Projected vs. Actual Enroliments

B Projected Graduates M Actual Graduates

=1 National Energy Technology Laboratory

Project Management Center — Energy Delivery Technologies Division —Workforce Training




Austin Community College

Preparing Occupations for Lineman

Education

Project Description

Austin

Communi ty

Col |l ege

Districtds Pr

Education (POLE)Program facilitated smart grid implementation by providing a
pipeline of workers (utility linemen) to enable smart grid functionality and

support economic recovery by connecting job seekers with training and

employment opportunities. The POLE Program devel oped the curricula for a
utility lineman certificate and an associate of applied science degree. Courses
taught industry -required topics such as electrical safety codes, climbing skills,
power transmission, and switching and metering. The curricula were de vised by
an advisory committee tasked with conducting a systematic assessment of the
skills and competencies required for the occupation. The project also utilized

professional curriculum developers to incorporate these skills into a 5

-semester

utility lin eman associate degree and a 1-year utility lineman certificate, and to
begin recruiting job seekers for the training programs.

Achievements

Curriculum development included making the National Electric Safety Code
course into a hybrid course that supplemen ted in-person classes with online
instruction. Other courses (offered as lectures) that made up the program
included Climbing Skills | and Il, Distribution Operations, Principles of Power
Transmission, Principles of Switching and Metering, and Smart Grid T echnology.

The project team generated brochures and flyers to garner interest in the POLE
Program. A website was developed to draw attention to the POLE Program as
well. A Utility Lineworker Expo event was another means of outreach. At the expo,
utility r epresentatives demonstrated the tasks they perform on the job and spoke

with attendees in an effort to recruit new workers to the

Projected

Actual

10 20 30 40

Number of Enrollments

February 2015

industry.

50

CONTACTS

Deborah Buterbaugh

Project Manager

National Energy Technology
Laboratory

3610 Collins Ferry Road
Morga ntown, WV 26507 -0880
304-285-4164
Deborah.Buterbaugh@netl.doe.gov

Alberto Qui fionez

Principal Investigator

Austin Community College/RVS
1020 Grove Blvd

Austin, TX 78741
512-223-6407
agquinone@austincc.edu

PARTNERS

None Listed

PROJECT DURATION
5/20/2010 84/19/2011

COST

Total Project Value
$136,828

DOE/Non-DOE Share
$87,134/ $49,694

PROJECT LOCATION

Texas

CID: OE000426

Managed by the National Energy Technology
Laboratory for the Office of Electricity Delivery
and Energy Reliability
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Metrics

Total Course Data
Associates of Applied Science in ET

*Recipients were required to report projected
enrollments and graduates that occurred only
Projected Number of Enrolimer] 40 during the project performance period of the
Actual Number of Enrollments 40 grant.

Projected Number of Graduates  0O*

Actual Number of Graduates 0*

50 - ;

45 Cumulative Projected vs. Actual
Enrollments

Cumulative Projected vs. Actual Graduates* "EEIERS Wl me
projected to be realized

before the grat period was

exhausted. Fall 2010 was
3 the first semester students
entered the program and,
therefore, no students had

2 completed the program by
the end of the grant period.
1 The first student was
expected to complete the
0 . . . . . Associates Degree POLE
program in Spng 2012.
“1,0@0?, ?09@ * vl"'&& ?0,090} “190&

B Projected Graduates H Actual Graduates

Mational Energy Technology Laboratory Project Management Center — Energy Delivery Technologies Division —Waorkforce Training



Bismarck State College

National Energy Center Excellence Smart Grid

Laboratory (GridLab)

Project Description

Bismarck State College built a new laboratory (GridLab) to assist classroom and

online workforce training in the areas of smart grid technology, distributed

generation, demand response, and consumer integration of smart technologies.
GridLab is a complete, integrated smart grid with a mock smart home, industrial
loads, distributed and renewable generation, and advanced co mmunication and

control systems. It is interconnected and controlled from a web

-based, advanced,

smart control system that allows real -time access to facility energy data. Multiple
scenarios have been tested to simulate various smart grid implementation an d

energy rate structures. GridLab can be operated locally or remotely. The GridLab
Human Machine Interface is web -based and can be accessed from anywhere an

internet connection is available.

Achievements

Bismarck State College succeeded in establishing GridLab, incorporating both

renewable and fossil -fuel generation. Bismarck State College took into account the

mo st current

technol ogi es

avail abl e

dur

electricity - and fuel -monitoring sensors as GridLab was built. The se sensordi along

with other devices fi reflect both real -time and historical data to give users a

broader range of information. They are also accessible via the web, which increases

student sd and

The GridLab project encompassed undergrad uates enrolled in Introduction to

researcher so

access.

Energy Technology, Electrical Fundamentals, Plant Equipment & Systems, and
Energy Sources & Conversions. In addition, on -campus graduate students used
GridLab to pursue programs in power plant technology, process plant tec hnology,
and renewable generation technology. Bismarck State College plans to incorporate
GridLab into more energy programs, which could include Petroleum Production
Technology, Nuclear Power Technology, Electric Transmission System Technology,
Electric Power Technology, and Lineworkers.

Enrollments

Graduates

0 100 200

300

400
GridLab

500

February 2015

600

700

800

CONTACTS

Deborah Buterbaugh

Project Manager

National Energy Technology
Laboratory

3610 Collins Ferry Road
Morgantown, WV 26507 -0880
304-285-4164
deborah.buterbaugh@netl.doe.gov

Wesley Braun

Principal Investigator

Bismarck State College

1500 Edwards Ave

Bismarck, ND 58506-5587

701- 224-5456
wesley.braun@bismarckstate.edu

PARTNERS

None Listed

PROJECT DURATION
6/15/2010 39/14/2014

COST
Total Project Value
$833,367

DOE/Non-DOE Share
$728,060/$105,307

PROJECT LOCATION
North Dakota

CID: OE0000459

Managed by the National Energy Technology
Laboratory for the Office of Electricity Delivery
and Energy Reliability
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Metrics
Total Course Data
GridLab
Projected Number of Enrolimer 772
Actual Number of Enrollments 696
Projected Number of Graduates 83
Actual Number of Graduates 79
Cumulative Projected vs. Actual
900
Enrollments
800
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Council for Adult and Experiential Learning
EPCE Workforce Preparedness for Smart Grid
Deployment Project

Project Description

The project leveraged the existing capacity and distinctive features of the Energy
Providers Coalition for Education (EPCE) model for developing and delivering
industry -endorsed, standardized, cont inuously updated online technical training
and education. The project employed a number of training strategies aligned with
employer needs and used existing and new online electric power technology
coursework developed by Bismarck State College (BSC).

Achievements

The Council for Adult and Experiential Learning (CAEL) delivered three smart grid
training courses through BSC, a project partner. At the request of utility employer
partners, students completed the coursework online instead of attending tradit  ional
classes. This format better accommodated their field and shift work. Upon

completing one of the three courses fi Renewable Energy Sources and the Smart
Grid, Operation Considerations for the Smart Grid, and Impact of the Smart Grid A
students earned a continuing education unit. These smart grid courses were
integrated into EPCE®s curriculum for i
technology.

When it became apparent there was a need for an additional course devoted to
customer service representatives, CAEL developed onefi called Smart Grid, Smart
Customer. In fact, customer service representatives were the types of workers most
commonly trained through CAELOGGs program
professionals participated in the program as well. These in cluded advanced system
operators, electrical engineers and electricians, lineworkers, and

transmissionpl anner s. I'n addition, CAEL expos
online program and gave them hands -on experience through a paid summer
internship at an electric utility.

Actual

Projected

0 500 1,000 1,500 2,000 2,500 3,000
Number of Graduates

Success Story

One student who participated i n CAELOGs
the experience that he decided to pursue an electrician career with the

U.S. Marine Corps. The online courses he took helped dramatical ly improve his
scores on the Armed Services Vocational Aptitude Battery test. He is now an 1141
Electrician with the Marine Corps.

CONTACTS

Deborah Buterbaugh

Project Manager

National Energy Technology
Laboratory

3610 Collins Ferry Road
Morgantown, WV 26507 -0880
304-285-4164
Deborah.Buterbaugh@netl.doe.gov

Jo Winger de Rondon

Principal Investigator

CAEL

6021 S. Syracuse Way, Ste 213
Greenwood Village, CO 80111
303-804-4670

jwdr@cael.org

PARTNERS

APS

Northeast Utilities

American Public Power Association
Commonwealth Edison

Oklahoma Gas & Electric

JEA

PJM Interconnection

National Rural Electric Coop Assoc.
Bismarck State College

Virtual High School

CT Community College System
CEWD

PROJECT DURATION
6/14/2010 36/14/2014

COST

Total Project Value
$5,098,932

DOE/Non-DOE Share
$2,549,465/%$2,549,467

PROJECT LOCATION
/&:(I)IOL%a/éo school progra

CID: OE0®O450

Managed by the National Energy Technology
Laboratory for the Office of Electricity Delivery
and Energy Reliability

November 2014
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Metrics

Total Course Data
Technician Training Programs
Projected Number of Enrolimer 1,818

Actual Number of Enrollments| 2,522
Projected Number of Graduates 1,818
Actual Number of Graduates 2,522

Cumulative Projected vs. Actual Enrollments

B Projected Enroliments ® Actual Enroliments

Cumulative Projected vs. Actual Graduates

B Projected Graduates ™ Actual Graduates

Mational Energy Technology Laboratory Project Management Center — Energy Delivery Technologies Division —Waorkforce Training
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Centralia Community College CONTACTS

Northwest Center of Excellence for Clean gfoﬁggfm‘r’ggfugh

Energy: SMART Grid Workforce National Energy Technology Laboratory
Develo pm ent 3610 Collins Ferry Road

Morgantown, WV 26507 -0880
304-285-4164

PI‘O] ect Descri ption Deborah.Buterbaugh@netl.doe.gov

The project established the Pacific Northwest Center of Excellence for Clean
Energy within Washington Statef6s Cent BarbaraHins-Turner

Administration, Pacific Northwest National Laboratory, ~community colleges, Principal Investigator

and universities collaborated to train instrument control and relay specialists; Centralia College
generation, load, and substation operators; line workers, substation wiremen, 600 Centralia College Blvd.
and mechanics; and meter technicians i as well as energy conservation program Centralia, WA 98531
administrators and resource conservation managers. Training was provided 360-736-9391 Ext. 477

through satellite centers in Washington, Oregon, Idaho, and Montana. In

addition, the Utah -based WestCAMP developed safety and hazard -prevention
training for all line workers, manufac turing and construction personnel, or PARTNERS
technicians who will work with smart grid technologies.

bhins-turner@centralia.edu

Northwest Energy Efficiency Taskforce
Bonneville Power Administration

Achievements Pacific Northwest National Laboratory
The project enhanced smart grid education across the Pacific Northwest. As part  avista Utili ties

of the project, Idaho State University developed a course on supe rvisory control
and data acquisition systems, and Montana developed a smart grid teaching
toolkit accompanied by home -area network displays and digital video displays.

Puget Sound Energy
Seattle City Light

) ) ) } i Idaho Power
Spokane Community College coordinated with Avista Utilities to offer a Pre -
. . . . - IBEW
Apprentice Li neworker Program, which attracted 133 applicants fi 48 of whom AFL-CIO

were accepted and enrolled in the program. The Compton Training Substation
satellite center, also in Spokane, delivered training modules on switching and
tagging, capacitors, and regulatory theory . At Portland State University, a
workshop about trends in the electric utility industry was held for senior leaders
from Bonneville Power Administration. Finally, approximately 100 relevant

training modules had been uploaded to the National Training and E  ducation PROJECT DURATION

Veterans Conservation Corps
Community Colleges and
Universities

Resource platform as of July 2013. 8/1/2010 810/29/2013
_ , E@SH
Train the Trainer i@ Total Project Value
Apprenticeship/ $12,873,926

Pre-Apprenticeship S SeESh
on- are

$4,998,859/$7,875,067
QaugQ00 2,500 3,000 PROJEET LOCATIONS

Washington, Idaho, Montana,
Success Story Oregon, Utah
Centralia expected to train just 1, 215] CID:OE0000398
incumbent worker training program, but by partnering with industry (such as
Avista Utilities), Centralia surpassed those expectations by training 2,649

Incumbent Worker/
Professional Development

| |
0 500 1,000  1.pQ

um

Managed by the National Energy Technology
Laboratory for the Office of Electricity Delivery and
Energy Reliability

July 2014
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Metrics
Total Course Data *|t was not expected that
Incumbent Worker/Pro Development Apprenticeship/Pre-Apprenticeship these program areas

Projected Number of Enrollmentg 1215 Projected Number of Enrollmentg 0* would produce
Actual Number of Enroliments 2649 Actual Number of Enroliments 602 enrollments and
Projected Number of Graduates 1215 Projected Number of Graduates o* graduates duringtte
Actual Number of Graduates 2649  |Actual Number of Graduates 602 project period of

Train the Trainer K-12 Outreach performance, but a strong
Projected Number of Enrollments 0* Projected Number of Enrollments 0* relationship with Avista
Actual Number of Enrollments 223 Actual Number of Enrollments 2577 leditolenrelimentsiand
Projected Number of Graduates 0* Projected Number of Graduates 0* GECIEIES T tE5e
Actual Number of Graduates 223 Actual Number of Graduates 2577 programs.

7,000

Cumulative Projected vs. Actual Enrollments

The original training
projection was 1,215
individuals, but the
partnership with industry
such as Avista far
surpassed the expeation

7.000 with their incumbent

B Projected Enroliments M Actual Enroliments

000 Cumulative Projected vs. Actual Graduates worker training program.
' Project also claims 2,577

5,000 individuals in the KL.2
4,000 outreach program.
3,000
2,000
1,000 -

0 -

B Projected Graduates M Actual Graduates

e National Energy Technology Laboratory Project Management Center — Energy Delivery Technologies Division —Workforce Training




Clemson University Electric Power
Research Association

Power Industry Essentials Certificate

Program

Project Description
Clemson University Electric Power Research Association developed online
certificate programs in power systems engineering, renewable energy, and
advanced power systems. Three groups were targeted as program candidates:

electrical engineering graduates who lacked power systems training

coursework, engineering graduates who lacked renewable energy coursework,
and electrical engineering graduates who had only a basic understanding of

power syst

Achievements

e ms.

I n addition, a

master 0!

Students earning a certificate in power systems engineering took courses in
power systems analysis and electric machinery, among others. The certificate
program in advanced power systems included courses in power systems
protection, real -time computer applications in power systems, and the dynamics
and stability of power systems. Courses devoted to wind power, solar energy,

and the integration of renewable energy and

the grid constituted the renewable

energy program. Most of the students who completed the coursework were
offered positions in various industries and with electric utilities, such as Duke
Energy, SCE&G, SanteeCooper, Georgia Power, Itron, Dow Corning, an d
Advanced Energy. The studentsd

the traini

ngods

relevance and (

pl acemi
ual i ty.

In the future, all of the online coursework will be offered to other universities
through Cl emwl@€omplleni ver si
Engineering Department website. The coursework will be expanded to cover

smart grid concepts, microgrids, and the use of phasor measurement units. It

and compan

wi || al so

i es

rely

more heavily on

Cl ems ol

Testing Facility to give students more hands -on experience with wind turbines.

Power Systems
Engineering
Certificate

Advanced Power
Systems
Engineer

Renewable
Energy
Certificate

0

20Number o#@Graduates$0

December 2014

N=TL

80

CONTACTS

Deborah Buterbaugh

Project Manager

National Energy Technology
Laboratory

3610 Collins Ferry Road
Morgantown, WV 26507 -0880
304-285-4164
Deborah.Buterbaugh@netl.doe.gov

Dr. Elham Makram

Principal Investigator

Clemson University Electric Power
Research Association

Office of Sponsored Programs
Clemson, SC 296340915
864-656-3378
Makram@clemson.edu

PARTNERS

None Listed

PROJECT DURATION
6/22/2010 86/21/2014

COST

Total Project Value
$816,983

DOE/Non-DOE Share
$733,901/$83,082

PROJECT LOCATION

South Carolina

CID: OE0000466

Managed by the National Energy Technology
Laboratory for the Office of Electricity Delivery
and Energy Reliability
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Metrics

Total Course Data
Advanced Power Systems Engineering Certifi Power Systems Engineering Certificate Renewable Energy Certificate
Projected Number of Enroliments 20 |Projected Number of Enrollments 140 |Projected Number of Enrollments 100
Actual Number of Enrollments 16 |Actual Number of Enrollments 112 |Actual Number of Enrollments 88

Projected Number of Graduates 20 |Projected Number of Graduates 110 |Projected Number of Graduates 60
Actual Number of Graduates 14 |Actual Number of Graduates 75 |Actual Number of Graduates 61

300

Cumulative Projected vs. Actual Enrollments

250
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B Projected Graduates M Actual Graduates
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American Recovery and Reinvestment Act
a ol

ity 4 FRA s K
Workfofce Tra ing for the Electric Power Sector

Community College of Rhode Island CONTACTS

Electrical Power Technician Program Deborah Buterbaugh
Project Manager

National Energy Technology
Laboratory

Project Description

The Community College of Rhode Island (CCRI) and industry partner National ;
Grid developed and implemented a new certificate in energy utility technolo gy S6I0IColINS ReliiiRoad

and a redesigned associate degree in engineering systems technology, both of Morgantown, WV 26507 -0880
which focus on the electric power industry. The project team based the certificate 304-285-4164

program on a program developed and tested at three Massachusetts community Deborah.Buterbaugh@netl.doe.gov
colleges. The team designed the curriculum to address the economic needs of

the region, train incumbent and future workers, and prepare graduates to
contribute to the stateds workforce at
The certificate includes classroom training, laboratory experience, and a capstone
on-the-job practicum with National Grid. Students were recruited from

Jerry Bernardini

Community College of Rhode
Island

Engineering and Technology

partnering high schools, workforce development clients, and returning military. 400 East Ave
This effort included high school visits, campus tours, open -house events, and job ~ Warwick, Rl 02886-2184
placement assistance for program graduates. 401-825-1189

jbernardini@ccri.edu
Achievements
As a result of this program, graduates were ready to enter the energy -sector PARTNERS
workforce upon completing their plans of study. Technicians and displaced National Grid
workers, moreover, had the oppo rtunity to increase their skill sets and raise the

pay they could command. CCRI1 6 s redesignhed associ at PROJECT DURATION

system modeling, simulation, automation, robotics, electronics, digital systems,

networking, machine design, and electrical power. Giv ing students an TIRUZLLD BRIz &
interdisciplinary view of complex systems, the program helps students solve

problems creatively, master design principles and machine programming, and COST _

troubleshoot problems with computer networks and systems. Students who earn Total Project Value
the associate degree complete such courses as Introduction to Energy Utility $920,227

Industry, Electrical Power Systems, Energy Industry Safety, and Energy Industry DOE/Non-DOE Share
Capstone and Practicum. The certificate program covers many of the same topics, $745.739/$174 488
including safety, circuits and c ontrols, operations and technology, and the ’ '
business side of the energy industry. As in the associate -level program, students
pursuing the certificate participate in a practicum where they can take what they

PROJECT LOCATION

learned in the classroom and apply it in a real -world setting. Credits earned in Rhode Island
the certificate program can apply toward the associate degree as well.
—— CID=OE0000477
Certificate
A;S oclate Managed by the National Energy Technology
egree Laboratory for the Office of Electricity Delivery
0 10 20 30 40 and Energy Reliability

Number of Graduates

Success Story
Students who earned the certificate in electric utility technology and went on to
complete the associate degree in engineering systems technology have since
been hired by National Grid, with a starting pay of $35 per hour.

October 2015
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Metrics
Total Course Data
Certificate Program - CCRI ETUT CCRI Associate Degree Program

Projected Number of E nrollments 72 Projected Number of E nrollments 20
Actual Number of E nrollments 83 Actual Number of Enrollments 4
Projected Number of Graduates 49 Projected Number of Graduates 5
Actual Number of Graduates 38 Actual Number of Graduates 4

100 : :

90 Cumulative Projected vs. Actual Enroliments
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Consoliated Edison Company
Control Center Training for Smart Grid

Operation

Project Description

Consolidated Edison of New York (Con Edison) developed a training program to
prepare its workforce to implement advanced system capabilit i es f or t h

electric system and customers. The curriculum included remote operation of

reclosers, switches, regulators, sophisticated capacitor band controllers,
supervisory controls, communication systems, and sectionalizers. It also included

the management of these systems and the successful completion of North

American Electric Reliability Corporation Critical Infrastructure Protection training. A

novel feature of the training was the use of simulators in a distribution

-control -

center environme nt. These simulators included an integrated use of supervisory
control and data acquisition (SCADA), risk management, contingency analysis,
and contingency response.

Achievements

TheSuperstorm Sandy
enrollment goals, yet the utility still trained 650 employees on the function,

response

hindered C

installation, and operation of smart grid technologies. The program included 11
instituted

cour ses,
courses focused on

al |

speci fic

of

whi ch

wer e

types of

smart

grid

network management system. Other courses, including those on cyber security
and switching operation, were wider in scope. Con Edison will continue to offer
the following courses after the fund ing period ends:

1 Local Operation of Elastimold/VAC SCADA Switch

= =4 -8 A -8

To ensur e

t he

trainingds va

that equi pment

Doing so proved effective, and Con Edison has since incorporated vendor -

vendor

S

host

Elastimold Vacuum Switch/SCADA/On -the-Job Training
Elastimold Vacuum SCADA Switch
SCADA Elastimold/Switch Train the Trainer
Switching Operations

0Technically

l ue to
ed and

S p e a k iFongled Sr8aet @rid iP@jectso n

ut il
t hat

provided training materials into courses that the utility will offer its employees  in

the future.

Projected

Actual

600
Graduates

800

1000

July 2014

1200

CONTACTS

Deborah Buterbaugh

Project Manager

National Energy Technology
Laboratory

3610 Collins Ferry Road
Morgantown, WV 26507 -0880
304-285-4164
deborah.buterbau gh@netl.doe.gov

Aseem Kapur

Consolidated Edison Company
of New York, Inc.

4 Irving Place

New York, NY 10003
212-460-4241
kapura@coned.com

PARTNERS

Orange and Rockland Utilities Inc.

PROJECT DURATION
1/4/2010 89/30/2013

COST

Total Project Value
$447,729

DOE/Non-DOE Share
$223,865/$223,864

PROJECT LOCATION
New York

CID: OE0000455

Managed by the National Energy Technology
Laboratory for the Office of Electricity Delivery
and Energy Reliability
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Metrics
Total Course Data
Utility Training Programs
Projected Number of Enrolimenits 961
Actual Number of Enrollments 650
Projected Number of Graduates 961
Actual Number of Graduates 650
1,200 : :
Cumulative Projected vs. Actual Enrollments
1,000
800
600
The targeted audience was
400 - .
personnel from operations,
200 - construction and engineering
0 Approximate head @unts

B Projected Enrollments B Actual Enroliments

Cumulative Projected vs. Actual Graduates

B Projected Graduates M Actual Graduates

were used to determine the
projected student body and
graduates.

The main driver for the large
discrepancy is attributed to
(1) Program was not
mandatory¢ scheduling and

enrolliment at manage®

discretion (2) student
availability (projected student
body occupied with emergent
system operation issue).

Mational Energy Technology Laboratory Project Management Center — Energy Delivery Technologies Division —Waorkforce Training



Critical Intelligence Inc.
Intelligence Training for Targeted
Cyber Attacks

Project Description

Critical Intelligence designed a 9 -week instructor -led online course that trained
energy sector information security employees to detect and respond to cyber
threats. Developed with energy sector partners, the course focused on building a
threat intelligence program capable of identifying and responding to targeted
attacks and sharing information garnered from the intelligence program with
industry peers and gov ernment partners. This training differed from other
programs because it was specific to the energy sector, included longer classes,
eliminated travel, and allowed students to apply the techniques they learned to
the tasks they performed on the job.

Achievements

Critical Intelligence fully developed the 9 -week course which included roughly 10
hours of professionally recorded
understanding of the material and 21 assignments which were intended to enrich
eachstudent 8s | ear niThegous«ipckided sixmodeles: (1)
Introduction to Course, (2) Introduction to Situational Awareness and Threat
Intelligence, (3) Attack Planning and Targeting, (4) Creating and Using Situational
Awareness and Threat Intelligence, (5) Industrial Control Systems Cyber Threat
Environment, and (6) Information Sharing. Input from the National Board of

I nformation Security Exami ner Borethiaafle d
cybersecurity professionals from 20 utilities helped to vet the course. The learning
management system that Critical Intelligence used to deliver the course remotely
performed as envisioned, easily accommodati ng up to 30 students per class.

Although no students have yet completed all of the classwork and associated
exercises that the course
and confirmed that the learning management system performed well.
also shed light on barriers that full -time cyber security professionals must
overcome when they complete training online A namely, waning enthusiasm. As a
result, Critical Intelligence is now considering the option to offer the training as a
3-day in-person session to maintain student interest. Another option is to simply
offer the 6 -week training as a standalone course in its current format.

Sophisticated
Adversaries Training

0 20 40 60 80
Number of Enrollments

|l ect ul

encompasses,
This process

CONTACTS

Deborah Buterbaugh

Project Manager

National Energy Technology
Laboratory

3610 Collins Ferry Road
Morgantown, WV 26507 -0880
304-285-4164
Deborah.Buterbaugh@netl.doe.gov

Sean McBride

Principal Investigator
Critical Intelligence Inc.
1495 E 17" Street

Idaho Falls, ID 83404-6236
208-965-2114
sean.mcbride@critical -
intelligence.com

PARTNERS

Constellation Energy

Electric Sector Security Consortium
North American Electric Reliability
Corporation

PROJECT DURATION
8/13/2010 68/12/2013

COST

Total Project Value
$385,571

DOE/Non-DOE Share
$321,161/$64,410

PROJECT LOCATION
Idaho

CID: OE0000474

Managed by the National Energy Technology
Laboratory for the Office of Electricity Delivery
and Energy Reliability

January 2015
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Metrics
Total Course Data * The intent of the grant was to create courses, mézh)
Energy Sector Information Security Traini and associated exercises and validate them for future
Projected Number of Enrollmenfs 240 delivery,thereby ensuring the success of the project.
Actual Number of Enroliments 71 However, for an enrollee tbe considered a graduat(?he
X enrollee musthavecompleted all modules and associated|
Projected Number of Graduates 240 . . .
exercises, which no single enrolle@s able to do
Actual Number of Graduates 0*
300
250 Cumulative Projected vs. Actual Enroliment
200
150
100 ~
50 -+
O -
8
N
VWV
RS
B Projected Enroliments M Actual Enroliments
300 . -
Cumulative Projected vs. Actual Graduates*
250
200
150
100 -
50 -
0 .
& & F &SI S TIPS
A A S O M M M MU N N N
I T I IFTIFIHIIL

M Projected Graduates  ® Actual Graduates
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Cuyahoga Community College CONTACTS
Increasing Competitiveness of the Electric Deborah Buterbaugh

. Project Manager
Power Sector through Responsive Workforce ational Energy Technology

Training Strategies Laboratory
3610 Collins Ferry Road
Project Description Morgantown, WV 26507 -0880
Cuyahoga Community College and partner Cleveland Public Power (CPP) 304-285-4164
developed a curriculum to specifically build smart grid knowledge and fill job Deborah.Buterbaugh@netl.doe.gov

vacancies. The workforce training program included classroom, lab , worksite, and
online instruction. Cuyahoga Community College used Designing A Curriculum
(DACUM), a process that assesses job classifications, to analyze occupational skills
and inform the design of the new and relevant smart grid curriculum. The

Rini Grover
Principal Investigator
Cuyahoga Community College

DACUM analysis and curriculum were shared with other community colleges to 700 Carnegie Ave

aid in their workforce training. Cleveland, OH 44115-2878
216-987-4884

Achievements Rini.Grover@tri-c.edu

Two sets of training were developed fi one for CPP workers and one for non -CPP

employees. The coursework has been valuable in many ways. For instance, PARTNERS

materials developed for a course on solar photovoltaic technologies were Cleveland Public Power

incorporated into Cuyahoga Community C

Level Sqlar Phgtovoltaic Certification, gnd trainipg on poyver distribution and PROJECT DURATION

smart grid detailed r el ay switching is now a comp 2/19/2010 39/30/2013

development courses. Of the 163 students who participated in at least one of the

trainings, 37 went on to attain a certification. These certifications included North

American Board of Certified Energy P ractitioners (NABCEP) solar certification, a COST

Building Performance Institute (BPI) certification in energy auditing, and a Total Project Value
certification in energy management. Moreover, a workshop on careers in energy $844,259

technology was held for military veterans. DOE/Non-DOE Share

$749,204/$95,055

PROJECT LOCATION
Ohio

CID: OE0000448
0 50 100 150 200 250

Enrollments
Managed by the N ational Energy Technology

Laboratory for the Office of Electricity Delivery

Success Sto I‘y and Energy Reliability

After completing the NABCEP Solar Photovoltaic Prep Course and achieving
her NABCERP certification, a graduate of the program was selected for an
internship with Dovetail Solar, where she is now em ployed as an installer of
solar equipment .

July 2014
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Metrics
Total Course Data
Professional Development Program
Projected Number of Enrolimer 200
Actual Number of Enroliments 163
Projected Number of Graduates 200
Actual Number of Graduates 163
250 - -
Cumulative Projected vs. Actual Enroliments
200
150
100
50
0

B Projected Enrollments M Actual Enroliments

250
Cumulative Projected vs. Actual Graduates
200 -
150 -

100 +

50 -

B Projected Graduates B Actual Graduates

=, National Energy Technology Laboratory

There were 37
individuals that
proceeded to obtain a
certification not awarded
by this program,
including the North
AmericanBoard of
Certified Energy
Practitioners (NABCEP
solar certification, a
Building Performance
Institute (BPI)
certification in energy
auditing, and
certification in energy
management.

Project Management Center — Energy Delivery Technologies Division —Workforce Training
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Duke Energy CONTACTS

Smart Grid Workforce Training gfoﬁgtf;:ﬂi:;eégfugh

National Energy Technology

Project Description Laboratory

This project developed training materials for electrical operations and field ;
safety skills for both Duke Energy employees and contract workers. In 3610 Collins Ferry Road

addition, informational packages were provided to local and state emergency Morgantown, WV 26507 -0880
management associations and to the crews from other utilities who come to 304-285-4164

Duke Energyds service territory to r e:Deborah.Buterbaugh@netl.doe.gov
Training modules focused on the installation and operation of automated
meters and their associated communication systems.

Joel Lunsford

Principal Investigator

Duke Energy Business Services LLC
526 South Church Street

Charlotte, NC 28202

Achievements
Duke Energy offered eight smart grid course s to its workers in Ohio and
Kentucky. Most of the workforce participated in them. The courses, which

ranged in difficulty from introductory to advanced, covered such topics as 704-382-3030

distribution automation in specific substations and the implementation of Joel.Lunsford@duke-energy.com
autom ated metering infrastructure. Course outlines, presentation, speaker

notes, and student handouts were developed for each course. The courses PARTNERS

were included in a learning management system that enabled Duke Energy to
account for student attendance and pass/f ail rates. Students were interested

in the subject matter, were highly engaged during classwork, and
comprehended the lessons more quickly than expected, making the training PROJECT DURATION

None Listed

especially efficient. Smart grid training continues at Duke Energy. When new 6/1/2010 35/31/2013
employees are hired, they complete the curriculum, and as smart grid

technologies are rolled out in Indiana, North Carolina, South Carolina, and COST

Florida, Duke Energy plans to use the curriculum to educate its expanding Total Project Value
workforce there. $805,202

DOE/Non-DOE Share
$402,601/$402,601

PROJECT LOCATIONS

Actual Ohio, Kentucky

CID: OE0000399

Expected Managed by the National Energy Technology

Laboratory for the Office of Electricity Delivery
and Energy Reliability

2,800 2,900 3,000 3,100 3,200 3,300 3,400 3,500 3,600 3,700
Employee Completions

July 2014
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Metrics

Total Course Data
Utility Training Programs
Projected Number of Enrollmer 3,100

Actual Number of Enrollments 3,588
Projected Number of Graduatep 3,100
Actual Number of Graduates 3,588

Cumulative Projected vs. Actual Enroliments

B Projected Graduates B Actual Graduates

Mational Energy Technology Laboratory Project Management Center — Energy Delivery Technologies Division —Waorkforce Training



Florida Power & Light

Gateway to Power: Development of Innovative
Strategic Electric Power, Renewable Energy,
and Smart Grid Workforce

Project Description

The Gateway to Power Consortium, led by Florida Power & Light and Smart Energy
Grid Associates, delivers in-depth training in areas most relevant to the next -
generation electric power workforce. These college - and university -level courses
belong to one of four sectors: smart grid infrastructure, clean energy, regulatory and
standards, or human factors. Students gain the knowledge and skills necessary to
design, plan, construct, operate, and maintain a modern elect ricity delivery system.

Achievements
The numbers of students enrolling in and graduating from the program have
outstripped expectations. The program is so popular that many courses have

walitlists. Moreover, students consistently give the courses high mark s during student
evaluations. For instance, an Engineering Leadership | course that the Massachusetts

I nstitute of of fered

standard

Technol ogy (MIT)
subject evaluation

To ensure that graduates of the program are well prepared to enter the power
wor kforce, the project team developed

sectors. The smart-grid -infrastructure sector, for example, includes courses on phasor

measurement units and home area networks. The clean -energy sector focuses on

alternative energy, including wind and solar. Courses in the regulatory -and-standards
sector cover advanced power systems, cyber security, and greenhouse gases. Finally,

the human-factors sector deals with engineering leadership, sustainability, and green
business development.

Learning is not confined to the classroom. Interns and co -op students receive
practical training at utility and industry sites. Students can also av ail themselves of
the programdés alternative energy and
and seminars at partner institutions A and short training courses offered by utility and
industry partners fi round out the program. By encompassing such a broad range of
instruction, the program adheres to its three core themes: workforce training,
workforce readiness, and transformative power sector workforce development.

Projected
Enrollments

Actual
Enrollments

Projected
Graduates

Actual
Graduates

1,000 1,050 1,100 1,150 1,200 1,250 1,300 1,350

fraded coursesia ki n g

-sector

Sus

CONTACTS

Deborah Buterbaugh

Project Manager

National Energy Technology
Laboratory

3610 Caoallins Ferry Road
Morgantown, WV 26507 -0880
304-285-4164
Deborah.Buterbaugh@netl.doe.gov

Ken Languedoc

Principal Investigator

Florida Power & Light Company
700 Universe Boulevard

Juno Beach, FL 33408
561-691-7187
ken.languedoc@fpl.com

PARTNERS

Florida Atl antic University

Florida International University
Indian River State College
Massachusetts Institute of
Technology

Palm Beach State College

Smart Energy Grid Associates

The State University of New York at
Buffalo

PROJECT DURATION
8/1/2010 67/31/2013

COST
Total Project Value
$12,477,384

DOE/Non-DOE Share
$4,867,375/$7,610,009

PROJECT LOCATIONS

Florida, Massachusetts, New York

CID: OE0000435

Managed by the National Energy Technology
Laboratory for the Office of Electricity Delivery
and Energy Reliability

July 2014
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Metrics

Total Course Data
Utility Training Programs
Projected Number of Enrollmen|ts 1,221

Actual Number of Enrollments 1,298
Projected Number of Graduateg 1,117
Actual Number of Graduates 1,220

Cumulative Projected vs. Actual Enrollments

B Projected Enroliments ® Actual Enroliments

Cumulative Projected vs. Actual Graduates

B Projected Graduates ® Actual Graduates

Mational Energy Technology Laboratory Project Management Center — Energy Delivery Technologies Division —Waorkforce Training



General Electric CONTACTS
Training for the Development of a Smart Grid ~ Peborah Buterbaugn

Project Manager
Center of Excellence National Energy Technology
Laboratory
3610 Collins Ferry Road
Morgantown , WV 26507-0880
304-285-4164
Deborah.Buterbaugh@netl.doe.gov

Project Description

General Electric (GE) provided the training necessary to establish the GE Smart
Grid Center of Excellence, headquartered in Atlanta, GA (with satellite locations in
Somersworth, NH, and Melbourne, FL). The engineers trained there attained the
expertise needed to design and develop a smart grid. GE developed and taught
the basic courses internally, with the advanced courses developed and delivered Martin Tabbita
through an arrangement with the Georgia Institute of Technology. Advanced Principal Investigator
training was conducted in the areas of systems engineering and software

engineering. The systems engineering training was offered as sho rt, multi -day
courses; these were foll owed by a prof e
systems engineering, which students could take after completing the short -course
training. The software engineering training comprised multi  -day courses.

General Electric Company
PO Box 648

Greenville, SC 296020648
864-254-2806
martin.tabbita@ge.com
Achievements

Over the 3-year program, 47 courses were taught: 27 in systems engineering, 10in =~ PARTNERS

the software engineering short -course program, and 10 in the professional None Listed

masterds program. Because GE views thes

to offerthemtos mart gri d empl oyees. Sqved mragfam ¢ a | PROJECT DURATION
_succgeded.ln gl\_/lhg students the skills they need to strateglcglly plf_:m projects and 7/23/2010 87/22/ 2013
identify project risks. Students learned about the systems engineering process,

modeling and simulation, desi gn and analysis, and verification and validation, COST

among other principles. As they completed the program, students considered
current business problems, investigated money -saving engineering practices, and
increased their capability to design and predict th e behavior of complex systems. $1,277,161

DOE/Non-DOE Share

Total Project Value

The short courses in systems engineering were also beneficial, showing students

how to manage projects, adhere to a budget and schedule, reduce project risks, $634,312/$642,849

and build systems that meet c useériogneurses?o

also improved how quickly students delivered software products, which were PROJECT LOCATION
delivered on schedule 93 percent of the time fi the highest level the students had Georgia

ever attained. Moreover, the number of software defects were reduced, and the New Hampshire

engineers who completed the software engineering coursework reported feeling Florida

better about their work and the value of their products to customers.

CID: OE0000499
Professional Master's in
Applied Systems Engineering
Systems Engineering
Short Courses
Software Engineering
Courses

Managed by the National Energy Technology
Laboratory for the Office of Electricity Delivery
and Energy Reliability

0 100 200 300 400 500

Number of Graduates

January 2015
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Metrics
Total Course Data
Software Engineering Courses Systems Engineering Short Courses Professional Masters in Applied Systems Engineef

Projected Number of Enrollments 166 Projected Number of Enrollments 397 Projected Number of Enroliments 7
Actual Number of Enrollments 166  |Actual Number of Enrollments 397 |Actual Number of Enrollments 7
Projected Number of Graduates 166 Projected Number of Graduates 418 Projected Number of Graduates 7
Actual Number of Graduates 166  |Actual Number of Graduates 397 |Actual Number of Graduates 7

800 . -

200 Cumulative Projected vs. Actual Enrollments

B Projected Graduates M Actual Graduates

—
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Georgia Institute of Technology
Electrical Power Transmission and
Distribution Connector Selection and
Installation Training

Project Description

The National Electric Energy Testing, Research, and Applications Center
(NEETRAC) of the Georgia Institute of Technology delivered training for line
crews and engineers. NEETRAC scientists and engineers developed and
conducted the training. Line crews learned how to install new technology
connector products through classroom lectures and discussions that used
NEETRAC failure investigation studies and hands-on practicum where students
installed various accessories. Engineers learned about connector theory, how to
specify connectors, and how to create quality systems that ensure the reliability
of field installations.

Achievements

NEETRAC created six courses about overhead and underground electrical energy
distribution connectors. Three of the courses were targeted at line crew
members, and three were intende d for engineers. All courses, regardless of their
audience, covered overhead and underground connectors. They also covered
general connector theory and connector basics, conductor preparation,

reliability, safety, and quality systems. The engineer training was distinct for fi
among other things fi its emphasis on standards and specifications, whereas the
line-crew training was notable for the details it provided on installing particular
types of connectors (such as compression, shear bolt, and mechanical
connectors). NEETRAC dramatically exceeded its enroliment and graduation
goals for both programs.

The training was offered at 13 sites within eight states across the country
located in California, Georgia, New Jersey, North Carolina, Pennsylvania, South
Carolina, Tennessee, and Wisconsin.A connector demonstrator that NEETRAC
designed and built enhanced the coursework by giving instructors a vivid way to
demonstrate that poorly installed connectors overheat. NEETRAC provided
instructions for building the connector demonstrator, so that othe  r training
centers could make their own. NEETRAC also released the training materials for
the six courses. The course information has been uploaded to the DOE
Information Bridge.

CONTACTS

Deborah Buterbaugh

Project Manager

National Energy Technology
Laboratory

3610 Collins Ferry Road
Morgantown, WV 26507 -0880
304-285-4164
Deborah.Buterbaugh@netl.doe.gov

Joseph Goldenburg

Principal Investigator

Georgia Institute of Technology
NEETRACG62 Lake Mirror Rd, Bldg 3
Forrest Park, GA 30297-1613
404-675-1858
joe.goldenburg@neetrac.gatech.edu

PARTNERS

None Listed

PROJECT DURATION
5/27/2010 85/27/2013

COST

Total Project Value
$714,570

DOE/Non-DOE Share
$642,574/$71,996

PROJECT LOCATION

Georgia
CID: OE0000461
Managed by the National Energy Technology

Laboratory for the Office of Electricity Delivery
and Energy Reliability

November 2014
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Metrics

Total Course Data

Line Crew Training (Trades) Engineering Training
Projected Number of Enrolimerf 96 Projected Number of Enrolimen 96

Actual Number of Enrollments 356 Actual Number of Enrollments 181
Projected Number of Graduate$ 96 Projected Number of Graduate$ 96
Actual Number of Graduates 356 Actual Number of Graduates 181

Cumulative Projected vs. Actual

600 Enrollments
500
400
300
200 -
100 -
0 -
Theplanned enrollments
"9'*'}' and graduates were
<& exceeded because the
B Projected Enrollments ® Actual Enrollments training was delivered at
13 sites instead of the
planned 10, and was
supported by a number of
600 . : ;
Cumulative Projected vs. Actual Graduates companies throughout 8
500 states, who all provided
facilities and students.
400

300

B Projected Graduates M Actual Graduates

An Mational Energy Technology Laboratory Project Management Center — Energy Delivery Technologies Division —Waorkforce Training




Glendale Community College
Southern California Utility Initiative

Project Description

The Southern California Utility Initiative (SCUI) wa s a consortium formed to increase
the number of graduates qualified to work in the electric industry. To accomplish

this goal, existing training curricula and programs were expanded to meet the

wor kforce needs

of Sout her nCUCmdvidetl mgional a 6
Workforce Investment Board career centers to help workers acquire training and

obtain good -paying jobs. Glendale Community College offered training as well.
Collaborations with academic institutions ensured that the relevant training

materials stayed current with new technologies and industry needs.

Achievements

An aging workforce and the deployment of new technologies (such as automated

metering infrastructure [AMI] and renewable generation) prompted the project

team to provide work force development and training for the electric industry. In
addition, the project team set out to address the problem of insufficient skill sets in

newly hired employees. The project team developed three courses. The most

successful of these, Verdugo Power Academy (ITECH 155), was offered for five

semesters. Smart Grid/AMI (ITECH 156) and Wind Turbine Fundamentals (ITECH
160) were each offered for two semesters. The curricula were designed to prepare
students for a wide spectrum of employment opportunities

not just careers as linemen.

Verdugo Power Academy covered such topics as overall safety considerations, pole -
climbing skills, and the basic tools and materials involved in electric
Before students could enroll in Verdugo Power Academy, they had to meet certain
math and English standards and complete an interview. These measures

l ow attriti

contributed

Glendale Community College will continue to offer Verdugo Power Academy in the
future. The course has been in high demand since its inception, and it is one of only
four training programs that Southern California Edison has approved for its

linemen. San Diego Gas and Electric also supported the program. (The other two
courses that SCUI developed have been discontinued due to enroliment shortfalls.)

ITECH 155: Verdugo
Power Academy

ITECH 156:
Smart Grid/AMI

ITECH 160:
Turbine Fundamentals

t o

in the electric industry,

the cour seds

- utility work.

20 40 60

Number of Graduates
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CONTACTS

Deborah Buterbaugh

Project Manager

National Energy Technology
Laboratory

3610 Collins Ferry Road
Morgantown, WV 26507 -0880
304-285-4164
Deborah.Buterbaugh@netl.doe.gov

Scott Rubke

Principal Investigator
Glendale Community College
1500 N Verdugo Rd
Glendale, CA 91208-2809
818-240-1000 Ext. 5541
srubke@glendale.edu

PARTNERS

California State University
Northridge

Southern California Public Power
Authority

Glendale Water and Power
Burbank Water and Power
Anaheim Public Utilities Department
Southbay Work Investment Board
Verdugo Work Investment Board
Foothill Work Investment Board

PROJECT DURATION
7/16/2010 7/15/2014

COST

Total Project Value
$844,396

DOE/Non-DOE Share
$750,000/$94,396

PROJECT LOCATION

California

CID: OE0000490

Managed by the National Energy Technology
Laboratory for the Office of Electricity Delivery
and Energy Reliability
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Metrics

Total Course Data
ITECH 155 Verdugo Power Academy ITECH Wind Turbine Technician ITECH 156 AMI/Smart Grid

Projected Number of Enrollments 100 |Projected Number of Enrollmen{s 50 Projected Number of Enroliments 50

Actual Number of Enroliments 108 |Actual Number of Enroliments 20 Actual Number of Enroliments 22

Projected Number of Graduates| 100 |Projected Number of Graduates 45 Projected Number of Graduates| 45

Actual Number of Graduates 102 |Actual Number of Graduates 19 Actual Number of Graduates 20
250

Cumulative Projected vs. Actual Enrollments

200

150

100 -
50
The ITECH56 Smart
0 - Grid/Advanced Metering
PP Infrastructure and ITECH 16
PP PIJIITIIIIITIITIN Wind Turbine Fundamentals
GGG GG GG G G G G G G G
A A A AR AN A A AR ARV VAR classes suffered from
equipment delivery delays
B Projected Enrollments B Actual Enrollments and low enroliments. As a
result, it was determined
220 these courses should be
200 Cumulative Projected vs. Actual Graduates revised by paring down
180 course content andab
160 exercises without diluting
140 what the industry needs
120 from graduates.
100
80 -
60 -
40 -
20 -
0 .
& & & & & & & &
F P S S WS
AR AR L R AR A R A 4

B Projected Graduates M Actual Graduates

. '-‘,_ Mational Energy Technology Laboratory Project Management Center — Energy Delivery Technologies Division —Waorkforce Training




lllinois Institute of Technology
Smart Grid Education and Workforce
Training Center

Project Description

The lllinois Institute of Technology (IIT) used its established power engineering
education training center to provide smart grid education and training to diverse
groups, such as power industr y employees, students, instructors, and veterans. The
Smart Grid Education and Workforce Training Center that [IT developed enabled

educational options that include-lelssoci i
programs; certificate programs; short courses; and workshops. IIT equipped the
Center with state -of-the-ar t soft ware, including Arev

System and Distribution Management Syst:
monitoring and control software.

Achievements

The Cent #wuctidrs whiclo began in March 2011, has since been completed.

The project team identified gaps in workforce training after conducting an

extensive survey. In addition, the project team worked with the lllinois Department

of Employment Security to investig at e veteransd empl oyment

Members of the project team developed courses that give an overview of the smart
grid, discuss solar and wind energy, and cover such smart -grid -related topics as
cyber security systems, signal processing, and demand response. Classes for more
than 50 community college instructors were offered. The Center also selected two
summer interns, whose project involved charting a cross -country route for an all -
electric Tesla sedan. Twenty-five students in the Boeing S cholars Program used the
Center, as did members of the Chicago Public Schools Pre-Engineering Program. IIT
has begun coordinating with Lewis and Clark Community College and the utility
company Ameren to train more than 4,000 Ameren employees on smart grid and
advanced metering technologies. Furthermore, short courses on smart grid security,
microgrid planning, and metering technology are in development.

Smart Grid
Short Courses
and Seminars

Smart Grid
Community
College
Program

Smart Grid
University-
Level Program

0 100 200 300 400 500 600 700
Number of Enroliments

CONTACTS

Deborah Buterbaugh

Project Manager

National Energy Technology
Laboratory

3610 Collins Ferry Road
Morgantown, WV 26507 -0880
304-285-4164
deborah.buterbaugh@netl.doe.gov

Mohammad Shahidehpour
lllinois Institute of Technology
3301 S. Dearborn Street
Chicago, IL 60616-3793
312-567-5737

ms@iit.edu

PARTNERS

State of Illinois

Areva T&D Inc.

Operation Green Jobs
Mississippi State University
OSlsoft LLC

Applied Professional Training
West Monroe Partners
Keyworks

McCoy Energy

Argonne National Laboratory

PROJECT DURATION
8/16/2010 38/13/2014

COST

Total Project Value
$12,632,794

DOE/Non-DOE Share
$4,999,999/$7,632,795

PROJECT LOCATION

Illinois

CID: OE0000449

Managed by the National Energy Technology
Laboratory for the Office of Electricity Deljvery
and Energy Reliability

March 2015
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Metrics
Total Course Data

Smart Grid University Level Program Smart Grid Community College Program
Projected Number of Enrollments 50 Projected Number of Enrollments 600
Actual Number of Enrollments 45 Actual Number of Enrollments 437
Projected Number of Graduates 45 Projected Number of Graduates 250
Actual Number of Graduates o* Actual Number of Graduates o*
Smart Grid Short Courses and Seminars Prog Smart Grid K--12 Level Program
Projected Number of Enrollments 575 Projected Number of Enrollments 8,870
Actual Number of Enrollments 600 Actual Number of Enrollments 10,700
Projected Number of Graduates o* Projected Number of Graduates 500
Actual Number of Graduates 0* Actual Number of Graduates 500

Cumulative Projected vs. Actual
Enrollments

*Recipients were required to
report graduates that
occurred only during the
project performance period
of the grant. Courses in thesg
programs were not offered
until Jine 2013 with the
period of performance
ending in August 2013, there
was no time to realize
graduates.

B Projected Enrollments M Actual Enroliments

600 Cumulative Projected vs. Actual Graduates
500
400
300
200

100

B Projected Graduates M Actual Graduates
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Incremental Systems Corporation
Massive Real-time Simulations for Training

Smart Grid Operators

Project Description

Incremental Systems Corporation (IncSys) provided training with real -time
simulations so that operators, engineers, and students could learn to prevent

major power system eve nts. With its PowerSimulator, IncSys could run drills using
web-enabled simulations of complete interconnections. These simulations
included smart grid technologies such as wind and solar farms, microgrids, and
plug -in hybrid electric vehicles. PowerSimula tor could also simulate cascading

outages. The training showed how new smart grid systems, people, and processes
can work together to benefit system reliability and reduce restoration times.

Achievements

By making real -time simulations possible on a larg e scale (even those involving
hundreds of participants), IncSys gave trainees uniquely practical experience in
staving off power failures. For example, when the California Electricity Training
Advisory Committee ran training drills in 2013, system operator

s used

PowerSimulator to simulate restoring their own systems after a blackout.

Transmission operators benefitted from PowerSimulator, too, using it to run real

time simulations of their own bulk electric systems. For the first time, all

transmission operators attending the training could engage with the simulator,
rather than performing the exercise on paper.

The project also encompassed a program called Power4Vets, which focused on

recruiting veterans for jobs in power system operations, training them, a
securing jobs for them. Of the 163 veterans who completed the program, 59
transitioned directly from the military into power industry jobs, 36 entered the

power industry workforce from other nonmilitary jobs, and 68 already employed in
the power industr y received training specific to power systems operations. In
addition, 59 veterans earned their system operator certification through the North
American Electric Reliability Corporation.

I
Power System —

Operators:
Enhancing Skills

Military Veterans
Retraining

0 2,000

Number of Graduates

Success Story

M Actual

nd

M Projected

6,000

Veterans who completed the retraining program have since landed jobs as

system operators, transmission operators, balancing and interchange operators,

solar technicians, and reliability coordinators, among other positions.

September 2014

CONTACTS

Deborah Buterbaugh

Project Manager

National Energy Technology
Laboratory

3610 Collins Ferry Road
Morgantown, WV 26507 -0880
304-285-4164
Deborah.Buterbaugh@netl.doe.gov

Robin Podmore

Principal Investigator
Incremental Systems Corporation
4618 194" Avenue SE

Issaquah, WA 98027-9357
425-643-3166
robin@incsys.com

PARTNERS

PowerData Corporation; Pacific Gas
and Electric; CenterPoint Energy;
Grant County PUD; Southern lllinois

Power Cooperative; SOS International;
U.S. Embassy, Iraq; Centralia College,

Clark College, Front Range
Community College, Gonzaga
University, Mississippi State
University; Rensselaer Polytechnic
Institute; Texas A&M University;
Washington State University,
Whatcom Community College

PROJECT DURATION
7/15/2010 87/14/2013

COST

Total Project Value
$8,356,283

DOE/Non-DOE Share
$3,600,000/%$4,756,283

PROJECT LOCATION

Washington
CID: OE0000488
Managed by the National Energy Technology

Laboratory for the Office of Electricity Delivery
and Energy Reliability
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Metrics
Total Course Data
Military Veterans Retraining Power System Operators: Enhancing Sk
Projected Number of Enrolimer] 120 Projected Number of Enrolimer] 3,000
Actual Number of Enrollments 699 Actual Number of Enrollments 5,158
Projected Number of Graduate$ 120 Projected Number of Graduate$ 3,000
Actual Number of Graduates 163 Actual Number of Graduates 5,158
7,000

Cumulative Projected vs. Actual Enrollments

O QY AOY O QY O O QY O O O O O O O O
P I3V VT VIV IV O3V 93V VOV OV OV OV VY
ATV
B Projected Enroliments B Actual Enroliments
6,000

Cumulative Projected vs. Actual Graduates

B Projected Graduates M Actual Graduates
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lowa Valley Community College CONTACTS
lowa Valley Collaborative Lineworker Training DePoran Buterbaugh

) Project Manager
and Awareness PI’O] ect National Energy Technology
Laboratory
3610 Collins Ferry Road
Morgantown, WV 26507 -0880
304-285-4164
Deborah.Buterbaugh@netl.doe.gov

Project Description

lowa Valley Community College (lowa Valley) developed training strategies and
increased public awareness of the lineworker career. lowa Valley streamlined the
apprenticeship system and developed a new pre -employment training program
that culminates in a diploma. The reduction in entry -level positions was addressed
by building awareness of the lineworker career among displaced workers from Jacque Goodman
other sectors, underemployed individu als, and high school students. Principal Investigator

lowa Valley Community College

Achievements District

|l owa Vall eyds apprenticeship program ut
programds reach, even into rural ar eas.370280uthCenterStreet

credit lineworker training program. The 10 -week progr am included instruction in Marshalitown, 1A 50158 -4760
math, computers, electricity, print reading, business skills, smart grid concepts, and 641-844-5640

general utility information. It also included hands -on safety training and gave jacque.goodman@iavalley.edu
students experience with climbing, using heavy equipment and h and tools, and

wel ding. Students could also qualify fc¢cPARTNERS

utility technician diploma provided another avenue for training. Enrollees in the Alliant Energy 8 Interstate Power
year-long program first took classes that gave them an overview of the uti  lity and Light

technician field. They then took training specific to electrical, gas, or mechanical
maintenance, according to their preference. The diploma program has been a
popular offering, necessitating a waitlist. lowa Valley is currently developing a

MidAmerican Energy
lowa Utili ty Workers Conference

two -year program at the request, and with the support, of local utility companies. PROJECT DURATION
To publicize its new programs, lowa Valley advertised on the radio, over social 7/20/2010 67/20/2013

media, at job fairs, and elsewhere. High enroliments in the non -credit training

program and the util ity technician diploma program demonstrate the marketing COST

effortds success. Total Project Value

$587,474

DOE/Non-DOE Share
$428,874/$158,600

Non-Credit
Training Program
Apprenticeship
Program
Utility Technician
Diploma

PROJECT LOCATION

0 20 40 60 80 100 120 lowa
Number of Enrollments

CID: OE0O000438

Success Story

One student who enrolled in the utility technician diploma program in the
fall of 2012 landed an industry job before graduating, five found  training -
related employment after graduation, and two went on to pursue associate
degrees.

Managed by the National Energy Technology
Laboratory for the Office of Electricity Delivery
and Energy Reliability

October 2014
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Metrics
Total Course Data
Utility Technician Diploma Program Apprenticeship Program
Projected Number of Enrolimer] 60 Projected Number of Enrolimer 60
Actual Number of Enrollments 34 Actual Number of Enroliments 18
Projected Number of Graduate$ 48 Projected Number of Graduate$ 36
Actual Number of Graduates 14 Actual Number of Graduates 14
160 . .
Cumulative Projected vs. Actual
140
Enroliments
120
100 Recipients were required to
80 report graduates that
60 occurred only during the
40 project performance peod
20 of the grant. The
Apprenticeship Program
0 enroliments did not meet
’\9\’\, A A AN AN AU initial projections due_ to
& fewer than expected job

opportunities offered by the
B Projected Enrollments B Actual Enrollments partner utility. The Utility
Training Diploma Program
enrollments did not meet
188 | Cumulative Projected vs. Actual Graduates PeERS g U it
period of performance due
to faculty and equipment
limitations causing project
delays. ldwever, interest
was so strong in this
program that a waitlist was
initiated for the program
and enrollments were
expected to be strong in the
S F IS SISO future.
N M R
S S & & &S
3 3 3 3

B Projected Graduates B Actual Graduates
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lvy Tech Community College CONTACTS

Crossroads SmartGrid Training Program RN e
Project Manager

National Energy Technology
Laboratory

3610 Collins Ferry Road
Morgantown, WV 26507 -0880

Project Description
In collaboration with Purdue University (Purdue), Ivy Tech Community College
(Ivy Tech) developed courses to minimize the education -workforce gap in

I ndi anads electric energy sector. Edu:
management and security; information technology and power systems 304-285-4164
engineering; and the training of line workers, technician s, and mechanics. Deborah.Buterbaugh@netl.doe.gov

Sherman Johnson

Principal Investigator

Ivy Tech Community College

50 West Fall Creek Parkway North

Achievements

Ivy Tech and Purdue created or modified 59 courses that dealt with the smart
grid. In doing so, they surpassed their initial goal of developing or modifying
just 33 courses. Of the 59 courses that made up this project, 55 w ere credit -

bearing, and 4 were non -credit courses targeted at incumbent industry Drive

professionals. Online delivery enhanced the availability of 12 credit -bearing Indianapolis, IN 46208 -5752
courses and 2 non-credit courses. By the end of the project, the online courses 317-917-5713

had garnered more than 20,000 enroliments by an estimated 4,000 students. sjohnson311@ivytech.edu
Representatives from the electric power sector provided input that drove PARTNERS

course development. For example, as a result of their input, the coursework Purdue University
emphasized information systems, information tech nology, and cybersecurity fi

fields where job opportunities abound. Courses that Ivy Tech and Purdue PROJECT DURATION
offered ranged from introductions to circuit ana.IyS|s,. mlcrocontrollgrs, and 2/1/2010 89/30/2013
renewable energy, to more advanced courses in building automation,

cryptography, and cyber terrorism. Purdue used its Integrated Smart Energy COST

Technology Lab to provide cutting -edge learning and research opportunities

for students who wanted to learn about integrating renewable resources into Total Project Value

the grid. Moreover, Purdue students particip ated in research projects with the $9,663,237

U.S. Military Academy, General Electric, and EnerDel to investigate smart grid, DOE/Non-DOE Share

microgrid, and battery applications. For its part, lvy Tech invested over $1.2
million in laboratory equipment. This equipment included NEXTL AB+, a system
designed to train students in cybersecurity. In these ways, Ivy Tech and Purdue
gave students highly practical training and strove to inspire their interest in PRO‘JECT LOCATION
energy-sector careers. Indiana

$4,699,353/$4,963,884

= .

S Smart Grid Upgrader Training |4 CID: OE0000469

F

@

's Apprenticeships

o Managed by the National Energy Te chnology
% Purdue Laboratory for the Office of Electricity Delivery
.tgu and Energy Reliability
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September 2014
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Metrics
Total Course Data *Recipients wergequired to report
Ivy Tech: Undergraduate Ivy Tech: Undergraduate Distance Educat projected and actual graduates tha
Projected Number of Enrollments 560 Projected Number of Enrollments 300 occurred only during the project
Actual Number of Enrollments 944 Actual Number of Enrollments 4,086 performance period of the grant.
Projected Number of Graduates 392 Projected Number of Graduates o* For some of these programs,
Actual Number of Graduates 0* Actual Number of Graduates 0* graduates were not expected to be
Purdue Courses Ivy Tech: Smart Grid Upgrader Training realized during the performance
Projected Number of Enrollments 360 Projected Number of Enrollments 236 period.
Actual Number of Enrollments 678 Actual Number of Enrollments 155
Projected Number of Graduates 240 Projected Number of Graduates 165
Actual Number of Graduates 0* Actual Number of Graduates 55

Apprenticeships/Journeyman

Projected Number of Enrollments 943
Actual Number of Enrollments 1,023
Projected Number of Graduates o*
Actual Number of Graduates 0*
In the Distance Education progna lvy
8,000 Tech had more than 20,000 enrollments

Cumulative Projected vs. Actual
Enrollments

over 5 courses, with an estimated 4,08€
individual students taking courses.

The Project's success was the result of
listening to industry. The initial goal of
2,399 student seats filled was establishe
without the benefit of industry input.
Once industry was engaged and describ
how they wanted education/training
delivered, the Project had to then rapidly,
adjust from the original planning to a ney

more elastic format. Because Smart Gri
B Projected Enrollments ™ Actual Enrollments topics are relevant ta range of courses

1,000 Cumulative Projected vs. Actual Graduates this allowed the creation and modificatior
900 of a large number (59) of courses for
800 Smart Grid topics and modules. This
700 expanded inventory of courses allowed
600 larger segment of potential student
288 populations' exposure to Smart Grid
300 conceps in areas not traditionally
200 believed to be 'relevant' to the utility
100 - industry. These areas can include

0 Information Technology & Systems, Cyb

S o P o o> .o > ot Security/Information Assurance which ar

LIS LI S L L I I R s crucial to utilities as they implement and
?0' d‘l ‘,\'L Q{L Vﬂ Q{L ?0' Q{L

deploy Smart Grid across tinesystems.

. — p ' B Projected Graduates ™ Actual Graduates
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Key Training Corporation
Grid Training Modernization Project

Project Description

Over three years, Northwest Lineman College worked with manufacturers, utilities,
and construction companies to develop training strategies, programs, and delivery
methods for the workers who would install, maintain, and operate the smart grid.
Target groups for this project included lineworkers, su bstation technicians, system
operators, meter technicians, and plant operators. As the single largest trainer of
electrical lineworkers in the country, Northwest Lineman College could leverage its
existing infrastructure, staffing, curriculum, and utility -customer base to rapidly
develop and disseminate smart grid training programs nationwide.

Achievements
The project addressed gaps in education for trainees pursuing careers as electrical
lineworkers, substation technicians, system operators, meter techni cians, and
transmission technicians. Training programs at the pre -apprenticeship,
apprenticeship, and journey levels were developed and made available across the
United States. Of particular note is the training module for prospective substation
technicians, which is one of the first curricula of its kind. The training programs
encompassed distance education in addition to hands -on learning at Northwest
Lineman Coll egebds three electrical
regulators, automated switches, and sectionalizersii among other devices fi and
give trainees experience with a diversity of smart grid equipment in one setting.
I nstructional videos that discussed
uploaded to |inemanchannel . com, at

The project team strove to meet
instance, employers needed lineworkers to understand a variety of smart grid
devices on a distribution line, rather than solely smart meters in isolation, so the
project team ensur ed that training programs reflected this requirement. Moreover,
the project team rescheduled the launch of its transmission -technical program so
that trainees would be prepared to fill vacancies associated with critical
transmission projects. Enroliments i n programs at all levels exceeded expectations.
The apprenticeship programs were especially successful in this regard. The number
of actual enrolliments was more than 40 percent higher than expected because the
project team launched a new curriculum in Marc h 2012.

Joumey-Level ¥ 128
Program

Apprenticeship

Program H Actual
M Projected
Pre-Apprenticeship
Program
0 500 1,000 1,500 2,000 2,500

Projected and Actual Number of Enroliments

equi

‘

t he
emp |

empl oye

CONTACTS

Deborah Buterbaugh

Project Manager

National Energy Technology
Laboratory

3610 Collins Ferry Road
Morgantown, WV 26507 -0880
304-285-4164
deborah.buterbaugh@netl.doe.gov

Leanna Whitney
Principal Investigator
Key Training Corporation
7600 Meridian Rd
Meridian, ID 83642 -7164
208-888-4817
lwhitney@lineman.edu

PARTNERS

Vaughn Industries

Northeast Public Power Association
Georgia EMC

Great Southwestern Construction
Laclede Electric Cooperative
Navopache Electric Cooperative

PROJECT DURATION
7/23/2010 87/22/2013

COST

Total Project Value
$2,217,938

DOE/Non-DOE Share
$750,000/$1,467,938

PROJECT LOCATIONS

California, ldaho, Texas
CID: OE0000439

Managed by the National Energy Technology
Laboratory for the Office of Electricity Delivery
and Energy Reliability

July 2014
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Metrics

Total Course Data
Pre-Apprenticeship Program Apprenticeship Program Professional Development Program
Projected Number of Enrollmer 232 Projected Number of Enrollmerny 1,614 |Projected Number of Enrolimer 94
Actual Number of Enrollments 240 Actual Number of Enroliments 2,358 |Actual Number of Enroliments 128
Projected Number of Graduates 200 Projected Number of Graduatep 725 Projected Number of Graduateg 79

Actual Number of Graduates 169 Actual Number of Graduates 1,902 |Actual Number of Graduates 128
3,000 : -
Cumulative Projected vs. Actual Enrollments
2,500
2,000
1,500
1,000
500
0 .
SIS TP S, VR PR, TR S, VR, VI, TR S 4 2
O S S S O A e
O O R IO RO R OO
AV AV AV AV AV AV AV AV AV AV AV AV AV A
AN D N N D D R N D ) This data reflects the
B Projected Enrollments ® Actual Enroliments number of individual
students that went
through the program.
2,500 : -
Cumulative Projected vs. Actual Graduates
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1,000
500
0 .
"
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B Projected Graduates ™ Actual Graduates
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Lehigh University CONTACTS
Keystone Smart Grid Fellowship Program Sl BT

Project Manager

National Energy Technology
Laboratory

3610 Collins Ferry Road
Morgantown, WV 26507 -0880

Project Description
Lehigh University (Lehigh) and the University of Pittsburgh (Pitt) established a
net work of slmawdg 6 gtro dt mdien a new smart ¢

its current masterds programs to includ:t¢

its electric power and energy engineering education programs at both the 304-285-4164

undergraduate and graduate levels. In addition, corporate partnerships and Deborah.Buterbaugh@netl.doe.gov
government funding provided opportunities for collaborative research into topics Liang Cheng

relevant to the smart grid. Principal Investigator

Lehigh University

19 Memorial Drive Wes t
Bethlehem, PA 18015
610-758-5941
cheng@cse.lehigh.edu

Achievements

Numerous students who completed Lehighot
attained full -time em ployment with the PJM Interconnection, Voith Hydro, ISM Solar
Solutions, Colonial Electric Supply, Siemens Energy, and other companies in the
energy industry. The coursework the students completed gave them the background

knowledge they needed to excel in their new positions. In particular, Lehigh John Coulter
launched a course on communications and networking for smart grids. At Pitt, Co-Principal Investigator
graduate -level courses were offered in renewable and alternative energy systems, Lehigh University

smart grid technologies and applications, sustainable m odeling, and protective
relaying and substation automation. Moreover, Pitt offered two new undergraduate
courses: Electric Distribution Engineering and Smart Grids, and Electrical Power
Transmission, Distribution, and Grid Technologies. Other students alre ady employed

19 Memorial Drive West
Bethlehem, PA 18015
610-758-4025

with PPL Corporation completed a new course i Transmission and L
Distribution/Smart Grid fi that PPL Corporation offered as a result of this project. PARTNERS
Pitt, furthermore, installed and commissioned an electric power systems laboratory, University of Pittsburgh
which accommoda tes both research and education activities. The lab allows faculty
and graduate students to investigate microgrids, power electronic devices and PROJECT DURATION
converters, renewable energy systems, controls and communications, automation 7/30/2010 86/30/20 15
and relaying, and other emerging electric power technology areas.
. . _ _ COST
The projectds success is evidenced by t| .
been published in such venues as /EEE Transactions on Smart Grig [EEE Transactions Lelel Projeet value
on Power Electronics, and /EEE Power & Energy Magazine $987,552
DOE/Non-DOE Share
Master's Program, Energy $748,058/$239.494

Systems Engineering (Lehigh)

PPL Training (Lehigh) PROJECT LOCATION

Master's Program, Power and Pennsylvania

Engineering Inifiative (Pitt)

PhD Training (Pitt) CID: OE0000428

0 2 4 6 8 10 12 14 Managed by the National Energy Technology
Number of Graduates Laboratory for the Office of Electricity Delivery
and Energy Reliability

October 2015
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Metrics

Total Course Data

PhD Training (Pitt)

MS Program, Engineering Energy Systems (Lehig

Projected Number of Enrollments (0g Projected Number of Enrollments 12
Actual Number of Enrollments 6 Actual Number of Enrollments 14
Projected Number of Graduates 0* Projected Number of Graduates 12
Actual Number of Graduates 5 Actual Number of Graduates 13
MS Program, Power & Engineering Initiative (Pitt PPL Training (Lehigh)
Projected Number of Enrollments 6 Projected Number of Enrollments 10
Actual Number of Enrollments 7 Actual Number of Enrollments 10
Projected Number of Graduates 6 Projected Number of Graduates 10
Actual Number of Graduates 7 Actual Number of Graduates 10

*Considering the advanced nature of tRaD training program,
enrollments and graduates were not anticipated at the begigrof
the project performance period of the grant.

Cumulative Projected vs. Actual Enroliments
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Cumulative Projected vs. Actual Graduates

B Projected Graduates ® Actual Graduates
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Workfofce Training for the Electric Power Sector

Michigan Strategic Fund
Michigan Electric Power Workforce
Training Strategy

Project Description

The Michigan Strategic Fund (formerly the Michigan Department of Energy, Labor,
and Economic Growth) established the Michigan Uti lity Workforce Development
Consortium. The consortium brought together more than 25 partners from
industry, labor, associations, and academiat o f i nd ways to
workforce needs. High -tech training in the power sector was offered through
community colleges and utility/union training trusts, including pre  -apprenticeship,
apprenticeship, and incumbent worker training. Michigan Works! partners helped

to identify eligible participants and direct them toward the appropriate training
pathway.

Achievements

The project team developed and offered training that focused on five occupational
areas, which were chosen based on industry recommendations: electrical line
technicians, substation and engineering technicians, substation operators,
electrical maintenance, and advanced metering infrastructure technicians. The
training also accommodated industryds
encompass training in cogeneration power plant operation and maintenance, and
smart grid component manufacturing. As a re sult of the training delivered by the
project team, 154 individuals have attained employment in the energy industry,
and 236 individuals have retained their existing employment. In the case of the
Pre-Apprentice Lineworker Training program, a hiring pool w as established in
support of Consumers Energy and Detroit Edison Energy.

The project team took several measures to recruit trainees. For instance, the team
held a Line Technician Recruiting Expo designed to help jobseekers determine if a
utility career wa s right for them. The Expo also addressed the dearth of lineworker
job applicants and the high failure rate for pole climbing and Construction and
Skilled Trades testing. The team, moreover, published a video about line
technicians; subsequently, waitlists for the line technician training programs
became necessary. Such high demand i s

Pre-Apprenticeship
Training Program

Apprenticeship
Training Program

Other Occupation-Specific
Training Program
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Number of Graduates

N=TL

5="__National Energy Technology Laboratory

me e

(

CONTACTS

Deborah Buterbaugh

Project Manager

National Energy Technology
Laboratory

3610 Collins Ferry Road
Morgantown, WV 26507 -0880
304-285-4164
Deborah.Buterbaugh@netl.doe.gov

Marcia Black-Watson

Principal Investigator

Michigan Strategic Fund

201 N Washington Square 3™ Floor
Lansing, MI 48913

517-241-8221
black-watsonm@michigan.gov

PARTNERS

Consumers Energy
Detroit Edison Energy
Michi gan Works! Agencies

PROJECT DURATION
7/30/2010 87/29/2014

COST

Total Project Value
$11,186,156

DOE/Non-DOE Share
$4,388,025/$6,798,131

PROJECT LOCATION
Michigan

CID: OE0000443
Managed by the National Energy Technology

Laboratory for the Office of El ectricity Delivery
and Energy Reliability

Project Management Center — Energy Delivery Technologies Division —Workforce Training
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Metrics
Total Course Data
Pre-Apprenticeship Training Program | Other Occupation Specific Training Progr Apprenticeship Training Program
Projected Number of Enrolimenfs 306 Projected Number of Enrolimenfs 144  |Projected Number of Enrolimenfs 138
Actual Number of Enroliments 361 |Actual Number of Enrollments 85 Actual Number of Enrollments 159
Projected Number of Graduate§ 306 |Projected Number of Graduate§ 144 |Projected Number of Graduates 138
Actual Number of Graduates 232 JActual Number of Graduates 62 Actual Number of Graduates 137
700 - -
500 Cumulative Projected vs. Actual Enrollments

B Projected Enroliments ™ Actual Enrollments

Cumulative Projected vs. Actual Graduates

B Projected Graduates ® Actual Graduates

=1 National Energy Technology Laboratory

Project Management Center — Energy Delivery Technologies Division —Workforce Training




Mississippi Gulf Coast Community College
Workforce Development for the Electric
Power Sector

Project Description

Mississippi Gulf Coast Community College (MGC) prov ided training for apprentice
linemen, incumbent linemen, and process operations and instrumentation
specialists. Students interacted with clean energy industry personnel via courses,
internships with industry and government laboratories, and outreach with
communities. Courses and training were conducted in traditional classroom,
hybrid, and online formats with evening and weekend training scheduled for
incumbent workers.

Achievements

To help educators prepare their students for a place in the electric pow er
industry, MGC offered curriculum development training to seven of its faculty
members (three more than originally planned). In addition, MGC hosted smart

grid seminars that attracted 246 post -secondary and secondary instructors, more
than double the exp ected attendance. The seminars focused on developing a
workforce equipped to interact with smart grid technologies and alternative

energy sources.

After developing six courses on the smart grid and emerging technologies, MGC
integrated them into three ene rgy programs: Process Operation Technology,
Instrumentation, and Apprentice Lineman Training. MCG also installed nearly
$450,000 of smart grid technologies and simulation equipment in its labs. As a
result, MCG could educate a wide variety of students. Som e students earned an
associatebds degree, while others
who were already employed as linemen, upgraded their knowledge of the smart
grid and earned continuing education units.

Over the course of the project, MCG saw a 40 percent increase in the number of
women enrolled in its energy
20 percent increase. Furthermore, enrollments in the energy programs overall
rose by 46 percent; this increase, likewise, beat the 20-percent projection.

INCUMbDENt WOTKET P N (5

Training
Apprentice
Lineman Program | WActual
4 Projected

Process Technology and
Instrumentation Programs

0 50 100 150 200 250
Number of Graduates
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CONTACTS

Deborah Buterbaugh

Project Manager

National Energy Technology
Laboratory

3610 Collins Ferry Road
Morgantown, WV 26507 -0880
304-285-4164
Deborah.Buterbaugh@netl.doe.gov

John Shows

Principal Investigator

Mississippi Gulf Coast Community
College

51 Main Street; Darby Hall
Perkinston, MS 39573-3374
601-928-6237
john.shows2@mgccc.edu

PROJECT DURATION
8/1/2010 &7/31/2013

COST
Total Project Value
$1,369,229

DOE/Non-DOE Share
$713,830/$655,399

PROJECT LOCATION

Mississippi
CID: OE0000484
Managed by the National Energy Technology

Laboratory for the Office of Electricity Delivery
and Energy Reliability

September 2014
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Metrics

Total Course Data
Incumbent Worker Apprentice Lineman Training Energy Grant Programs
Projected Number of Enrollments 90 Projected Number of Enrollments 45 Projected Number of Enrollments. 195
[Actual Number of Enrollments 176 [Actual Number of Enroliments 54 iActual Number of Enrollments 482
Projected Number of Graduates 85 Projected Number of Graduates 45 Projected Number of Graduates 195
lActual Number of Graduates 176 [Actual Number of Graduates 51 lActual Number of Graduates 198
800

Cumulative Projected vs. Actual Enrollments

B Projected Enrollments ® Actual Enroliments

Cumulative Projected vs. Actual Graduates

B Projected Graduates M Actual Graduates

-"/_ Mational Energy Technology Laboratory Project Management Center — Energy Delivery Technologies Division —Waorkforce Training




National Electrical Manufacturers Association
Vids for Grids: New Media for the New
Energy Workforce

Project Description

The National Electrical Manufacturers Association (NEMA), in partnership with
George Mason University and Northern Virginia Community College, produced
videos that targeted senior high school or first -year college students. Each
video covered concepts integral to the deployment of smart grid technologies.
The videos incorporated short interviews with subject matter experts,

equi pment demonstrations, and (in som
assembly, installation, and use. The videos were integrated into basic electrical
engineering curricula and posted online for use by colleges, training centers,
and the general public. Filming was done onsite at the facilities of leading
power equipment manufacturers , such as A123, Beacon Power, Itron, and
Thomas & Betts. NEMA also produced podcasts in which student -selected
experts discussed their experiences in the power sector.

Achievements

In total, NEMA produced 12 videos and 3 podcasts. The videos were uploaded
to NEMAOGs Vids4dGrids YouTube channel,
NEMA is notified of new subscribers every other week; three to five viewers
become subscribers each month. When a subscriber posts a question about a
video, NEMA forwards it on to the appropriate company or subject matter
expert.

At the onset of the project, NEMA surveyed students to gauge their familiarity

with the smart grid. The survey results indicated that only 10 percent of

students were aware that the smart grid existed. Sur veys administered before
students watched any of NEMAOs videos
watching one video, however, about 25 percent of students rated themselves
ofamiliar withdé the smart grid, and a:
to 35. In addition, all companies involved with the project continue to report
that they are pleased with the projec
their own newsletters, trainings, and promotional materials.

George Mason
University
ENG 107

Northern
Virginia
Community
College
EGR 120

12th-Grade
Teachers

0 100 200 300 400
Number of Enrollments

CONTACTS

Deborah Buterbaugh

Project Manager

National Energy Technology
Laboratory

3610 Collins Ferry Road
Morgantown, WV 26507 -0880
304-285-4164
Deborah.Buterbaugh@netl.doe.gov

Gene Eckhart

Principal Investigator

National Electrical Manufacturers
Association

1300 N 17" Street

Arlington, VA 22 209-3801
703-841-3204
Gen_Eckhart@nema.org

PARTNERS

George Mason University
Northern Virginia Community
College

PROJECT DURATION
7/16/2010 812/15/2011

COST

Total Project Value
$319,243

DOE/Non-DOE Share
$165,876/$153,367

PROJECT LOCATION

Virginia
CID: OE0000463
Managed by the National Energy Technology

Laboratory for the Office of Electricity Delivery
and Energy Reliability

February 2015
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Metrics
Total Course Data *Recipients were required
George Mason University Northern Virginia Community College to report projected
Projected Number of Enrollments 400 |Projected Number of Enrollments 400 enrollments and graduates
Actual Number of Enrollments 350 |Actual Number of Enrollments 196 that occurred only during
Projected Number of Graduates| 400 |Projected Number of Graduates| 400 the project performance
Actual Number of Graduates 10  |Actual Number of Graduates 0* period of the grant.
900

Cumulative Projected vs. Actual Enrollments

B Projected Enrollments M Actual Enroliments

Cumulative Projected vs. Actual Graduates

B Projected Graduates ™ Actual Graduates

=", Nationall Ener gy Technology Laboratory Project Management Center — Energy Delivery Technologies Division —Waorkforce Training




Navajo Tribal Utility Authority
Smart Grid Workforce Training

Project Description

The Navajo Tribal Utility Authority (NTUA) has been diversifying its power

generation sources and modernizing its distribution services through the upgrade

of remote switching and monitoring operations, feeder and substation automation

for online monitori ng and equipment interoperability, and the deployment of
information technology solutions. In support of these improvements, NTUA

developed a program to provide trainees with the skills to continue these

upgrades and contribute to rolling out a nationwide s mart gr i d. NTL
program maximized employment opportunities for citizens of the Navajo Nation,
helped reduce unemployment, and aided in smart grid implementation.

Achievements

NTUASs training encompassed an ap pchtpicsi
as the design of advanced metering infrastructure (AMI) meters, the operation of
AMI meters, and the integration of AMI meters with legacy equipment. By
completing the 4 -year program, trainees attained journeyman status as
electricians, line rep airers, and meter repairers. The Department of Labor has
certified the apprenticeship program, and the credentials trainees earn by
completing it are recognized throughout the industry. NTUA also launched a

meter -reader retraining initiative to make it eas ier for employees to take on
different responsibilities after the implementation of AMI eliminated their

positions. The employees who completed the retraining became electrician
helpers, electric substation helpers, and communication technicians. In doing so,
they adapted their skillsets to the changing electric industry and increased their
earning potential.

Through NTUAGs partnership with Navajo
30-hour course on how Occupational Safety and Health Administration regulations
apply to the construction industry. By working with the University of Wisconsin,
NTUA also offered three electrical -engineering courses at NTUA facilities: Electrical
Distribution Principles and Applications, Designing Electrical Overhead

Distribution Lines, and Designing Electrical Underground Distribution Lines.

Offering these courses onsite made it possible for more utility employees to take
them. Increasing access to the courses in this way was especially important to

NTUA, given the relativ ely remote location of its facilities.
|
ini 40
Retraining i
Apprenticeship 61 M Actual
Program 50 M Projected

S
0 20 40 60 80
Number of Enrollments

CONTACTS

Deborah Buterbaugh

Project Manager

National Energy Technology
Laboratory

3610 Collins Ferry Road
Morgantown, WV 26507 -0880
304-285-4164
Deborah.Buterbaugh@netl.doe.gov

Terry Battiest

Principal Investigato r

Navajo Tribal Utility Authority
Highway 12 North

P.O. Box 170

Fort Defiance, AZ 86504-0170
928-729-6211
terryb@ntua.com

PARTNERS

Navajo Technical College
University of Wisconsin

PROJECT DURATION
7/1/2010 86/30/2013

COST

Total Project Value
$1,408,972

DOE/Non-DOE Share
$704,486/$704,486

PROJECT LOCATION
Arizona

New Mexico

Utah

CID: OE0000442

Managed by the National Energy Technology
Laboratory for the Office of Electricity Delivery
and Energy Reliability

November 2014




U.SYDEPARTMENTLOF

ENERE@Y

DEOE0000442

bl + hdwL . !¢[L[ILl¢c,] hwhat! b

Metrics

Total Course Data

Apprenticeship Program

Retraining

Projected Number of Enrollments 50

Projected Number of Enrollments 40

Actual Number of Enrollments 61

Actual Number of Enrollments 40

Projected Number of Graduates 24

Projected Number of Graduates 40

Actual Number of Graduates 22

Actual Number of Graduates 6

140
120
100

Cumulative Projected vs. Actual Enroliments

B Projected Enrollments m Actual Enroliments

80
70

Cumulative Projected vs. Actual Graduates

m Projected Graduates m Actual Graduates

The Apprenticeship Program coul
take up to four years to complete
therefore, the number of
graduates is significantly less tha
the number of enrollees because
many that enrolled were not
expected to complete the training
by the end of the periodf
performance.

The meter reader retraining
initiative was introduced to assist
employees with career planning

for those employees whose
positions were being eliminated

by the AMI project
implementation. However, NTUA
decided to defer deployment of
water and natural gas metering;
thus, meter reader positions
continue to be needed at NTUA
and in the near future. Only six of
the forty meter readers moved
into new positions and were
retrained under the Retraining
Program. The employees
accepted positionsselectrician
helpers, electric substation
helpers, and communication
technicians.

Project Management Center — Energy Delivery Technologies Division —Workforce Training
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Workfofce Training for the Electric Power Sector

North Carolina State University
Master of Electric Power Systems
Engineering

Project Description

North Carolina State University (NC State) is developing an intensive professional
Masterds degree program for
and deploy next generation Smart Grid systems. The Master of Electric Power
Systems Engineering (MEPSE) covers both core power engineering topics, Smart
Grid applications, and cross -disciplinary courses, including risk management,
communication sk ills, project management, engineering economics, and
technical writing. MEPSE targets new graduates in the utility industry, displaced
workers seeking a new career, and current utility industry employees seeking to
enhance their skills. It is an intensive systems-focused, hands-on program
designed for training a population with diverse backgrounds in approximately 10
months. NC State plans to grow the program through an innovative, real -time
distance learning component to accommodate a broader audience.

Achievements

MEPSE is now a flagship power-engineering program at NC State. Accredited as
a professional science master program, MEPSE encompasses three main
components. The first is a set of core power systems engineering courses. The
second consists of tw o courses introducing technical topics in power systems
engineering: Power Engineering Practicum | and II. Finally, the third component
consists of electives that allow students to specialize in their area of interest.
Electives range from Electric Motor D rives, through the Business of the Electric
Utility, to Power System Stability.

A survey of graduates indicates that MEPSE increased their employment
opportunities and was mor e
that focused on power. The sur vey also indicated that graduates felt adequately
trained as a result of MEPSE. The
skills classes were particularly useful in this regard. Most survey respondents
stated, further, that MEPSE made them more credi ble job candidates, increased
their industry recognition, and caused their on -the-job responsibilities to rise.
Almost all respondents (92 percent) would recommend the course to

undergraduates. These survey results
On-Campus I
Program
Distance
Education
Program
0 10 20 30 40 50

Number of Graduates
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CONTACTS

Deborah Buterbaugh

Project Manager

National Energy Technology
Laboratory

3610 Collins Ferry Road
Morgantown, WV 26507 -0880
304-285-4164
deborah.buterbaugh@netl.doe.gov

Dr. Mesut Baran

Principal Investigator

North Carolina State University
FREEDM System<Center
Campus Box 7571

1791 Varsity Drive

Raleigh, NC 27606
919-515-5081
baran@ncsu.edu

PARTNERS
Alstrom Grid
Quanta
Progress Energy
ABB

KEMA

PROJECT DURATION
6/30/2010 86/30/2015

COST
Total Project Value
$3,445,424

DOE/Non-DOE Share
$2,492,266/$953,158

PROJECT LOCATION

North Carolina

CID: OE0000437

Managed by the National Energy Technology
Laboratory for the Office of Electricity Delivery
and Energy Reliability

September2015
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Metrics

Total Course Data
MEPSE On Campus Program MEPS E Distance Education Program
Projected Number of E nrollments 170 Projected Number of E nrollments 70
Actual Number of Enroliments 72 Actual Number of Enroliments 31
Projected Number of Graduates 95 Projected Number of Graduates 17
Actual Number of Graduates 45 Actual Number of Graduates 7

Cumulative Projected vs. Actual Enrollments
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Workfofce Training for the Electric Power Sector

Northeast Wisconsin Technical College
NEW Generation Power Skills Training
Development Initiative

Project Description

The NEW Generation Power Skills Development Initiative developed and

enhanced regional training programs for the emerging smart grid workforce by

taking industry -identified skills into account and using multiple delivery methods

to accommodat e | ear Thheinitafive rdaximiees theeresourcesd s .
and expertise of Northeast Wisconsin Technical College (NWTC) and its three

partner colleges to integrate a standa rdized set of core competencies into smart -
grid -related programming, either through new courses or modifications to

existing ones.

Achievements

NWTC and its project partners designed a training program with a wide range of
students in mind, including trad itional students, incumbent workers, and the
unemployed. NWTC enhanced nine of its existing courses i covering such topics
as energy investment analysis, photovoltaics, utility system maintenance, and gas
utility field training A to encompass smart-grid -related topics. Two new smart grid
credentials were also developed. The first (a certificate in smart grid

fundamentals) included courses that gave an overview of the smart grid,

discussed smart grid deployment and lessons learned, and dealt with regulatory
oversi ght , rate regul ation, and the smart
(a certificate in distribution system automation) covered distribution

management systems, automation, and protection as they relate to the smart

grid; microgrids; enhanced su bstations; and system control and data acquisition.

To give students practical experience with smart grid technologies, NWTC
designed and bought a mobile smart grid training lab. Because the lab was not
stationary, it could deliver smart grid training to  incumbent workers and college
students in various |l ocations, increasi
the mobile lab has increased access to 18 electromechanical courses, which
feature both an online component and lab work. The mobile lab ¢ ontains actual
substation devices (for instance, fault -protection relays, smart meters, and a
Global Positioning System clock to enable synchrophasor analysis). It can be used
to teach students about feeder overcurrent protection, communication with

intell igent electronic devices, and distribution automation systems that increase
the gridbds reliability.

In the future, NWTC plans to offer up to 30 more electromechanical courses that
blend online and hands -on learning. NWTC also plans to offer a third
certification i one that focuses on the needs of utility customers. NWTC did not
launch its new and enhanced smart grid courses until the fall semester of 2013,
after the grant period had ended. During the period of performance, however,
NWTC did provide a train -the-trainer workshop for four faculty members who
would teach the courses, and demonstrated the mobile lab to utility and energy
organizations across Wisconsin.

CONTACTS

Deborah Buterbaugh

Project Manager

National Energy Technology
Laboratory

3610 Collins Ferry Road
Morgantown, WV 26507 -0880
304-285-4164
deborah.buterbaugh@netl.doe.gov

Amy Kox

Northeast Wisconsin Technical
College

2740 West Mason Street

PO Box 19042

Green Bay, WI 54307-9042
amy.kox@nwtc.edu

PARTNERS

Fox-Valley Technical College
Moraine Park Technical College
Lakeshore Technical College

PROJECT DURATION
7/1/2010 86/14/2013

COST

Total Project Value
$859, 233

DOE/Non-DOE Share
$750,000/$109,233

PROJECT LOCATION

Wisconsin

CID: OE0000445

Managed by the National Energy Technology
Laboratory for the Office of Electricity Delivery
and Energy Reliability

November 2014
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Metrics
Smart Grid Fundamentals Certificate | Distribution System Automation Certificate required to report
Projected Number of Enrollments 20 Projected Number of Enrollments 20 projected enrollments
Actual Number of Enrollments 0* Actual Number of Enroliments 0* and graduates that
Projected Number of Graduates 0* Projected Number of Graduates 0* Occur_red On|¥ during the
Actual Number of Graduates 0* Actual Number of Graduates 0* projg(:t performance
period of the grant.

25
Cumulative Projected vs. Actual Enrollments*
20 *NWTC did not enroll and/or
train anyone during the grant
15 period. The Smart Grid
Certificate courses were first
10 rolled out and offered in the
Fall #mester of 2013.
5
Although classes were not
0 T ' ' ' ! offered, NWTC provided a
o> o o o? Trainthe -Trainer workshop
b v > N> >
‘.{19 q*l'l-o ¢(1-° ?,{1,0 q*l'l'e' for four faculty members, as
well as a demonstration of
B Projected Enrollments  ® Actual Enrollments the lab and coursework to
utility and energy
25 organizations throughout the
Cumulative Projected vs. Actual Graduates™ state (i.e., the Municipal
20 Ekctric Utilities of Wisconsin
(MEUW) Conference,
15 Wisconsin Energy Research
Consortium (WERC), Georgi
10 Pacific, and Wisconsin Publi
Service) .
5
0 T 1 1 1 1
o? o* o> ot o>
1 1 > >
R G

M Projected Graduates ™ Actual Graduates

5"\ National Ener gy Technology Laboratory Project Management Center — Energy Delivery Technologies Division —Workforce Training
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Workfofce Training for the Electric Power Sector

1_' E i
Northern Michigan University CONTACTS
Electrical Power Technician Workforce Deborah Buterbaugh
_ Project Manager
Tralnmg Program National Energy Technology
. — Laboratory
Project Description 3610 Collins Ferry Road

Northern Michigan University (NMU) established a train ing center to provide

training that includes both the knowledge and skills required for an entry  -level Morgantown, WV 26507 -0880

304-285-4164

technician in the electrical power i ndu

provided students with a hands -on laboratory, including actual equipment, w hich deborah.buterbaugh @netl.doe.gov
enabled them to practice skills that are needed in the workplace. Lab size was Michael Rudisill

limited to 12 students. A program coordinator was designated to make sure that Principal Investigator

the program included all relevant technology in use and under development. NMU

. . _ o Northern Michigan University
developed the curriculum in consultation with industry  partners.

1401 Presque Isle Ave
Achievements Marquette, Ml 49855 -5305

Although NMU could not attract as many students to the program as planned, 906-227-2190

employers who hired graduates of the program have been highly complementary mrudisil@nmu.edu

of the knowledge and skills taught thro ugh the curriculum. That is due, at least in

part, to the input electric utilities fPARTNERS

power technician training program. Technical courses covered such topics as DC American Transmission Company
and AC circuit theory, discrete semiconductor devices , digital integrated circuits, Upper Peninsula Power Company
and Occupational Safety and Health Administration regulations. Courses dedicated Systems Control

to power technician training familiarized students with the operation and
maintenance of distribution substations, introduced them to commonly u  sed
transformers, covered the theoretical and practical aspects of 3 -phase electrical
power generation and distribution, and taught them about protective relay

systems. By making a mock substation available to students in the power PROJECT DURATION
technician training prog ram, NMU further ensured that the training students 6/9/2010 -6/8/2013
received would be relevant in an industrial environment. Limiting the number of

Marquette Board of Light & Power
MJ Electric

students who could use the mock substation during a class period also improved COST
the education the students received, giving a Il of the students a chance to interact Total Project Value
with the state-of-the-art equipment available there. $805,367
DOE/Non-DOE Share
“ A
Actual 5

PROJECT LOCATION
Michigan

Projected 72 CID: OE0000444

]

0 10 20 30 40 50 60 70 80 Managed by the National Energy Technology

~_Number of Enroliments in Laboratory for the Offic e of Electricity Delivery
Electric Power Technician Training Program and Energy Reliability

October 2014
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Metrics

Total Course Data

Electric Power Technician Training Progrg

Projected Number of Enrollments 72
Actual Number of Enroliments 56
Projected Number of Graduates 72
Actual Number of Graduates 24

Cumulative Projected vs. Actual Enrollments

B Projected Graduates B Actual Graduates

N=TL

Vs

National Energy Technology Laboratory

The Electric Power Technicia
Training Program is a two
year curriculum and was in

place priorto the grant
award. The planned number
of enrollees and graduates is
predicated on a class size o
24 students. However the
class that was in progress at
the time of the gran®
initiation was only 7 students
therefore, there was actually
never any way toeach the
planned number of
graduates. It should also be
noted, due to the program
actually taking two years to
complete and this being a
three-year grant, there were
twelve students included in
the enrolled numbers that
graduated in the second
quarter of2014. Low
enrollment was the
progran@ largest problem,
but the numbers shown are
not totally indicative of the
actual program productivity.

Project Management Center — Energy Delivery Technologies Division —Workforce Training



The Ohio State University
I-SMART: Integrated Curriculum for Smart
Power Engineering

Project Description

The Ohio State University (OSU) developed courses and web-enabled distance
learning systems to educate next -generation engineering students and electric
power engi neS®SMART cur8lwndhslped bridge the gap between
basic education for the electric power sector and the needs of the smart grid,

such as power electronics, distributed control, networks and communications,
sustainable energy, clean coal technology, high -voltage engineering, and game -
theory -based policy and pricing. OSU used its virtual, hardware -in-the-loop smart
grid test platform a s a training tool to simulate smart grid subsystems. American
Electric Power provided expertise in course development.

Achievements

During the project, OSU developed or updated 11 courses that made up the | -
SMART curriculum. Some of the [-SMART courseswere interdisciplinary (such as
those that covered clean coal and electricity markets), and others were
engineering -specific (including courses on power electronics circuits and on
sustainable energy and power systems). By offering all | -SMART courses online
as wel | as i n person, OSU broadened t
inherently popular. When courses such as Electric Machines and High -Voltage
Engineering and Laboratory were offered, for example, waitlists became

necessary. O Stighdgestiplatioren was sdejgt at providing real  -time

subsystem simulations, and OSU now uses it for both undergraduate and

graduate -level education. In addition, an entry -level course titled Energy 101 was
offered both in class and via distance learning. Because Energy 101 did not
become a required course for all freshmen, as initially planned, enroliment was

t he

|l ower than expected. Still,
environmental consciousness at the university level.

Short Courses
(Professional)
I-SMART
(Graduate)
I-SMART
(Undergraduate)

Energy 101
(Undergraduate)

0 200 400 600 800 1,000 1,200 1,400 1,600
Number of Enroliments

Success Story

The online version of Power Electronics, a course in the | -SMART curriculum,
was offered to enginee rs from General Motors . More than 80 of the
engineers completed the class via distance learning.

cour se

CONTACTS

Deborah Buterbaugh

Project Manager

National Energy Technology
Laboratory

3610 Collins Ferry Road
Morgantown, WV 26507 -0880
304-285-4164
Deborah.Buterbaugh@netl.doe.gov

Dr. Jin Wang

Principal Investigator

The Ohio State University
Department of Electrical and
Computer Engineering

2015 Neil Avenue
Columbus, OH 43210-1272
614-688-4041
wang.1248@osu.edu

PARTNERS

American Electric Power
Opal RT

PROJECT DURATION
5/13/2010 6 9/30/2013

COST

Total Project Value
$3,796,484

DOE/Non-DOE Share
$2,499,939/$1,296,545

PROJECT LOCATION
Ohio

CID: OE0000402
Managed by the National Energy Technology

Laboratory for the Office of Electricity Delivery
and Energy Reliability

September 2014
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Metrics
Total Course Data
Energy 101 (Undergraduate Program I-SMART (Undergraduate Program) Short Courses (Professionals)
Projected Number of Enrolimens 180 Projected Number of Enrollments 870 |Projected Number of Enrollments 150
Actual Number of Enrollments 49 Actual Number of Enrollments 1,341 |Actual Number of Enrollments 80
Projected Number of Graduates 70 Projected Number of Graduates 92 Projected Number of Graduates| 150
Actual Number of Graduates 2 Actual Number of Graduates 235 JActual Number of Graduates 80
I-SMART (Graduate Program)
Projected Number of Enrollments 460
\iActual Number of Enrollments 448
Projected Number of Graduates 38
lActual Number of Graduates 54
2,500 - -
Cumulative Projected vs. Actual Enrollment
2,000
1,500
1,000
500 -
0 4
%
Q
v
Q*
H Projected Enroliments = Actual Enrollments
400

Cumulative Projected vs. Actua
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Oncor Electric Delivery Company
Grid Reliability through Engineering
Advancement and Training

Project Description

Oncor Electric Delivery Company partnered with Siemens Power Technologies
International to provide training in transmission planning and system protection
due to increased urban energy loads and to meet the need for specialized wind
power studies. Students focused on developing practical problem -solving
abilities and building a greater working knowledge of transmission power
systems. The training enabled engineers to plan, design, and protect a

smart grid.

Achievements

Oncor engineers could choose from among several training courses offered by
Siemens. These included courses on protective relaying, power flow, dynamic
simulation, the reliability of power systems and how they relate to wind
integration, a nd power electronics in transmission systems and wind power. The
training better equipped engineers to meet the challenges associated with
Oncord6s Competitive Renewabl e Energy
planned wind generators in West Texas to markets in north -central and central
Texas. The project taught students about implementing series compensation,
static var compensation, and other technologies new to the company. Without
the training, implementing the new technologies would have been difficult, i  f
not impossible, to accomplish. More broadly, the training improved how well
engineers could keep the grid secure, reliable, and efficient and deliver greater
amounts of variable wind energy to load centers and, ultimately, to  customers.

Projected

Actual

0 20 40 60 80 100
Number of Graduates

Success Story

As an added benefit, t he training helped engineers accelerate their careers.
During the project period, 17 engineers received p romotions due, at least in
part, to the knowledge they gained from the training. Two of those
promotions were so dramatic that the employees were lifted out of the

cohort entirely.

CONTACTS

Deborah Buterbaugh

Project Manager

National Energy Technology
Laboratory

3610 Collins Ferry Road
Morgantown, WV 26507 -0880
304-285-4164
Deborah.Buterbaugh@netl.doe.gov

Kenneth Donohoo

Principal Investigator

Oncor Electric Delivery Company
LLC

1601 Bryan Street Ste 22

Dallas, TX 752013430
214-743-6823
kdonohol@oncor.com

. PARTNERS

Siemens Power Technologies
International

PROJECT DURATION
6/10/2010 86/9/2013

COST

Total Project Value
$331,450

DOE/Non-DOE Share
$150,969/$180,481

PROJECT LOCATION

Texas

CID: OB000456

Managed by the National Energy Technology
Laboratory for the Office of Electricity Delivery
and Energy Reliability

September2014
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Metrics
Total Course Data
Utility Training Programs
Projected Number of Enrollments 92
Actual Number of Enroliments 92
Projected Number of Graduates 92
Actual Number of Graduates 92
120 B .
Cumulative Projected vs. Actual Enroliments
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. 11111111
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B Projected Enrollments ™ Actual Enroliments
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Cumulative Projected vs. Actual Graduates
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Oregon Institute of Technology
Strategic Training and Education in
Power Systems

Project Description
I nstitute of
graduates in electrical, mechanical, and energy engineering, building on a strong
foundation in mathematics and science. OIT graduates were given a firm
understanding of renewable energy source integration, energy policy, and
economics. OIT augmented its curriculum and faculty resources, expanded its

laboratory capabili ties, and increased its industry collaboration to raise the number
of energy and systems engineers in the electric power industry.

The Oregon

Achievements

Ol T added coursework to
and | aunched a
generation, transmission, and distrib ution of electricity; energy storage; and the
design of related power electronic devices. Even students in other undergraduate
programs completed coursework that covered power, electric machines, and power

electronics. To ensure that students were prepared to face the challenges presented

master ds

T e-tamedpowergygiheering O

its bachel or 0s

degree

in

t he

by modernizing the grid, OIT included in its new coursework a look at the power
hi story, its
also given the chance to design power generation and tran smission equipment,

components of energy storage systems, and power electronics. Evening classes and
distance education made these educational offerings more accessible to

industryos

nontraditional students.

Five power-related laboratories now support education in t

economics,

and

he areas of embedded

systems, digital signal processing, and communications systems. For example,
students can use the enhanced Utility -Appropriate Energy Storage Lab to fabricate
and test polymer -electrolyte -membrane fuel cells, and they can use the Distr ibuted
Power Systems Testing Lab to investigate microgrids. Some students gained
experience, not just in the lab, but also in the energy sector. Twenty -nine students
completed internships with such companies as Clear Edge Power (a fuel -cell
manufacturer) a nd SolarCity (an installer of solar systems), as well as with

Bonneville Power Administration (a federal nonprofit that markets wholesale

electrical power and operates high -voltage transmission lines).

M.S. in Renewable
Energy Engineering

B.S. in Other
Disciplines

B.S. in Renewable

Energy Engineering

20

40
Number of Enrollments

60

80

September 2014

M Actual
M Projected

S

CONTACTS

Deborah Buterbaugh

Project Manager

Natio nal Energy Technology
Laboratory

3610 Collins Ferry Road
Morgantown, WV 26507 -0880
304-285-4164
deborah.buterbaugh@netl.doe.gov

Frank Rytkonen

Principal Investigator

Oregon Institute of Technology
3201 Campus Drive

Klamath Falls, OR 976018801
503-821-1261
frank.rytkonen@oit.edu

PARTNERS

None Listed

PROJECT DURATION
7/7/2010 87/6/2013

COST

Total Project Value
$2,869,065

DOE/Non-DOE Share
$2,491,100/$377,965

PROJECT LOCATION

Oregon

CID: OE0000404

Managed by the National Energy Technology
Laboratory for the Office of Electricity Delivery
and Energy Reliability
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Metrics

Total Course Data
BS Renewable Energy Engineering BS Undergraduate Program (Other) MS Renewable Energy Engineering

Projected Number of Enrollments 55 Projected Number of Enrollments 15 Projected Number of Enrollments 10
Actual Number of Enrollments 75 Actual Number of Enrollments 7 Actual Number of Enrollments 24
Projected Number of Graduates 55 Projected Number of Graduates 15 Projected Number of Graduates 10
Actual Number of Graduates 75 Actual Number of Graduates 4 Actual Number of Graduates 0*

*Recipients were required to report giaates that occurred only during
the project performance period of the grant. No students completed th
MS in Renewable Energy Engineering during the period of performan

120 ™ Cumulative Projected vs. Actual Enroliments

100
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40

20

B Projected Graduates ™ Actual Graduates
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Pepco
Smart Grid Workforce Training Project

Project Description

This project trained the next generation of electric utility technicians in fo  ur
primary areas: customer engagement with adoption of energy efficiency, dynamic
pricing, direct load control, and distributed generation programs; deployment and
operation of smart metering, load control, distribution automation, and grid
optimization in frastructure; the implementation, operation, and control of atwo -
way communications infrastructure; and compliance with standards to ensure
interoperability and cyber security.

Achievements

Over 2,000 Pepco employees have been trained in smart -grid -related technology so

that Pepco can exploit its newly installed smart devices and provide sound energy
advice to its customers. The training included coursework on automated metering
infrastructure, cable splicing, remote connects and disconnects, field collec tion
payments, customer service, energy advisement, and energy conservation, among
numerous other topics. The number of employees who completed the training

programs represent a greater than three

trainjust700emp | oyees. The increase was due
empl oyees to meet the wutilityds smart
project, more than 35 positions have been created to operate, maintain, and sustain
the smart grid technologi es that Pepco invested in. Pepco intends to continue its
workforce training efforts as new employees are hired and as smart grid
technologies evolve.

Actual

Expected

0 500 1,000 1,500 2,000 2,500

Number of Graduates

Success Story

Forty-nine Pepco employeesii temporary and permanent i faced the
possibility of displacement as a resul t of smart gri
implementation. Because of this project, the se employees were retrained for
new positions and could remain with  Pepco.

t
g

CONTACTS

Deborah Buterbaugh

Project Manager

National Energy Technology
Laboratory

3610 Collins Ferry Road
Morgantown, WV 26507 -0880
304-285-4164
Deborah.Buterbaugh@netl.doe.gov

James Boone

Principal Investigator

Pepco Holdings, Inc.

701 Ninth Street NW
Washington, DC 20001-4572
302-283-5814

PARTNERS

None Listed

PROJECT DURATION
4/30/2010 89/30/2013

COST

Total Project Value
$7,871,928

DOE/Non-DOE Share
$3,978,348/$3,893,580

PROJECT LOCATION
Maryland

CID: OE0000393

Managed by the National Energy Technology
Laboratory for the Office of Electricity Delivery
and Energy Reliability

technol ogi esod

July 2014
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Metrics
Total Course Data
Utility Training Programs
Projected Number of Enrolimer 700
Actual Number of Enrollments 2,165
Projected Number of Graduateg 700
Actual Number of Graduates 2,165
2,500 : -
Cumulative Projected vs. Actual Enroliments
2,000
1,500
1,000 -
500 -
0 -
e&cgN&N&w&wgw&w&w&wgm&%&m&mgv&v& Over 2,000 | h b
ver 2, employees have beer
$$$$$$$$$$$$$$$$ trained in SmF;rtyGridelated
Il A N A A A A A A A A A N )
technology, which reflects a
B Projected Enrollments B Actual Enroliments significant increase over the
projected estimate of 700
2500 employees. The increase was a
2050 . Cumulative Projected vs. Actual Graduates necessity to meet Smart Grid
objectives.

B Projected Graduates ™ Actual Graduates
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Pratt Community College
Smart Grid Curriculum Development

Project Description

Pratt Community College (Pratt) formed the Kansas Community College Energy
Consortium to develop training that meets the needs of the electric power
industry. This project developed online courseware that included smart grid
enhancements, which could be used in conjunction with multiple courses
offered by project partners. Online/hybrid smart grid training modules were

also developed. Completed smart grid tra ining materials provided for career
exploration as well as training for new and incumbent workers.

Achievements

Pratt and its project partners delivered a portfolio of learning materials that

gave students both a theoretical and practical education in sma rt grid concepts.
Some materials trained students to use an oscilloscope, familiarized them with
phasor and harmonic analyzers, and demonstrated how to measure three -phase
power. Others consisted of laboratory units that focused on the fundamentals

of electrical power technology; power, phasors, and impedance in AC circuits;
special transformer connections; the fundamentals of rotating machines; DC
motors and generators; and many other subjects. Lab units could be performed
with either an actual or virtual electromechanical system.

In addition, Pratt and its project partners developed modules on electric power
generation and transmission, electric power and natural gas distribution, safety,
and the history and organization of the energy industry.

Not onl y are the unexpectedly high enroliment and graduation numbers a
testament to the projectds success, b
provided on evaluation surveys. Ninety -seven percent of students rated the
learning materials and simulation ex ercises either somewhat or very beneficial.

Actual

Projected

100 150 200
Number of Graduates

250 300

CONTACTS

Deborah Buterbaugh

Project Manager

National Energy Technology
Laboratory

3610 Collins Ferry Road
Morgantown, WV 26507 -0880
304-285-4164
Deborah.Buterbaugh@netl.doe.gov

Darrell Johnson

Principal Investigator

Pratt Community College
348 Northeast State Rd. 61
Pratt, KS 67124-8317
316-201-1820
darrellj@prattcc.edu

PARTNERS

Coffeyville Community College
Dodge City Community College
Flint Hills Technical College
Manhattan Area Technical College

PROECT DURATION
8/1/2010 §7/31/2013

COST

Total Project Value
$867,206

DOE/Non-DOE Share
$749,375/$117,831

PROJECT LOCATION

Kansas

CID: OE0000464

Managed by the National Energy Technology
Laboratory for the Office of Electricity Delivery
and Energy Reliability

November 2014
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Metrics
Total Course Data
Technician Training Programs

Projected Number of Enrollmenrjts 60
Actual Number of Enrollments 455
Projected Number of Graduates 48
Actual Number of Graduates 277

600 . :

Cumulative Projected vs. Actual Enroliments
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B Projected Enroliments ™ Actual Enrollments

Cumulative Projected vs. Actual Graduates

B Projected Graduates ™ Actual Graduates
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Princeton Energy Resources International

Mid-Atlantic Renewable Energy Education
Program for Rural Electric Power Sector

Project Description
Princeton Energy Resources International provided trainin g and workforce

development to accelerate the use of sustainable energy resources in the Mid -
Atlantic. The research team implemented an associate of applied sciences (AAS)

degree in environmental engineering technology, a certificate program in

renewable energy, and a certificate program for installers of solar equipment i all
of which were offered at Worcester and Wicomico Community College (Wor  -Wic).
Seminar series certificates in renewable energy concepts were also offered

through the University of Marylan d Eastern Shore (UMES). To further enrich the
learning experience, Choptank Electric Cooperative implemented hands -on
training, and the Maryland Energy Administration and Old Dominion Electric

Cooperative supported mentorships and scholarships.

Achievements
Wor-Wi cds new

AAS in environment al

energ

the workforce in the electrical and energy fields, giving them a strong knowledge
of alternative energy supply, transmission, and maintenance. Wind, solar, and
renewable energy concepts are introduced, as are turbine technologies. Students

explore green career pathways and study geographic information. Wor

-Wi ¢ 0s

certificate programs are subsets of the AAS; they cater to students who want to
update their skills or enter the wo rkforce quickly. In particular, Wor -Wi ¢ 0 s
certificate program for solar system installers proved popular as solar equipment
was deployed in response to state incentives. At UMES, seminars covered multiple
aspects of wind and solar energy, the integration o f renewables into the grid, the
economics of renewable energy, and wind energy measurement and assessment.

The Delmarva Wind Energy Research Facility at UMES, which resulted from this

project, includes a 100 -foot meteorological tower that provides hub hei

ght wind

measurements. The facility is used to teach students about wind assessments and

to provide wind measurement data for project developers.

UMES Renewable Energy
Seminar Series Certificate

UMES Wind Energy Assessment

Seminar Certificate

Wor-Wic Solar Certificate of
Performance Program

Wor-Wic Renewable Energy

Certificate Program

Wor-Wic Renewable Energy

Associate Program

0 5 10

Number of Graduates

September 2015

CONTACTS

Deborah Buterbaugh

Project Manager

National Energy Technology
Laboratory

3610 Collins Ferry Road

Mo rgantown, WV 26507 -0880
304-285-4164
deborah.buterbaugh@netl.doe.gov

Andrea Duffy

Principal Investigator
Princeton Energy Resources
International LLC

1700 Rockville Pike Ste 550
Rockville, MD 20852-1695
301-468-8450
aduffy@perihg.com

PARTNERS

Worchester and Wicomico
Community College

Salisbury University

Choptank Electric Cooperative
Old Dominion Electric Cooperative
Maryland Energy Administration

PROJECT DURATION
7/30/2010 67/31/2015

COST

Total Project Value
$865,249

DOE/Non-DOE Share
$615,345/$249,904

PROJECT LOCATION
Maryland

CID: OE0000440

Managed by the National Energy Technology
Laboratory for the Office of Electricity Delivery
and Energy Reliability
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Metrics
Total Course Data
Wor-Wic RE Associate Program Wor-Wic RE Certificate Program UMES Wind Energy Assessment Cer
Projected Number of E nrollments 153  |Projected Number of E nrollments 167 |Projected Number of E nrollments 30
Actual Number of E nrollments 76 Actual Number of E nrollments 53 Actual Number of E nrollments 18
Projected Number of Graduates 8 Projected Number of Graduates 8 Projected Number of Graduates 10
Actual Number of Graduates 8 Actual Number of Graduates 4 Actual Number of Graduates 18
Wor-Wic Solar Cert. Performance Prograf UMES Renewable Energy Business Cell UMES Renewable Energy Seminar CH
Projected Number of E nrollments 18 Projected Number of E nrollments 12 P rojected Number of E nrollments 110
Actual Number of E nrollments 20 Actual Number of E nrollments 6 Actual Number of E nrollments 85
Projected Number of Graduates 10 Projected Number of Graduates 0 Projected Number of Graduates 20
Actual Number of Graduates 12 Actual Number of Graduates 0 Actual Number of Graduates 24
600

Cumulative Projected vs. Actual Enroliments

B Projected Enrollments B Actual Enroliments
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University of Colorado, Boulder
Strategic Networking Training for Power
Systems

Project Description

The University of Colorado built a graduate engineering program with the capacity

to train a large number of students from diverse backgrounds with the skills needed

to be leaders in the smart grid workforce. The Digital Energy Program focused on
networking, wireless communication, and cyber security within energy systems.
Instruction was provided on campus and through long -distance learning. Students
could earn a masytaejoifiedecdagrcead, eangd neerin
and telecommunications masterds degree,
certificate. Working with a large network of industry partners ensured that the
curriculum was relevant, provided access to additional trainin g opportunities and
internships, and assisted in job placement. Students also worked with industry and
professional associations to increase employment networking.

Achievements

To earn an Energy Communication Net worrk:
energy specialization, students had to complete the following four courses:
Telecommunications Systems, Data Communications |, Electric Power Grid, and

Energy Communication Networks. These four courses ensured that students

obtained a basic understandi ng of telecommunications and networking principles,

and learned about the challenges associated with the electric power grid. Moreover,

the project team established a telecommunications and energy lab, where students
explored home area networks and the rol e of telecommunications in substation
protective relaying. Students working t
degree also used the lab to complete their capstone research projects.

An additional cour se, Tel ec o nleve gtedents mitend |
seminars, <critique speakersd presentati
Annually, this course was offered with a Digital Energy Program focus; speakers who
specialized in the smart grid, demand response, and other topics rele vant to the
electric industry were featured. Even students from outside the Digital Energy

Program attended the Electric Power Grid, Energy Communication Networks, and
Telecom Systemscoursefievi dence of the coursesodo br

Energy
Communication 24

Networks Certificate

Digital Energy MS

Program 18

————

0 10 20 30
Number of Enrollments

CONTACTS

Deborah Buterbaugh

Project Manager

National Energy Technology
Laboratory

3610 Collins Ferry Road
Morgantown, WV 26507 -0880
304-285-4164
deborah.buterbaugh@netl.doe.gov

Timothy Brown

Principal Investigator

University of Colorado - Boulder
3100 Marine St. 8 Room 479
Boulder, CO 80303-1058
303-492-1630
timxb@colorado.edu

PARTNERS

Navigant

Schweitzer Engineering Lab
Northrup Grumman
OpenADR

Tendril

Tri-State Generation and
Transmission Association
Black and Veatch

PROJECT DURATION
7/1/2010 85/31/2014

COST

Total Project Value
$1,906,165

DOE/Non-DOE Share
$1,629,429/$276,736

PROJECT LOCATION

Colorado

CID: OE0000436

Managed by the National Energy Technology
Laboratory for the Office of Electricity Deljvery
and Energy Reliability

February 2015
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Metrics

Total Course Data

Energy Comm. Networks Certificate

Digital Energy MS Program

Projected Number of Enrollments 34 Projected Number of Enrollments 41

Actual Number of Enrollments 24 Actual Number of Enrollments 18

Projected Number of Graduates 29 Projected Number of Graduates 41

Actual Number of Graduates 9 Actual Number of Graduates 16
100

Cumulative Projected vs. Actual Enrollments

H Projected Graduates B Actual Graduates
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University of Minnesota CONTACTS
Revitalization of Electric Power Engineering Deborah Buterbaugh
. Project Manager
Education National Energy Technology
) o Laboratory
Project Description 3610 Collins Ferry Road
The University of Minnesota (UMN) created a consortium of universities that shared Morgantown, WV 26507 -0880
state-of-the-art laboratories in power engineering. Pro grams were collectively 304-285-4164
designed and shared with consortium universities, which disseminated laboratories deborah.buterb augh@netl.doe.gov

and curricula to non -member regional universities and to technical and community
colleges. This method of dissemination enabled flexibility infilling each uni v
needs. Furthermore, the consortium supported faculty development and provided

Dr. Ned Mohan
Principal Investigator

new classroom materials. Establishing a foundation for graduate education and University of Minnesota

research in renewable energy was also a part of the project. Department of Electrical & Computer
Engineering

Achievements 200 Union Street SE

The project resulted in a 78 -member consortium of universities where state -of-the- ~ Minneapolis, MN 55455

art instructional laboratories in electric power engineering were implemented. UMN 612-625-3362

helped consortium members solve the problems they encountered as they mohan@umn.edu

established their laborator ies. In addition, a new website made a wide variety of

laboratory -related information available, and curricular workshops for consortium PARTNERS

members provided a space to share ideas, methods, and results. UMN developed
three new undergraduate courses as a result of this project. Building on that
success, new graduate-level labs were developed, in part, with support from this
project. These graduate -level labs focused on power electronics, protection and
relaying, and advanced drives.

Electric Power Research Institute,
University o f Minnesota Institute for
Renewable Energy and the
Environment, Schweitzer Engineering
Laboratories, Electrocon

Faculty members and teachin g assistants found the project advantageous as well. International Inc., Nayak Corporation
This was especially the case with indi v Inc., MidwestISO, National Electric
area before. The train-the-trainer programs that UMN developed prepared these Reliability Corporation, Utility Wind
individuals to develop and teach power and energy courses at their respective Integration Group
institutions. In the future, the institutions that make up the consortium will
continue to use the UMN -developed laboratories and experiments. For its part, PROJECT DURAION
UMN wi | | continue to answer | ag$ andmantain 6 7/30/2010 37/29/2014
the informational website, which 190 U.S. institutions have joined so far.
Undergraduate Programs COST
Offered at UMN Total Project Value
Train-the-Trainer $4,180.481
Programs
0 2.000 4,000 6.000 DOE/Non-DOE Share
Number of Graduates $2,485,058/$1,695,423
Success Story PROJECT LOCATION
Institutions that were not con sortium members also benefited from the Minnesota
project. For example, a faculty member from the University of lowa said, CID: OE0000427
o [ hE pawer eng/neer//?g classes {haf you and your department helped to Managed by the National Energy Technology
establishar e aqoi na |7 ke aanabusters here. Laboratory for the Office of Electricity Delivery

and Energy Reliability

January 2015
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Metrics
Total Course Data
Undergraduate Program Train the Trainer Program
Projected Number of Enrollments 6,542 Projected Number of Enrollments 426
Actual Number of Enrollments 4,980 Actual Number of Enrollments 272
Projected Number of Graduates 6,542 Projected Number of Graduates 426
Actual Number of Graduates 4,980 Actual Number of Graduates 272

8,000 Tcumulative Projected vs. Actual Enrollments
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Salt Lake Community College
Wor kf orce Train
Power Sector

Project Description

ng

Salt Lake Community College (SLCC) and its partners provided training for electric
power line insta llers and repairers, control valve installers and repairers, and

power plant operators, fulfilling a critical need for workers trained in lineworker

technology, including metering and substations. To enhance workforce skills,
SLCC provided training on the introduction and integration of the smart grid.

Achievements

The project team developed and offered more than 2,400 hours of new training
that related to lineworker, metering, and substation technology. An indoor pole
yard and two outdoor pole yards prov ided hands-on learning environments and

enabled industry oO0stepd testing.

The team devised a new program, called Electric Power Technology, to give
students a fundamental understanding of lineworker training. The program
encompassed such courses as BasicElectricity for the Power Industry, Pole

Climbing, Ropes and Rigging, and Electrical Distribution Systems. The program

accommodated traditional students and incumbent workers alike by offering
courses during the day and in the evening. Online classes also expanded the
reach of the coursework. Among the incumbent workers who enrolled in the
coursework, 950 received at least one industry certification fi far surpassing
SLCCds original certification

apprentices who ac hieved journeyman status.

Furthermore, 32 new Continuing Education Unit (CEU) courses were developed

goal

with electricians, contractors, and engineers in mind. They covered insulation,

windows, and doors; air leakage; lead -based paint; home air and water heat ing;

and numerous other topics. Their development increased the number of CEU

courses that SLCC offers by 70 percent.

Actual

Projected

0 200 400 600 800
Number of Graduates

February 2015

1,000

1,200

Th

CONTACTS

l Deborah Buterbaugh
Project Manager
National Energy Technology
Laboratory
3610 Collins Ferry Road
Morgantown, WV 26507 -0880
304-285-4164
Deborah.Buterbaugh@netl.doe.gov

Jennifer Saunders

Principal Investigator

Salt Lake Community College
Miller Campus

9750 South 300 West, MFEC 211
Sandy, UT 84070

801-957-3131
jennifer.saunders@slcc.edu

PARTNERS

Intermountain Power Superintendent s ¢
Association

Intermountain Power Agency

Utah Chapter AFL-CIO
Governords Office
Development

Utah Department of Natural Resources
Utah Department of Workforce
Services

PROJECT DURATION
7/29/2010 39/30/2013

COST

Total Project Value
$1,031,911

DOE/Non-DOE Share
$614,240/$417,671

PROJECT LOCATION
Utah

CID: OE0000457

Managed by the National Energy Technology
Laboratory for the Office of Electricity Delivery and
Energy Reliability
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Metrics
Total Course Data
Technician Training Programs
Projected Number of Enrollments 240
Actual Number of Enroliments 947
Projected Number of Graduates 240
Actual Number of Graduates 974
1200
Cumulative Projected vs. Actual Enroliments
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Workfofce Training for the Electric Power Sector

Salt Lake Community College CONTACTS
Ut ahoOs Smar t Grid Tr ai |DeborahButerbaugh

Project Manager

Project Description National Energy Technology

Salt Lake Community College (SLCC) provided training on the introduction and Laboratory

integration of the smart grid. Occupational training and placement activities 3610 Collins Ferry Road

focused on electric power line installer/repairer , control valve installer/repairer, Morgantown, WV 26507 -0880
power plant operator, utility energy efficiency technician, automation technician, 304-285-4164

efficiency measurement technician, and energy auditor jobs. SLCC targeted Deborah.Buterbaugh@netl.doe.gov

displaced workers as well as current and future electric power sector personnel.

Workforce training was designed to help the state of Utah meet its energy and Jennifer Saunders

smart grid goals. Through the use of distance learning, SLCC increased its Principal Investigato r
geographic reach to expand the capacity of a trained smart grid workforce. Salt Lake Community College

] Miller Campus
Achievements 9750 South 300 West, MFEC 211
The project team developed and offered more than 2,400 hours of new training Sandy, UT 84070
that related to lineworker, metering, and substation technology. An indoor pole 801-957-3131

yard and two outdoor pole yards provided hands -on learning environments and

jennifer.saunder: Icc.
enabl ed inmap&ttregstdoisng. el B gl i ESEEEE

The team devised a new program, called Electric Power Technology, to give PARTNERS
students a fundamental understanding of lineworker training. The program Smart Grid Energy Task Force
encompassed such courses as Basic Electricity for the Power Industry, Pole Governor of Ut ahd

Climbing, Ropes and Rigging, and Electrical Distribution Systems. Because
courses were offered during the day and in the evening, the program
accommodated traditional students and incumbent workers alike. The Solar
Photovoltaic curriculum was converted to an online format, and the solar yard
was upgraded to include up -to-date equipment. Other Energy Sector courses
(including Building Energy, Green Lighting Fundamentals, and RESNET/HERS PROJECT DURATION
Rater) were also converted to an online format. 7/29/2010 69/30/2013

Economic Development
Utah Department of Workforce
Services

Enrol Il ments in the morethardoubl@ whatcShGCrespected. w COST
In addition, SLCC expected that 70 percent of the trainees who enrolled in the

. . _ Total Project Value
courses would complete them, but in actuality, more than 85 percent did. )

Furthermore, 32 new Continuing Education Unit (CEU) courses were d eveloped $3,053,899
with electricians, contractors, and engineers in mind. They covered photovoltaics; DOE/Non-DOE Share
the Immigration Reform and Control Act; the Affordable Care Act; intellectual $1,523,005/$1,530,894
property; and numerous other topics. Their development increased the number
of CEU courses that SLCC offers by 70 percent. PROJECT LOCATION
Utah
Actual
CID: OE0000458
Projected

Managed by the National Energy Technology
Laboratory for the Office of Electricity Delivery and
0 200 400 600 800 1,000 1,200 1,400 1,600 Energy Reliability

Number of Graduates
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Metrics

Total Course Data
Training Program
Projected Number of Enrollmer 670

Actual Number of Enrollments 1,516
Projected Number of Graduates 479
Actual Number of Graduates 1,339

B Projected Enrollments ® Actual Enrollments

Cumulative Projected vs. Actual Graduates

B Projected Graduates ® Actual Graduates

Project Management Center — Energy Delivery Technologies Division —Workforce Training
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Savannah Technical College
Electric Utility Industry Workforce
Development

Project Description

Savannah Technical College, in collaboration with regional electric power
companies and Savannah State University, developed and delivered courses in
electrical utility technology to address the shortage of qualified utility technicians
and mid -level technical personnel in Southeast Georgia and the South Carolina
low country. The program included a n advanced technician certificate track and
an associate degree track. Incorporation of emerging trends differentiated this
program through instruction on the smart grid, mini  -grids, renewable energy, and
utility tie -in of distributed sources. Training was incorporated into existing trade
and apprenticeship programs.

Achievements

The curricula that Savannah Technical College developed as part of this project
integrate general instruction in science, technology, engineering, and
mathematics with more speci fic instruction in the electrical industry. Knowledge is
imparted in multiple ways. Students enrolled in the curricula get the benefit of
trade and apprenticeship programs, traditional academic programs, laboratory
exercises, and 3-D virtual training model s of power plants and substations.

Students pursuing an advanced technician certificate complete courses about
computers, direct and alternating currents, the electrical utility industry, and
network communications. Students working toward the associate degree in
electrical utility technology complete those courses as well, but they also study
distribution engineering, metering, power plants, and substations. Students on the
associate degree track can, in addition, take courses that cover protection
principles, transformers, renewable and alternative power sources, and smart grid
technologies. Both of the curricula were so successful that Savannah Technical
College has made them permanent, tuition -funded offerings.

Associate Degree H 25

Advanced Technician
Certificate

I N N

0 5 10 15 20 25 30 35 40
Enroliments in Electrical Utility Programs

Success Story

As a result of their experience in the associate degree program, two students found
employment with an electrical contractor, and one student was hired by Georgia
Pacific. All three students continue to purs ue their associate degrees.

‘

CONTACTS

Deborah Buterbaugh

Project Manager

National Energy Technology
Laboratory

3610 Collins Ferry Road
Morgantown, WV 26507 -0880
304-285-4164
Deborah.Buterbaugh@netl.doe.gov

Dr. Kathleen Merrigan
Principal Investigator
Savannah Technical College
5717 White Bluff Road
Savannah, GA 314055521
912-443-5500
kmerrigan@savannahtech.edu

PARTNERS

Savannah State University

PROJECT DURATION
8/6/2010 68/5/2013

COST

Total Project Value
$1,088,697

DOE/Non-DOE Share
$695,100/$393,597

PROJECT LOCATION
Georgia
South Carolina

CID: OE0000476

Managed by the National Energy Technology
Laboratory for the Office of Electricity Delivery
and Energy Reliability

December 2014
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Metrics
Total Course Data
Electrical Utility Advanced Technician Certificat Electrical Utility Associate Degree
Projected Number of Enroliments 25 Projected Number of Enrollments 15
Actual Number of Enrollments 35 Actual Number of Enroliments 25
Projected Number of Graduates 10 Projected Number of Graduates 5
Actual Number of Graduates 1 Actual Number of Graduates o*

*Recipients were required to report graduates that occurred only during the project
performance period of the grant. Due to delays in curriculum implementation, gradua
were not realized in the Electrical ity Associate Degree program.

Cumulative Projected vs. Actual

Enroliments

Graduation rates did not meet
projections during the grant
period because curriculum
development and
implementation was delayed
to hire project staff.

B Projected Enrollments B Actual Enroliments

Cumulative Projected vs. Actual Graduates
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Syracuse University

Multi-Institutional Curriculum Development
and Delivery to Create the New Smart Grid
Workforce

Project Description

Syracuse University and collaborating partners created an innovative curriculum to
deliver regional and distance offerings of associate, undergraduate, and graduate
degrees in smart grid technologies. The curriculum i ncluded a comprehensive
spectrum of knowledge and skills i from smart grid basics, to the technical
requirements associated with the design, security, and operation of
communication and control devices. Courses were delivered in the classroom,
online, and in cyber laboratories, and they included site visits to installations of
smart grid components. The project team also established laboratories at SUNY
Buffalo and Buffalo State College, Syracuse University, Onondaga Community
College, Clarkson University, and the University of Rochester.

Achievements

The smart grid laboratory that the project team established at SUNY Buffalo and
Buffalo State College fosters inter -institutional collaboration. It includes state -of-
the-art equipment that allows students to stu dy electricity fundamentals,
transformers, renewables, and many other subjects. At Syracuse University, the
new smart grid lab includes transmission lines, distribution feeders, programmable
loads, and a microgrid with renewables. The smart home laboratory there was
built partially by students and is equipped with wired and wireless communication
systems. Finally, Syracuseds new power
power electronics, sensors and measurements, and electromechanical devices. A
smart grid lab was also established at Onondaga Community College, while at
Clarkson University, a power system game, a relay lab, a fault simulator, and
smart-grid -related case studies were implemented. At the University of Rochester,
a power factor correction lab, a harmonics lab, an electric grid emulator, and
wireless power monitors were employed.In addition to establishing laboratories,
the project team developed courses that covered such topics as advances in grid
infrastructure, smart grid security, monito ring and diagnostics, bulk power

transmission systems, wireless networking, and modern power systems.

Enrollments

Graduates

0 200 400 600 800
Smart Grid Training Program

'

CONTACTS

Deborah Buterbaugh

Project Manager

National Energy Technology
Laboratory

3610 Collins Ferry Road
Morgantown, WV 26507 -0880
304-285-4164

Deborah .Buterbaugh@netl.doe.gov

Stuart Taub

Principal Investigator
Syracuse University
4-206 Center for Science
&Technology

Syracuse, NY 132444100
315-443-9356
staub@syr.edu

PARTNERS

SUNY Buffalo

Buffalo State College

Clarkson University

University of Roche ster
Onondaga Community College
National Grid

PROJECT DURATION
8/9/2010 68/8/2014

COST

Total Project Value
$2,995,458

DOE/Non-DOE Share
$2,461,378/$534,080

Project Location
New York

CID: OE0000495

Managed by the National Energy Technology
Laboratory for the Office of Electricity Delivery
and Energy Reliability

February 2016
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Metrics
Total Course Data
Smart Grid Training Program
Projected Number of Enrolimer] 880
Actual Number of Enrollments 720
Projected Number of Graduates 360
Actual Number of Graduates 201
1000

Cumulative Projected vs. Actual Enroliments

B Projected Enrollments ™ Actual Enrollments
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Cumulative Projected vs. Actual Graduates

B Projected Graduates ™ Actual Graduates
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Pennsylvania State University gC;NThABCtTf i
) ] . .. eborah Buterbaug
GridSTAR Center: Smart Grid Training Project Manager
and Application Resource Center National Energy Technology Laboratory
3610 Collins Ferry Road
Project Description Morgantown, WV 26507 -0880
The GridSTAR Center that Pensylvania State University (Penn State) 304-285-4164
established provides smart grid education and workforce training. Three Deborah.Buterbaugh@netl.doe.gov
locations were pursued for operations: University Park, the Philadelphia David Riley
Navy Yard, and Eatonf6s Power System

Principal Investigator
Pennsylvania State University
104 Engineering Unit A
University Park, PA 16802-1505
814-404-5067
driley@engr.psu.edu

State coordinated with a diverse team of utility, energy management,
manufacturing, and training partners to provide systems -based continuing
education and train -the-trainer programs in advanced power systems
design, energy economics, cyber security, d istributed energy generation,
and building -vehicle-grid systems.

Achievements PARTNERS

The GridSTAR Center at the Navy Yard includes microgrid infrastructure, PECO Energy Co, PJM Interconnection, Genel
enables smart grid demonstrations, and encompasses an energy storage Electric, Lockheed Martin, Philadelphia
system, electric vehicle charging in frastructure, and cyber security Industrial Development Authority,
infrastructure. At University Park, a distance -education classroom and International Brotherhood of Electrical
video-production lab were established, and a solar home was upgraded to Worker s, National Electrical Contractor
support smart grid controls. Penn State pursued the temporary use of Association, International Union of Operating
E at o n GesSyfemmviexperience Center, but future activities in Pittsburgh Engineers, Pennsylvania College of

have been suspended, pending Gr i dST. Technology, Pennsylvania Commission of
The project team also created three online graduate courses: Distributed Community Colleges, Community College of
Energy Planning and Management, Commercial So lar Electric Systems, and ~ Allegheny County, BPL Global, CJL Engineerir
Solar Energy Development and Finance. The Heinz Endowments, Veridity, Platinum

Energy, PennFuture Center for Energy,
Enterprise and the Environment, Exergy
Partners Corp, Electric Intl, Delaware Valley
Green Building Council, Ben Franklin Tech
Partners, Green Building Alliance, Pittsburgh

The GridSTAR Center hosts smart grid workshops on a regular basis, along
with manufacturer -conducted training. Bimonthly webinars are offered as
well. An immersive summer program was offered at the GridSTAR Center in
2014, matching students with companies or organizations and giving them
practical experience with photovoltaics and sustainable business practices.

. . . . Tech Council
Penn State is considering making the program permanent, due to its initial
success. PROECT DURATION
Engineering/ ] 8/5/2010 68/30/2014
v COST
Egﬂgﬁfrninrl%ﬁuig: Total Project Value
Construction $10,000,000
Management:
3-Hour Modules DOE/Non-DOE Share
ain-the-Trainer $5,000,000/$5,000,000

Graduate:
45-Hour Course

Project Location
Pennsylvania
CID: OE0000506

0 500 1,000 1,500 2,000 2500 3,000 3,500 4,000 Managed by the National Energy Technology Laboratory
Number of Graduates for the Office of Electricity Delivery and En ergy Reliability

Engineering and
Community Colleges:
8-Hour Train-the-Trainer

w

July 2014
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Metrics
Total Course Data
Engineering and Community Colleges Engineering CEU: 3-Hour Modules | Engineering / Construction: 1-Hour Webing
Projected Number of Enrolimenfs 112 Projected Number of Enrolimenfs 500 Projected Number of Enrolimen{s 500
Actual Number of Enrollments 102 Actual Number of Enrollments 1,306 |Actual Number of Enrollments 3,560
Projected Number of Graduates 112 Projected Number of Graduates 284 Projected Number of Graduates 500
Actual Number of Graduates 102 Actual Number of Graduates 1,306 |Actual Number of Graduates 3,560
IBEW/NECA: 8-Hour Train-the-Trainer Graduate: 45-Hour Course Construction Management: 3-Hour Module
Projected Number of Enrollmenfs 143 Projected Number of Enrollmen{s 250 Projected Number of Enrollmen{s 412
Actual Number of Enrollments 344 Actual Number of Enrollments 118 Actual Number of Enrollments 584
Projected Number of Graduates 143 Projected Number of Graduates 250 Projected Number of Graduates 387
Actual Number of Graduates 344 Actual Number of Graduates 118 Actual Number of Graduates 584
7,000

Cumulative Projected vs. Actual Enroliments

B Projected Enrollments ™ Actual Enroliments

Cumulative Projected vs. Actual Graduates

® Projected Graduates ™ Actual Graduates

e National Energy Technology Laboratory Project Management Center — Energy Delivery Technologies Division —Workforce Training
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University Enterprises CONTACTS
California Smart Grid Workforce Dt UL
roject Manager
Development Network National Energy Technology
) o Laboratory
Project Description 3610 Collins Ferry Road
The project team supported the devel opr Morgantown, WV 26507 -0880
by training the workforce at electric utilities, California State University campuses, 304-285-4164
California community colleges, labor unions, and smart grid manufacturers in Deborah.Buterbaugh@netl.doe.gov

advanced power system technology. Before the project commenced, the partners _ ] _
had identified the need to train 897 incumbent engineers, 521 new -hire engineers, ~EMIr José Macai

and 1,306 craft and technical workers over the next 5 years. In response, the Principal Investigator

project team created, executed, and altered a statewide workforce development University Enterprises Inc.

strategy through degree and certificate prog rams by connecting smart grid 6000 J Street Bookstore Bldg Rm 3400
technology advances to workforce needs. Two webinars were conducted to Sacramento, CA 958196111

advance the professional development of professors and instructors at 916-278-6157

participating education locations. emacari@csus.edu
Achievements PARTNERS

Based on ongoing discussions with p artners from electric utilities, industry, and
academia, the project team created a website that served as a workforce training
clearinghouse. The project team also created and continually developed a
California-wide workforce development strategy. A surve y of utility workforce
needs, technology rollout plans, and other subjects provided important insights.
Webinars that the project team developed dealt with educational pathways. The ) ) ) ;
project team, furthermore, built a strategic model that represents a compr  ehensive California State University East Bay

discussion of best practices for encouraging and enhancing training for a smart Cal?forn?a Smart Grid Ce_”te_"
grid workforce. California Energy Commission

California State University Sacramento

California State Polytechnic University
Pomona

Los Angeles Trade Tech

San Jose Evergreen

American River

Finally, the project team developed three courses: Introduction to Power

Electronics, Power Electronics Laboratory, and Wind Energy Electric Conversion PROJECT DURATION
Systems._A hyj:md course format fi which combined in -person IectL_Jres with online 7/20/2010 59/19/2013
presentations i was pursued to deepen the knowledge students gained from the

coursework. The instructor continues to explore how best to balance in -person COST

content with online co ntent, in an effort to optimize learning in future semesters. )
Total Project Value

$833,343

DOE/Non-DOE Share
$749,992/$83,351

Introduction to
Power Electronics

Wind Energy
Electric Conversion
Systems

PROJEET LOCATION

California
CID: OE0000492

Power Electronics
Laboratory

Managed by the National Energy Technology
0 10 20 30 40 50 60 70 Laboratory for the Office of Electricity Delivery

Number of Graduates and Energy Reliabiliy

February 2015
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Metrics
Total Course Data
Introduction to Power Electronics Power Electronics Laboratory Wind Energy Electric Conversion Syste
Projected Number of Enroliments 70 Projected Number of Enrollmentg 40 Projected Number of Enroliments 40
Actual Number of Enrollments 60 Actual Number of Enrollments 25 Actual Number of Enrollments 26
Projected Number of Graduates 70 Projected Number of Graduates 40 Projected Number of Graduates 40
Actual Number of Graduates 60 Actual Number of Graduates 25 Actual Number of Graduates 26
18 Cumulative Projected vs. Actual Enrollments

vy oo
$&SES
T TLCTTLeTeeLeR
B Projected Enrollments ™ Actual Enrollments
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100

Cumulative Projected vs. Actual Graduates

B Projected Graduates ™ Actual Graduates
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University of Hawaii at

Integrated Education and Research in Clean
Energy and Island Sustainability i Electric

Manoa

Power Sector Training

Project Description

This project created a cross-disciplinary program at the University of Hawaii
Manoa (UHM) that included responsive and dynamic training coupled wit  h

foundational research -based curricula in clean energy technologies, renewable
energy production, storage, grid integration, and smart grid technologies. The

i ndustry-l expeér t-lovelgande
doctoral stud ents in disciplines across the electricity and power sectors. Students

program | everaged

learned through coursework, labs, research projects, and rotational training.

Special attention was given to integrating renewable energy into the Hawaiian

|l sl andsd isol ated

Achievements

gri d.

UHM offered core graduate -level coursework that focused on energy and

economics. In particular, two graduate -level courses were created: Renewable
Energy and Sustainability Engineering, and Renewable Energy Economics and

Policy. Graduate students were engaged in research projects that dealt not only
with smart grids, energy harvesting, and devices used in generating and storing

energy; they also researched ways to monitor energy use, analyze energy
economics, and develop bioenergy products. On the undergraduate level,

students were given the opportunity to research energy and sustainability and to

enroll in new courses in the power and

Furthermore, the certificate in Renewable Energy and Island Sustainability (REIS)
encompassed such courses as Project Evaluation and Resource Management,
Undergraduate Renewable Energy, Power Systems Analysis, and Solar Decathlon.
seminars
applications to renewable energy storage and gene ration, the renewable energy
program at Hawaiian Electric Company Inc., and sea level changes and coastal

|t also included

sustainability, to name but three topics.

Undergraduate REIS Program
Master's REIS Program

Doctoral REIS Program

Success Story

energy areas.

wher e

20 30 40 50 60
Number of Enrollments

Graduate students who participated in the program have gone on to work
at Pearl Harbor, Rockwell Automation, Raytheon, and InCube Labs, among

other places.

guest

April 2015

CONTACTS

Deborah Buterbaugh

Project Manager

National Energy Technology
Laboratory

3610 Collins Ferry Road
Morgantown, WV 26507 -0880
304-285-4164
deborah.buterbaugh@netl.doe.gov

Anthony Kuh

Principal Investigator
University of Hawaii at Manoa
Department of Electrical
Engineering

Honolulu, HI 96822
808-956-7527
kuh@hawaii.edu

PARTNERS

Hawaiian Electric Company Inc.

PROJECT DURATION
5/4/2010 86/30/2014

COST

Total Project Value
$2,777,778

DOE/Non-DOE Share
$2,500,000/$277,778

PROJECT LOCATION

Hawaii

CID: OE0000394

Managed by the National Energy Technology
Laboratory for the Office of Electricity Delivery
and Energy Reliability
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Metrics

Total Course Data
Undergraduate CEIS Program Master's Degree CEIS Program
Projected Number of Enrollments 45 Projected Number of Enrollments 24
Actual Number of Enrollments 50 Actual Number of Enrollments 24
Projected Number of Graduates 45 Projected Number of Graduates 24
Actual Number of Graduates 50 Actual Number of Graduates 21

Ph.D. CEIS Program
Projected Number of Enrollments 6
Actual Number of Enrollments 22
Projected Number of Graduates 4
Actual Number of Graduates 20

120

Cumulative Projected vs. Actual Enroliments

100

B Projected Enroliments ™ Actual Enroliments

100 . -
Cumulative Projected vs. Actual Graduates

B Projected Graduates ® Actual Graduates
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University of Hawaii Systems

Pacific Center for Advanced Technology Training
Education and Research in Clean Energy and
Island Sustainability

Project Description

The University of Hawaii Community College System (UHCC) developed a
curriculum for technicians who deploy and maintain electric power transmission
and distribution through the application of smart grid technologies. The
curriculum gave participants a working knowledge of generation, transmission,
and distribution topics. The training program also included the development of
problem -solving skills for lineworkers, technicians, system planners, reliability
coordinators, control room operators, and control syste m administrators .

Achievements

The curriculum provided a path leading from high school graduation to a career as
a smart grid technician. The curriculum encompassed industry -certified courses as
well, which were used to train displaced workers, incumbent workers, and
nontraditional students. Participants could earn an associate of science in
intelligent energy systems or an associate of applied science in intelligent energy
systems. They also had the option to pursue certificates of achievement in two
areas: power transmission, distribution, and control systems ; and networking and
advanced metering infrastructure. A certificate of completion in intelligent energy
systems was an additional possibility.

HUCC worked with representatives from the electric uti lity industry, subject matter
experts, educational specialists and administrators, and program management
personnel to ensure that the new and modified coursework would help alleviate
the projected shortfall in the energy workforce. More specifically, HUCC designed
its coursework to prepare employees of the Hawaiian Electric Company (HECO) for
the i mplementation of HECOG6s smart

The courseds i mpact, however, goes

disseminate the curriculum national ly, HUCC has partnered with the California
Community College System and York Technical College in Rock Hill, South
Carolina, to deploy the curriculum at those institutions. In addition, a presentation
on the project was given at the National Coalition of A dvanced Technology
Fal l

Centerso 2013 Conference in

Undergraduate Training |41
Program » 4

Workforce Development
Program
(for HECO employees)

Non-Credit Workforce
Development Program

M Graduates

“ Enroliments

gri
beyc

Paname

CONTACTS

Deborah Buterbaugh

Project Manager

National Energy Technology
Laboratory

3610 Collins Ferry Road
Morgantown, WV 26507 -0880
304-285-4164
deborah.buterbaugh@netl.doe.gov

Soott Murakami

Principal Investigator
University of Hawaii Systems
2530 Dole St 6 Sakamaki D 200
Honolulu, HI 96822 -2309
808-956-9709
smurakam@hawaii.edu

PARTNERS

Siemens
Leeward Community College
Hawaiian Electric Company

PROJECT DURATION
7/30/2010 87/31/2 013

COST

Total Project Value
$882,956

DOE/Non-DOE Share
$750,000/$132,956

PROJECT LOCATION

Hawaii

CID: OE0000430

Managed by the National Energy Technology
Laboratory for the Office of Electricity Delivery
and Energy Reliability

October 2014




VS CEAMERCR DEOEO0000430

@[N]@RGY bL+9w{Li¢2! {hiC¢ 9 a/

Metrics
Total Course Data
Non-Credit Workforce Development Progra Workforce Development Program Undergraduate Level Training Program
Projected Number of Enrollments 50 Projected Number of Enrollments 20 Projected Number of Enrollments 80
Actual Number of Enrollments 40 Actual Number of Enrollments 40 Actual Number of Enrollments 4
Projected Number of Graduates 50 Projected Number of Graduates 20 Projected Number of Graduates 16
Actual Number of Graduates 40 Actual Number of Graduates 40 Actual Number of Graduates 4
160

Cumulative Projected vs. Actual Enrollments
The overstatement of

employment need and the
time required to complete
the curriculum contributed to
this low training outcome.
The timing of this Zear
curriculum development
project resulted in the
completion of the curriculum
in 2012 and the preparation
for offering the program
beginning in 2013.

140
120
100

B Projected Enrollments ™ Actual Enroliments

100 . .
Cumulative Projected vs. Actual Graduates

B Projected Graduates ™ Actual Graduates
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University of Houston CONTACTS

; A it Deborah Buter h
Smart Grid Energy Training Coalition eborah Buterbaug

Project Manager

Project Description National Energy Technology
The project team created a distributed set of resources and capabilities that Laboratory
provide a regional focal point for education and training in the eme  rging clean 3610 Collins Ferry Road
energy smart grid. The team established the MIAT Power Technology Institute Morgantown, WV 26507 -0880
(MIAT/PTI) training facility and, at the University of Houston, a mid -grid 304-285-4164
laboratory. The education and training programs developed as part of the Deborah.Buterbaugh@netl.doe.gov

project enable cross -fertilization of the technical fields that comprise the new

capabilities required by modern electric power sector employees. New areas of Raymond E. Cline, Jr.

collaboration and research on information systems security, electric power, Principal Investigator
smart building technology, and skills ana lysis have been established. University o f Houston

. College of Technology
Achievements 300 Technology Building
The programs that the project team developed and enhanced reflect input from Houston, TX 77204-4021
CenterPoint Energy leadership and management, the Center for Energy 713-743-9244

Workforce Development, the Texas Workforce Commission, and other so urces.
These programs include Power Generation Technician, Relay Technician, Power
Plant Operator, and Wind Technician Programs offered at the MIAT/PTI training

recline@uh.edu

facility. They al so i-lewlprogran ineleatric poives e d PARTN_ERS

engineering te chnology offered at the University of Houston. Three lecture CenterPoint Energy

courses and one | aboratory coulewlerograma t SanJacinto College

were modified to address smart grid technologies. Other courses in electrical Power Technology Institute

engineering were augmented as well; t hey now include sensor network content SkillsNET

appropriate to smart grid and energy management. Texas Business and Education
Coalition

Furthermore, a graduate -level course in industrial control systems security was
developed for the University of Houston. It covers such topics as threat vectors
to control systems, security standards and policies, system vulnerability PROJECT DURATION
assessment, and tools for monitoring ¢81/2010812/31/2014
security events. Because the programs were designed to be self -sustaining, they

will continue to have positive eff ects well into the future. COST

In addition, CenterPoint Energy provided employee training as part of the Total Project Value

project. This training encompassed the following courses: Intelligent Grid First $3,697,438
Responder Training, Intelligent Grid Troubleshooting, and Distribution DOE/Non-DOE Share
Apprentice Training. $2,468,987/$1,228.451

Technician R —————

Program TR PROJECT LOCATION
Texas
Undergraduate
Program

CID: OE0000485

Graduate-Level
Program Managed by the National Energy Technology
Laboratory for the Office of Electricity Delivery and

0 100 200 300 400 500 600 700 Energy Reliability
Number of Enrollments
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Metrics
Total Course Data *Recipi@ts were required to
Undergraduate Degree Technician report projected
Projected Number of Enrollmenty 80  |Projected Number of Enroliment$ 295 enroliments and graduates
Actual Number of Enrollments 551 |Actual Number of Enrollments 633 that occurred only during
Projected Number of Graduates 80 |Projected Number of Graduates 95 the project performance
Actual Number of Graduates 132 |Actual Number of Graduates 149 entsl of the grarﬁ. PLE
Advanced Certificate Associates Degree dglays n det:?ul'mg of
; - industry training
Projected Number of Enrollments 135 Projected Number of Enrollments 160 . .
requirements for Smart Grid|
Actual Number of Enrollments 90 Actual Number of Enrollments 0* job requirements, there
Projected Number of Graduates 60 Projected Number of Graduates 160 were no enroliments ad
Actual Number of Graduates 0* Actual Number of Graduates 0* graduates realized in these
programs during the period
of performance.
1400

Cumulative Projected vs. Actual Enroliments

Delays in the detailing of
industry training
requirements for Smart Grid|

W Projected Enrollments ® Actual Enrollments job requirements has
resulted in a delay of
450 Cumulative Projected vs. Actual Graduates trsmmg atthe Associates
egree, Undergraduate
Degree and Adveced
Certificate levels. The
projections are the
recipient@ plan for future
results in these areas and
could still be impacted by
the validation of skill
requirements.

e National Energy Technology Laboratory Project Management Center — Energy Delivery Technologies Division —Workforce Training
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University of Kentucky
Power and Energy Education Institute

Project Description

The University of Kentucky Research Foundation created the Power and Energy
Institute of Kentucky (PEIK) at the College of Engineer ing. In close collaboration
with industry, PEIK combines existing power engineering courses with newly

created ones. PEIK coordinates with relevant courses in other engineering and non Z

engineering fields to provide students with an attractive, clear pathwa vy into the
power engineering workforce. Students who participate in PEIK can work toward a
baccalaureate certificate, a graduate certificate, or a professional -development
certificate.

Achievements

With PEIK, the University of Kentucky has been able to of fer an undergraduate
certification program that gives students a firm understanding of the principles that
underlie power and energy. The undergraduate program also gives students
knowledge that is particular to smart grid systems, distributed generation,  system
protection, and other areas. The graduate certification program offers i in addition
to classroom instruction on advanced topics fi trips to energy -related sites, such as
a biofuels facility, a wind farm, a landfill gas site, and a smart grid demonstrati on
center. So far, 54 undergraduate certificates and 60 graduate certificates have been
awarded.

The courses associated with PEIK cover subjects from the fundamentals of electric
power systems, to global energy issues, to the economics and public policie s that
influence power systems. In particular, PEIK has engendered many special -topics
courses, including ones that focus on the environmental consequences of energy
production, the automation and control of power systems, rotodynamics, and

solar power. PEIK also maintains a series of professional -development seminars on
current energy issues. Seminar speakers represent government agencies, the
electricity industry, and academia , addressing such topics as utility regulations, bulk
electric transmission,East Kent ucky Power
Kentucky®6s energy | andscape. The semi
attracting more than 700 attendees. By providing workshops, seminars, and
coursework relevant to 21 St-century energy systems, PEIK is preparing students and
professionals to launch or accelerate their careers in the energy industry.

Graduate
Program

Undergraduate
Program

Professional
Development
Program

300 400 500
Number of Enrollments

600 700 800

‘

CONTACTS

Deborah Buterbaugh

Project Manager

National Energy Technology
Laboratory

3610 Collins Ferry Road
Morgantown, WV 26507 -0880
304-285-4164
Deborah.Buterbaugh@netl.doe.gov

L. E. Holloway

Principal Investigator
453E FPAT

Lexington, KY 40506-0046
859-257-8042
holloway@engr.uky.edu

PARTNERS

None Listed

PROJECT DURATION
5/4/2010 85/13/2014

COST

Total Project Value
$3,011,921

DOE/Non-DOE Shae
$2,496,891/$515,030

PROJECT LOCATION
Kentucky

Cooperative
n a

CID: OE0000409

Managed by the National Energy Technology
Laboratory for the Office of Electricity Delivery
and Energy Reliability

July 2014
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Metrics
Total Course Data
Professional Development Program Undergraduate Program Graduate Program

Projected Number of Enrollmen{s 300 |Projected Number of Enrollmen{s 300 |Projected Number of Enroliments 210
Actual Number of Enrollments 720 |Actual Number of Enrollments 510 |Actual Number of Enrollments 117
Projected Number of Graduates| 300 |Projected Number of Graduates| 150 |Projected Number of Graduates| 120
Actual Number of Graduates 720 |Actual Number of Graduates 54  |Actual Number of Graduates 60

1,600 : :

1.400 Cumulative Projected vs. Actual Enrollment Ty e

as students that took a

minimum of 3 course

the power and energy

area. However, from
Summer 2010 through
Spring 2014, a total of
1,851 students took at
least one course.

Graduates from the
undergraduate and
graduate programs were
counted as those students

that received a certificate,
which requred

completion of at least 5
courses in power and
energy. Actual graduates
are less than projected
graduates for these two
programs because the

certificates were not

H Projected Graduates ® Actual Graduates

approved by the
University until April 2013.

N=TL
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University of Tennessee, Chattanooga CONTACTS

Deborah Buterbaugh
Project Manager

Workforce Training for the Electric

Power Sector National Energy Technology
) o Laboratory
Project Description 3610 Collins Ferry Road
The University of Tennessee at Chattanooga (UTC) trained current and future Morgantown, WV 26507 -0880
workers across a variety of educational levels. For middle schools and high 304-285-4164
schools, UTC trained teachers about power technology to draw more future Deborah.Buterbaugh@netl.doe.gov
workers into the industry. Power -related electives permitted undergraduate
students to specialize in high -demand technologies. Engineers benefited from Ahmed Eltom
training in modern power sogram,shorscowshasy o u Principal Investigator
and seminars. Additionally, certificate programs were developed for students as University of Tennessee, Chattanooga
well as professionals. 615 McCallie Avenue
] Chattanooga, TN 37403-2598
Achievements 423-425-4381
By the end of 2013, 360 students had taken the energy system course that UTC Ahmed-Eltom@utc.edu
developed for middle - and high -schoolers. Seven undergraduate courses were
launched at UTC and Chattanooga State Community College (CSCC), covering PARTNERS

power electronics and the smart grid, among many other topics. Two
undergraduate courses, Power System Relaying and Power Systems Analysis &
Design, were enhanced. On the graduate level, six new courses (including courses
in mobile broadband, network communication, and transients in power systems)
were offered. Five modified graduate courses dealt with power systems, digital

Chattanooga State Community College
TennesseeValley Authority
Chattanooga Electric Power Board
Institute of Electrical and Electronics

relays, and advanced digital design. To give students the benefit of hands -on Englneers

learning, UTC upgraded its Smart Grid and Protection Laboratory and created Ham"t‘?“ County Department of
three more labs to support the coursework. For its part, CSCC began offering Education

control -room -operator training and A.A.S. degrees in power systems and Southeast Tennessee Development
renewable energy technology. District

UTC6s project encompa s iasustdinableelectrieenergy,e r PROJECT DURATION

power system protection, power system distribution, the smart grid, and power 6/28/2010 86/27/2014
system management. It also included 21 seminar s and 12 short courses targeted
at employed technicians and displaced workers. By offering a broad range of COST

educational options, holding electricity -industry job fairs, and awarding | ) |
electrical-engineering scholarships to UTC and CSCC students, UTC and its Total Project Value

partners reached out to utility workers i both present and potential i and $2,639,170

prepared them to fill gaps in the energy industry. DOE/Non-DOE Share

: $2,316,768/$322,402
Energy Audit

Technician Training

PROJECT LOCATION

Tennessee
Master's Program

CID: OE0000413
Undergraduate

Program

Managed by the National Energy Technology
Laboratory for the Office of Electricity Delivery and

0 20 40 60 80  Energy Reliability
Number of Graduates

October 2014
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Metrics
Total Course Data
Undergraduate Program Energy Audit Technicians (Trades) Seminars
Projected Number of Enroliments 30 Projected Number of Enrollments 20 |Projected Number of Enrollments 765
Actual Number of Enrollments 442 |Actual Number of Enrollments 6 Actual Number of Enrollments 937
Projected Number of Graduates 14 |Projected Number of Graduates 20 |Projected Number of Graduates 0*
Actual Number of Graduates 76  |Actual Number of Graduates 6 Actual Number of Graduates 0*
Short Courses Masters Program

Projected Number of Enrollments 60 |Projected Number of Enrollments 28

Actual Number of Enrollments 344 |Actual Number of Enrollments 63

Projected Number of Graduates 0* Projected Number of Graduates 12

Actual Number of Graduates 0* Actual Number of Graduates 19

*There are no graduates pjected or reported for programs because
Seminars and Short courses do not inherently produce graduates.

Cumulative Projected vs. Actual Enrollments

The difference between the
enrollments and graduates i
due to the fact that many of
the programs offered by UT
Chattanooga, as part of this
project, were Short Courses
Brief Seminars, and-K2
outreach programs that did
not inherently produce
graduates. However,

120 - - employees of local industr
Cumulative Projected vs. Actual Graduates Y N
that attended the seminars

B Projected Enrollments ® Actual Enrollments

100 .
and short courses did
80 receive continuing educatior
60 credits and professional
developmenthours for their
40 participation.
20
O -
N
Vv
<

N~ ® Projected Graduates ™ Actual Graduates

P iNationalBEner gy Technology Laboratory Project Management Center — Energy Delivery Technologies Division —Waorkforce Training




Washington State University
Training in Clean Energy Smart Grid
Engineering

Project Description

Washington State University, in collaboration with 11 partners, developed and
delivered six undergraduate courses and 12 graduate courses in smart grid
engineering. Most of the course development was done at Washington State
University and the University of Washington, but specialized parts of the courses
were developed by Pacific Northwest National Laboratory, Incremental Systems,
Areva T&D, and the Bonneville Power Administration. Other organizations reviewed
cour seware, participated in the cours

Achievements
The undergraduate courses that the project fostered covered power engineering
fundamentals, renewable energy generation, power electronics and digital systems

e

for the smart grid, and smart grid protection and control. The graduate courses were

divided into four categoriesd clean energy generation technologies, smart grid
technologies, smart grid planning, and smart grid operationd and dealt with such
topics as transmission and distribution, the integration of new energy sources, the
economics behind electric energy, and generation resource scheduling, among
many others.

Approximately 20 percent of the students who enrolled in the courses did so for
certification; the other 80 percent audited the courses. The courses were offered
online to engineers at several utilities in the Northwest. Course material was also
developed for military veterans seeking power system operator training. Moreover,

d

in the fal/l of 2014, Washington State
online professional science master6s
on the initial success of t héappomijtesfart .

newly hired electric utility engineers who do not yet have an extensive technical
background in the field.

Clean Energy
Smart Grid Engineering
(Graduate)

M Actual Enrollments
M Projected Enroliments
Clean Energy

SmartGrid Engineering
(Undergraduate)

0 100 200 300 400

CONTACTS

Deborah Buterbaugh

Project Manager

National Energy Technology
Laboratory

3610 Collins Ferry Road
Morgantown, WV 26507 -0880
304-285-4164
Deborah.Buterbaugh@netl.doe.gov

Dr. Robert Olsen

Principal Investigator
Washington State University
Neill 423 6 PO Box 643140
Pullman, WA 99164-3140
(509) 335-0348
bgolsen@wsu.edu

PARTNERS

University of Washington

Pacific Northwest Nati onal Labs
Incremental Systems Inc.

Areva T&D

Bonneville Power Administration
Auvista Ultilities

Puget Sound Energy

Tacoma Power

Snohomish PUD

Schweitzer Engineering Laboratories
Northwest Public Power Association

PROJECT DURATION
8/1/2010 67/31/2013

COST
Total Project Value
$3,955,619

DOE/Non-DOE Share
$2,233,791/$1,721,828

PROJECT LOCATION

Washington
CID: OE0000486

Managed by the National Energy Technology
Laboratory for the Office of Electricity Delivery
and Energy Reliability

October 2014
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Metrics
Total Course Data
Undergraduate Program Graduate Program
Projected Number of Enrollmen{s 240 Projected Number of Enrolimen{s 180
Actual Number of Enrollments 339 |Actual Number of Enroliments 233
Projected Number of Graduates 180 Projected Number of Graduates 135
Actual Number of Graduates 53 Actual Number of Graduates 56

700

Cumulative Projected vs. Actual Enroliments
600

B Projected Enroliments B Actual Enroliments

350

Cumulative Projected vs. Actual Graduates

300

250

200

150

B Projected Graduates M Actual Graduates

It appears that providing these
courses to students
completely free of charge
reduced their commitment to
complete the courses. This is
the reason why the number of
students who registered for
the courses s far greater
than the number of students
who completed the courses.
This experience is consistent

with universities who have
offered massively online open
courses (MOOCs).

Project Management Center — Energy Delivery Technologies Division —Workforce Training




Workforce Development Institute Inc. CONTACTS

Development of a Smart Grid Lineman Deborah Buterbaugh
Project Manager
Workforce National Energy Technology
_ o Laboratory
Project Description 3610 Collins Ferry Road
The Workforce Development Institute Inc. (WDI) provided a training program to Morgantown, WV 26507 -0880
ensure that adequate numbers of lineme n are trained and available to install, 304-285-4164
maintain, and support the New York State electric power sector. The program Deborah.Buterbaugh@netl.doe.gov
i mparted skills needed to support smar
fostered new apprenticeship positions and established a career pa th that led to Allison Bashkoff
journeyman status. WDI also trained current lineworkers (journeymen, Principal Investigator
apprentices, groundhands, splicers, and equipment operators) with adequate Workforce Development Institute
knowledge for job retention and implementation of the smart grid. Trainees were Inc.
immediately place d in jobs upon program completion. 96 South Swan Street

Albany, NY 12210-1939

Achievements 518-463-2141

In collaboration with its project partners, WDI held 16 boot camps attended by a

total of 296 apprentice recruits. Enrollment in each boot camp ranged from nine St

to 26 recruits. The boot camps emphasized saf e work practices and included

classes on basic life support, bucket rescue and pole -top rescue, CPR and first aid, PART_NERS

work in confined spaces, climbing, DC theory, hot sticks, transformers, insulate Internf’:\tlonal Brotherhood of

grounding, pole framing and setting, and regulations mandate d by the Electrical Workers

Occupational Safety and Health Administration. The boot camps also prepared Northeastern Joint Apprenticeship

students to take Northeastern Joint Apprenticeship Training Committee (NJATC) Training Committee

aptitude testing and pursue the NJATC rigger/signal person qualification. Nati onal El ectr i
Association

Although dropout rates were higher than expected, the apprentices who enrolled
in and completed the boot camps became journeymen and were recruited for PROJECT DURATION
positions through the International Brotherhood of Electrical Workers (IBEW). By

working with IBEW Locals, WDI made certa in that the number of apprentices who (/20/201016/50/2014
enrolled in the boot camps equaled @ or nearedfi the number of workers who
could find prompt employment in New Yo COST
Total Project Value
$3,116,872

DOE/Non-DOE Share
$1,558,436/$1,558,436

Graduations

PROJECT LOCATION

New York
Enrollments 296
| | | | CID: OE0000491
0 50 100 150 200 250 300 350 Managed by the National Energy Technology
Boot Camp Enrollments and Graduations Laboratory for the Office of Electricity Delivery
and Energy Reliability

November 2014
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Metrics

The target number of
450 apprentices over
the 4 year period othe
grant was not met due
to the current overall
economic conditions
and the attrition rate of
new apprentices.

November 2014



