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The Aging Utility Workforce %

700 T PSERC
600 +
500
400 T
300
200 T
100
O 4

Number of Employees

O D DO DO B O
P PR PP S
@ N o W

Employee Age Group

ﬁc) Q;ox

B Now — Five Years Out —— Ten Years Out ‘

Source: Ray, Dennis, and Bill Snyder, “Strategies to Address
the Problem of Exiting Expertise in the Electric Power
Industry,” Proceedings of the 39th Annual Hawaii International
Conference on System Sciences, January 2006.

figure 1. The aging workforce in the electric power and
energy industry, as of 2006 (source: Hawaii International
Conference on System Sciences).

to meet the complex challenges they encounter in their
work. Therefore, it is incumbent upon them to update their
knowledge through lifelong learning (LLL) mechanisms
on a continuous basis. The shortage of engineers and tech-
nicians has thus given a new meaning to LLL. This article
will explore the various avenues available for updating
knowledge and for creating useful resources available for
future use.

First, we define LLL and discuss its benefits to engineers
and employers. Then we lay out various avenues and tools
that are at an engineer’s disposal for knowledge expansion.
Finally, we describe the ongoing efforts on the part of PES
for enhancing the knowledge skills of all personnel involved
with the world’s utilities and related entities. For further
insight, the reader is encouraged to explore the articles listed
under “For Further Reading.”
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What Is LLL?

LLL is the lifelong, life-wide, voluntary, and self-motivated
pursuit of knowledge for either personal or professional rea-
sons. As such, it not only enhances social inclusion, active
citizenship, and personal development but also competitive-
ness and employability.

William Waulf, former president of the U.S. National
Academy of Engineering, has been promoting the impor-
tance of LLL since the beginning of the 21st century. He
has made this visionary case in presentations, papers, and
speeches, including one to the American Society for Engi-
neering Education in 2002. In it, Wulf said, “It has been
said that the half-life of engineering knowledge—the time
in which half of what an engineer knows becomes obso-
lete—is in the range of two to eight years. This means that
lifelong learning is essential to staying current throughout
an engineering career, which may span some 40 years. Yet
the notion, at least as a formalized institution, has not been
part of the engineering culture.” How true is this profound
statement today, with human knowledge expanding at such a
rapid pace? How do we keep up?

In a recent speech, Arden Bement, director of the Nation-
al Science Foundation, expressed the importance of LLL for
keeping engineers up-to-date. Figure 2 shows a slide he used
to compare the percentages of time professionals devote, on
average, to formal and informal learning in the course of
their lives. The formal learning process typically declines as
people gain experience in the professional environment.

According to the European Commission (EC), the scale
of current economic and social change, the rapid transition
to a knowledge-based society, and demographic pressures
resulting from an aging population in Europe are all chal-
lenges that demand a new approach to education and train-
ing. According to the EC, LLL includes “all learning activity
undertaken throughout life, with the aim of improved knowl-
edge, skills, and competence, within a personal, civic, social
and/or employment-related perspective.”

How Does LLL Benefit

Individuals and Employers?

LLL is a continuous process. Any professional learns only
basics during the higher education stage. What matters for
the person’s future is the commitment to hone professional
knowledge and skills. LLL provides a clear pathway for
keeping abreast of ever expanding knowledge and techni-
cal developments. LLL not only provides an individual with
confidence and increased professional competence but also
helps the person remain viable in a fiercely competitive job
market. For employers, encouraging and facilitating LLL
helps retain a competitive, experienced, and stable workforce
at arelatively low cost. It is thus clear that LLL is essential in
order for any engineering professional to be in the forefront
of his or her work. It is equally clear that implementing LLL
requires proper encouragement and support from employers
in addition to dedication and commitment from employees.
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The aging workforce has been identified as a critical challenge
facing the electric power industry and the educational system

that supports it.

Avenues for LLL
Figure 3 shows different avenues available for LLL. These
are described in some detail below.

Graduate Degrees

With the rapid development of recent years in the diverse
areas covered under electrical engineering, undergraduate
degree programs have been focusing on exposing students
to some basic knowledge in each area as well as analysis
tools that cut across these areas. Students do get a chance
to enhance their knowledge in one or two specialized
areas through their choice of electives. But development
in each area in the electrical engineering discipline has
grown so rapidly that such electives hardly do justice to
the goal of providing comprehensive and in-depth knowl-
edge. Graduate programs, therefore, are ideally suited for
preparing engineers who already have solid foundations
gain mastery in focus areas; this knowledge will be use-
ful to them over their entire professional careers. These
programs typically last two years for a master’s degree
and four to five years for a doctorate. The financial bur-
den for such degrees is substantially less than that for
undergraduate degrees, since funding including a tuition
waiver is available to graduate students in the form of
teaching and research assistantships and fellowships. For
employed engineers, the cost of such degrees is often
borne by their employers.

Graduate Certificates

Certificate programs are expressly designed for engi-
neers who are currently employed and do not have time to
pursue traditional graduate degrees. Such programs typi-
cally require students to take nine semester credits (or
12 quarter credits) to obtain the certificate. These credits
translate to about three courses in a specified area. There
is no expectation of research from these students, and
there is much less course work than the amount required
in degree programs. Successful students receive a certif-
icate in a particular focus area; the certificate helps them
document their learning and advance in their profes-
sional careers. Most certificate programs offer the flex-
ibility of conversion to a “course work only” master’s
degree if the student completes more course work over
a flexible time span. This option is less time-consuming
and more flexible, but participants are not eligible for
assistantships and fellowships. Most of these courses
have been offered via distance learning in recent times
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to provide flexibility for working professionals. Many
universities around the world provide opportunities for
both graduate degree and certificate programs via online
and distance modes.

But even for professionals with graduate degrees, the
rapid growth in knowledge and the increasingly interdisci-
plinary nature of our profession require employees to update
their knowledge through focused offerings of shorter dura-
tion. Such offerings may be in the form of conferences,
tutorials, short courses, or webinars whose duration ranges
from a few hours to a few months. Delivery can take place
in class or in distance mode. Distance mode can be real-
time, offline, or a mix of the two. These offerings are further
discussed below.

Conferences

Conferences offer an excellent opportunity for LLL. A
typical conference includes plenary and opening sessions
on topical issues in power engineering. Various techni-
cal sessions include article/poster sessions and panel
sessions. Article/poster sessions consist of presentations
on research conducted in different areas, and panel ses-
sions involve groups of experts putting together a com-
bined presentation in their area of expertise. These ses-
sions educate attendees on topics of current research and
development in the field. Guest speakers bring relevant
viewpoints on the conference’s theme. If the conference
includes an exposition floor, the various vendors always
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figure 3. Various methods for implementing LLL.
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PES was an early participant in IEEE’s cutting-edge
online continuing education program,

|[EEE Expert Now.

have skilled representatives available to help illuminate
technical developments and explain how their products
relate to them. In some cases, minitutorials are offered
on the exposition floor. There may also be opportuni-
ties for intense learning during official technical tuto-
rials during conferences. Finally, some conferences
include an education track that covers a wide range of
topics in various degrees of depth for attendees with
diverse backgrounds.

Tutorials

Tutorials help learners assimilate information in a rela-
tively short time, typically a day or less. They are put
together by experts in the area. Tutorial topics can be
broad (often the case for new technology and issues) or
quite narrow (e.g., to cover significant improvements in
existing technology). In some cases, tutorials are offered
as a means of disseminating the results from working
groups and subcommittees investigating current and
topical technical matters. They can take place in class or
online. Online tutorials are often posted on the Internet
and can be accessed for no cost, but in-class tutorials typi-
cally involve registration fees. Many conferences offer
tutorials as a part of their programs.

Short Courses

Short courses are somewhat loosely defined and are typically
spread out over a few hours to a few days. Shorter courses
are designed for a broader audience and offer an overview,
whereas longer ones are modeled on seminars and cover
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figure 4. Tools for LLL.
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material in more detail than tutorials do. These courses often
take the form of workshops where the audience participates
actively and hands-on training is provided. Short courses are
offered by different professional societies (including their
local chapters), universities, and private vendors. A registra-
tion fee is usually associated with many of these courses,
especially if they are conducted in a classroom.

Webinars

Webinars are online educational presentations offered by
universities, research conglomerates, and private vendors.
Although they take place online, they can be interactive,
with viewers submitting questions and participating in
discussions. Reliable broadband Internet connections are
required for participation in webinars. Many webinars allow
free participation. They are typically archived with either
free or controlled access, which lets users use them as self-
paced offerings. Webinars offered by commercial vendors
do charge registration fees.

Measures of LLL

Continuing education units (CEUs) or professional develop-
ment hours (PDHs) are measures of LLL activities. Many
purveyors of LLL activities offer certificates for PDHs
or CEUs, which simplifies the tracking and recording of
LLL credits for participating individuals. Often, these
credits are required in order to maintain certifications and
help with promotions in professional careers. To be able
to award CEUs, it is important that the awarding organi-
zation is authorized by the International Association for
Continuing Education and Training (IACET), an oversight
body that monitors the rigor and propriety of the activities
for which CEUs are awarded. One CEU is equivalent to
ten actual instruction hours or ten PDHs. All the avenues
of LLL listed above qualify for CEUs or PDHs if offered
by authorized agencies. In some U. S. states, these CEUs/
PDHs can be used to qualify for the Professional Engineer
(P.E.) license renewal.

Tools for LLL

There are many tools available to help work toward LLL, as
shown in Figure 4. While classes, lectures, seminars, and
conference attendance are the generally accepted meth-
ods of learning, other opportunities can be equally effec-
tive. Our information age offers many possibilities, some
of which are more convenient or cost less than more tradi-
tional methods.
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There is an enormous need for the development of continuing
education programs and reference documents for both power
engineering and non-power engineering professionals.

Distance Education

Distance education has emerged as an extremely popular
tool for LLL. This popularity is obviously due to the fact
that with this option, students are not required to be physi-
cally present at any particular location. Practically every
avenue of LLL can be offered in this form. In distance
education, lectures are videotaped and either mailed to
students on DVDs or posted online on a secure Web site.
Some offerings are also available in real time, but archived
lectures are more popular as they do not impose any view-
ing restrictions on students. Very refined, Web-based tools
are now available and are used to facilitate interactions
among students and instructors located all over the globe.
These tools also allow for the comprehensive testing of stu-
dents, if required.

Open Courseware

Open courseware is courseware offered at no cost to par-
ticipants by academic institutions. The most popular is
MIT’s open courseware. In addition, open Web sites such
as Connexions (http://cnx.org) let people view and share
educational materials in small knowledge chunks called
modules. Modules can be organized as courses, books,
reports, and in many other ways. Anyone may view or con-
tribute: authors create and collaborate while instructors
rapidly build and share custom collections. Learners find
and explore content. Open courseware contains a great deal
of material for learning for someone who is not interested
in earning credits.

Self-Paced Courses

To be more accommodating of the busy schedule of indus-
try professionals enrolling for distance education, some
institutes also offer self-paced courses. These courses have
minimum and maximum time limits for completing the
course requirements, thus offering additional flexibility.
Most material available through the Internet allows for self-
paced learning.

Web and Other Online Media

On the Internet, offerings range from tightly organized
groups (professional societies, vendors, user groups, and so
on) to loosely managed offerings (product- or subject-spe-
cific “wikis” or newsgroups). Professional organizations
such as IEEE and their associated societies make a great
deal of relevant material from their conferences and other
sources available through a Web portal. Lectures from
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universities and short courses are also available. Some
professors and universities post detailed course materials
on their Web sites; this could allow for self-paced learn-
ing of many power engineering subjects. Besides lecture
notes, homework problems and exams may also be avail-
able, as well as test cases and video clips. Many vendors
conveniently place introductions to their technologies on
their Web sites (though larger vendors may hold back the
in-depth learning for in-class delivery). There are a few
centralized repositories for course work, although some
require login credentials. Vendors in the education busi-
ness obviously offer online learning. More and more ref-
erences in articles point to online resources for learning.
It is, however, important to be discriminating and make
use of credible resources while taking advantage of Web-
based information.

Search Engines

The gateway to many online learning offerings is the
ubiquitous Web search engine. Not all search pages offer
the same results. Therefore, surfing through multiple
sites is the best approach. Searching for certain kinds of
media (for example, slide presentations or video clips)
may help target the specific resources that are desired.
Also, a basic understanding of Web search syntax will
help to zero in quickly on results. For example, quota-
tion marks help when searching for a specific phrase, as
opposed to using keywords that simply appear on the same
Web page. The results can be fine-tuned to specific Web
sites, which can help target certain organizations (IEEE’s
educational offerings, for example). Finally, results that
are clearly irrelevant can be eliminated by directing the
search engine to omit specific keywords that appear in the
offending pages.

Software Tools and Online Laboratories

The power and energy system is the largest interconnected
system in the world, involving very complex phenomena
that are often difficult to visualize. Energy management
software tools can help both novices and advanced users
understand the functioning of power systems. Software
vendors often make trial versions available at very low
cost. Educational versions for students are also available at
low or no cost. Operator training simulators are also avail-
able. When programmed with interesting test cases, they
are very conducive to understanding cause and effect in the
power system.
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To be more accommodating of the busy schedule
of industry professionals enrolling for distance education,
some institutes also offer self-paced courses.

PES Activities and

Accomplishments Related to LLL

The power and energy industry is undergoing major shifts
to meet the changing energy needs of the society, with a
focus on efficiency, economy, reliability, and the impact on
the natural environment. New sources of generation, such as
wind turbine generators, are being added; they require spe-
cial consideration regarding integration with the power grid
and system operation, along with the usual considerations of
power quality and the security of power supply. Present-day
electric power grids are large, complex systems composed
of thousands of devices requiring harmonious interplay. The
secure, reliable, and economic operation of such systems
presents enormous technical challenges.

In addition, the business structure of the industry has
changed in most parts of the world: there has been a shift
from a “monopolistic” structure to a market-based “com-
petitive” structure. This means that regulators and legal
and financial professionals are involved in making impor-
tant decisions regarding the functioning of the power
grid—decisions made all the more difficult by their lim-
ited understanding of the physical and technical aspects of
power systems.

All of this has resulted in an enormous need for the
development of continuing education programs and refer-
ence documents for both power engineering and non—power
engineering professionals. PES has stepped up to meet these
extensive and growing needs in an effective manner by
organizing a wide range of courses and technical activities
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figure 5. Number of attendees and tutorials offered by
PES, 2007-2009.
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addressing new problems and challenges related to the design
and operation of today’s power systems.

The education and technical committees of PES have
played a major role in this regard, with a high degree of suc-
cess. The various products and activities developed under
this initiative are briefly described below.

Advanced-Level Technical Courses/

Tutorials for Practicing Power Engineers

These tutorials cover subjects of topical interest and emerg-
ing technical problems facing the industry. They are moni-
tored for quality by the relevant technical committees and
usually offered at PES conferences by leading experts in
specific areas. The emphasis is on the practical applica-
tion of technology to address current and emerging tech-
nical problems. Eight such tutorials were offered in 20009,
with a total of 317 attendees. They covered topics such as
“Fundamentals of Wind Energy,” “Substation Automa-
tion,” “Cyber Security,” “Advanced Distribution Automa-
tion,” and “Voltage Stability.” Figure 5 shows the number
of attendees and tutorial offerings during the 2007-2009
period. Local PES chapters also offer tutorials as part of
the Distinguished Lecture Program. Figure 6 shows a pho-
tograph of one such tutorial, recently organized by China
EPRI. We hope that chapters all around the world will take
advantage of such programs.

Online Courses on Technical

Subjects of Topical Interest

PES was an early participant in IEEE’s cutting-edge online
continuing education program, IEEE Expert Now. In its
efforts to continually support its members’ professional
development, PES recognized the value in making educa-
tional materials available online. PES has also actively sup-
ported its chapters’ participation in the IEEE Expert Now
Section-Chapter Program. Three online courses under the
Expert Now program were developed and released in 20009,
covering the topics of power quality, distributed generation,
and substation automation and enterprise data. Efforts are
under way to develop additional modules covering insula-
tion basics and the smart grid.

Refresher Courses for Practicing Engineers

Refresher courses are offered under the Education Track at
the PES Transmission and Distribution (T&D) Conference
and Exposition. These courses offer an overview of different
aspects of power systems, spreading over eighteen hours of
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figure 6. A tutorial offered in Beijing as part of PES’s
Distinguished Lecture Program.

instructions broken down in two-hour modules. Starting from
three phase circuits, these modules cover load flow, symmetri-
cal components, short circuit calculations, system protection,
power quality, and motors and drives. The registration for this
track at the last T&D conference in Chicago was 893.

Courses for Non-Power

Engineering Professionals

These courses are offered under the collective title Plain
Talk About the Electric Power System and are geared toward
utility board members and executives, power marketers, leg-
islators, legal counsels, economists, and accountants, as well
as engineers outside the power field. Attendees learn about
the basics of power systems and gain insight into the con-
cerns of engineers and the demands of regulators and con-
sumer groups as they affect the operation of today’s power
systems. The courses are offered in several locations across
North America each year. They cover three topics: power
system basics, the grid, and distribution systems. In 2009,
they were presented at four different venues, with a total of
99 registrations. Four additional courses are expected to be
offered as part of this program in 2010: “Electricity Mar-
ket,” “Power Quality and Harmonics,” “Smart Grid,” and
“Cyber Security.”

Technical Reports Published

by PES Technical Committees

These are comprehensive reports addressing specific techni-
cal problems and issues. They serve as valuable sources of
high-level technical information and reference material for
power system designers, operators, equipment manufactur-
ers, policy makers, and researchers. Many of these reports
are available for download at no cost on the Web sites of
the various technical committees (http://www.ieee-pes.org/
technical-committees/committees).

IEEE has a significant presence in LLL activities
and is authorized to award CEUs. It has a good array of
tutorials and short courses available, which are offered
through conferences and local chapters. The IEEE digital
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library is one of the biggest repositories of
technical articles in the world. PES is working
toward adding power engineering—related con-
tent to its Web portal. All keynote speeches and
plenary sessions from the major PES confer-
ences are archived on the PES portal and can be
downloaded at no charge.

In recognition of the significant contributions
made in the education and manpower development
areas, PES was selected as the recipient of the 2009
IEEE Educational Activities Board (EAB) Soci-
ety/Council Professional Development Award.

Readers are encouraged to contact any of the
authors or the members of PES’s Life-Long Learning
Subcommittee for further information or advice.
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