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Disclaimer

This report is a product of a Task Force with participants of diverse expertise
and affiliations, addressing many complex and contentious topics. It is inevi-
table that arriving at a consensus document in these circumstances entailed
compromises. Accordingly, it should not be assumed that every member is
entirely satisfied with every formulation in this document, or even that all
participanis would agree with any given recommendation if it were taken in
isolation. Rather, this group reached consensus on these recommendations as
a package, which taken as a whole offers a balanced approach to the issue.

It is also important to note that this report is a product sclely of the partici-
pants from the NCEP convened Task Force on America’s Future Energy Jobs.
The views expressed here do not necessarily reflect those of the National Com-
mission on Energy Policy.
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_Foreword— "
Jobs, energy, and climate change—these issues are not new, but they
have converged with greater urgency in the political spotlight over recent
months, Efforts to advance climate legislation in Congress have re-ener-
gized a long-standing debate about the jobs and competitiveness impacts
of greenhouse gas constraints, even as immediate measures to stimulate
the economy have emphasized the job-creating potential of clean energy
investments. In this fast-changing context, one central premise is beyond
dispute: Transforming our nation’s energy systems represents an enormous
undertaking. It will require not only new, low-carbon technologies and
systemns, but people with the expertise to create those technologies and to
plan, design, build, operate, and maintain those technologies and systems.

In this report, the Task Force on America’s Future Energy Jobs makes
the compelling case that our nation’s educational infrastructure must be
improved and realigned to produce the next generation of profession- .
als needed to orchestrate this critical transformation. The themes and
recommendations that ,emerge'frbm this assessment particularly reso-.-
nate with the two of us. Gur own long careers, spanning both the public
and private realms reflect a deep commitment to this nation’s continued
“global leadershlp in the domains of science and technology—and adeep-
convictior that strength m these areas is essentlal to America’ s Connnued
prospenty and secunty 'Ihrough mdependent paths we, have, in our own
ways, become students of the U.S. K—IZ educational system and we have
A ,conduded_ it is dangerously dose to falhng on a number of cruc1al fronts

" Senator Peter V. Domen1c1 (renred) (R NM) i
- Semor Fcl!ow B1parhsan Pohcy Center
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I 1 January of 2009, the National Commission
@in Energy Policy (NCEP) convened a group of

| S%&keheiders with expertise in the workforce of

the U.S. electric power industry. The NCEP Task
Force on America's Future Energy Jobs brought
together representatives from labor, the electric
power industry, and the training and educational
sectors to explore—over a series of three meetings
in six months —the existing demographic makeup
and anticipated workforce needs of the electric
power sector, along with the training institutions
and programs that support this sector. This report
summarizes the insights and conclusions resulting
from this effort.

2 TASK FORCE ON AMERICA'S FUTURE ENERGY }OBS



Broadly spealiing, the Task Force believes the
United States is facing a critical shortage of
trained professionals to maintain the existing
electric powe: system and design, build, and
operate the future electric power system. The
implications of this shortfall are wide-ranging
and, in the view of the Task Force, of national
significance. The ability to maintain a highly
reliable, ecanomically affordable electric power
system while modernizing the nation’s gener-
ating infrasiructure to support an advanced,
low-carbon technology portfolio is in serious
jeopardy. This report highlights the main forces
driving thissituation and lays out a series of
recommendations for addressing the dominant
workforce challenges that will confront the elec-
tric power industry over the next several years.
Ensuring the proper systems and institutions
are in place to respond to these challenges is
important, not only in terms of advancing cris-
cal public palicy goals with respect to energy.

the economy, and the environment, but because

a substantial opportunity exists to create new
high-skill, high-paying jobs in the energy sector
at a time when growing numbers of Americans
are unemployed or underemployed and face the
prospect of financial insecurity.

Since the formation of this Task Force, the na-
tion has experienced significant political and
econormic changes. The Obama Admintistration
is committed to an energy policy that aims to
reduce the nation's consumption of fossil fuels
and contribution to global greenhouse gas
emissions. At the same time, an unprecedented
econiomic crisis has crippled global financial
markets, halted global economic growth, and
led to massive job losses in the United States
and elsewhere. Against this backdrop, the Task
Force set about examining the workforce supply
and demand dynamics in the electric power in-
dustry. The recently enacted American Recovery
and Reinvestrent Act {ARRA) will likely pro-

vide a near-term infusion of resources that have

THe UNITED STATES 15 FACING

A CRITICAL SHORTAGE OF TRAINED
PROFESSIONALS 7O MAINTAIN

THE EXISTING ELECTRIC POWER
SYSTEM AND DESIGN, BUILD,

ARD GPERATE THE FUTURE ELECTRIC

POWER SYSTEM.

Task FORCE oN AMERICA'S FUTURE ENERGY JOBS
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the potential to facilitate many of the actions

recommended in this report. To ensure that
these short-term investments build the long-
term capacity needed to address multi-decade
challenges like climate change, policymakers
should consider the actions recommended in
this report when reauthorizing the Workforce
Investment Act (WIA} and crafting climate and
energy legislation.

PBata and Definitions

NCEP conducted significant background ana-
Iytical work to better assess the challenges that
are often reported anecdotally by concerned
parties. One of the most impottant conclu-
sions from this work is that data collection

and measurement systems needed to gauge
the state of our nation’s energy workforce are
woeﬁilly inadequate. For this reason, the NCEP

TasK FORCE ON AMERICA’S FUTURE ENERGY JOBS

team endeavored to commission new work and
access available information to characterize
the challenges. While the data collected and
presented in this report repiesent a significant
contribution to the debate, we believe that

this assessment is best used as an illustrative
guide to current workforce issues. We have

not attempted to develop a precise projection
of future workforce needs. Additionally, our
report is not intended to take the place of state
and regional workforce assessments that can
provide the insights needed to identify specific
focus areas for individual training programs or
education systems. As described further in the
report, we believe that bringing together major
stakeholder groups at a local or regional level is
the best way to evaluate specific training needs.

A theme that seems to resonate broadly across
the energy workforce debate is that “green jobs”
are a positive outcome to be promoted. How-
ever, a universally accepted definition for what
constitutes a green job does not exist. Organi-
zations of all types tend to attach the “green”
label when describing activities they support
and promote, which highlights the ambiguity
in using the term. While it is generally safe to
assume that jobs directly involved in the deploy-
ment of energy efficiency and renewable energy
technologies would be considered “green,” a
number of complexities quickly emerge as soon
as one attempts to apply even this seemingly
simple definition. For example, a lineworker
building a transmission line that connects a
wind farm to the electric grid would be viewed
by most people as having a green job. If that . .
same transmission line carries electricity genet-
ated from nearby coal‘-ﬁred";-;owe'r plér_lts; the
“greenness” of that job may not be as clear. This
example iﬂustrétes?that the skills needed to
perform what many think of as a green job are
often the same as or very similar to traditional
energy-related jobs.



The NCEF Task Force on America’s Future
Energy jobs believes debating the definition

of green jobs may become a distraction. In
fact, we do not use this term elsewhere in this
report. Rather, because our effort is focused on
workforce needs associated with building and
supporting energy infrastructure for a future
low-carbon energy system, we believe the term
“future energy job” is more appropriate for
our focus. [t implies that all types of jobs that
support an energy system consistent with a
long-term goal of reducing greenhouse gas
emissions should be seen in the same light.
Some of the -obs related to the transition to a
carbon constrained economy will be new and
will requiré new skill sets. But many more will
use skills that are already in demand today, such
as those required for sheet metal workers, trans-
tnission lineworkers, and electricians.” In effect,
if the undetlying policy framework reflects the
objectives embedded in the term “green job”
then future energy jobs are green jobs.

Overarching Challenges

As a starting point, Task Force members shared
a common recognition that the electric power
sector faces nzar- and long-term workforce
challenges. Itg workforce is aging and will need
to be replaced. Facing a wave of retirements
over the next decade, the electric power in- -
dustry will nieed to expand hiring and training
programs just to maintain the level of qualified
workers requived to operate existing facilities.
In fact, new workers will be needed to fill as
many as one-third of the nation’s 400,000 cur-
Tent electric power jobs by 2013.% In the face of
this surge in demand, companies are ﬁnding‘

that applicants for open positions at electricity
comparnies are not as prepared as they were in
decades past. Companies are finding that U.S.
students are not graduating at the same rates
in the relevant fields and with the same quali-
fications as in the past. While the Task Force
focused on direct electric power sector jobs,
the Task Force members recognize that other
economic sectors, such as the manufacturing
secter, face similar demographic, education,
and training challenges.

In the fong-term, the deployment of new tech-
nologies and generating assets—including new
energy efficiency, nuclear, renewable, advanced
coal with carbon capture, and smart grid tech-
nologies-—will require new design, construc-
tion, operation, and maintenance skills. This is
an important opportunity for new job creation
and economic growth. If too few individuals
with the necessary expertise are available when
they are needed, workforce bottlerecks could
slow the transition to a low-carbon economy
regardless of the commercial readiness of the
underlying technologies. If the result is to
delay the efficient adoption of improved low-
carbon alternatives, workforce shortages would
represent more than a lost opportunity—they
could impose substantia costs, both in terms of

economic burden and environmental damages

“and could damage U.S. global competitiveness.

Task Force Approach N

The Task Force focused on three broad catego-
ries of jobs:

"= Jobs associated with operating and maintain-

ing the existing electric power infrastructure;

! Apollo Alliance ar:d Green For Afl with Center for American Progress and Center on Wiscansin Strategy, “Green-Collar Jobs in
America's Cities} Building Pathways cut of Poverty and Careers in the Clean Energy Economy.” 2008. Available http://www.green-

forall.orgfresouries jgreen-collar-jobs-in-americazo1gs-cities.

*While the Task Force future scenarios focus on eleciric pawer generation, transrnission, and distribution, we recognize that elecrrlc
utilities are frequently mtegrated with natural gas utilities and that natural gas usilities face similar workforce pressures. Accord-
ing to the Bureau of Labor Statistics, natural gas utilities employ about 106,000 people. The CEWD data referenced in this report
combine natural gas utility workforce estimates with the electric utility workforce estimates.
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* Jobs associated with designing and building
" new generation to meet future low-carbon

- energy needs; and

* Jobs associated with operating and maintain-
" ing the electric power industry of the future,

The first chapter summarizes the Task Force’s
findings on existing power industry labor mar-
kets. Rapid attrition due to retirements from an
aging pool of workers is the primary concern.
Chapter 2 examines what happens when an
expected surge in demand for new low-carbon
energy technologies is layered on top of this
declining base. Comparing pending workforce
requirements against the existing education
and training pipeline is the focus of the third
chapter. Chapter 4 presents suggested policy
solutions and Task Force recommendations.
We summarize key insights from each chapter
along with our primary recommendations be-
low. References for the data are included in the

corresponding chapters.

TaASK FORCE oN AMERICA’S FUTURE ENERGY jOBS

Chapter 1 Critical Insights — Existing Electric

Power Sector Workforce

» The electric power generation, tfransmission,
and distribution industry employs about
400,000 people.

= A large fraction (30-40 percent) of electric
power workers will be eligible for retirement
or leave the industry for other reasons by zo13.

» Of the 120,000 to 160,000 electric power
workers that will be eligible for retirement
or leave the industry for other reasaons by
2013, industry surveys suggest 58,200 will be
skilled craft workers and another 11,200 will
be engineers.

* While recent industry estimates anticipate

that workers will delay retirement due to the
current economic downtarn, it is impossible

to predict how long workers will extend em-




ployment. There is a concern in the industry
that delayed retirement could lead to more
acute worker shortages at some point in the
future if many workers retire around the
same tizne,

Chapter 2 (Critical Insights - Potential Workforce
Demand Surge under a Federal Climate Policy

* In addition to needing skilled workers to
replace reliring workers, the industry will
need skilled construction workers to design

and construct new electric sector infrastruc-

ture. We estimate that in 2022, design and .
) ) * The industry needs to prepare to meet a long- .
construction work for the electric sector . ..
. ] . term, sustained need for training, beyond the
will require about 150,000 professional and .
i : . retirernent gap.
skilled craft workers from the construction

sector. This construction workforce is about . , .
This * With respect to the design, construction, and

o percent the size of the existing electric . . .
40P & operation and maintenance (O&M) of infra-
power whrkforce. . .

structure and supporting technologies:

- : 111 A )
Demand ir S:GI ed workers to operate ar;:h » Demand for construction labor to build new
maintain the electric generation systems of the . i s
. & 5 high-voltage transmission lines and substa-

future will increase steadily as new technolo- N < Tl i 1
i i o tions is expected to spike, especially in light
gies comg ¢nline. The number of additional N oL
of the transmission investments antici-

workers that will be needed by 2030 is rough- I
pated under the recent economic stimulus

ly 6o ,000-—an increase of almost 15 percent. .
Y ' oSt 15 perce package. We estimate the peak demand for

) construction labor and skilled crafts to be
* The deployment trajectory for new genera- .
about 10,000 to 15,000, However, policy

A LARGE FRACTION

, he es di . i
tion technologies directly impacts workforce and regulatory delays have affected the con.

demand. In scenarios with steady annual de- S
¥ struction timetable of 2 number of proposed (3040 Pereen)

loyment of new generating assets, workforce C .
ploym & e transmission lines. These delays increase OF ELECTRIC POWER WORKERS
the uncertainty around projections of future

o workforce demand.
where construction is delayed and several RETIREMENT OR LEAVE

demands'will peak at a lower level and will

be spread out over more years. In scenarios WILL BE ELIGIBLE FOR

senerating asse{s are planned to come into .
= 8 P - The near-term deployment of smart gl‘ld ‘THE INDUSTRY FOR OTHER

operation in the same year, the workforce . . .
o ) technologies will require over go,000
peak is higher and the demand is more con- . REASONS BY 2013.
workers. However, smart grid deployment
centrated ground the peak year. This variabil- . . -
will result in about 25,000 electricity power
ity reinforces the need for local and regional . . -
) industry workers looking to transition to
assessments of workforce demand as dimate - . .
o beco . new positions. This supply of workers high-
olicy becomtes clearer. . L
pohcy lights the need for training programs that

Task ForCeE oN AmERICA'S FUTURE ENERGY lOBS 7
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retrain existing workers to take advantage

of new opportunities within the industry.

Construction and maintenance of CO,
pipelines as part of a commitment to ex-
panded carbon capture and storage (CCS)
will marginally add to the demand for
skilled workers. White not directly calcu-
lated as part of the NCEP Task Force esti-
mates, additional workers wiil be needed to
retrofit fossil fuel-fired power plants with

carbon capture technologies.

Running energy efficiency programs requires
people to design and administer programs
and people to promote those programs
and sign up new customers. We estimate
that utility or other third-party managed
energy efficiency programs in the United
States will require all or part of the time of
approximately 11,000 employees per year
through 2030. Additionally, we expect the
program managers to hire contractors to
implement or deploy efficiency technolo-
gies. These contractors are expected to
significantly outnumber the number of
direct employees required to administer

and promote customer-side efficiency pro-

Future EnERGY fOBS

grams and could number in the thousands
for each program. While these jobs will be
an important component of future energy
jobs, the Task Force decided not to seek to
quantify these jobs.

Chapter 3 Challenges ~ Training the Future
Energy Workforce

= Challenges to preparing students in grades K-rz:

- Low Graduation Rates. Of the approximate-

ly four million students who will begin
high school this fall in the United States,
less than three million are expected to com-
plete high school.

Lack of Technical Skilis. Of those who com-
plete high school, many are ill-prepared to
pursue a career that yequires basic techni-
cal skills.

Lack of Industry-Specific Training for
Educators. Teacher training and retraining
is a key component of repairing our basic
educational system.

* Challenges to training and educating skilled
craft workers:

» Individuals can acquire the technical skills

and training to enter the skilled craft electric
power or construction workforce from several
types of institutions or programs, including:

- community colleges,

- community-based organizations (CBOs),

- apprenticeship programs,

- company-specific training programs, and

- worker retraining programs.

Understanding the Electric Power Sector
Demand for Skilled Workers. A key chal-



lenge is aligning training programs with
the demand for workers. This challenge is
compounded by the current system used by
the Buyeau of Labor Statistics (BLS) to esti-
mate future industry demand. That system
relies on historical trends to project future
industry growth and does not include esti-
mates fox replacing positions lost through
retirements or other attrition.

Lack of Communicaton among Stakehold-
er Groups. Compounding the assessment
challenge noted above is the fact that better
communication is needed among stake-
holders—particularly between training
institutions and the electric power sector.

Lack of Credential Portability. A lack of
standardized skill sets and curricula for
some of the skilled crafts within the electric
power sector presents a significant chal-
lenge for students, community colleges,
and employers. This issue is specific to a
subset of skilled crafts within the electric
power sector—it does not apply to skilled
crafis in tie construction sector.

Collecting and Tracking Skilled Workforce
Data. Information on the number of people
that pass through existing training systems
and their ultimate employment is currently
not well captured.

Costs of Education. Even students who
have adequate education in technical skills
may have trouble paying for post-secondary

education.

Improving the Image of Electricity Indus-
try Careers, Students and parents often do
not view apprenticeship programs or other
programs outside the four-year degree
construct as providing similar or better op-
portunities for career and salary potential.

Lack of Career Preparatory Skills within
the Workforce. Because of a lack of techni-
cal skills among the potential workforce,
introductory courses have become more

prevalent at the community college level.

*» Challenges to fraining and educating engineers:

Lack of math and science skilis in the
population of high school graduates.

Mobilizing the Research Community. Pro-
fessional engineers are needed to develop,
design and implement new, low-carbon
technologies that produce electricity. There
is a need for active and invigorated research
programs in power engineering and related
areas, To appropriately engage students,
faculty need to be engaged through the de-
velopment of research programs, including

A LACK OF STANDARDIZED

SKILL SETS AND CURRICULA
FOR SOME OF THE SKILLED
CRAFTS WITHIN THE ELECTRIC
POWER SECTOR PRESENTS

A SIGNIFICANT CHALLENGE
FOR STUDENTS, COMMUNITY

COLLEGES, AND EMPLOYERS.

Task FORCE ON AMERICA'S FUTURE ENERGY jOBS
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programs that are multidisciplinary in their
approach and thinking.

- Encouraging Studenis to Work in the
Electric Power Sector. In addition to stimu-
lating research, it is important to foster
mechanisms for pulling both research and
students into the electric power sector.

- Costs of Education. The cost of education
in the United States is daunting and can be
a barrier to entry.

Task Force Recommendations

The workforce challenges identified by the Task
Force are significant and addressing them will
take a concerted and sustained effort by many
stakeholders. To advance that process, the Task
Force developed a set of five primary recom-

Task FORCE ON AMERICA'’S FUTURE ENERGY JOBS

mendations for federal policy. The recommenda-
tions, surmnmarized here, are available following
the conclusions in Chapter 4 of the report.
While these recommendations are specificaily
focused on the development of direct future
energy jobs associated with design, construc-
tion, and operation of assets in the energy
sector, many of the insights could be applied to
job training associated with deploying energy
efficiency and manufacturing the materials

and equipment needed to build and operate the
future energy system.

Recommendation 1: Evaluate regional
training needs and facilitate multi-stake-
holder energy sector training programs
across the country. In addition to the work

currently underway at the Department of Labor
{DOL) and the Department of Energy (DOE)
to address the workforce gaps associated with




projected retirements and the initiatives in . "maintained by a public entity. This repository
the Ameriran Recovery and Reinvestment Act should include emstrng skill standards and reg-

of 2009, Congress should appropriate funds istered apprentrceshrp programs f for electnc sec-
through existing funding mechanisms that . torjobs. The purpose of the reposrtory should
allow DOL and DOE to work with existing o be threefold (1) it should be a resource for

state or regmna] energy workforce consortta or B employers 1o evaluate zumng programs

establish new state or regronal energy WOrk . potenhal employees (z)
force consortia, as appropnate These consoma - :.for md1v1du3.ls to eval ate
should be tagked with’ evaiuatrng nea.r and” - they move r.hrough a-career,
long-term needs for a slo]]ed w0rkforce As a:
part of this eraiuatron DOL, DOE and each
state or regmna] energy work:force consomum
should seekto 1dentrfy pohcy uncertambes that

“are currently delaying, or have the’ potennal to ’

. j_delay the deployment of new generatmg )

' L \S\rhﬁere the eherg
' '_llght w kfprx_e

ordlnated workforce t‘ 1nmg P crrams targeted
- to the needs of the. energy sector. DOL should
- use the Green, Jobs Act, or other appropnate

federal funchmg mechanlsms to award fundmo

for thrs purp0se through a compent:ve process
to P ograms faat meet estabhshed cntena

Recommenﬂauon 2: improve energy sector
workforce data collection and- performance
'measurement metncs and» tools Improve

; revrtalrzmg the math and scrence skr!!s,r s
‘~educatron and career counselmg of mdi
‘vsduals who have the«rnterest ‘and skrlis
to work in the energy sector. Enhancesscr
future efforns Io measure progress an&yldenof') o

Ped

e_nce technology, engmeenng, and math t:am- o

emergmg wor‘iorce needs ma for K 12 students adults who Wlsh to enter Cintw R :
' . the enercry workforce’ arid teachers and instruc- 7 L "y

tors 'Engage the next: generatlon of scientists - IR,

“and engrneers m the. energy sector by fo}.lowmg s .
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“‘fi recent years, stakeholders in the electric

power labor market - electric companies; labor

 organizations; engineering, procurement, and
[ o
construction contractors; and educators — have

become concemned that the industry will face a
shortage of skilled craft and professional workers
over the next five to ten years due to retirement

and attrition. Several reports have highlighted an
impending shortage of skilled workers.? A 2007
Department of Labor (DOL) report reinforced these
conclusions, saying, “Perhaps the most complex and
pressing challenge facing the energy industry is the

retirement of incumbent workers.”s

‘ See, e.g.. NEI's November/December 2007
availzble at hitp: jfwwwne

newsletter {“Nuclear Renzissance Pregents Job Opportunities in All Sectors™)
nsignt_200711_12.pdf and M.B. Refllv's “The New Enerpy G

51 Power Indusay i

for a Jolt ux About Haif of Workfarce Readies for Retirement”™ availzble at http:/ fawwnc.edu/News /N R aspx?iD=gq206.
2.8, Departinent of Labon, Emplovment and Jrabuing Administration. “ldeniifving and Addressing Workfarce Challenges in

America’s Friergy Industry” March 2o07. Available hutpr/fevwwdeleta gov/ BRG/pdf Energy ¥ coReport_final. pdfl
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The U.S. Department of Labor reports the
median age of American workers reached 40.7
in 20085 By comparison, the median age of
energy workers in 2008 was 435.° Estimates of
the average age of the electric power workfarce
range from'the mid-40s to 50; both Electric
Light & Powtr, an industry publication, and DOL
found the average age of electric power work-
ers to be nearly 50 in 2006 and 2007, respec-
tively.”® Thepe older demographics present a
particular challenge to the industry because

most electric power employees traditionally

retire at age 55.9

Over the past five years, however, the electric
power industry has made an effort to address
workforce issues, with the result that the aver-
age age of the workforce appears to be declin-
ing. A 2007 survey by the Center for Energy
Wortkforce Development {CEWD) found that
the average age of utility workers declined from
45.7 In 2007 10 43.3 in 2008.* Surveys of pub-

sU.S. Departmeht of Labor, Bureau of Labor Statistics: http:/fwww.bls.gov/opubfworking/page2b.htm.
¢ CEWD. “Gaps In the Energy Wotkforce Pipeline: 2008 CEWD Survey Results.” October 2008. Available http:/jwww.cewd.org/

documents/CEWD_o8Results.pdf.

7 Electric Light & Pawer: hitp:/uaelp.pennnet.com/display. article/256344/34/ARTCL/none/none/.
# 11.S. Department of Labor, Employment and Training Administration. “Identifying and Addressing Workforce Challenges in
America’s Energy Industry.” March zoo?. Available hitp://www.doleta.gov/BRG/pdfjEnergy%z0oReport_final.pdf.

¢ Ibid.

© CEWD. “Gaps in the Energy Workforce Pipeline: 2008 CEWD Survey Results.” October 2008. Available http://www.cewd.org/

documents/CEWD_o8Resuits. pdf.

ESTIMATES OF THE
AVERAGE AGE OF
THE ELECTRIC POWER
WORKFORCE RANGE

FROM THE MID-405 TO 50,

Task FORCE ON AMERICA'S FUTURE ENERGY JOBS 13
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NEwW WORKERS WILL

HAVE TO ICOME FROM A
TRAINING SYSTEM THAT
NEEDS TO BZ REFOCUSED

AND REINVIGORATED.

the industry will have to hire new employees at
a ych higher rate.

As discussed in Chapter 3, new workers will
have to come from a training system that needs
to be refocused and reinvigerated. The number
of people who have trained to become part of
the electric power sector workforce has fluctu-
ated over the years in response to the needs of
the industry, macroeconomic conditions, the at-
tractiveness of alternate career paths, and other
factors. After a period of relatively rapid growth
in the 1970s, when electricity demand grew

5 percent annually, the industry experienced
much lower demand growth in the 19805 and

. . . 1990s.%4 The advent of a competitive market for
lic power companies by the American Public 99 ) ) P )
o . electric power companies led to an increased
Power Association (APPA) show a drop in the

fe ductivity, which d iri
average age of the public power workforce from ocus on productivity, which dampened hiring

8 in 2005 t ) g un trends and led to an overall deciine in workforce
4 005 to 43 In 20038.*

levels through the end of the 1990s.5 Because

. . the industry’s demand for new workers slowed
The declining average age of electric power 2

. stgnificantly over this period, companies scaled
workers suggests that the industry has recog- & v P P

. . . back internal training programs. Af the same
nized the impending shortage and has begun & Prog

accelerating the hiring of younger workers. time, the pool of qualified candidates for jobs

d training pro sed dramatically.
However, the same survey data suggest that and raining programs decreased dramatically

a wave of employees will become eligible for o
To address the anticipated shortfall of skilled

workers, industry stakeholders formed CEWD
in 2006. CEWD is a non-profit consortium of

retirement in the next five to ten years. As dis-
cussed in more detail below, the electric power

industry estimates that 30 to 40 percent of its . e
. electric, natural gas, and nuclear utilities, and

workforce, which numbers about 460,000 ) o i . )
. . L their associations that is tasked with addressing
employees, will be eligible to retire in the next . L )
) the industry’s workforce training and education.
five years.” To make up for these retirements, o L
CEWD's membership includes public, private,

« APPA. “Growing Your Employees of Tomorrow.” 2008. Available http://www. appanet.org/ﬁ]es/
PDFs/2008WorkforceSurveyReport.pdf.

= APPA. “Work Force Planning for Public Power Utilities: Ensuring Resources to Meet Projected Needs.” 2005.

Available http:/ fwww.appanet.org/hles/PDFs/WorkForcePlanningforPublicPower Uglities.pdf.

» While the Task Force future scenarios focus on electric power generation, transmission, and distribution, we recognize that
electric utilities are frequently integrated with natural gas utilities and that natura! gas utilities face similar workforce pressures.
According to the Bureau of Labor Statistics, natural gas utilities employ about 106,000 people. The CEWD data referenced in this
repott combine natural gas utility workforce estimates with the electric utility workforce estimates.

4 Badhul Chowdhury. “Power Education at the Crossroads.” 1EEE Spectrum, October. 2000.

U.S. Department of Energy. “Worlforce Trends In The Electric Udlity Industry: A Report To The United States Congress Pursuant
To Section 1101 Of The Energy Policy Act Of 2005.” August zoob.

Available http:/fwww.oe energy.gor/DocumentsandMedia/Workforce_Teends_Report_og9o706_FINAI pdf.

# U.S. Department of Energy. “Workforce Trends In The Electric Utility Industry: A Report To The United States Congress Pursuant
To Section 1101 Of The Energy Policy Act Of 2005.” August 2za06.

Available http://www.oe.energy.gov/DocumentsandMedia/Workforce_ Trends. Repom090706 FINAL pdf.
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and government-owned utilities as well as the
major utility trade associations: the Edison Elec-
tric Institute (EEI), American Gas Association,
Nuclear Energy Institute (NEI), and the National
Rural Electric Cooperative Association.®

Operation and Maintenance of Existing
Generating Assets and Transmission Lines

Figﬁre 1 shows the age distribution of the electric

power sector workforce as surveyed by CEWD in

2008. The CEWD survey included respondents

from 56 investor owned utility and all rural

electric cooperatives, representing about 46 per-

cent of the workforce.” CEWD grouped survey

respondents into four categories:

» Non-retiternent attrition (those who leave the
industry for reasons other than retirement),

= Potential retirees by 2013 (those eligible 1o
retire, based on age and years of service},”®

= Possible felirees by 2013 (employees eligible
to retire who could possibly delay retirement
due to the current economic climate),‘9 and

* Retained ermployees.

About 30 percent of the workforce falls into the
non-retirement attrition and potential retire-
ment categories, and about 10 percent falls into
the possible retirement category. That translates
into a poteritial need to replace 30-40 percent
of the total workforce by z013. BLS estimates
that about 400,000 people are employed in the
electric power generation, transmission, and
distributon industry and about 50 percent will
retire or leave the industry for other reasons
within 10 yeprs.* Based on these estimates,
about 120,00c-160,000 workers in the electric
power industry will need 10 be replaced by 2013

and about 200,000 will need to be replaced by
2018. Figure 2 compares these numbers.

Figure 1. Potential and Possible Employee Attrition and Retire-
ments in the Electric and Natural Gas Industry by 2013
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Figure 2. Comparison of the Workers Needed to Replace Workers
Retiring or Leaving the Industry for Other Reasons to Existing
Employment Levels
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* CEWD, EEL, and VE! are advisors ta the Task Farce on America’s Future Energy Jobs.
7 CEWD, “Gaps {n the Energy Worlforce Pipeline: 2008 CEWD Survey Results.” October 2008. Available http://www.cewd.org/

documents{CEWD_o8Results.pdf.

* CEWD defined' potential retirecs as employees who within the next five years will be older than 58 with more than 25 years of

service, older thap £3 with zo years of service, or older than &7.

® CEWD defined |possible retirees as employees who within the next five years will be older than 53 with more than 25 years of service.
* {J.8. Deparhmeit of Labor, Bureau of Labor Statistics. “Career Guide to Industries, 2008-0g Edition. Utilities.” Available http:/{

www.bls.gov/oco fegfegsor8 htm.
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CEWD is particularly interested in assessing the
need for employees with technical skills, such as
skilled craft workers and engineers. These posi-
tions require significant training, and thus are
an area of great concern for the industry, includ-
ing members of the Task Force. For example,
according to CEWD, a pipefitter retiring with 30
years of experience would need to be replaced by

a pipefitter with at least five years of experience.

In its 2008 survey, CEWD collected information
on the potential for retirement in five key job cat-
egaries: technicians, plant operators, pipefitters/
pipelayers, lineworkers, and engineers.* Table 1
shows the detailed results of the CEWD survey
by job category.

Table I. CEWD Survey Results by
job Category

© . Fstimated Number of

Potential Replaceme

y‘c- rafty’«ik«‘;‘ ¢ RS
Technicians 20,300
Nen-Nuclear Plant 8,900

Opetators

Pipefitters/Pipelayers 6,500
Lineworkers 22,500
Engineers 11,200

CEWD defines technicians to include a broad
range of skilled crafis including electricians,
boilermakers, carpenters, millwrights, machin-
ists, and operating engineers. CEWD research
suggests that individuals frequently enter the
workforce as technicians and then move into
more specific skilled crafts.

While CEWD has focused its efforts on the
broader electric and natural gas sector, NEI has
been conducting workforce surveys specific to
the needs of the nuclear industry. In 2007, the
U.S. nuclear industry employed about 56,000
people, Through 2012, NEI expects a need

for about 6,300 workers to replace those lost
through general attrition and another 19,600 to
replace retiring workers. This totals about 45 per-

cent of the current nuclear power workforce, *

* Because the CEWD assessment includes natural gas distribvtion, the CEWD data include a higher demand fer technicians, engi-
neers, and pipefitters/pipelayers than would have been the case if only the electric utility sector were considered.

** Carel L. Berrigan, Director, Industry Infrastructure, Nuclear Energy Institute, “Testimony for the Record to the U.S. Senate
Commitiee on Energy and Natural Resources.” November 6, 2007. Available http://energy.senate.gov/public/_fites/CBerriganTes-

timonyrro6oy.pdf.
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| are{:asung the long-term pace and trajectory of future
3 trends in the electr:c power mdustry is challengmg in

gven more challenging today, given the high degree

of uncertainty that surrounds any prediction of future
economic growth, climate policy, or technological de-
velopment. These uncertainties serve, however, to

reinforce the importance of understanding how policy
decisions made today can affect the workforce needs
of tomorrow. If the United States is going to substan-

‘tially reduce its greenhouse gas emissions over the

next two decades while continuing to meet the elec-
tricity demands of the economy, new low-carbon elec-

~ tricity generation and supporting infrastructure will

need to be designed, built, and operated.
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That means the electric power industry will
need to do mere than replace the workers who
currently operate and maintain the existing
infrastructure, it will need to engage work-

ers from the construction sector to build new
generating assets and it will need to expand its
own workforce to operate and maintain those

new assets.

Task Force members are concerned about the
ability of the existing training system to handle
the combined demand for technically-skilled
workers to both replace retiring workers and
support the rapid construction of new, low-
carbon generation capacity. While the United
States has yet to adopt a clear national cli-
mate policy, the Task Force sought to develop
naticnal-level estimates of the demand for

labor to build and maintain low-carbon genera- .

tion at the s¢ale needed to achieve meaningful
reductions in greenhouse gas emissions. After

considering a number of modeled technol-

ogy pathways, the Task Force decided to use
an analysis developed by the Electric Power
Research Institute (EPRI).224

The EPRI Prism analysis represents one scenar-
io for how the United States might reduce pow-
er-sector greenhouse gas emissions over the
next 20 years using a mix of low-carbon genera-
don technologies (e.g. wind, solar, nuclear, and
coal with CCS} in combination with additional
energy efficiency measures.?® This scenario

was attractive to Task Force members because
it was technology driven, assumed a balanced
mix of low-carbon options, and was not based
on a particular dirmate policy. The decision to
use the Prism analysis to develop a scenario

of future workforce needs, however, does not
imply an endorsement of a particular deploy-
ment pathway, nor does it mean that Task

Force members agree with the technology and

* Electric Power Research Institute. “The Power to Reduce CQ, Emissions: the Full Portfolio - 2008 Economic Sensitivity Studies

(EPR] Report 1038 431),” December 2003.

 Note that the EPIM znalysis consists of two distinct elements. The first is the Prism analysis, which is an estimate of electricity
sector CO, emisgions reduction potential based on a hypothetical technology scenario. The second is driven by resuits from the
Model for Evaluatir g Regional and Global Effects (MERGE) energy-economic analysis, which examines the eptimum portfolio of
low-carbon energy ‘echnclogy over time under an assumed economy-wide CO, emissions constraint.

# Electric Power Research Institute. “The Power to Reduce CO_ Emissions: the Full Portfolic - 2008 Economic Sensitivity Studies

{EPRI Report 1018431),” December 2008,

:5 Although the EPRI Prism includes CCS en either supercritical or integrated gasification combined cycle (IGCC) plants, the Task

Force modeled IGCC with CCS.
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THE ELECTRIC POWER INDUSTRY

WILL NEED TO DO MORE

THAN REPLACE THE WORKERS

WHO CURRENTLY OPERATE

AND MAINTAIN THE EXISTING

INFRASTRUCTURE, IT WILL NEED

TO ENGAGE WORKERS FROM THE

CONSTRUCTION SECTOR TO BUILD

NEW GENERATING ASSETS AND IT

WILL NEED TO EXPAND ITS OWN

WORKFORCE TO OPERATE AND

MAINTAIN THOSE NEW ASSETS,
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'-’_:tum 1mpl1es that apprommAte]y 210 g1gawatts

EPRI PRISM

- .EPRI Prism uses pro;ecnons from the federal
_ Energy In.formatlon Admimistration (E1A)
. Annual Energy Outlook 2008 and assumes an

average annual electrlcrty demand i increase of.

'.'apprommately 1 percent Thzs {eads 1o an esti-
I mated increase in total electr1c1ty demand of 20 .

pe:cent above current levels by 2030,. Whlch m

o ‘(GW) of new Ueneratlon capaqty W111 need to
s "be added between 2.007 and 2030. Under the

‘ ,Fgure 3 EPRI Prlsm

‘in capamty by deploying rouchiy 80 GW of -
_nuclear, go GW of coal with CCS, 40 GW of

o ]ected busmess 5
“"lfrom the EPR] Prism analysm a.re ﬂlustrated m e

Prism scenario, utilities achieve this increase .

wmd 1GW of solar thermal power, and 3oo : R
megawatts { MWy of solar photovoltaic power by; e
zogo %5 As a result the mdustry ] greenhouse

{isual leveIs bv 2030 Results o
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policy assumptions that were used to develop
the Prism analysis. Rather, the Prism analysis
simply provided a reasonable approximation to
evaluate the possible furture technology needs of
the power sector and allowed the Task Force to
impute potential workforce demands.

Working from the Prism analysis, the Task
Force developed national-level estimates of the
numbers and the types of workers that would
be necessary to implement different low-carbon
technologies at the scale assumed by EPRIL
These estimates are intended to outline general

trends and needs rather than forecast specific

*7 The features that made the Prism scenario attractive to Task Force members as a hasis for estimating workforce needs are also
important for understanding the limitations of the EPRI analysis. As the Prism is based on technological feasibility, it does not

inchude the policy interventions that would likely be necessary to bring about a low-carbon transition, such as a CO, price or other
potential technology incentives like 2 renewable electricity standard. The Prism also does not consider potential constraints such as
techniology, materials or workforce availability.
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needs by individual job type. The Task Force
was particularly interested in evaluating the
need for technically skilled workers. These
workers fell into three broad categories:

= Skilled cralt electric power workers;
= Skilled craft construction workers; and

= Engineers.

Skilled craft electric power workers include those
individuals who work within the electric power
sector to operate and maintain generating as-
sets and supporting {nfrastructure. Skilled craft
construction workers, by contrast, are generally
hired by electric power companies to build gen-
erating assets and support infrastructure. Skilled
craft construction workers are not specific to

the energy industry. Rather, they are generally
employed in industrial construction and cross
over into heavy- and light-commercial construc-
tion. As corsidered by the Task Force, engineers

work in both O&M and design and construction
jobs. They perform the technical work associated
with designing generating assets and supporting
infrastructure and the technical work associated
with running energy systems.

The Task Force identified and assessed poten-
tial workforce demands through 2030 across
the following categories:

* Design and construction of néw generating assets;

* O&M of existing generating assets and trans
mission lines (discussed in Chapter 1; -

* O&M of new generating assets;

» Development and operation of the supporting

infrastructure; and

- Design, construction, and O&M of new
high-voltage transmission lines;

- Deployment and O&M of smart grid
technologies; and

* Design, construction, and O&M of CO,
pipelines;

» Deployment of energy efficiency technologies
and measures.

To generate a rough estimate of the number of
workers needed in each category, the Task Force
drew upon the expertise of its members and
advisors. However, it is important to empha-
size that the Task Force does not believe these
estimates can or should take the place of state
and regional workforce assessments. Greater
geographic specificity is needed to identify
focus areas for individual training programs or
education systems. As the U.S. Congress moves
forward with climate policy, the Task Force
hopes that the rough estimates developed for
this report can be helpful in future efforts by
federal agencies and state and regional work-
force boards to develop more refined workforce
estimates. (Appendix D further discusses the
Task Force’s approach for developing the work-
force estimates in this report and some areas
for additional refinement.)

As ThE U.S. Com%egs

WoVES FORWARD wwu"cfm&rs
poLicY, THe Task Foacsl
HOPES THAT THE ROUGH
ESTIMATES. DEVELOPED FOR THiS
REPORT CAN BE HELPFUL 1N
FUTURE EFFORTS BY FEDERAL
AGENCIES AND STATE AND
REGIONAL WORKFORCE BOARDS
TO DEVELOP MORE REFINED

WORKFORCE ESTIMATES.
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| I_NDIRECT JoBS

This Jeport estimates the number of direct jObS that will need to be filled to design, bu:ld and maintain low- carbon o '
electric generatlon and assocrated mfrastructure The Task Force did not attempt to esttmate manufacturmg jObS at e o
' fﬁCllItlEJ that supply the underlymg technologaes, such as wind turbine blades or nuclear’ plant components nor did -
- the Taslc Force attempt to quantrfy downstream’ servrce ;obs associated with demand srde management technologres ; N '
or customer—owned electric vehicles. However, the Task'Force anticipates that a srgnrﬁcant number of these jObS '

C ften 1referred to as rndrrect and mduced jObS wrll be created in; the trans:tron to low carbon energy systems""'

lndtre;:t and mduced jObS are oﬁen estrmated to br a multl le_of th d'rect robs For example

= A DOE report on the workforce rmplrcatrons of : ’nce in nucl ar power estimated that about four mdrrect )
and rrduced Jobs would be’ created for every dlrect jOb in the nuclear industry and about ﬁve mdlrect and mduced”

1obs would be created for every d:rect ;ob in the broader electnc mdustry 8

Y = Aretent report on the econom|c beneﬁts of advanced coal wzth CCS estrmated that 4 8 mdlrect and mduced JObS
“would be created for every dlrect operatrons and mamtenance Job at a coal: ﬁred powar plant wrth CCS W

Some of the mdlrect ot mduced manufacturmg ;obs assoclated wrth expanded use of low-carbon" technolog;es may
4 ?_f_.be outsrde the Umted States |fthe5e technologres end up berng rmported rather than bemg produced domestlcally

Design and Construction of Bechtel staff developed 1-GW “building blocks™
New Generating Assets for each of the different types of generation
assets being considered in various deployment

To better understand the workforce implica- scenarios, including nuclear, conventional coal,
tions of designing and constructing 210 GW conventional coal with CCS, inlegrated gasifica-
of new generation as implied by the EPRI tion combined cyde (IGCC), IGCC with CCS,
Prism scenario, NCEP commissioned a study natural gas combined cycle, onshore wind, solar
by Bechtel Power Corporation (Bechtel). As thermal power, and solar photovoltaic {PV) power.
detailed in Appendix A, experts at Bechtel Bechtel staff then developed workforce estimates
drew upon data from their project experience for the design and construction of each 1-GW
{including actual and planned projects) and building block of generation. This first phase
from industry sources to estimate the workforce resulted in a range of employment curves for
needs associated with developing, designing, each of the different generation technologies.

procuring materials for, and constructing new

generating assets. Figure 4 shows an example of estimated per-
sonnel requirements for the design, develop-

The Bechtel study focused solely on estimating ~ ment, and construction of 1 GW of new nuclear

a range of direct jobs associated with con- generation. Bechtel’s estimates include a

structing new generation infrastructure. First, confidence interval of 25 percent around the re-

** 1daho National Engineering and Environments] Laboratory and Bechtel Power Corporation. *U.S. Job Creation Due to Nuclear
Power Resurgence in the United States: Volumes 1 and 2” {Prepared for the U.S. Department of Energy, Science, and Technology
Under DOE {daho Operations Office Contract DE-ACo7-99ID13727). Navember 2004. Available http://www.inl.gov/technicalpubii-
cations/Docurments /3772069, pdf.

28 BBC Research & Consulting (Prepared for Industrial Union Council, AFL-CIQ; Internationzl Brotherhood of Boilertnakers;

Iron Ship Builders, Blacksmiths, Forgers, and Helpers; Internationial Brotherhood of Elecirical Workers; United Mine Workers

of America; and American Coalition for Clean Ceal Electricity). "Employment and Other Economic Benefits from Advanced Coal
Electric Generation with Carbon Capture and Storage (Preliminary Results).” February 2009. Available http:// www.americaspower.
orgjcontent/downloadf1459/10428/file/BBC%20FINAL%20020709.pdf.
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sults to reflect some of the uncertainty in these
forecasts. Appendix A includes 1-GW building
block personinel curves for each of the types of
generation reviewed by Bechtel.

In assessing workforce needs, Bechtel consid-
ered two categories of workers: professional
employees and skilled craft employees. Each
designation is short-hand for a broad category
of employees.

* Professional employees include individuals
who provide services in engineering, procure-
ment, prpject management, construction
oversight, znd other support services. These
include emnployees at the project site, at corpo-
rate offices. and at offshore design facilities.

= Skilled craft employees include craft workers
and craftsubcontractors at a project site. As
a subset of this group, Bechtel also focused
on five critizal crafts: pipefitters, electricians,

boilermakeys, millwrights, and ironworkers.

Figure 4. Average Equivalent Personnel Per Month for Design,
Development, and Construction of One GW of New Nuclear
Generation
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Note: The information presented in this figure is nat ta be used independently of o7 without reference to the
analysis in Appendix A of this report and its qualifications and assumptions, of for any commercial purposes.
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The Task FORCE ESTIMATES

THAT ROUGKLY 113,000
10 189,000 WORKERS
WiLL BE NEEDED TO DESIGN
AND CONSTRUCT THE

NEW GENERATING ASSETS
ENVISIONED IN THE PRisSM

SCENARIO,

To estimate the total direct workforce demand
driven by the infrastructure build in the EPRI
Prism analysis, Bechtel applied these :-GW
building blocks to the 210 GW total increase in

capacity.

Figure 5 shows the results of this exercise,
Industry-wide, the demand for professional and
skilled craft employees increases quickly over
the next ten years and peaks in 2022. Note that
the drop in demand as the graph approaches
2030 is a function of the EPRI Prism ending in
2030. Taking 2 snapshot of workforce demand
in the peak year of 2022 and induding both
professional and skilled craft employees, the
Task Force estimates that roughly 113,000 to
19,000 workers will be needed to design and

construct the new generating assets envisioned

in the Prism scenario. While this demand will be
for construction workers as opposed to electric
power workers, it is interesting to note that it is
equivalent to about 30—50 percent of the existing
electric sector workforce, as shown in Figure 6.

Tt important to clarify that this report discusses
peak year demands, not cumnulative jobs. This
distinction is necessary due to the nature and
mobility of the construction workforce, For
example, the end of one construction job and
the beginning of a new one does not necessarily
represent an entirely new job opportunity (in
the sense that it requires a newly trained profes-
sional). Rather, the new job may just be the next
job for the sare individual. When viewed in this
manner, workforce constraints will be driven by
peak demands and not by cumulative needs.

Figure 5. Average Equivalent Personnel Per Year to Design and Construct the New Gen-

erating Assets in the EPR] Prism Analysis
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Note: The information presented in this figure is not to be used independently of or without reference te the
analysis in Appendix A of this report and its qualifications and assumptions, or for any commercial purposes.
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Bechtel identified five “critical” craft categories
that comprise about sixty percent of skilled
labor necessary to deploy new low-carbon
generating capacity. These critical crafts include
pipefitters, electricians, boilermakers, mill-
wrights, arid ironworkers, The demand for
these job categories is identified in Table 2.

Table 2. Estimated Peak Demand for
Construction Skilled Crafts to Design and
Construct New Generation in the EPRJ
Prism Ana‘[ysis (Peak is in 2022)

) {onstrucﬁon Skilled
Cratt bDemand

Range of Expected

limfts | 4780010 79.600

L

Electricians 16,900 to 28,100
Pipefitters 16,800 1o 28,000
{ronworkers 7,900 to 13,000

Boilermakers 5,200 ta 8,700

Ml!lwrmhts 1,500 to 2,500
herCrafis ~ *, % 33,200 t0 56,400 -
" TotalSkilled : . [ 81,000107136,000

- ,Constructaon Crafts .

To evaluate the: robustness of the Prism trajecto-
ries, the Task Force compared the Prism results
to results from two alternate EPRI technology
deployment scenarios that included economic
modeling. These alternate scenarios resulted in
different deployment rates of nuclear, coal with
CCS, and renewable technologies. Details of the
alternate scenarios are included in Appendices A
and B. One important insight from the alternate
scenarios is that the deployment path matiers.
As the United States designs and constructs new
generation, the rate of deployment will drive
workforce needs. At slow but steady rates of
deployment, workforce needs are spread out over
time; at fast, compressed rates of deployment,
workforce demands build to a peak and drop off
quickly. Additonally, a scenario that relies on coal
with CCS may tequire a slightly different set of
workers than & scenario that relies on nuclear power.

Figure 6. Comparison of the Workers Needed to Design and

Construct the New Generating Assets in the EPRI Prism Analysis to
Existing Employment Levels and Other Sources of Worker Demand
500,000
400,000
300,000

200,000

100,000

Peak New Generation
Design and
Construction Worker
Demand Under the
EPRI Prism Scenario {2023)

Existing Electric Potential Potential
Power Sector Five-Year Demand  Ten-Year Demand
Workforce (2008} for Replacement far Replacement
Warkers Workers
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Figure 7. Estimated Cumulative Q&M Workforce Requirements at
Projected New Generating Assets under the EPRI Prism Analysis
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Capacity (GW)

Operations and Maintenance Needs
for New Generating Assets

To estimate the ongoing workforce that will be
required to operate and maintain new generat-
ing facilities once they are constructed, the Task
Force leveraged data provided by its industry
participants. Using inforination on industry
mermmbers’ O&M workforce requirements as
well as publically available data, NCEP gener-
ated a range of estimates of O&M employees
required per GW of generation for a range of
technologies. Table 3 summarizes these find-
ings on a per GW basis.

Table 3. Estimated Workforce Associated
with Operations and Maintenance at
Generating Assets

Estimated Employees
per GW-

Generating Asset’

CNuclear, ;-
Coal

ONGEC
Onshore Wind

NCEP applied the data in Table 3 to the EPRI
Prism results to forecast a range of estimates
for O&M workforce demand. The results are
shown in Figure 7. O&M-related workforce
demand peaks in 2030. This peak is a function
of the EPRI Prism scenatio ending in 2030.

Table 4 provides a breakout of the demand for
skilled craft and professional workers. Note that
“professional staft” includes security personnel and
administrative staff who were not included in the
desigm and construction analysis. Figure 8 com-
pares the projected average number of additional
skilled craft and professional workers needed for
O&M to the other sources of worker demand.



Table 4. Projected O&M Jobs in 2030
Given the Projected New Generation under
the EPRI Prism Analysis

Range of Expected
Demand

; :}nb Category

Skilled Electric Power 35,000 to 70,000
Craft Workers
Professional Staff 18,500 to 35,000
ot Ry o f‘j‘3,50(}}1§d§6§;§6§

The growth in workforce O&M demand high-
lights the need for training solutions that ad-
dress long-term training needs. While expected
retirements create demand for training over the
next decade, the need to 2dd new generating
assets will propel the demand to train electric
power workers into the following decade.

As with our estimates of workforce demand for
design and construction, these national-level es-
timates of 0&M needs are highly approximate
and are not intended to substitute for the more
detailed state and regional assessments that will
be needed to identify specific training needs.

Workforce Needs for the Design,
Construction, and O8M of Infrastructure
and Supporting Technologies

In addition to hiring skilled workers to replace
retiring workers and to build and maintain

new generating assets, the electric power sector
will need skilled workers to design, build, and
mainiain a host of infrastructure improvements
and supporting technologies.

Three of the most protrinent areas of infra-
structure expansion are likely to include:
I. the construction of new high-voltage trans-

mission linies;

2.the deployment of smart grid technologies to

help customers use electricity more intelli-
gently, and;
3. pipelines to move captured CO, from major
emissions sources to geologic sequestration
locations around the country. ‘

Design, Construction, and O&M
Workforce Needs for New High-Voltage
Transmission Lines

The process of siting new high-voltage trans-
mission lines in the United States has become
very contentious. As a result, many projects
remain in the approval process phase for years
before they are approved for construction, Such
uncertainty makes it difficult for a company to
accurately project the commencement of con-
struction and the timing of hiring decisions.

Figure 8. Comparison of Peak O&M Worker Demand Associated
with O&M at Projected New Generating Assets under the EPR}
Prism Analysis to Existing Employment Levels and Other Sources

of Worker bemand
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OUTAGES

_ in addition 10 the O&M staff hired by power plants wcrkers, especially
o _skl!led wurkers will also be needed to perform maintenance on units.
o r'ﬁ“r'.durmg scheduled outages. Nuclear plants, in particular, require skilled
' craft workers to compiement onboard electnc power staff for this pur-
- pose indeed, in some cases as many as 1, 000 addmonal workers may
L be needed over a four to EIght week penod dependmg on the scope
of ‘ihe work to be performed E RN : o a

ght supplement |ts fuli tlme staff w:th mcludes radlatlo‘: protection

“-' techniciank, operator engmeers teamsters, non-manital supervisors, N
» ;-pxpeﬁtters, mﬂlwnghts, _laborers, electnmans bm!ermakers tarpemers T

msulators and |r0nworkers PR

As a result, career centers and training provid-
ers lack the information they need to develop
courses and direct students to the appropriate
training programs.

Despite these uncertainties, NCEP compared
a number of published estimates to assess the
miles of new transmission infrastructure that

will be needed to support the energy system of
the future.

= The North American Electric Reliability
Corporation (NERC) is the entity responsible
for ensuring the reliability of the bulk power
system in North America. NERC projects
that the total number of miles of high-voltage
transmission lines needed in the United
States will increase by 9.5 percent {15,700
circuit-miles) over the next ten years.*

= Several of the nation's major power pool
operators, including the Midwest Indepen-

dent System Operator, the Southeast Electric

Reliability Council Reliability Region, PJM

Interconnection LLC, the Southwest Power

Pool, the Mid-Continent Area Power Pool, and

the Tennessee Valley Authority recently pro-

duced a Joint Coordinated Plan that examined
the additional transmission infrastructure
needed to integrate wind and other renewable
resources with the existing grid network and
electricity demand centers. The report esti-
mated that the eastern portion of the United

States alone would need:

- 10,000 miles of new high-voltage trans-
mission lines to achieve the goal of having
wind supply 5 percent of total electricity
needs by 2024, and

* 15,000 miles of new high voltage transmis-
sion lines to increase the wind contribution to
20 percent of total electricity supply by 20243

A similar national-level study by DOE that
looked at increasing wind energy’s contribu-
tion to 2o percent of the overall U.S. elec-
tricity supply by 2030 concluded it would

be cost-effective to build more than 12,000
miles of additional high-voltage transmission
capacity. Much of this new capacity would be
required in later years after an initial period
during which new wind generation could use
the limited remaining capacity available on
the existing transmission grid .

American Electric Power {AEP) has produced
a conceptual transmission plan that includes
19,000 miles of new 765-kilovolt (kV) line

to integrate wind as 20 percent of the overall
electricity supply.

* Carol L. Berrigan, Director, Industry Infrastmicture, Nucieat Energy Institute. “Testimony for the Record 1o the U.S. Senate
Committee on Energy and Natural Resources.” November 6. 2007, Available http://energy.senate.gov/public/_files/CBerriganTes-

timonyriobo7.pdf.

» NERC. “2008 Long-Term Relizbility Assessment zooS -2017.” October 2008. A\ ailable hitp:f/wew.nerc.com/files/[TRA2008.pdf.
# Midwest Independent System Operator. et al. “Joint Coordinated Syster Plan 2008.” 2008. Available htep:/fwww.jcspstudy.org/.
» U.S, Department of Energy Energy Efficiency and Renewabie Energy, “2c% Wind Energy by 2030: Increasing Wind Energy’s
Contribution to U.S. Electricity Supply.” July 2008. Available http:/fwww1.eere.energy.gov/windandhydro/wind_2030.htm]

» AEP. “Interstate Transmission Vision for Wind Integration.” june 2o07. Available hitp:j jwww.2ep.com/about/ 176 5project/docs}

windtransmissionvisionwhitepaper.pdf.
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NCEP also ronsidered the new resources
provided under ARRA to support transmis-
sion investments. ARRA funding is expected
to accelerate the construction of approximately
3,00 miles of high-voltage transmission lines
by 2012.

After considering these projections, NCEP
modeled a deployment path that included the
deployment of 3,000 miles of high-voltage
transmission lines by 2012; with an additional
2,000 miles coming online each year through
2019 for a total of 15,000 miles installed by 2019
{this roughly corresponds to the 15,700 miles

in ten years projected by NERC). In reality, high
voltage transmission lines will be constructed

as regulatory approvals and financing plans are
put into placg, and it is unlikely that 2,000 miles
of transmission lines will be installed each year
from 2013 to 2019. However, this deployment
path provides a straightforward way to assess
workforce implications. NCEP also accounted for

workforce needs associated with the design and
construction of necessary substations.

To estirmate the scale of the work{orce required to
build and operate new high-voltage transmission
lines and substations, NCEP worked with Task
Force members who had experience designing,
constructing, and maintaining such lines and
could provide relevant data. Only workforce
requirements in terms of design, engineering,
and construction staff were considered. Sup-
port staff, such as security, administrative, or
grounds keeping staff, were not included.

NCEP assumed a best-case scenario where all reg-
ulatory and permitting filings and approvals move
smoothly and on schedule. Additionally, NCEP
assurmned the new hiph-voltage transmission lines
would be constructed above ground and no severe
weather or other delays would be encountered
during the engineering or construction phases
that would require additional staff time.

Tue AMERICAN RECOVERY

AND REINVESTMENT ACT OF
2009 (ARRA) runpiNG

IS EXPECTED TQ ACCELERATE
THE CONSTRUCTION OF
APPROXIMATELY 3,000 MILES
OF HIGH-VOLTAGE TRANSMISSION

LINES BY 2042,
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Figure 9. Workforce Demand for High-Voltage
Transmission Expansion for Assumed Miles Installed
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The workforce demand in annual full-time
equivalents for the modeled deployment path

is shown in Figure ¢. Building a transmission
line is a mult-year process. Even in a best-case
scenario where a project moves quickly through
the regulatory process, it will take more than five

years from design to operation. To hit the targels
set by ARRA, NCEP assurned that existing proj-
ects were already in process and that a portion of
the needed workforce was already engaged.

Note that workforce demand peaks in 2612 as
the 3,000 miles of high-voltage transmission
agsociated with ARRA come online. Bemand
for design and construction workers declines
closer to 2019 because 2018 is the last year
additional transmission is added in the model.
Demand for workers to operate and maintain
the new transmission lines, on the other hand,
grows steadily over the time period shown, re-
flecting the larger network there is to maintain,

and reaches about 700 workers in 2019,

Table 5 shows the average estimates for the skill
types and numbers of workers needed for design
and construction in the peak year {2012). The
largest demand is for workers on line construc-
tion crews. These crews include workers with a
variety of skills including truck drivers, equip-
ment operators, safety specialists, foremen,
linemen, and tree cutters.

Table 5. Average Composition of Workforce Needed in 2012 to Design and Construct

High-Voltage Transmission Lines and Substations Based cn NCEP Assumptions

- Estimated Full-Time -
{Equivalent Workers in 2012

“Professional Employees- . #7007t 1,200 ©
Engineers 300 to 500
Right-of-Way Agents 200 to 300
Project Managers/Coordinators 100 to 200
Consultants <100
Designers <100
Other <100
Construction Labor and Skilled Graft Employees, ..~ 5 .~ b6 940010/15.200.
Line Construction Workers 8,000 to 13,000
Below Grade Construction Workers {Groundling/Foundations) 700 to 1,100
Surveyors 500 to 800
Above Grade Construction Workers {Steel/Equipment/Setting/Bus Work/Panels) 100 to 200
Transmission Construction Representatives 100 to 200
Other <100
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A NUMBER OF EFFORTS ARE

CURRENTLY LINDERWAY TQ
MODEL POTENTIAL PATHWAYS
FOR THE DEVELOPMENT

oF €O, PIFELINES IN THE

LfniTED STATES.

Deployment and O&M of Smart Grid
Technologies

One of the key technology challenges embedded
in the EPRI Prism analysis is the deployment of
smart grid technologies. In December 2008, the
consulting group KEMA completed a study for
the GridWise Alliance that reviewed the work-
force implications of rapidly deploying smart grid
technologies throughout the United States

Interpretations of what is meant by a smart grid
differ. In the KEMA study, the term refers to
“the networked application of digital technology
to the energy delivery and consumption seg-
ments of the utility industry. More specifically,
it incorporates advanced applications and use of
distributed energy resources, comrunications,
information management, advanced metering
infrastructure {AM]I), and autornated control
technologies to modernize, optimize, and trans-
form electric power and gas infrastructure.”

The KEMA study assumed that there was a
nationwide deployment of 128 million meters
along with associated infrastructure at 2 cost of
$64 billion. The deployment period in the study
started in 2009 and lasted until 201236 The
study included direct utility jobs and contractor
jobs as well as upstream and indirect jobs. Table
6 summarizes the direct utility and contractor
job estimates reported by KEMA. In the deploy-
ment phase, KEMA projects a net increase of
approximately 55,900 direct utility and contrac-
tot jobs and another 25,700 new energy service-
related jobs. These projections represent an
increase of approximately 6 percent relative to

the current eleciric power sector workforce.

Once the smart grid is fully deployed, KEMA
projects a reduction of 32,000 utility and con-
tractor jobs. This reduction is more than offset
by the overall addition of 54,000 “new utility
or energy service company jobs” such that the
net increase in workforce demand associated
with smart grid deployment totals about 27,200
jobs {almost 7 percent of the current workforce).
KEMA's estimate of utility and energy service
company jobs is based on projections about
new consumer services and workforce needs
such as the installation of distributed renewable
energy generators and the operating and servic-
ing of smart grid compouents in the field.

Table 6. Utility and Contractor Jobs from Widespread Smart Grid Deployment

Based on KEMA Estimates¥

Job Category Deployment Peak (2012) O&M Level (2018)

Direct Utility Smart Grid 48,300 5,800
Transitioned Wlity Jobs ¢ ¢ < -11,400 L maen L
Contractors 19,000 2,000
 New Uity or, Ederey-Service Company Jobs £ 025700 o o n B 51400 AW
Tatal 91,600 27,200

% KEMA. "The U.S. Smart Grid Revalution: KEMA's Perspectives for Job Creation (Prepared for the GridWise Alliance).” December

23, 2008. Available http:/ fwww.gridwise org fkema.html.
# Ibid.
» Ibid.

TASK FORCE ON AMERICA'S FUTURE ENERGY JOBS



Design and Construction of CO, Pipelines  two scenarios are summarized in Table 7. The
pipeline rniles shows in Table 7 are in addition

Under the EPRI Prism scenario, U.S. utilities to the 3,900 miles of CO, pipelines currently in
deploy 9o GW of advanced coal-fired power operation in the United States.3?
plants with CCS by 2030. As modeled by EPR],
the plants start to come online in zo15, with Table 7 o, P;pelsne Deployment Scenarros‘“’
the majority—-about 75 GW—constructed be- ) L 55 : 450 ppri .5.50'hpm B
tween 2020 and 2030. To support these plants, R e Stabsirzatwn Target . Stabilizatfon Target

- AR Average annual number of ~dozen per year 1-3 per year
developers will have to construct Co, pipelines power plants adopting CCS through 2030 through 2030
to transport captured CO, to secure geologic Average gmwth v ] 900 miles . - ¥
storage formations. . €0, pipelines:2010-2030.5 - Jo-. .+ peryear. .

ﬁdgggﬂg,ﬁgg?ﬂ pipelines ~18,000 miles ~6,000 miles

A number of efforts are currently underway
to model potential pathways for the develop-
ment of CO, pipelines in the United States. In Using PNNL's assumption that the average power
one effort, researchers at the Pacific Northwest ~ Plant is approximately 5o miles from a storage

National Laboratory (PNNL) developed two location and Bechtel's assumption from the
scenarios for national CCS pipeline develop- construction estimates that advanced coal-fired
ment based on different targeis for stabiliz- power plants have an average capacity of 600

ing atmospheric concentrations of CO_3* The MW, NCEP estimates that the CCS deployment

.

#* Dooley, ], R.T. Dahowski. C.L. Davidson. “Comparing Existing Pipeline Networks with the Potential Scale of Future U.5. CO,
Pipeline Networks.” (Presented at the gth Greenhouse Gas Technologies Conference, Washington, D.C.). Novemnber 16-20, 2008.
Available http: j/www.scieacedirect.com/science?_ob=MImg&_imagekey=Bg84K-4WoSFYG-7D1& cdi=59073&_user=ro&_.
orig=search&_coverDate=02%2F28%2F2000&_sk=¢99989998&view=c&wchp=dGLzVtb-zSkWz&md;5=94d879beggab3i3q4oceg
fibce7ebBab 4 &ie=/sdanticle. pdf.

% WRE. “CCS Guidalines: Guidelines for Carbon Dioxide Gapture, Transport, and Storage.” October 2008. Available http://pdfwri.
orgjccs_guidelines. pdf.

4 Dooley, ]]. R.T. Dahowski, C.L. Davidson. “Comparing Existing Pipeline Networks with the Potential Scale of Future 1.5. CO,
Pipeline Networks." {Presented at the gth Greenhouse Gas Technologies Conference, Washington, D.C.). November 16-20, 2008.
Available http:/fwww.sciencedirect. com/science®_ob=MImg& imagekey~B984K-4WaSFYG-7D-1& _cdi=59073& user=10&_
orig=search& _coverDate=02%2F28%2F2009& sk=099989998&view=cwchp=dGLzVib-zSkWz&mds=94d879beogabsizqocey
fibceyeb8ab4&ie=/sdartcle.pdf.
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Figure 10. Miles of Additional CO, Pipeline installed to Support EPRI Prism CCS Deployment
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scenario in the EPRI Prism will require approxi-
mately 7,500 miles of additional CO_ pipelines—
an estimate that is closer to PNNLs 550 part
per million (ppm) stabilization target scenario.#
Figure 1o shows the modeled deployment path.

Task Force members provided NCEP with
estimates of the number of workers needed to
design and construct a CO, pipeline in the
United States, assuming a pipeline diameter of
16 inches. Using those estimates, NCEP devel-
oped the worler dernand curves shown in Figure
11. The variability in the curves reflects the an-
nual deployment path of advanced coal with CCS
in the EPRI Prism. The pipelines associated with
each power plant are assumed to be constructed
in the year the plant comes online. As in the gen-
eration design and construction estimates, the
range of estimates for pipeline workers reflects a
25 percent meargin of acauracy.

Figure 11. E9timated Workforce to Design and Construct CO, Pipelines to Support EPRI

Prism CCS Deployment
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Given the varying lengths of pipeline expected to
be installed, it is difficult to estimate the number
of workers who will be employed to operate and
maintain the pipelines. Regulatory requirements
associated with pipeline safety include the
development and regular review of an operations
manual with an emergency response plan.
Current requirements also specify that “each
operator shall, at intervals not exceeding three
weeks, but at least 26 times each calendar year,
inspect the surface conditions on or adjacent to
each pipeline right-of-way.”s

Deployment of Energy Efficiency
Technologies and Measures

Energy efficiency technologies and measures

The size of the workforce needed to deploy CO,  4re an essential strategy for reducing the cost of

pipelines peaks between 830 and 1,400 work-  oreenhouse gas abatement and are included as

ers in 2028, when approximately 660 miles part of the Prism scenario. The workforce de-

of 16-inch pipeline are installed to support

about 8 GW of additional advanced coal power ¢ energy efficiency technologies, however, are
plants with CCS. A number of different skilled it to quantify.

mands associated with large-scale deployment

craft workers are needed to complete pipeline

construction. Table 8 shows an approximate In January 2009, Global Energy Parmers and

breakout of the types of skills required. The Brattle Group completed a report for EPRI
that assessed “the achievable potential for en-

Table 8. Craft Skills Associated with

Pipeline Construction® ergy efficiency and demand response programs

to reduce the growth rate in electricity con-

sumption and peak demand through 2030."#

Operators _30% While the report was not explicitly designed to
Welders/Helpers <5 v/ %o -~ 225%. | estimate the energy efficiency potential repre-
Laborers _ 20% sented in the EPRI Prism analysis, the range

- .-10% - "7 of reductions it estimates and the deployment

Inspectors 5% schedule it assumes are broadly consistent with
P TR R WIETRE .
“ 5 so68% 0 | the Prism. Hence, the NCEP Task Force looked
Salaried Foreman 5% at the energy efficiency component of the

Jesting Technicians *%]87.°.¢5% 7] Global Energy Partners and The Brattle Group

PR n

T T Y ol
Surveyors © 1T e

+ [nformation Insights, Inc. “Stranded Gas Development Act: Muricipal Impact Analysis for the application by BP Exploration
{Alaska) Inc., ConocoPhillips Alaska, Inc., and ExxonMebil Alaska Production, Inc.” (Prepared for the Alaska Department of
Revenue Municipal Advisory Group.) November 2004. Avzilable http://www.magalaska.com/pdf/Municipal . Impact_Analysis-
Producers_Application-corrected.pdf.

4 49 CFR § 195.412.

+ EPRL "Assessment of Achievable Potential from Energy Efficiency and Demand Response Programs in the U.5.7 January 2009.
Available http:/ /my.epri.com /portal/server.pt? Absiract_id=o0cocooccoo1016987.
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analysis to estimate workforce demands associ-
ated with energy efficiency deployment.

For that analysis, researchers used a technolo-
gy-driven, bottom-up approach to estimate the
deployment of efficiency technologies across
regions of the United States for the residential
and commercial sectors and a top-down sector
forecast of energy efficiency improvements for

shown in Table ¢ was used as the basis for the
analysis—these measures are based on what is

currently available in the market through utility

the industrial sector. The range of measures

Table 9. Summary of Energy Efficiency Measures by Sector*

P Res}idéntiai Sector}Measure;s

Efﬁuént air conditioning
(central room, heat pump)

- Commercial Se(';tor Meééurés

Efficient cooling equipment
{chitters, central AC)

gles on emissions.

or similar programs. The study did not review
the impact of potential future policies, such as
a greenhouse gas cap-and-trade program or fu-
ture innovations that could increase the rate of
technology diffusion or the impact of technole-

Industrial Sector Measytes

Process improvements

f S o
BN &

‘(heat pumps)

: Efﬁoentspace heatmg i
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Table 20. Cumulative Annual Efficiency Savings
Under Reattstlc Achievable Potential Scenario (GWh)“

R951dent:al 12,127 64.37& 139,637
Comeal ] et | Baeel Lz
!ndustnal 2,027 45,696 78,726
" Total L 20,609 2] 206,947 3 % 398,005 -

Table 11, Average Annual Additional Efficiency Saving
imphed by Reahstic Achievable Potentnal Scenario {GWh)~

Averhga Annual Rate
of Efficlency Savings

2010
20,609

201120207 20212030

16,106

The report focuses on what it calls “Realistic
Achievable Potential Energy Efficiency”, which
combines technical potential with economic

and other considerations. Table 10 shows the
Realistic Achievable Potential by sector in annual
gigawatt-hours (GWh) saved. The savings shown
in Table 10 are cumulative (i.e., the savings in
2010 are carried through as part of the annual
savings for 2030). Table 11 shows the implied
efficiency savings added each yeay, assuming
linear deployment of energy efhiciency measures.

One way to think about the workforce needed
to deploy energy efficiency measures is to focus
on the people needed to support a successful
energy efficiency program. The Task Force in-
cluded several members from companies who
were able to share their experiences deploying
energy efficiency technologles and measures
over the past ten years. To run energy efficiency
programs, an electric company directly employs

" two primary groups:

= People to design and administer programs; and
» People to promote programs and sign up new
customers.

While these direct employees are essential to
the development and execution of energy ef-
fidency programs, they do not perform energy
efficiency audits or install energy efficient
measures at customer homes or businesses.
Rather, electric companies usually hire contrac-
tors who specialize in the installation of specific
measures. Furthermore, businesses and home-
owners also rely on non-utility based programs
and services to improve the energy efficiency of
their buildings. The Task Force recognized the
importance of the broad range of energy effi-
ciency jobs but only included the direct electric
company employees in this study.

Based on feedback from Task Force members, a
large utility-based energy efficiency program that
includes residential, commercial, and indus-
trial energy efficiency components and realizes
about 1,000 GWh of annual efficiency savings
would require approximately Goo employees
who spend all or part of their time adminigter-
ing and promoting energy efficiency programs.
Assuming all the programs involve an equal

"number of employees, this implies that about

0.6 employees would be involved in program
administration and promotion for each GWh of
annual savings. Using the average annual energy
efficiency savings estimates in Table 11, utility or
other third-party managed energy efficiency pro-
grams wouid require all or part of the time of ap-
prox:mately n oog employees per year through
2030. Bach prog;_am mar»laged‘by the utilities or
similar enﬁtié§ W6ﬁld ﬁi tum 'Hire contractors

to unplement or deploy efﬁaency measures The
number of workers employed by these conixac
tors can be expécted to 51gn1ﬁcant1y exceed the
number of direct-utility employees‘ eqmred to
deed .
these workers would likely number i in the thou- -

administer and promote the programs -1

sands for every program.

6 Thid.
 Ibid.
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1t is important to note that quite a few utilities
already have established energy efficiency pro-
grams and would not need to hire a large num-
ber of additional staff. As a result, the 11,000
employee figure likely overstates the number
of people who would have to be hired to deploy
energy efficiency measures at the scale suggest-
ed by the Prism scenario. However, as noted
above, the deployment path does not include
the impact of potential future policies, such as
a cap-and-trade program, or further technol-
ogy innovations that could increase the rate of
technology diffusion. If utilities expand their
efficiency pragrams to comply with a manda-
tory greenhouse gas policy, this could increase
related workforce requirements.

On the contractor side, it is important to note
that the analysis conducted by Global Energy
Partners and The Braitle Group suggests early

deployment of residential energy efficiency
measures and a movement towards commer-
cial efficiency in the middle years. As shown in
Table 10, while residential measures account
for almost 6o percent of efficiency savings in
2010, they are only assumed to make up about
30 percent of savings by 2020 and then rise
to about 40 percent of savings by 2030. Com-
mercial efficiency measures account for about
30 percent of savings in 2010; 47 percent of
efficiency measures by 2020; and 45 percent by
2030. This suggests that contractors will have
“to adapt to different technologies and custom-
ers gver time as programs evolve and as differ-
ent efficiency measures are deployed.

Figure 12 summarizes the major sources of
worker demand and compares them to the cur-
rent electric sector employment levels.

Figure 12. Comparison of Major Sources of Worker Demand

to Existing Employment Levels

Existing
500,000 | Electric Power
Setiar
Workforce
{2008)
400,000 ;
300,000 Potential
Ten-Year Demand
for Replacement
Workers
200,000 New Generation Peak Smart Grid
O&M Worker Deployment
Demand Worker Demand
(2030) 2012) Direct Energy
100,300 T Cficlency
%T;:‘Zﬁ“"",?;} . Worker Demand
g:g;‘”ij;g S (2018)
0 &}l%f%ﬁé it - i lm
Potential Five-Year Peak New Peak Design and Smart Grid
Demand Generation Constructicn of 08&M Worker
for Replacement Design and New Transmission Demand (2018}
Workers Construction Worker Under the
Demand Under EPR} Prism

. the EPRI Prism
‘ Scenario (2022)

Scenario {2012)

A LARGE UTILITY-BASED

ENERGY EFFICIENCY PROGRAM
THAT INCLUDES RESIDENTIAL,
COMMERCIAL, AND INDUSTRIAL
ENERGY EFFICIENCY COMPONENTS
AND REALIZES ABOUT

1,000 GWH OF ANNUAL
EFFICIENCY SAVINGS WOULD
REQUIRE APPROXIMATELY

600 EMPLOYEES WHO SPEND
ALL OR PART OF THEIR TIME
ADMINISTERING AND PROMOTING

ENERGY EFFICIENCY PROGRAMS,
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Summary: Future Workforce Needs

‘Job Type

Dermiand Gene
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5 A X

Estimated Woriforce Required

sted by Wiker Reehonis Nocessay to Mainti Curent Hct

Operations and Maintenance®

120,000 to 160,000

Professional Staffd

Electric Power Skilled Craft® 58,200 By 2013
Technicians® 20,300 By 2013
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Pipefitters/Pipelayers® 6,500 By 2013
Lineworkers® 22,500 By 2013

Engineers® 11,200 By 2013

.0 .t 'Demand to Build and’ Maintain the Future Electric Generation:System © . " oo %
Design and Construction® 113,000 to 189,000 2022

Construction Skilled Craft Workers® 81,000 to 136,000 2022
Electricians® 16,900 to 28,100 2022
Pipefitterst® 16,300 to 28,000 2022
ironworkers®© 7,900 to 13,000 2022
Boilermakers® 5,200 to 8,700 2022
Mitlwrights® 1,500 to 2,500 2022

Professional Employeest 31,700 to 52,800 2022

Operations and Maintenancet® 53,500 te 105,000 2030

Electric Power Skilled Craft"® 35,000 to 70,000 2030

18,500 to 35,000

L P e R
PR A
N

R . v %

. -, Building and Maiataining New Electricity Transtigsion, Capacity @,

2030

Design and Construction

10,100 to 16,400

Construction Skilled Craft Workers

9,400 to 15,200

Professional Employees

700 to 1,200

Professional Employees

Operations and Maintenance 700 to 1,200
Technicians B 500 to S00
200 to 300

T

‘Building and: Maintaining a Smart Grid™ -

Deployment

New Electric Power and Energy Service Company

91,600

Direct Electric Power and Contractor 55,900

| New Electric Power and Energy Setvice Company 25,700
Dperations and Maintenance 27,200
Direct Electric Power and Contractor -24,200
51,400

st besT iR - iiilding and Maintaining €O; Pipelines for CCS9T T VY
Design and Construction | 830 to 1,400 [

a0 :

¢ Y

+Deploying Energy Efficiency Technologies®. -~ -.-=

_ Electric Power Employees?

11,000

T
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Table Notes

The workforce estimates are based on pub-
lished sources, on projections developed by
Bechtel! for the Task Force, or estimated by Task
Force staff. Except for the projected workforce
to replace those retiring, the estimates are
bazed on the peak number of jobs expected in
one year between now and 2030. The year listed
is the year of the projecied peak. In the case of
projected retivements, the estimate represents
the total number of positions that will need

to be filled between now and 2013 based on
surveys developed by CEWD. All numbers are
rounded. The Task Force developed these esti-
mates as a way to understand the magnitude
of future worldorce demand; these estimates
should not take the place of state and regional
workforce agsessments.

{a) Based on estimates by BLS and CEWD,
U.S. Department of Labor, Bureau of
Labor Statistics. “Career Guide to Indus-
tries, poo8-09 Edition, Utilities.” Avail-
able Lttp:/ fwww.bls.gov/oco/cgfcgso18.
htm. Accessed May 14, 20009.

CEWD. “Gaps in the Energy Workforce
Pipeline: 2008 CEWD Survey Results.”

4

(b)

(©

(d)

(e}

2008. Available http:/ Jwww.cewd.org/
documents/CEWD_o&Results.pdf.
Accessed May 20, 2009. This estimate
includes all workers expected to retire

in the next five years, including but not
limited to those listed below.

Based on surveys conducted by CEWD
{as above}.

Based on estimates developed by Bechtel
for the Task Force. See Appendix A.
Based on estimates developed by NCEP in
consultation with Task Force participants.
Based on a report prepared by KEMA for
the GridWise Alliance.

KEMA, “The U.S. Smart Grid Revolution
KEMA's Perspectives for Job Creation,
Prepared for the GridWise Alliance”, De-
cember 23, 2008. Available htip:/ fwww.
gridwise.org/kemahtml,

This number includes employees who
spend all or part of their time adminis-
tering or promoting utility-run energy
efficiency programs. It does not include
estimates for additional programs that
could be run by third parties, employees
or contractors necessary to implement

energy efficiency programs.
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CHAPTER 3.

TRAINING THE FUTURE

ENERGY WORKFORCE

?-dés&ibéd in Chapters 1 and 2, there will be sig-
/- fmﬁcant demand for technically-trained individuals to

i ‘fi‘l'

wsrk in the electric power sector and to design and
socnated with a low-carbon economy. As discussed
in Chapter 2, the Task Force focused on technically-
trained individuals in three broad categories:

e Skilled craft electric power workers,
e Skilled craft construction workers, and

o Engineers.
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As highlighted in Chapters 1 and 2, demand for
skilled craft electric power workers is going to
be driven, at least in the near term, mainly by
retirements as well as some attrition for other
reasons. Over the longer term, dernand for
electric sector workers will remain high as new
generation cames on line and as electric power
companies hirte staff to operate and maintain
new facilities. In addition, skilled craft electric
power workers will be needed to perform field
work associated with energy-systers support
infrastructure, including maintaining the smart
grid, and to provide other services, such as
installing energy efficiency measures.

Demand for skifled craft construction workers

is going to be driven by the expansion of the elec-
tric power seclor over the next 20 years to meet
growing demand for electricity while simulta-
neously reducing the carbon footprint of the
electric sector. In addition, skilled craft construc-
tion workers will be needed to install electricity
transmisston lines and CO, pipelines.

Demand for engineers will cut across both

the electric power and construction sectors.

As highlighted in Chapters 1 and 2, employee
losses due to retirement and attrition will in-
crease the demand for new engineers over the
next five to ten years. Longer term—that is, over
the next twenty years—the need to design and
construct low-carbon energy sources and associ-
ated infrastructure will become a major driver

of workforce needs in this area.
Overview of the Current Workforce Pipeline

Task Force members are concerned that the
existing pipeline for skilled craft electric power
workers, skilled craft construction workers, and
engineers is unprepared to meet the challenges
of the next two decades as the United States
seeks to transition to a low-carbon economy.
Several reports in recent years have examined
the nature and causes of this decline in qualified
potential workers. 48

4 See, e.g., the Nakonal Acadery of Sciences’ “Rising Above the Gathering Storm: Energizing and Employing America for a
Brighter Economic Future,” the New Comrmission on the Skills of the American Workforce’s “Tough Choices or Tough Times,”
the Department iof £nergy’s “Workforce Trends In The Electric Utility Industry: A Report To The United States Congress Pursuant
To Section 1101 Of The Energy Policy Act Of 2005,” and APPA's “Growing Your Emplovees of Tomorrow: A Work Force Planning
Model For Public Power Utilities.” Badhul Chowdhury. "Power Education at the Crossroads.” 1EEE Spectrum, October 2000.

[JEMAND FOR SKILLED CRAFT

CONSTRUCTION WORKERS IS

GOING TO BE DRIVEN BY THE

EXPANSION OF THE ELECTRIC

POWER SECTOR OVER THE REXT

20 YEARS TO MEET GROWING

DEMAND FOR ELECTRICITY WHILE

SIMULTANEOUSLY REDULING THE

CARBON FOQTPRINT OF THE

ELECTRIC SECTOR.

TaAsk FORCE ON AMERICA’S FUTURE ENERGY JOBS

43



K—12 spucanion 1s

ESSENTIAL. STUDENTS WHO
ARE LOST REFORE THEY
COMPLETE HiGH SCHODL OR
THE EQUIVALENT FREQUENTLY
DO NOT HAVE THE SKILLS
THEY NEED TO ENTER THE
SKILLED ICRAFT OR ENGINEER

WORKFORCE.

One of the challenges of assessing the work-
force pipeline is that there are multiple entry
and exit points. An effort to visualize the pipe-
line is presented in Figure 13. For example, an
individual could leave high school or a career
and technical school and move directly into an
apprenticeship program or a company-spon-
sored training program and then to the work-
force. Or, before entering an apprenticeship,
an individual could enter a pre-apprenticeship
program developed in coordination with labor
organizations at a community college. Alter-
nately, an individual could earn an associates
degree after high school before entering a four-
year college to earn a degree that provides them
with the training they need to directly enter the
workforce. While not shown in the figure, indi-
viduals could enter the future energy workforce
from the military or as part of a second cateer,
These individuals could enter the training
system at any point or could take advantage of
military-to-workforce transition programs, like
Helmets to Hardhats, which are discussed later
in this chapter.

Two key insights emerge from this graphic rep-
resentation. First, K-12 education is essential.
Students who do not complete high school or
the equivalent frequently do not have the skills
they need to enter the skilled craft or engineer
warkforce, Second, there are multiple pathways
into the workforce. People can move from K-12
education to any one of a number of post-sec-
ondary education and training options includ-
ing community colleges, community-based
otganizations, universities, pre-apprenticeship
programs, or other training programs. Indi-
viduals can also enter the military or embark on
a non-electric power career and then enter the

workforce through retraining programs. Addi-
tionally, there can be movement back and forth
between the workforce and post-secondary edu-
cation as workers get additional training and
education to further their career or move into a
different line of work. This diversity of path-
ways has the advantage of improving access, but
it can also make it difficult for career advisors to .
guide individuals and for potential employers to
assess the capabilities of job applicants.

Within the Task Force, discussion focused on
the robustness of the post-secondary educaﬁon
pipeline for skilled craft workers in the electric
power sector. The number of people trained to
take part in the skilled craft electric power work-
force has fluctuated over the years as the;needs E
of the industry, macroeconomic conditions,

the attractiveness of alternate career patlis,

and other factors have changed. After a period
of relatively rapid growth in the 1970s, when
electricity demand grew by 5 percent annually,
the electric industry faced much lower growth
rates in the 1980s and 1990s.# As some states
created a competitive marketplace for the E
electric sectot, companies increased thei’r fdcus
on productivity, which dampened hmng rends
and led to an overall decline in workforce levels
through the end of the 19g0os5° As the indus-
try’s demand for new workers slowed during
this period, training programs were scaled back,
and the pool of qualified candidates for jbbs and

training programs decreased dramatically.

At the same time, U.S. education policy became
increasingly focused on access to higher educa-
tion as the key to career success. Specifically,
access to and completion of a four-year college
degree has become a major goal of national

48 U.8. Department of Energy. “Workforce Trends In The Electric Utility Industry: A Report To The United States Congress Pursu-
ant To Secton 1101 Of The Energy Policy Act Of 2005.™ August 2000. Avajlable hitp:} /www.oe energy.gov/DocumentsandMediaf

Workforce_Trends_Report _ogoyo6_FINALpdf.
3 Tbid.
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Figure 13. Energy Sector Workforce Pipeline

Future Energy Jobs

e

® Colleges and Universities
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# Colleges and Universities
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L3 Apprenticeship Programs, )
Company+ and Labor- !

Sponsared Training,
Regional 5kill Centers

& Community Colleges
(Certificates, Associates Degrees,
Pre-Apprenticeship Programs);
Community-Based
Organizatjon Training

policy. This focus on preparation for four-year
college programs has led to the closure of many
technical high school programs across the
country, removing a traditional pool of poten-
tial new workers for the electric power seclor.
As suggeéted by Figure 13, companies in the
electric sector now look to diverse sources for
potential en;p]oyees, including community
colleges, ceddificate programs, and apprentice-
ships. While the broadening of potential con-
duits to a career in the power sector is certainly
a positive development because it potentially
opens these pareers to individuals and groups
for whom this path was not traditionally an
option, the standards and curricula for these

4

High School Diptoma or GED
Career and Technical Education

diverse education and training programs often
vary widely, complicating electric companies’
hiring decisions.

A declining emphasis on career and techni-

cal education at the high school level has
similarly affected the flow of potential workers
into skilled craft construction; however, that
sector continues to benefit from a relatively -
intact training infrastructure. One of the key
differences between skilled craft construction
workers and skilled craft electric power workers |
is that construction workers are accustomed to
moving as workforce needs shift from region to
region. Further, skilled craft construction work-
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OF THE APPROXIMATELY

THREE MILLION STUDENTS
WHO COMPLETE

HIGH SCHOOL ANNUALLY,
MANY LEAVE [LL-PREPARED
IN THE STEM sxiLLs
MECESSARY TO PURSUE

A TECHNIOAL CAREER.

ers serve the industrial and commercial sectors
in addition to the electric power sector. Partly
because the construction industry is geographi-
cally fluid and highly mobile, it has developed
national standards to guide its apprenticeship
system. This apprenticeship system has been
the primary source of skilled labor in the U.S.
construction industry.

Developing the Foundation for
Technica! Careers: K-12 Education

A solid K~12 education is the starting point for
any careet, not just an electric sector or con-
struction sector career. To the extent that the
United States has fallen behind in K-12 educa-
tion, it is also falling behind in the ability 1o de-
liver technically-trained individuals to any part
of the economy. This has potentially significant
implications for the ability of individuals to
adapt to changes in workforce demand and the
ability of the United States to serve as leader in
the innovation of technologies.

Addressing broader challenges and shortcom-
ings in the nation’s K—12 educational system

is thus essential to success in developing a
workforce to staff the transition to a low-carbon
economy and to encourage the development of
technologies and strategies that will lower costs
and improve the reliability during the transi-
tion. Students in grade school, middle school,
and high school must be exposed to the foun-
dational skills that will help them succeed in

a technelogy-driven economy. It is particularly
important to expose students to this set of skills
(science, technology, engineering, and math,

or STEM) early in their academic career and
reinforce the lessons throughout the educa-
tional pipeline.

In a recent National Academy of Sciences

(NAS) report titled “Rising Above the Gather-
ing Storm: Energizing and Employing Ameri-
can for a Brighter Economic Future,” industry
leaders and academic experts contend that the
nation faces an impending crisis as the result of
a K-12 educational system that fails to provide
students with a basic foundation for success in
the math, science and engineering fields.»

The Gathering Storm report argues that “[tthe
state of US K-12 education in science, math
and technology has become a focus of intense
concern. With the economies and broader cul-
tures of the US and other economies becoming
increasing dependent on science and technol-
ogy, US schools do not seem capable of produc-
ing enough students with the knowledge and
skills to prosper.”® Norman Augustine, who
chaired the NAS committee that developed the
Gathering Storm report and who coauthored
the forward to this report, stated in stark terms

» National Academny of Sciences. “Rising Above the Gathering Storm: Energizing and Empleying America for a Brighter Economic
Future,” 2007 {Revised July 2008). Available http://worw.nap.edu/catalog php?record _id=11453#toc.

52 Ibid.
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the unanimous view of the committee: “[TThe
United States is perilously close to falling deci-
sively behind other nations in key categories of
science and engineering."s

K-12 Education Challenges

The Task Forre identified several key challenges to
improving K-12 education in the United States.

Low Graduation Rates. U.S. Census data
estimate that less than 75 percent of those who
begin ninth grade will graduate from high
school.’* Since 2000, graduation rates, or the
percent of pinth graders who graduate four
years later, have ranged from 72 to 74 percent.
This means that of the approximately four mil-
lion studerits who will begin high school this
fall in the United States, less than three million
are expected %o complete high school.®

Dropping oit of school before graduation is a
particular problerm among minority students.
In 2007, approximately 22 percent of Hispanic
and 11 percent of Black high school-aged stu-
dents were not in school, compared to 6 percent  Lack of Technical and STEM-Related Skills. Of
of White students and ¢ percent overall# This the approximately three million students who
disparity, if it continues, will affect overall educa- complete high school annually, many leave ill-
tional attainment and the potential future energy  prepared in the STEM skills necessary to pur-

workforce. By 2050, the Hispanic population is sue a technical career. As Figure 14 illustrates,
projected to nearly triple, reaching 128 million national science assessment tests rate nearly 50
and 29 percent of the projected population. His-  percent of U.S. twelfth graders as having below

pa.ﬁics will rep‘fesent approximately 6o percent of basic Proﬁdency in understandin g scientific
the United Sta%e’s expected population growth”  concepts, 35 percent have a basic understand-

s+ Staternent before the U.S, House of Representatives, Committee on Appropriations, Subcommmittee on Comrnerce, justice, and
Science, *The Gathering Storm: Three Years Later.” March 2009. Available htrp:/ fappropriations. house.gov/Witness_testimeny/
C]S/nonman_aupustine_o3_os.0g.pdf.

# U.8. Department of Education, National Center for Education Statisties. “The Condition of Education 2009.” June 2009. Avail-
able http://nces.ed, gov/pubs2o09/2009081.pdf.

% 1.8, Department of Education, National Center for Education Statistics: http://nces.ed gov/pubsanor/projoi fchapters.asp.

i® This represents tlie status dropout rate, which is the percentage of 16- through 24-year-olds (civilian, non-institutionalized popu-
lation} who are not enrolled in high school and whe have not earned a high school credential. The status dropout rate includes all
dropouts regardless of when they last attended school, and is measured differently from the graduation rate noted earlier.

U.S. Department of Education, National Center for Education Statistics: http:{/nces.ed.gov/pubszo09/2009081.pdf and http://
nces.ed.gov/fastfacts /display.asplid=16.

s* Jeffrey S. Passel, Senior Demographer, Pew Hispanic Center. Testimony to the U.S. Equal Employment Opportunity Commission.
October 23, 2008. Available hitp://waw.ceoc.gov/zbouteeoc/meetings/10-23-08 /passel. himl.
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The decline in career and technical training at
the high school level noted above has increased
the challenge of preparing students for careers
in the skilted craft trades.®> An APPA workforce
study notes that since the mid-19gos, “the
number of high school students taking trade- or
industry-related career and technical courses

ing, 16 percent are considered proficient, and

otly two percent are considered advanced.”® By . . , .
. ) _ has declined 35 percent.”® This decline has sig-
this metric, at most 53 percent of high school .
nificantly increased the challenge of preparing

graduates (about 1.5 million students) and prob- i .
students for careers in the skilled craft trades.

ably only 18 percent (about 550,000 students)
are prepared to pursue careers in STEM-related
PIeP P . . Lack of Industry-Specific Training for Educa-
fields or enter technical careers upen high o . )
. . tors. Providing the nation’s teachers with the
school graduation. The Gathering Storm report
concludes that “[w]ithout fundamental knowl-
edge and [STEM] skills, the majority of stu-

dents scoring below ... {a] basic level .. lack the

resources and training they need to equip stu-
dents with basic technical and scientific skills is
a critical issue. The text box regarding the Los

Alamos National Laboratory Math and Science
foundation for good jobs and full participation mos e oratory

in society.”s* The number of students with solid
basic skills is of great interest to the electric in-
dustry, because these are the individuals who are

Academy teacher’s academy in New Mexico
provides an example of one approach for ad-
dressing this issue.

best equipped to enter the industry's workforce. Training and Educating

Skitled Craft Work
Figure 14. U.S. High School Graduation Rate and Science Proficiency ted Lratt Workers

e oo Individuals €an acquire the technical sk:lls and
training needed to enter the skilled craft electric
o ower or construction workforce from one or sev-
4 ¥ Advanced p
‘. Proficient eral of many institutions or programs, such as:
i - il
2, B Basic community colleges,
=
2 o Below Basic * CBOs,
s = apprenticeship programs,
w
g 2 « company-specific training programs, and
= » worker retraining programs.
1 : Community Colleges
o The nation’s 1,200 community colleges provide

Entering 9th Grade Competing 12th Grade Science Praficiency essental posi-secondary education and training to

 National Academy of Sciences. "Rising Above the Gathering 5torm: Energizing and Employing America for a Brighter Economic
Future,” 2007 {Revised July 2008). Available http:f/www.nap.edu/catalog.php?record_id=11463#toc.

59 Thid,

S U.S. Department of Education, National Center for Education Statistics. “Vocational Education in the United States: Toward the
Year 2000.” February 2c000. Available http://nces.ed gov/pubszooefz000029.pdf.

S APPA. “Work Force Planning for Public Power Utilities: Ensuring Resources to Meet Projected Needs.” 2005. Available http:f/
www.appanet.org/files/PDFs/WorkForce PlanningforPublicPower Utilities. pdf.
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nearly half the nation’s undergraduate students
Specifically, ithey “provide open access to postsec-
ondary education, preparing students for transfer
to four-year institutions, providing workforce
development and skills training, and offering
noncredit programs ranging from English as a
second language to skills retraining to community
enrichment programs or cultural activities.”®

Many of the workers needed to fill electric indus-
try jobs in the future will utilize the community
college sysiem as they prepare to enter the work-
force. Community colleges are well-positioned to
provide the kind of training and re-training pro-
grams that will be needed as the United States
transitions to a low-carbon economy. Not only
will some electric industry jobs require new and
different skills, but there will likely be mid-career
workers in other industries who seek re-training
in the electric industry for continued employ-
ment or career advancement,

Comimunity colleges are also positioned to
partner with Jocal industry and labor stake-
holders to develop courses and curricula that
serve the needs of stakeholders and benefit the
local population. Through these partnerships,
community colleges are able to offer pre-
apprenticeship courses that prepare students
to enter fortnal apprenticeship programs and
offer training programs that prepare students
to fll specific needs identified by industry. For
example, a community college might work with
an electric industry partner to develop a course
that provides *he training needed to conduct
energy efficiency audits at customer homes.

The first case study described in Appendix

C highlights the Washington State Center of
Excellence for Energy Technology, Centralia
College which is part of a network of Centers of
Excellence developed by Washington State. As a
Center of Excellence, Centralia College serves as
a point of contact and resource hub for industry
trends, best practices, innovative curricula, and
professional development opportunities. The
objective is to maximize resources by bringing
together workforce education and industry part-
ners in order to develop highly-skilled employ-
ees for targeted industries.

Community-Based Organizations

CBOs and Workforce Investment Boards
(WIBs) serve an important function in the U.S.
workforce development system by connecting

COMMUNITY COLLEGES ARE

WELL-POSITIONED TO PROVIDE

people to jobs and to the skills necessary to THE KIND OF TRAINING AND
secure a job. WIBs were created as part of an
effort to overhaul federal support for workforce RE-TRAINING PROGRAMS THAT

development under the 1998 Workforce Invest-  WiLL BE NEEDED AS THE
ment Act (WIA). W1Bs consist of public- and

private-sector members who provide strategic

UniTED STATES TRAHSITIONS TO

. : A LOW-CARBON ECONOMY.
leadership on workforce development issues

in their communities. WiBs plan and oversee
state and local workforce development and job
training programs, while CBOs, community
colleges, and other organizations carry out the
on-the-ground training.

At the local level, CBOs provide or play an
integral role in providing many workforce
development services. For example, the Mas-
sachusetts Workforce Alliance estimates that
CBOs provide 53 percent of workforce training

& Stacy Teicher Khadaroo, “Commutnity colleges play key role in tough economic times: Many schools have to turn away these seek-
ing new job skills. Proposed federal funds could help.” Christian Science Monitor, April 11, 2c09. Available hitp://www.csmonitor.

com/2009/041i /pggsor-usgn.himl.

# American Association of Community Colleges: http: fjwebadmin.aacc.nche.edu/Pages/defanlt.aspx.
£ Green for All. “Going Green: The Vital Role of Community Colleges i1 Building a Sustainable Future and a Green Workforce.”
2009. Available http://www.greenforall.org/resources/going-green-the-vital-role-of-community-colleges-in-building-2-sustainable-

future-and-a-grekn-workforce/download.
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have an opportumty to mmultaneousty enroli m a Masters of Arts

degree program admmrstered onlme by New Mexrco State Umversrty

$5‘Program mfurmanon and rmaterials pro\nded by Dr. Kurt:A, Stemhaus (Dn‘ectur of Commumty Programs Oﬂice at Los A]amos ] N

- Nattonal I_abomtoxy) 1o Sen. Peté Domenid {Retired), Aprﬂ zoog
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in Massachusetts. CBOs generally target certain
groups, surch as un- or underemployed adulis,
and they often include workforce training as

a component of a broader set of community
development efforts. In many cases they also
provide complementary or “wrap-around” ser-
vices, such as housing or meal vouchers. CBOs
deliver comprehensive education and training
services to diverse populations that may lack
access to traditional opportunities such as com-
munity college or on-the-job training programs.
According ko the Massachusetts Workforce Alli-
ance, a typical community-based education and
training program may provide:

* Classes ih reading, writing, math, and com-
puter skills, and English language learning;

= Job readiness preparation and assistance with
career identification, job search, and resume
development; and

« Training in specific job skill areas, intem-
ships, job shadowing, work experience, and
mentoring connections.

CBOs also help to £l the training gap for work-
ers outside fraditional pipelines, such as return-
ing students or those in need of mid-career
retraining. Because of their community-based
structure, CBOs are able to reach potential
workers through existing programs, such as
language classes, and direct them to train-

ing opportunifies. Unlike other pipeline entry
points, CBOs have existing relationships with
communities und individuals that pre-date—
and later continue beyond—the decision to seek
retraining or to pursue a particular training
pathway. As a result, CBOs play an important
role in conngcting employers and workforce

training programs to local communities and
otherwise-untapped sources of un- or under-
employed workers,

Van Jones, Special Advisor for Green Jobs,
Enterprise and Innovation at the White House
Council on Environmental Quality, and founder
of the Qakland, California-based CBQO Green
For All, has underscored the important role
that CBOs can play in transforming our energy
economy. Green For All was founded on the
concept that clean energy jobs are needed not
only to achieve federal energy policy objectives,
but also to provide “pathways out of poverty” for
low-income workers. In recent Congressional
testimony, Jones explained that “[w]e have an
opportunity to connect the people who most
need work with the work that most needs to

be done, and fight pollution and poverty at the
same time, and be one country about it.”

Apprenticeship Programs

CBOs pLAY AN IMPORTANT

By offering supervised on-the-job training
in addition to formal classroom nstruction, ROLE IN CONNECTING EMPLOYERS
apprenticeship programs serve as a key train- AND WORKFORCE TRAINING
ing resource for the industry. Apprenticeship PROGRAMS T0
programs frequently involve a joint partnership
between an employer and a labor organiza- LOCAL COMMUNITIES AND
tion. Through these joint labor-management OTHERWISE-UNTAPPED
apprenticeship programs, workers learn skilled SOURCES OF UN- OR UNDER-
trades through on-the-job training and related
classroom instruction. Apprentices progres- EMPLOYED WORKERS.
sively earn more responsibility and earn wages

while learning skills. Apprenticeship programs

generally last three to five years. After complet-

ing such a program, an apprentice becomes a

journeypersen, which means he or she is fully

qualified to perform the work of the trade, and

earns full pay.5?

£ Statement befpre the U.S. House of Representatives, Select Committee on Energy Independence and Global Warming. January
15, 2009. Available http://www.greenforall.org/resourcesrecovery-package-1/ transcript-of testimony.
47 Jefferson County Public Schools (KY). "Apprenticeship Programs.” Available hitp:/jwww jefferson kiz ky.us/Departments/

SchooltoCareer/aprrenticeship2. html.
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The Construction Labor Research Council lists
average annual active apprentices in the United
States by craft as shown in Table 12. The electric
power industry will compete with other sectors
for these skilled workers.

Table 12, Average Expected Annual New
Entrants in Selected Crafts 2005-2015%®

. Occupational Title New Eﬁtrahts 7

Boilermakers

Electricians
;" Equiipment Operators, ~07 ) o

Insulators

, loiworkefs: A0

N

Laborers

¥ 8,000 ]

& .

Pipefitters/Plumbers
 Sheet Metal Wotkers -

Under uncertain economic or policy circum-
stances, many employers, including those in
the electric power sector, will hegitate to recruit
relatively unskilled new hires for long-term
apprenticeship programs in which the em-
ployer will invest years of training. In response,
unions, electric power companies, community
colleges, and other stakeholders have begun

developing multi-employer and labor-sponsored
programs designed to share the benefits and
training costs of apprenticeship programs.
While these programs do not replace or sup-
plant traditional apprenticeship programs, they
allow students to effectively try out skills and
careers before competing for, or completing,

a full apprenticeship. Similarly, electric power
companies and labor unions gain additional
confidence in potential hires and may select
new employees from a more skilled pool of
workers, increasing the likelthood that appren-
ticeships will be completed.

As highlighted in the review of multi-stake-
holder collaborations in Appendix C, the
International Brotherhood of Electrical Workers
(IBEW) signed an agreement in January 2009
with several electric companies to develop a
trust that would support multiple IBEW re-
gional training centers across the United States.
The goal of the program is to partner with
utilities to offer hands-on training for a new
generation of electric power employees. The
IBEW is currently working to identify sites for
additional centers in the southeast, the north-
east, the northwest, and Texas. Once centers are
established, IBEW envisions thern as offering
regional resources that a range of stakeholders
may want to utilize.

8 Construction Labor Research Coundil. “Craft Labor Supply Outlook 2005-2015." Available hitp:/ joww.buildri org/stuff/content-
mgr/files /bBoezgaiebeychysizdy643598cf3e85/misc/z005.craft_labor_supply_report.pdf.

Task FORCE ON AMERICA'S FUTURE ENERGY JOBS



In-House Training Programs

Electric power companies have traditionally
hired technically proficient employees and put
them through their own intensive, customized
internal training prograrns to create a workforce
with the specific skills and knowledge required
by each coinpany. While there has been some
coordination, this training has largely been
conducted ir-house on a company-by-company
basis. Comipanies frequently require that em-
ployees go through company-specific training,
or test out of such training, even if they have
previous industry experience.

As discussed elsewhere, a movement to com-
petitive elertric markets in some states led to an
overall decline in workforce levels through the
end of the 1990s. As the industry’s demand for
new workets slowed during this period, some
trainting activities were outsourced for the first
time in the history of the industry.

Ag a part of this trend, some electric power
companies have begun partmering with local
community colleges and unions to develop
creative, flexible training programs to supple-
ment the programs they previously conducted
in-house. These multi-stakeholder training
partnerships have allowed companies to suc-
cegsfully partner with community colleges to
establish curricula and establish hiring consor-
tia. PG&E’s innovative training program, PG&E
PowerPathway™, is featured as the third case
study in Appendix C.

Re-Training Programs

Additionally, workers in other technically-pro-
ficient fields may retrain for the electric power
industry. For example, Helmets to Hardhats is a

national program that connects National Guard,
Reserve, and transitioning active-duty military
members with career training and employment
opportunities within the construction and other
skilled industries.® The program is designed

to provide career transition support for return-
ing veterans while also providing employers
with technically-proficient workers who pos-
gess many soft workplace skills. Helmets to
Hardhats helps address the unique challenges
that confront individuals transitioning from
military service to civilian employment. At the
same time, it helps those individuals accentu-
ate qualifications, such as general technical
proficiéncy and specific training gained while
in the military, that are unlikely to be formally
certified in a way that is recognized by industry.

Skilled Craft Worker Training Challenges

The diversity of training programs for skilled
craft workers creates some unique challenges
for the electric power sector. Some of these
challenges are specific to preparing skiiled craft
workers for work in the electric power sector
while other challenges apply more generally to
skilled craft workers in both the electric power
and construction sectors.

Understanding Electric Power Sector Demand
for Skilled Workers. A key challenge is align-
ing training programs with the demand for
workers. Chapters t and 2 review estimates of
potential future demand for skilled craft work-
ers in the electric power industry. While such
order-of-magnitude estimates are useful, devel-
oping specific training programs within each
of the institutions and programs highlighted
above requires a much more detailed under-
standing of workforce needs and opportunities.
As discussed in Chapters i and 2, the pace and

% Helmets to Hardhats: http://heimetstohardhars.org/.

A KEY CHALLENGE

IS ALIGNING TRAINING

PROGRAMS WITH

THE DEMAND FOR WORKERS.
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direction of technology deployment will have

important impacts on future demand for work-
ers and types of skills. In addition, workforce
demand will likely vary by region of the country,
further complicating nationwide estimates.

These assessment challenges are compounded
by the current system used by BLS to estimate
future industry demand. BLS relies on histori-
cal trends to project future industry growth
and does not include estimates for replacing
positions lost through retirements or other
atirition. This methodology ignores important
demographic and technological shifts in the
electric power sector as well as the need {or
skilled labor to design, build, and operate new
generating asseis.

Lack of Communication among Stakeholder
Groups. A lack of communication among
stakeholders leads to a number of challenges.
Without effective communication, education
and training systems may duplicate efforts,
resulting in an inefficient use of limited re-

sources. Such gaps in communication can leave
students behind as one institution assumes
that another institetion provided {raining in
critical subjects like math and science or basic
technical skills. Additionally, a tack of commu-
nication between employers and educators can
result in the training system producing poten-
tial employees without the proper skill sets.
Educational institutions need time to develop
quality training programs and hire faculty. By
encouraging the sharing of data on workforce
needs, employers can give educational institu-
tions valuable lead time to develop quality train-
ing programs tailored to current and future
industry needs.

Lack of Credential Portability. The lack of
standardized skill sets and curricula for some
skilted crafts within the electric power sector
presents a significant challenge for students,
community colleges, and employers. From the
perspective of skilled craft workers within the
electric power sector, one of the challenges to
getting a job or moving through a career—par-
ticularly where this involves changing compa-
nies or re-entering the workforce after spending
time in another industry—is providing docu-
mentation of relevant skills. In part to address
this issue, the nuclear power industry, through
NEI, recently announced the development of a
set of core curricula intended to help develop a
widely recognized training system for workers
in that industry.?

As discussed above, the construction sector has
addressed credential portability by developing
national standards to guide its apprenticeship
system. Skilled craft construction workers are
accustomed to moving as workforce needs shift
from region to region and sector to sector.

* NEI is currently working with 46-plus community colleges to develop the Nudlear Uniform Curriculum Program. Curriculum

requirements are laid out in ACAD o8-006, the Uniform Curriculum Guide for Nudear Power Plant Technician, Maintenance, and
Nonlicensed Operations Personne) Associate Degree Programs as well as NEI 0g9-04 Nudear Uniform Curriculum Toolkit. Full pro-
gram information is available only to members. but the NEF homepage will include basic information once the program is finalized.
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Co]Iecimg and Trackmg Skﬂled Workforce
Data. Information on the number of people
that pass through training systems is currentiy
not well captured. ™ These data are needed to
estabhsh a clear plcture of the electric power
workforce pipeline. For example, knowmg how
many students with an electrician’s degree are
workmg in the electnaty sector versus in the ,
;res1den'hal heating - ventilation and air condi-

?nonmg (HVAC) industry would enable electric

ipower companies 1o better assess their work-
force needs. The lack of clear and complete data
§ s i .

kY

complicates efforts to understand workforce
needs and can lead to over- or under-estimates
of the number of trained workers likely to be
employed by the industry in the future.

Costs of Education. Students who receive
adequate education in technica! skills and who

__would be pnme candidates for electric sector

employment may ‘have trouble paying for post-
secondary education, These students may not
complete degrees or take additional courses that
could provide long-term benefits. Scholarships
or-grants that focus on the electric power sector
could help to address this challenge.

Improving: the Image of Electricity Industry’
Careers. As labor groups and companies look to
expand the pool of tecﬁriically skilled workers,
many Task Force members are concernéd that -
students and their parents are focused on
attainment of four-year college degrees and

fail 1o view apprenticeship or other programs
outside four-year colleges as providing similar

* or better opportunities for long- term career and

... salary potennal

Lack of Career Preparatory Skills within the
Workforce. A lack of math and science skills
among many high school students represents a
major challenge in terms of training a new gen-
eration of skilled craft workers. Because of this
lack of preparatory skills, introductory courses
have become more prevalent at the community
college level. To better prepare students and
reduce the need for intreductory classes, some
institutions are now partnering with K-12 edu-
cators 1o ensure that students receive instruc-
tion in basic math and science skills early in
their academic careers.

7 U.S. Department of Labor, National Center for Education Statistics: http://nces.ed.gov/IPEDS/. Some data are available on fields
in which community college degrees are awarded. However, these data are reported on a voluntary basis with the U.S. Department
of Education’s Integrated Post Secondary Education Data System and are incomplete.

SOME ELECTRIC POWER

COMPANIES HAVE Bzi’;uﬁ
pAn'mEniuo WITH LOCAL
coMMuﬁlﬁ COLLEGES

AND UNIONS TQ DEVELOP
CREATIVE, FLEXIBLE TRAINING
PROGRAMS TO SUPPLEMENT
THE PROGRAMS THEY
PREVIOUSLY CONDUCTED

IN-HOUSE.
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IT 1S IMPORTANT TO

FOSTER MECHANISMS
FOR PULLING BOTH RESEARCH
AND STUDENTS INTO

THE ELECERIC SECTOR.

Training and Educating Engineers

Many of the skilled positions essential to
design, build, operate, and maintain the low-
carbon economy will require four-year college;
degrees, usually in science, engiﬁeenna ora;
related technical field 7 The United States has
an extensive system of colleges and. umversmes
that excel in the training of students'i in engi- -
neering and technology. These schools have
established programs and draw studer;ts from:
around the world to undergraduate and gradu-‘
ate programs.

Engineers will be among the most important of
the professionals needed. A number of the lead-
ing engineering schools have research centers
that attract faculty and expose students to the
skills and thinking required for technically-rigor-
ous professions. Beyond providing educational
experiences for students, colleges and universi-
ties that emphasize research help drive technolo-
gy innovation. Innovation in energy technologies
like nuclear energy, renewable energy, and CCS
will be critical to meeting the challenges of ran-

sitioning to a low-carbon economy.

Professional Engineer Challenges

As discussed in previous sections, a challenge
for developing engineers to work in the elec-
tric power sector is ensuring that high school
graduates are properly equipped to pursue a
technical career. Once students are appropri-
ately prepared for a four-year college or uni-
versity, students must be encouraged to enroll
in engineering programs related to the electric
sector. The text box on Electric Power and

Transmission Engineers highlights some of the
chalfé:rlges By looking at the example of electric
pow er englneers Elements of the challenges
are expanded below.

Moblhzmg the Research Community. Profes-
snonal engmeers are needed to develop, design,
and; 1mplement new, Iow carbon technologies
that produce electricity. This requires graduates
with Bachelor of Sc1ence\, Master of Science,
and doctoral dégrees in éngineering and related
disciplines. Whi}‘é_n_some of the technologies
already exist, somé have not yet been devel-
oped. There is a need. for aétive and invigorated
research programs in power engineering and

related areas To appropnately engage stu-
* dents, faculty need to be engaged through the

development of research programs, including
programs that are multldlsqplmary 1in their ap-
proach and thinking.

Encouraging Students to Work in the Electnc
Industry, In addition to stimulating research, it is
important to foster mechanisms for pu}lmg both
research and students into the electric sectot.”

One way to do thlS is through partnerships w1th
industry. Industrial partners can expose students :
to the application of technologies in the business
world through involvement in ;eseér@h initia-
tives and through internships to students.

Costs of Education. The cost of post-secondary
education in the United States'is daunting ar‘id_‘
can be a barrier to entry. Scholarships or gra‘nts‘ :
that focus on the electric power sector could
help address this challenge.

7 Idaho Nationial Engineering and Environmental Laboratory and Bechte] Power Corporation. “U.S. Job Creation Due to Nuclear
Power Resurgence in the United States: Volumes 1 and 2” (Prepared for the U.S. Department of Energy, Office of Nuclear Energy,
Science, and Technology). November 2004. Available hittp:f fwwrw.inl gov jtechnicalpublications/Documents{ 1772069 pdf.
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Wrthout strong support for strategrc research in

5 crit ‘al to th:s process o

By dare [ess than ﬁve very strong unrversrty powe

- engmeenng programs m the u. 5777 7 The report
deﬁned suoh programs as havmg REENRE ‘the qualrty and productrvxty of engrneermg :
". - four or.rmore full trme power engmeenng programs rn the Unrted States The Gathermgﬁ-’
N ,facu!ty, : } . " Storm report DOEs Workforce Trends report
'research }’undrng per faculty member that "-"_‘__Vthe U'S 'Eower and Energy Englneenng" fork:
_supports;a large but workabie numbe of’ Ey

Many expert groups have reCOmmended
focused attentlon and mvestment to mamtaln

forc‘e‘Colla'boratrve report and the Natronal
s i"_\S?cre_' ce Foundation’s. Power Englneermg Work-’ .
:'fj"- a broad set of undergraduate and graduate Q”shop 2008 report among others recommend

' course oﬁenngs in electric power systems, focusmg on faculty retentron and research and"‘

"power etectromcs and e!ectrrc machmes and ' development opportumtles for engmeenng'

R ,graduate btJdents

3 ‘programs 8.

; . ,srzable ctass enrollments 0 _undergraduates

""»'and graduaie students in those courses

n u. S Depanment of Energy. “Workforce Trends InThe Electric Utr.hty Industry A Report To-The Umred States Congress Pursuan
v Te Sectron 1wor-Of The Energy Pohcy Act Of 2 2.005. August 2006 Avar]abIe hip: //www 08. energy gov,’DocwnentsandM edia/Wo
" force " Trends Report_090706 FII\ALpd.f' : .
',‘7‘ Ibid+
7 {hid:
s Ibrd : e L
5 ;\;7»’ U.s: Powerand Eaergy Engmeermg Workforce Collaboranve, "Preparmg the: RUA S. Foundanon fox Future Elecr:nc Enexgy Systems A
T Strong Power.and Energy Engmeem:lg Worldorce;” LEEE: Power & Energy. Socrety April 2009 Available’ http //www.reeeorg/porta]i
‘L Cms_docs_pes /pesjaubpages /pescareers fo]der/wotld'orr:e/ US_Power-Euerg) Co]]a'boratlvejcﬂon_[’lanjtpnﬂ_zoog_Adobe7 pd.f
. *MUS Depaxtmént of Energy. “Workforce Trends In The Electric Uuhty Ind ; :
<" antTo Section 1ip1 Of The Energy Poilcy Act Of 20057 August 2006 o
- 7 Badinil- Chowdhury. “Power Education at the Crossroads.™ IEEE Spectrum October 3600.
. " Natjonal Science Foundation. “Report of the National Science Foundahon Workshop on the Future Power Engmeenng Worlcforce (He]d
~ November 29-30, 2037)." Septmnber 2008 Ava:lab]ehttp //ecpe ecenastateedu/nsfws/keport%zooﬁézoNSFAzoWorkshop pdf
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& Task Fbrté on America's Future Energy Jobs
tron g{y belseves that addressing the need for a
quahﬁed electric power sector workforce must

he a ma;er ‘national priority.

Bisilding the workforce needed to enable a transition

to low-carbon energy systems is essential to realizing

important national policy objectives, including

maintaining economic competitiveness, reducing

greenhouse gas emissions, and improving energy

‘3 _;.v;_secunty Without near-term investment in the next

N "generatton of electric power and construction workers,

. we could find ourselves constrained in our ability to
make necessary infrastructure changes.
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While the need for different types of specialized
workers will vary depending cn the deployment
trajectory of different generation technologies, it
is clear that there will be substantial overall de-
mand for tecknically educated students; skilled
craft electri¢c power and construction workers;
and math, science, and engineering profession-
als. Investmients in training infrastructure are
beneficial te our broader socioeconomic well-be-
ing and economic recovery efforts. If well-placed,
such investrments can also play a critical role in
rebuilding our long-term ability to innovate and

lead in technical fields.

In exploring the workforce challenges specific
to the electric sector, the Task Force has evalu-
ated the potential demand for and supply of
workers in three broad categories: skilled craft
electric power workers, skilled craft construc-
tion workers, and engineers. A closer look at
these categories suggests that the current train-
ing pipeline will be insufficient to meet antici-
pated dernand Task Force members agree that

this czitical workforce gap must be addressed in
an urgent and deliberate way so that near-term
measures create maximum long-term economic
benefits.

Skilled Craft Electric Power
and Construction Workforce

The Task Force sought to develop order-of-
magnitude estimates of the potential need for
skilled crafts workers in the fields of electricity
infrastructure design, construction, operations
and maintenance. Due to policy and other un-
certainties, it was not our aim to generate pre-
cise forecasts of workforce demand and supply.
Based only on the age distribution of current
workers in the industry and on historical retize-
ment patterns, there will be a large need for
qualified candidates to replace existing workers.
Filling that need, by itself, is not likely to be an
easy task. Moreover, the situation is likely to

be exacerbated by competition for skilled craft
workers from other sectors of the economy as

IT IS CLEAR THAT THERE WILL
BE SUBSTANTIAL OVERALL
DEMAND FOR TECHNICALLY
EDUCATED STUDENTS; SKILLED
CRATT ELTCTRIC POWER AND
CONSTRUCTION WORKERS;
AND MATH, SCIENCE, AND

ENGINEERING ~PROFESSIONAL5.
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FOCUSED NATIONAL POLICY

SUPPORT AKD INVESTMENT
IS NEEDED TD ADDRESS
WORKFORCE CHALLENGES IN
THE ELECTRICAL SECTOR

IN A TIMELY WAY.

anticipated large-scale infrastructure projects
are undertaken over the next ten years. Addi-
tional workforce needs as the nation transforms
to a low-carbon economy will further strain the
potential workforce.

Professional Workforce
for Electric Power industry

As with the skilled craft trades generally, esti-
mating the potential shortage of professionals
in the electric power sector is complicated by

a lack of specificity in the data concerning quali-
fications for many professional categories. The
data that are available point to a trend of declin-
ing interest in electrical and power engineer-
ing, just as we are experiencing an increased
need for research, development, and innovation
in these areas. With the flow of students into
four-year colleges and universities increasingly
ill-prepared for math, science, and engineering
studies, it is important to connect all the pieces
and maintaln a consistent focus on all the ele-
ments of the workforce pipeline, starting with
K-12 education,
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In keeping with the Gathering Storm report,
the Task Force believes efforts 1o ensure that
the nation is producing significant numbers of
Masters- and PhD-level scientists and engineers
proﬁde a dual benefit, First, having these pro-
fessionals available in the workforce is crucial

.. to enabling a Jow-carbon energy transition.

Second, these same professionals can contrib-
ute to the electrical technology innovations that
the U.S. and world economy will need to secure
long-term energy and environmental security.

The Task Force concludes that focused national
policy support and investment is needed to
address workforce challenges in the electrical
sector in a timely way. Investments in improv-
ing and enlarging the training pipeline for
future energy-sector workers will also provide a
foundation for long term economic health and
global competitiveness.

The workforce challenges identified by the Task
Force are significant and addressing them will
take a concerted and sustained effort by many
stakeholders. To advance that process, the Task
Force developed a set of five primary recom-
mendations for federal policy. While these
recommendations are specifically focused on the
development of direct {uture energy jobs associ-
ated with design, construction, and operation of
assets in the energy sector, many of the insights
could be applied to job training associated with
deploying energy efficiency and manufacturing
the materials and equipment needed to build
and operate the future energy system.

The Task Force’s recommendations follow.



Task Force Recommendations

Recommendation 1: Evaluate regional
training needs and facilitate mulfi-stake-
holder energy sector training programs
across the country

In addition to the work currently underway at
DOL and DOE to address the workforce gaps
associated with projected retirements and

the initiatives in the American Recovery and
Reinvestmer.t Act of 2009, Congress should
appropriate funds through existing funding
mechanisms that allow DOL and DOE to work
with existing state or regional energy workforce
consortia or establish new state or regional en-
ergy workfpree consortia, as appropriate. These
consortia should be tasked with evaluating
near- and lprg-term needs for a skilled work-
force, including:

= Workforce gaps at existing facilities over
the next ten years associated with workforce
retirements;

= Workforce gaps over the next twenty years
associated with;

- constructing new low-carbon generating as-
sets and retrofiting existing generating assets,

+ constructing the additional electric infra-
structure needed to effectively use new and
retrofitted generating assets (e.g. transmis-
sion lines, CO_ pipelines, local distribution
systems}),

- operating and maintaining new and retro-
fitted generating assets and the accompany-
ing infrasfructure, and

- deploying energy efficiency in the retrofit-
ting of the nation’s building stock and in
Smart Grid technologies.

As a part of this evaluation, DOL, DQE, and
each state or regional energy workforce consor-
tium should highlight any policy uncertainties
that are currently delaying or have the potentia]
to delay the deployment of new generating
agsets, retrofit technologies, and infrastructure
that are essential to the transition to a low-

carbon economy.

In regions of the country where workforce gaps
are identified, Congress should provide financial
resources and coordination assistance to support
the development of targeted local or regional
training programs for energy sector workets.
DOL should award funding on a competitive

basis through the Green Jobs Act, or other appro-

priate federal funding mechanisms, to training
programs that meet the following criteria:

= Involve a wide range of stakeholders from in-
dustry, education, labor, professional organi-
zations, and workforce development agencies
or pon-profit community groups that focus
on workforce development in all stages of
program development.

TAsk FORCE ON AMERICA’S FUTuURE ENERGY JOBS

In REGIONS OF THE COUNTRY

WHERE WORKFORCE GAPS ARE
IDENTIFIED, CONGRESS SHOULD
PROVIDE FINANCIAL RESOURCES
AND COORDINATION ASSISTANCE
TO SUPPORT THE DEVELOPMENT
OF TARGETED LOCAL OR
REGIONAL TRAINING PROGRAMS

FOR ENERGY SECTOR WORKERS.
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f

- = Coordinate the use of resources at a regional ~ * Indude curricula and course content that

;ievel while recruiting and matching skills to utilize industry skill standards and lead to
_ jobs'ata local level. For example, industry-recognized credentials.
Recruit prospective employees from lo- * Use best practices {identified under Recom-
cal populations using local groups, such mendation 3) in developing training and
as community-based organizations or education programs.
workforce investment boards, that have a
deep knowledge of the community and a * Encourage development of accredited, cre-
capacity to prepare prospective employees dential focused programs that put individuals
through education and training; and on a long-term career track. Programs should
allow transferability of credits throughout the
Integrate regional employer needs into the industry and should develop skills that trans-
curriculum development process. late from one program to the next. Programs
should issue ‘stackable’ credentials that allow
= Build upon existing programs and infra- individuals to develop the building blocks of a
structure, including training and education career in the energy sector.
programs run by community-based organiza-
tions, technical or community colleges, and * Develop innovative strategies to engage popu-
stakeholder companies, and joint labor-man- lations that have traditionally been under-
agement apprenticeship programs. represented in the energy sector workforce,

62 Tasx FORCE ON AMERICA’S FUTURE ENERGY JOBS



in particular communities of color, and to
address the needs of lower-skilled, low-in-
come workers to enable them to access career
pathways into the energy sector workforce.

= Include a strategy for sustaining the program
over the long term.

Recommendation 2: improve energy
sector data collection and performance
measurement metrics and tools

Improve the collection, management, and avajl-
ability of worldorce data for the energy sector
to facilitate the measurement of progress in
addressing identified needs and to enable more
effective identification of future needs.

Workforce data should include people entering
energy sector-specific training programs and/or
the energy workforce; these data should be
measured against the workforce targets identi-
fied by the state energy workforce consortia in
Recommendation 1.

BLS should bbe provided with the resources to
accurately assess workforce needs in the energy
industry and to incorporate industry input on
growth and staffing patterns. This will allow for
improved forecasts of future demand for differ-
ent types of gkills, including emerging skills as-
sodiated with the build out of low-carbon energy
infrastructure.

Recommendation 3: ldentify training
standards and hest practices for energy
sector jobs

DOL in consultation with industry, labor, and
education stakeholders, including ED and DOE,
should develop a repository of best practices
for electric power sector job training that is

widely accessible, transparently managed, and

maintained by a public entity. This repository
should include existing skill standards and
registered apprenticeship programs for electric
power sector jobs. Examples of best practices
can be found at energy career academies at

the secondary level, and at pre-apprenticeship,
certificate, associate degree, apprenticeship,
and community-based training programs at the
post-secondary level.

The purpose of the repository should be three-
fold: (1) it should be a resource for employers
to evaluate training programs and potential
employees, (2} it should be a resource for
individuals to evaluate training options as they
move through a career, and (3) it should be a
resoutce for educators as they develop courses
and eurricula,

As a part of this initiative, DOL, in consultation
with industry, labor, community, and educa-
tion stakeholders, including ED and DOE,
should identify skill areas where best practices
or training standards do not exist or should be
expanded, and work to fill such gaps.

Recommendation 4: Provide funding
support for individuals seeking energy
sector-related training and education

The Task Force recommends that financial
support, targeted to those most in need, be
provided to individuals pursuing energy-related
technical and professional training (or retrain-
ing) and to students pursuing post-secondary

degrees in engineering and other energy-related

technical fields. Using existing funding mecha-
nism as appropriate, Congress should consider:

* Developing a program that provides financial
support through educational scholarships or
grants to individuals,

The Bureas oF Lasor

STATISTICS SHOULD BE
PROVIDED WITH THE RESOURCES
TO ACCURATELY ASSESS
WORKFORCE NEEDS N THE
ENERGY INDUSTRY AND TO
INCORPORATE INDUSTRY INPUT
ON GROWTH AND STAFFING

PATTERNS.
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= Providing worker training tax credits to en-

ergy companies who support apprenticeships
and internships, and

» Clarifying and streamlining support for ap-
prenticeships, technical certifications, and
on-the-job training for veterans by combining
the benefits of the Post-o /11 GI Bill and the
Montgomery GI Bill inte one program.
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Recommendation 5: Aggressi@eiy, _focus
on revifalizing the math and science '

skills, education, and career counseling of - -

individuals who have the interest
and skills to work in the energy sector

Enhance preparatory skill training for techni-
cally rigorous careers by:

* Improving and expanding contextual educa-
tion in science, technology, engineering, math,
and environmental literacy for students in all
grades from kindergarten through 12" grade,

= Expanding the use of instructional technology
at all levels to provide access to computerized
and on-line educational resources and infor-
mation about science, technology, engineer-
ing and math,

= Integrating lessons in applied math and sci-
ence into the foundational curriculum for all
students, with a particular emphasis on early
(K—4) education,

= Expanding educational opportunities that
include reading, writing, and applied math
and science for adults who wish to enter the
energy wotkforce,

* Providing opportunities for teachers and
instructors to learn about the energy sec-
tor and greenhouse gas emissions through
off-site programs organized by local colleges,

universities, and industry partners,

= Ensuring that students are at or above grade

level in math,

* Developing energy-related, contextual
modules for math and science teacher train-
ing carried out at colleges and universities,



including historically black colleges and uni-
versities or other minority institutions,

* Developing robust progranis to train and
retrain our teachers in math and science,

. Erigaginé retired professionals and helping

them transition from a career in energy to the ™

education system, and

« Creating scamless pathways from K-12
through past-secondary education.

Engage the next generation of energy scientists
and engineers by following through on and ex-
panding commitments to U.S.-based research
and development efforts. This should include:

= Finishing the ten-year doubling® of the
budgets for the National Science Founda-
tion, DOE Office of Science, and the National
Institutes of Standards and Technology, with
a special pmphasis on (1) encouraging high-
risk, high-return research; (2) supporting
researchers at the beginning of their careers;
and (3) research focused on low-carbon en-
ergy sourges and technologies.

 Investing in sustained research programs
and academic tracks that support advanced
energy systems.

Increase awareness of opportunities in the
energy sector by:

= Creating targeted career awareness material
that addresses specific audiences including
youth, adults, minority populations, veterans,
government officials, and educators,

= Developing messaging materials that (1)

highlight how critically important technically- -
educated individuals are for addressing

our long-term energy and environmexjtal:y‘f o
challenges and {2) address a lack.:éf pv.bhc N

awareness about the security,'pay, and job"
satisfacti ate

clactric’sector,

cidted with ‘caréers in the

Supporting community-based organizatio-ns
that help to match potential job seekers and
employers, . ‘

Informing career counselors and educators
about job opportunities and experiences in
the energy sector, and

Communicating that skilled trades are a vital
component of the American economy and
should be viewed as desirable options for
individuals seeking career &raining.

3 White House Giffice of Management and Budget. "A New Era of Responsibility: Renewing America’s Promise (FY2010 Budget).
February 26, 2004. Available at www.whitehouse.govjornbjassets /fy2o10_new_erafa_new_era_of_responsibility2.pdf
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Appendix A: Bechte! Report on Desngn and NCEP requested that Bechtel perform the above
Construction . analyses wath respect to bu1Id.1ng new power

‘ - generatmg assets for each of the foﬂowxng
A Report to the Biparti_jsen Policy Center »technologles

National Commission on Energy Policy’s ~ " 1. * - 1 Nudear

Task Force on America’s Future Energy Jobs L 2

Prepared by

Bechtel Power Corporanon

May 2009 ) ‘
Bechtel Conﬁdentlai

: B1part15an Pohcy Cente
R Nauonal Comm1551on on Energy Poh

. -.,--:-Task Force cm,Amenca s Fu 're Er oy

by % ,;
P summa.nzed as foﬂov;;s

s et g

forecasts the addltlon‘of approxlmatel

's FUTURE ENERG




Study Limitations " construction schedules based on factors such
as weather and labor productivity. Also, specific
Bechtel analyzed data readlly avaxlable from {e.g., proprietary) designs within any given tech-

our du‘ect expenence u,'noIogy can lead to differences in project scope

‘from 1ndustry sources con51dered reliable for - and wotkforce requlrements as can de51g'n

the intended purpose of thls task. The study s~ advancements that occur over time thch lead
scope was limited to approx:mate quantifica- - ‘to 1mprovements in, areas such as technoiogy ef-
tions of the direct jobs- reqmred to develop, ’- ﬁc1ency, pmJect cost emissions, safety and other

de51gn procure matenal for and construct ™ fdmractenstlcs As a resu_lt the workforce q.\: an
. the: “power generahng facﬂzty itself. The study - ﬁcatlons prowded m this study are expressed a
‘ speaﬁcally did not Fttempt to quannfy the _arange, reﬂectmg the study s exp cted general
indirect jobs associated with 1mplementmg new +/ 25 percent leveI of accuracy,

' generation capacity, such as those related to "
the manufacture of the power generation and Construcl:lon schedules can’ m:larly vary‘based
other equipment and materials that are integral ' ‘
to the facility. However, we are providing an_
approximate dollar spend range for the power

generation and other equipfnent and materials

associated with the engineering and construc-. o
tion of 1 GW of each technology for NCEP’s fur-?'.i_
: ther use {e.g., others working w1th NCEP may .
be able to utilize this data to quantxfy a range ‘of.-

indirect workforce requlrements attn'buted to 5 -
such spend).® :

The study also dld not attempt to' quantlﬁ:
1nd1rect ]obs assocxated w1th the es1gn and

':< L Bechte] mnates perta:mng to CCS do not conslder the :mn
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Study Methodology

1. Devetopment Phase

The development phases for the projects con-
sidered in this study create salaried workforce
requirements related to tasks such as project
conceptual design, plant permitting, and project
financing activities. However, except for nuclear
power generation, the numbers of jobs required
during this phase are small when compared to
the requirements created during the construc-
tion phase, The primary reason for addressing
the development phase in this study is to illus-
trate the inharent lag between the time a project

is approved for development and the begmmng -

of project engineering and construction. .
£

‘f’

4

Bechtel hag relevant expenence W1th the devel-
opment of projects across each of the technolo-
gies covered in this study, as an EPC contractor
supporting tke efforts of pro]ect developers
and as a project developer through its affiliated .
company, Bechtel Ent' rp 'ses To estunate th

i

* Approximate job-hours required for all enti-
ties supporting the typical project develop-
ment effort. This includes both the developer ) e
and its consultants, who typically include .
siting, environmental and permitting, legal,
engineering, fuel, and other specielists.

= To normalize our results to a per GW basis,

we assumed that multiple units of the typlca.l

plant would be developed to achieve 1GW of

generation (i.e., if an 8oo MW plant could

be developed over 30 months we assumed
that 1.2 5. such’ plants Would be developed in

the sarne 30 ‘month penod to achieve the
-standard 1 GW of generation, as opposed

to scahng up t the 8oo MW typlcal plant toa
1 oooMW plant)
Once the above mformahon was ﬁnahzed we
converted the resu]tmg salatied job- ’hours per

GW‘ of development into equivalent man-

_months usmg a 154 job-hour per man-month
* “conversion factor, a standard industry factor
. that accounts for hohday and vacation time off.

We then convened the total man-months into

equxvalent deveIopment phase staffing curves

- for each technolocy by spreadlng the total man-
t‘months over the development penod duranon o

a.manner cons1stent wnch actual mdustry ex-

&

ence. AH curves m_thls study are presented R
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Finally, the resulting staffing curves are pre-
sented in a generalized range of +/- 25 percent
in recognition of the uncertainty factors dis-
cussed earlier.

2. Canstruction Phase

For each technology listed above, Bechtel
reviewed its database of historical and ongoing
projects and selected a cross section of repre-
sentative projects based on plant size, location,
date of construction, and other factors. For
those technologies that we had a large number
of datapoints (i.e., nuclear, coal, NGCC, and
IGCC), we were able to cull from our analyses
any projects determined to be “outliers” (e.g.,
_a project that experienced a suspens:on during

construction) that might skew the resulting per.

GW ranges substantially and make them less

relevant to the study purposes, For-those tech=" """

nolog1es that are still evolvmg (i.é., CCS, solar~-~

- (PV and thermal) ‘and wind), there are fewer

: :*datapomts available, and as such the- study

results for these technologies have a somewhat i

lower degree of confidence. Not all mdmdual ,»

projects are expected toconform to the ranges o

" shown, bitt in general it is expected that the
.. ranges cover the majority of outcomes and are
. relevant to the purposes of the study.

Once Bechtel formulated a working list of proj--
ects for each given technology. we pop ulated an

analysis template at the individual prO]ect leveI it

-

as follows:

= For salaried {professional) semces, Wthh
include engineering, project manageme
construction oversight, and other suppo“ .
services, we identified hours for the entire .
project, and also noted the subtotals at the
project site, at corporate oﬁices, and at’ an)
offshore de51gn fac1hty S

For hourly (craft) services, we identified
hours at the project site for afl such workers,
whether direct employees or subcontrac-
tors {where actual subcontractor job-hour
data was not available, estimated hours were
derived from subcontractor dollars using

historical metrics).

Subtotals within the hourly {craft) services

for certain critical crafts were also identified.
For the purposes of this study, critical crafts
include pipefitters, electricians, boilermakers,
millwrights, and ironworkers,

Each specific project’s size (net MW), start
and end date, and overall schedule duration
in months was noted.

Costs for the power generation and other

“plant’ equlpment “and matenals required to
" construct the project were 1dent1ﬁed For this
data to be useful to the study, we escalated




ogy, although they clearly do not and should not
be interpreted to reflect or be applicable to any
one specific project. As with the development
phase, to noymalize the results to a per GW ba-
sis. we again assumed that multiple units of the
resultant base case plant would be installed to
achieve 1 GW of generation (i.e., if the base case
plant reflected an average size of 8oo MW and
an average construction duration of 48 months,
we assumed that 1.25 plants would be built in
the same 48 months to achieve the standard 1
GW of generation, as opposed to scaling up the
8oo MW base case plant to a longer duration,
1,000 MW plant}.

Job-hour information was translated into staff-

ing curves as follows:

* Each labor category of the 1 GW standard capac-
ity block was converted into equivalent man-
menths uging the standard 154 job-hour per

man:month conversion factor discussed earlier.

- ‘The total man-months for éach labor category,
e hourly services subsets of critical

mdudmg
crafts; were Lonverted into equivalent staff-
es o rer - the capaaty block s duration,
g h toncal staf’ﬁng curves from specific
projects for f‘ach technology ag gmdance

B R

¢ind vxdual curves for th hourly servu:es

Bechtel then analyzed the resulting staffing
curves for each labor category for reasonable-
ness and addressed any inconsistencies via
minor modifications based on engineering and
estimating judgment. Finally, these staffing
curves are presented with the same 235 percent
margin of error discussed above.

The curves depicting salaried {professional)
services are inclusive of all positions associated
with this scope of work. However, it is common
practice for engineering firms to utilize global
execution centers when performing certain as-
pects of the design and procurement activities
for the power generating facilities addressed in
this study. As a result, the construction phase
staffing levels for salaried personnel as de-
picted on the attached staffing curves include

a small percentage of offshore positions. The
percentage of work done offshore varies in ac-
cordance with each individual contractor’s (or
consortium’s) execution strategy and can also
vary across technologies. For this study, it can
be assumed that a general range of 5 percent

to 15 percent of the salaried personnel staffing
levels reflected during the construction phase
are actually workforce requirements that will be

fulfilled offshore.

Overview by Technology

Below is a summary of the analysis performed

fo'f each technology included in this study.

- "I’aljl:é;' at the end of this section reflect the fol-
. lowing results of the study:

_ ..r“Bzise‘sala;i;e:d zlncl hourly man-years assod-
h ﬂit’ed‘with‘ ad_dihg 1 GW of each technology;
Cnd

e ’l'he range of eqmpment and material

> spend’ developed (as dzscussed herein) as-

',soaated wnh the constructlon of 1 GW of
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Nuclear: The study’s analysis of nuclear

R technology considered ten units at four sites.

72 'Task FORCE ON AMERICA’S TUTURE ENERGY JOBS . :

Nine of the units-are compléted (dating .
bé(dc to the 1"9505 and 1980s), and oneis a
ciirrent working projection for a project we’
are currently supporting iti its early develop-
ment phase bé;{Ed on a new generation plant

ydesig“ﬁ: Unit sizes range from approximately
" 800 MW to 1,600 MW. The projected staff-

ing plans assume a development period
of three years and a construction period of

" “six and a half years for an approximately

I»,GO(?MW‘I_’ICAV{ nuclear generation unit.

. Convenhonal coa] The study’s ana1y51s of

onventmnal coal technology consxdered 1

- CCS technologtes 1nc1uded m this study.

expected that the results presented for the

.CCS§ analyses aré conststent wnh the level

of accuracy represented for al} other study
results. Each of these apphcations is target-
ing €C. capture efﬁc1enc1es in'the 85 5-00"

percent range, which is the bas fo

This approach resulted ina “CO Capture
Adder” (ie., the hourly and salarled }ob—

hours, and the equipment and matenal
dollars spend, associated thh the 1mple-
mentation of CCS technology) that we

normalized to a per GW of plant treated
basis and then applied to both the SCPC and"
IGCC options. To apply this adder to SCPC,
we took the base data from item 2 above and’

increased all parameters by 33 percent to
offset the approximately 25 percent parasttic - :
loads that will be imposed by addmg CCs
technology to a SCPC power plant In other _;f

- .. words, a starting SCPC generattng capactty/,
of 1333 MW without CCS is needed to en:d;

) up with a SCpC generatmg capacxty of 1 000
h MW W1th CcCs, assumlng az 5 percent loss

of putput assoctated w1th powenng the CCS

':"‘eqmpment The CO; Capture Adder staffing
& _:curves and spend do]lars were then added to ¢
 these rewsed results We have not attempted

to a.nalyze the stafﬁng r ‘qutrements assoc1

ogy.ce nmderedstx umts at four sité Two

{ the units,are compdeted (ddtmg backto
the 1980s and 1990s), twoate currently in .’
execution;and two are current projections

for projects we are familiar with. Unit sizes

range from. approximately 100 MW t0 300
MW, The projected staffing. plans assurme a



A1)

development period of two years and a con-
struction period of four years for an approxi-
mately Goo MW new multi-unit IGCC plant.

IGCC including carbon capture and stor-
age: The study’s analysis of IGCC with
CCS$ is similar to item 3 above, but with an
adjustment factor of 2§ percent to the item
4 resuls to offset the approximately 20 per-
cent parasitic loads that will be imposed by
adding CCS technology to an 1GCC power
plant. In other words, a starting IGCC gen-
erating capacity of 1,250 MW without CCS
is needed to achieve an 1GCC generating
capacity of 1,000 MW with CCS, assuming
a 20 percent loss of output associated with
powering the CCS equipment.

. Natural_éas combined cycle: The study’s

analysis of NGCC technology considered 21
units at seven sites. Fifteen of the units are
completed {within the past 1o years), and six
are currgnt projections for projects we are
farhiliar with, Unit sizes range from approxi-

ﬁuateiy 250 MW t¢ 350 MW, The projected
'staffing plans assume a development period

of two yéars and a construction period of
two and g half years for an approximately
800 MW new multi-unit NGCC plant.

Onshore wind: The study’s analysis of wind
technology considered wind farms at three
separate pites that we have reviewed within
the past several years. The wind farm sizes
ranged from 20 MW to 150 MW, The pro-
jected staffing plans assume a development
period of tvjo yearsand a construcnon pe-
riod of one year for apprommately IooMW
of wind generation,

g

8. Solar thermal: The study’s analysis of solar
thermal technology is based on our analysis
of a limited number of projects we are fa-
miliar with, as well as from industry sources
considered reliable for this technology. The
projected staffing plans assume a develop-
ment period of two years and a construction
period of two years for an approximately 100
MW solar thermal plant.

9. Solar PV: The study’s analysis of solar PV
technology is based upon current projections
for two projects we are familiar with, as well
as from industry sources considered reliable
for this technology. The projected staffing
plans assume a development period of two
years and a construction period of two years
for an approximately 1oo MW solar PV plant.

Development Plus Construction Phases:
Man-Years per GW of Generation*

Technology Salaried ’ Hourly.

1. Nuclear 4,785
g 2 CﬁnVEntJonai coal ST f 4?1?3"9{55:

. (super-ciitical; putvenzed coal)s b et MU

3. Convent;onal coal mcludmg CCS 2,140 8,435
oadeeC o s e aise | DU5180

5. 1GCC mcludlng CCS 2,795 8,145
65 Nafutal gas conbined 6ydle: . | . 495 . p 1270 ]

7. Onshore wind 305 1,180

8 Solarthermal ‘¢ T T 3345+ [ 5185

9. Solar PV 2,560 8,720

* Man-years per GW block of generation reﬂect base data for both de ¢ B'p~ S
ment and construction phases;'a +/- 25 percent level of accuracy apphes to all :
workforce requlrements and associated data presented in this report:’
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Equipment and Material Dollar Spend Ranges
per GW of Generation Capacity ($ in millions) *

Technology

75 percent

"1z percent

1. Nuclear $1,000
i ot T e
] 3. Conventlonal coal lnc[udmg CCS $1,275 $1,700 $2,125
P e Coges: T sres LT gasspr
5. 1GCC including CCS $1,450 $1,925 $2,400
| 6. Natural gas combined cycle $285 C$380 Cosers 0
7. Onshore wind $935 $1,250 $1,550
8. Solar thermal 3 %015 $id0 F st
9. Solar PV $1,550 $2,050 $2,555

* Data in table above afe intended to provide an approximate dollar spend range for the equipment and

. materials needed to construct 1 GW of each technology. These estimates do not address specific plant
operational characteristics, nor do they include the cost of supporting infrastructure, such as transmission
lines, natural gas pipelines, roads, or €O, pipelines and sequestration sites that may be required for the
facility to operaté. All of these factors, in *addition to the capital costs shown in the table above, can affect

= the cost of electricity to the consumer.

Appe‘n&ix: Bechtel Qualifications

= Bechtel, headquartered in Frederick, MD, is

one of the preeminent EPC contractors in
world. With power experience dating back
more than seventy years, Bechtel has been

ranked by Engineering News-Record maga-
zine as the #1 EPC contractor in the industry

in each of the past eleven years. Its corpo-

rate resume includes over 200,000 MW of

completed power projects, with the followi
highlights:
- 118,000 MW (500 units) of fossil power

* 76,000 MW (8¢ units) of nuclear power

- 26,000 MW (180 units) of}hyt‘:lro power

+ 20 years of gasification/IGCC experience

{6 major projects, over 6o studies)

* Significant renewables experience with:

completed pro] ects utilizing waste- to en:

ergy, biomass, solar, geothermal and wmd ‘

technologles

. Bechtel Enterprises Holdmgs Inc (BEn)

also headquartered in Fredenck MD is the =
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Bechtel Group's project finance and devel-

opment arm. With close to forty years of

the

senting $32 billion in project costs. Indude
in this are fifty power projects totahng m

ng

Attach ments

ety of technologies.

Attachment 1 Staﬂing c

than 28,000 MW of generati

experience, BEn has been involved in the »
development of seventy seven projects repre:= ‘.




The information provided in these curves was

not prepared for the purposes of being repre-

sentative of any past, current or future project

utilizing the identified technology. As such, this

information should not in any way be deemed

to be representative of or applicable to any par-

ticular project utilizing the identified technol-

ogy and should not in any way be utilized for

the purposes of any commercial discussions, e
analyses or determinations in respect of any .
particular project.

Attachment 2 - Details of generating éapacity
additions for the NCEP-p;ovi&ed scenarios _

This table shows the total- GW addmons by
technology and by year for. each of the scenarios’
provnded by NCEP. Résults of the workforce
requlrement< analyses associated, with each of
’ these scenarios are provlded in Attac.hment 3
Attachmenl 3- Staﬂing curves for the NCEP-
provlded scenarjos

Base. curves for each scenario (Each cutye-

tazls den to zero workforce reqmrement

by the yﬁar 2030 smce there are no capac-
ity : addltr ons beyond that pomt in any of

't the deployment scenanos)

Hourly workforce reqmrements c11r§re

across all scenanos
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Bechtel Report Attachment 1 ~ Staffing Curves for 1 GW of Generation

Nuclear
Average Etuivalent Personnul Per Manth
(Per Gigawatl of Generdtion, based on 1800 MW blogks)

5000 ¥ . .
3500
3000
2500
2000
1500
1000
500
0
1 5 I3 17 21 25 29 33 37 A1 A5 48 53 $7 61 85 69 73 77 81 83 B$ 93 97 101105105113
e Salared - 75% i Salaried A Sataried - 125%
Haurly - 75% e QLT ameamn MUty = 125%
Super Critical PC
Average Eqidvalont Personnet Par Manth
(Per Gigawalt of Generation, based on 600 MW blocks)
4500
4000
3500 mn i i 2 A -
3000 . - -
1 1 T
Devaleaerent —e | LoNSREHRN mew—
2000
1500 | coe v s e v o o .
1000
500
1357 SNBSSV 9N BBIISNIIZCI 5414345 47951515557 S0 L6388 626871717577
weunnor Splatied - 75% wammene Salatied seressms Salasied ~ 125%
e Houdy - 75% s Hoturly swesse Hpurly = 125%
Super Critical PE with CCS
Average Equiralent Personnat Per Mosth
(Per Gigawatt of Gereration, based on 6oc MW blocks)
TDOO 1 s ammiinie mvr 6 SMu < o e i e e s S Seae v
6000 -
5000
2000 |- vosmierr e ORIV A
DwtiOpsent me ¢ (GREIUITON —waws
3000 N .
000
1000
0 e

138 7N UIINRETNINBN TIPTS5 IS TITENS T

e Salaried - 75%
mases Hotrrly = 75%

e Salaried
e Herurly

weomeer- Salatied - 125%
wmsmosar Hotirly = 125%

to the study and its qualifications and assumptions; or for any cornmercial parposes,’
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16tC %
Average Egeivatent Personne! Per Month
(Per Gigawat: of Generation, based on 600 MW blocks}

4000

3500

3000

2500

2000

1560

1000

e
125 7 NIISSTIP2I23 257291 IINS IV AT AT A L5 4T 249 51 5B 57 SPELEIESETEY

cmenms Salarted — 75% e Salarled e Sal2ced = 125%
e HoUMY = 75% st Houtly iz ROUIY — 125%
1GCC with CCS
Avarage Equevalent Pursonnel Pey Month
(Per Gigawart of Generation, trased on éoa MW blotks)
7000 U - p—_
6000
4000
Davelopment —a | Constugtion ——e
3000 [nmssms cmmnni omnmmnnsns ant foitrnn - s avan -
2000
1000
0 oo

1357 FUTIISI7IO4232527 931233537 1941 43454749 51 5355 57 5961 636567 €971

wess—e Saleried ~ 75% ——n Salaried ~nan Salatied - 125%
emsssime Hayrly = 75% m——— Hatirty wermansen HoUrly = 125%

NGCC
Avernge Equivalent Persormel Per Monih
(Per Gigawart of Generation. based on Soo MW blotks)

s oo <
1 3 5 7 % 11131517 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 45 51 53

e Salaried -~ 75% e Salaried s Salarfed - 125%
wwaicmnn Hourly ~ 75% —— Hoyrly wommomene HoOUY — 325%

@ i5'not 10 be used independently of or without reference
sumptions, or for any commiercial purposes.
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Onghare Wind
Average Equivalent Personnet Par Month

U con (Per Gigawatt of Generation, based on 100 MW biocks)
) N 2500 Formsmmmmace e e oo e SRR N /I. eeme e
- H 3 f
: : .
H ; H 1500
: : i H
] ; i
{ ) :
. H i 1000
‘ ; ; :
N i ; 500 -
i i R
i : A H
; ! E o it
¢ 12345678 9101112131415161718192021221324252637 282930313233 042534
H N -
i i . ' s Salatied - 75% e Sataried e Salatied ~ 125%
. N warmass. Hourfy - 75% o Hourly e HOUHY ~ 125%

Solar Thermal Power
Avequge Equivalent Personnel Per Month
(Per Gigawatt of Generation, based on 100 MW blocks)

. v 8000
: 7000 e
6000
5000
Devrinpment ——e
L000  [uvsis wsm b i s At 2 A A

200D |- ramman cnsan s mmanaas an seeaens

1000 | ¢

1 3 5 7 % 15131517 19 21 23 25 27 39 31 33 35 37 39 41 43 45 47

Salaced - 75% e Salaried Salpried - 125%
i Hourly — 75% == Houtty rmsemnn oMy — 125%
Solar PV

Avetage Equivalent Persontl Per Maonth
(Per Gigawant of Generation, based on 160 MW biocks)

12000 Ko
H
%
10000 [~ ?*
3
£
8000 P
Btivelopmen —e I
- BO00 |-nrnr s one wmmnn wessanmn aies e
2000
00 Jommr e o s mm it e |-
o . .
f 13 5 7 9 11131517 19 21 23 25 27 25 31 33 35 37 39 41 43 45 47
. o Salariad - 75% it S2iaried meese Salared - 125%
) s HOUMNY ~ 75% ———— Hourty o UMY — 125%

Note: The information presented above is not to be ixsﬁd-inde@en@:{tl .
. 5 : B - B A A SR
to the study and its qualifications and assumption.g, or for azdy o
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3.000

A 2500

2
g

Personnel

1.500

3.504

Personnel

&
8

Persprnel
§

) Nuclear - Ciitical Craft
Avarage Equivalent Personne! Per Month
{Per Gipawalt of Gea=ration, based an :500 MW blocks)

1353 0 NOBIT LRI RNDBITIPALIAEAIATSISISSSISIEIISTHNTINTTY
Monta

wemmmean Tatal Craft revemsaeres Pipiefitters. smrcwisns Electticians
= Boflermakers PR Mt

Seper Critieal PC - Critical Craft
Average Equbriient Parsonnel Per Manth
{Per Gigowait of Generation, based on Gao MW hiotks)
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wemacmn Boiie nnakers. p— .

Super Critical PC with CC5 - Critical Craft
Avorage Equivalenit Personne! #er Month
(Per Gigawatt of Generation, based on 6o MW blocks)
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3500

i 3000
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1500

6000
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3000

2000
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Personnel

200

Note:

16CC - Crifeal Caaft
Averaga Exquivileat Persarmal Per Month
(Per Gigaweast of Generation, based on 6oa MW blegks)
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P25 7
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setscoms [IOAWAIKETS.
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s Bailermakets

1GCC with €C5 = Critical Craft
Averagr Equivaleat Pessonnel Per Month
(Per Gigawatt of Genersiion, hased on Goo MW blocks)
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Aversge Equivalen? Perscune] Per Marth
{Per Gigawatt of Generation, hased on B0 MW blacks)

12 3 4 5 6 2 8 9 10171213 041536317 183020712723 2435262728293
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ONSHORE WIND - Critical Craft
Avarage Equivalent Pecsonnt! Per Moath
(Per Glgswatk of Genaration. based on 100 MW blacks)

2,500 e e o e et e e e e s .

Personnd

Montk
e Tatal Craft e Plpefitters winmvannns EboCCHINS
-~ Itonwarkers vermemn Ml AightS

SOLAR Thermal Power - Crltical Crakt
Average Equbaient Personael Per Month
(Per Gigawatt of Generalion, based 6n 100 MW blacks)

6000 - P TR
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T w000
£
]
¢
&
3006
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. s -t ! o L “HJ
1 2 3 &4 % & 7 B % 30111213 141516 17 18 19 20 11 27 23 2% " .
Month '
v Tirk2} Crabt ——en Pipefitters wenrernnr Eleciheiciang
anmsae (51]l2rmakers mernin - |fOOWOIEELS s MiTwesighits
SOLAR PV - Critical Craft
Avarage Equivalent Persannel Pas Month
{Per Gigawait of Generation, biased an 100 MW blacks}
10600
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ao0o
FOOO [ et w s e e
H
3 0G0
2
@
< 5000
U000 Dmormren ot ser s s R WIS
—
e,
el ot \m‘\\
e T
. o \
BN

T 23 A5 67 B 9101112131425 16 17 1519702132 232425 2% 278190

Month
— Total Cralt v Pipefitters e ElecRAiCHANS
- Itgaworkers we—es Millpfighis
1. The informatior presented above is not to be used independently of or without reference ;

" to the study and its qualifications and assumptions, or for any commerdial purposes. Lo
2. Base case data exclusive of tanges shown for darity, however +/-25% level of accutacy applies to all data. N S

i
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Bechtel Report Attachment.2

Generating Capacity Deployment Scenarios

Cgpé;ity Addition $hmmary for EPRI Analysis
Annual Capacity Additions (GW)

2008 2009 2010 - 2011 2013 7201420152016

Nuclear

o ' B Super Critical PC - - - R . . R _ R R
PR J Super Critical PC with CCS i : - - : . ) : - .
1GCC - - - - . . - - - .
IGCC with CCS - - - - - - - - 0.4 0.9
o « NGCC . - - - . - . . N -
- L2+ 1 Onshore Wind -
s Solar Thermal - - -
Solar PY - -

i
i el

- “EPR: Nuclear) | Nuclear . -
;‘Be"'"‘”"!b*esw | Super Critical PC 32 | 324 32
© 1 Super Critical PC with CCS - - - - - - - - - .
R ’; |GCC _ A - i - i K -
‘ 1GCC with CCS . - - . . - . : - -
“2| Neee 38 | 38 38| 38 . . . . .
- Onshore Wind - - 0.1 0.1 0.1
bt o] solar Thermal . - - - 00 | 00 | 00
oo o solarpy - 0.0 | 00
. remiew ot T oy ] 70 ) v | 7o 104|104 |

:7,‘589}21‘ u =1 Nuclear - - - - - - - - - -
Coal 4 67 Super Critical PC 05| 05 ) 05f 05 saf s1| 51] 51 51 51
Super Critical PC with CCS - - - - - - - - - -
IGCC AN U N R - : - i
N | 1GCC with €CS . : . - | 18] 18] 18| 181 18 18
N T 55 ] 55| 55| 55/ - - - - -

- =} Onshore Wind } . - -1 30 30 30| 307¢ 301 30
i 7w o w | Solar Thermal : - - - {oalor] 0o1] 01] 01 01

‘j“: 1 Solar PV - - - - 0.0 0.0 0.0 0.0

G fTowEGW i (60 | 60| 1001100 | 100.] 100-] 100

Notes:

Plant Retirements not included.
Renewable power capacity additions derived from EPR} data using renewable power shares from the U.S. Departmem of Energy
Annual Energy Qutlook 2008. E
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T . “ e -

2020 2024 2025 2026 2027 2028 2029 - 2030 Total GW
46 ) 54| 60 | 67 | 47 | 49| 49| 50 ] 51| 50| 45| 40| 47 | 24

2.6 5.8 5.5 2.8 6.5 6.1 7.6 7.4 6.5

30 | 30 30| 30 ) 12| 12| 12 12 12
02 ] 61 01] 0o1] 00)] 00| 00 00] 00
00 | a0 | 00| oo 00| 00 00| 00 00

102 | 142 186 | 126 | 124 122 | 437 | 136 | 129

24 | 26| 241 260 62 621 62| 62 | 62
78 | 78| 78| 78 - . -

- r - - - - -
- 9 - -~ - - -
- > - - - - - -

0.1 01 01 0.1 4.0 4.0 4.0 4.0 4.0
0.0 00 0.0 0.0 0.1 0.1 01 0.1 0.1
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

104 | 10,4 | 10:4 ] 104 | 103 [ 103 | 103 { 103 | 103 |

51 | 51 | 51| 51 - . ; R

18| 18} 18| 18| 85| 85| 85| 85| 85| 85

30 | 30
01| 01
0.0 | 06

TR

10.0. {7100 |

s

1.2 1.2 1.2 1.2 1.2 1.2
0.0 0.0 0.0 0.0 0.0 Q.0
0.0 0.0 0.0 0.0
Loz} 97| or | 87| o7.] 97 ] 9,
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Bechtel Report Attachment 3 - Staffing Curves faor the Deployment Scenarios

EFRI Prism
Average Equlvalent Persoanal Pér Yeu
160000 | - « o e e Eq PO "1 .‘.,,r, . e e
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#" ok )
B DA LN r a0 g
PN Y R Y PNy
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eomsnsnes Hotily - 125% sttt Hoitly s Houtrly ~ 75%
smmees Salaried - 125% —torise Salaried momseen Salaried ~ 75%
EPRI Nuclear / Renewahles - Cyjiical Craft
Avarnge Equivalent Personmel Pur Ysar
100,000 . o -
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f"ﬁé‘#’é‘«e“"z@f PR P S e A

Year
i HODTY = 125% —— TGUY ovmman AONITYY - 75%
e Salaried - 125% m—— 53370 wtmmvem Salatied — 75%
EPRt Coal + CCS
Avecagr Equivalent Persoanal Per Year
100,500 . . e .
90.000 f--

80,000
60,000

50000 f-mumsins vrannts  anmmraioas

Pecsonnel

49,000

30,000

20,000

10,000

#ﬁfﬁffff o ey

Year
ranmsrmers Howtly = 125% e Houtly emcse Hotly — 75%
e Salaried = 125% et Splariec. it Seigiied ~ 75%

Note: The information presented above is not to be used independently of or without reference
1o the study and its qualifications and assurnptions, or for any commerdial purposes.
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Hourty
Averaps Equivatent Pursonnel Per Yegr
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EPRI Nuclear f Renewables - Critical Craft
Average Eqclvalent Personnel Fer Yan
ED000 - .o

70,000 |- oo v
6000 [ -

50.000

Personnel

B S e A A

Year
¥ massam. Total Cralt e Pipiefitters smmaen Electricians
i s Boilermakers s, itherigh
; EPRI Loal + £CS - Critical Craft
Average Equlvalert Parsannel Per Year -
: #o,000 |- amman IO P
i 70,000 '
., 50,000
%
: £ 50,000

§
2
£

5 40,000

30.000

20.500
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SEES, #’4‘" AR A ‘#‘@““6‘!@#@
h{

rear
st ToE3] Crisft s PipEIRTS »wemmar Edectritians
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Noté: 1. The information presented above is not to ‘be used mdependentiy of or
to the study and its quahﬁmtwns and assumphons or for any commeraa] purposes_
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Appendix B: Alternative Scenarios

To test the robustnes's of results from the EPRI
; Prism analysm NCEP asked Bechtel to model
two altemanve scenanos that were based on
EPRI’s economlc model, MERGE.% Using
MERGE, EI’RI ‘tested the unpact of various
constrmnts on the rate and type of generation
deployment Bechtel's report to the Task Force

transport and storage is three times higher
than in the base case. As a result, a significant
number of nuclear and conventional coal units
are deployed. Attachment z to the Bechtel
report includes this deployment path.

Scenario 2 (EPRI Coal + CCS Scenario in the
Bechtel report): Assumes the levelized cost of
electricity from nuclear is 18 percent higher

is included in Appendix A and includes detailed  than in the base case. As a result, no new

.‘..results of these ana]yses nuclear generation is deployed and a signifi-
cantly higher amount of IGCC with CCS is
deployed. Attachment 2 to the Bechtel report

includes this deployment path.

The Task Force chose two significantly different

alfernative deployment scenarios from the EPRI
MERGE modeling effort:

_ As with the EPRI Prism, Bechtel developed the
« Scenafio 1 (EPRI Nudear/Renewables Sce- workforce demnand projections assodiated with

nario in the Bechtel report): Assumes the

technologies associated with CCS are not avail-

these alternative deployment scenarios. The projec-
tions are shown in Figure 15 alongside the projec-

able until 20306 and the cost agsociated with tions Bechtel developed using the EPRI Prism,

Figure 15. Total Salaried and Hourly Jobs Created Under Each Scenario
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In the alternative scenarios, the peak work-
force demand is not as high as it is in the EPR1
Prism scenario. However, the workforce de-
mand increases much more quickly in the early
years. The workforce demand path in each case
is driven by the generation deployment paths
of the respective scenarios. Both of the alter-

nate scenarios assume six to seven GW of new
generation are built annually between 2007 and
2010 while the Prism analysis assumes a total
of 1.8 GW are constructed during those years.
Figure 16 shows the deployment pathway for all

three scenarios,

Figure 16, Deployment Pathway Under Each Scenario
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The total C_;W added to U 5. generatlon capacity ,F1<rure 17 shows the cumulative job-years for
_u.nder each scenano is roughly comparable 2.11"' “each of the three scenarios with error bars

: -. representing the 25 percent uncertainty embed-
ded in the Bechtel assumpnons As shown the
’ 'EPR] Pnsm has the hlghest number of total

Figure 17. Cumulatwe Job -Years for Each Scenarlo
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The Task Force wanted to assess the impact
of the different scenarios on the demand for
the critical skilled crafts identified by Bechtel.
Figure 18 compares the demand for the vari-
ous critical crafis under each of the different

scenarios fin job-years.

Figure 18. (Critical Craft Workforce Composition under Modeled Scenarios
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Appendlx C Coordmated Trammg Program of Centers of Excellence to serve as points of
Case Studles o *. contact and resource hubs for industry trends.
R : L The dlstnbuted and duphcat1ve nature of many

The NCEP Task. Force on America’s Future
Energy Jobs d1scussed the eed to 1mpro .
or reestabhsh the trammg plpehn r skllle




institutions, and four-year colleges and
universities.

- Translates industry research into best
practices.

Provides system coordination, coz}‘ch-»
ing, and mentoring to assist in*bﬁj}ding
statewide seamless educatxonal and work-
related systems. ) .
Builds a competitive workforce for the- "
energy industry inAWashjngutaon.:f 7

Industry Partners R ~ e
. V '}(’ N
Avista .- L 7
Bonnevdle Power Admmxstcatlon e

- VBureau of Redamatlon, Grand Coulee

< 4

- Dam |
Centra]_a C1ty nght
Energy Northwest:’ o

- "Grays Harbor County Pubhc Uullty DIS- ’

tict (PUD)
3 'Hampton Lumber
g Lemsﬁounty PUD

commumty colleges and policy and mitket
'uncertamty as the key challenges to program

VOW‘nEl'Shlp of the xmtxahve by stakeholders -
) mdudmg educators industry representahves,

Y

- IBEW Local #77 .
- IBEW Local #125 .- ‘
" - Washington State Labor Council

Initial Lessons
The Task Force identified territorialism among

Ience models cnncal 1o success have mduded ”
support | from the state board of education;’

and union representatives; and pathways for ‘ L
co:ﬁmimication between stakeholders. s R}

‘ . : ‘ ) \ ”s.%@
Case Study B: :

,leEW Regional Training Centels 0 '

The International Brotherhood of Electrical
Workers (IBEW) signed an agreement with

~ electric power leaders in January 2009 to de-

L ‘ o yelopat trust to s rt multi leIBEW‘
. M1d Golumbm PUDs (Chelan PUD Doug-"; vEoR a1nmg 5. 70 Suppor METEP
- o regmnai electnc power txammg centers across




camp is designed to address remedial educa-
tion, drug testing, and basic electric power
skills {e.g., climbing a pole for lineworkers or
time inside a power plant}.

The boot camp also screens potential workers ..
stry pre-employ-

ment tests su‘chbas the Echson Erlreét;g»lnstt-
tute’s Construction and Skllled Trades Selecnon
System (CAST). CASTisa battery of aptitude

tests designed to aid in the selection 6f candi--

“and prepares them for

‘dates for dwerse constmcnon and skﬂled trades

ries of ¢onstruction and skilled trade jobs:
. “ . I Transmlsswn and sttnbunon

- ' Power Generation T
Facilities and Repair

Other Facilities (e.g., Carpentry)
Electrical Repair -

Machining and Vehicle Repair
Meter Service and Repair " "

Ny v d

Utility Parnmrs

The IBEW is Cun’enﬂ 'yw rlangt ) deveIop

Task (FORCE ON AMERICA'S FUTURE ENERGY JOBS

h and CB Os. Addlttonally techmcal trautmg cen-

_‘iprobabxhty of success in the fo]lowmg catego—

gional urammg cente _wtth the foﬂowmg utility 7

Initial Lessons

There is tension between the efficiencies of
developing regional training centers and chal-
lenges of recruiting a workforce locally. Task

. Force participants suggested pairing regional

tfaining centers that offered capital-intensive

- ‘.n:ammg elements (e.g., hands-on lineworker

training components) with localized dassroom-
based training (e.g., basm skills, eIectr:aty
basics). Classroom based slqlls would benefit
from integration with Iocal cormhu ity colleges




Case Study C:
PGRE PowerP

Pamcapa‘ e .

growth energy sector ]obs The coursework
covers a range of | toplcs mclud.mg technical -
skills, industry; knowledge pre-employment test
prepa:atlon goft skills, physn:al cenditioning,
and mtervmw and resume preparation. With
the support of state, federal and foundation
grants, most course tuition 1s covered; however,
1ndmdualsxare not paid whﬂe in the program
' and there i 1_s po guarantee of employment to
participz.‘nt:s.;E o )

There are three types of PG&E. PowerPathway
programs: - ‘ .

- Bridge (@ standalone course usuaily 10-16
weeks fin’ length)

- Endorsed Program (a commu.mty college
certificate or assomates degree program’
that is 1- or 2-years,] in length}

- Capstohe (addmonal coursework for stu-
dents who have completed a prereqms1te
associates degree or cert:ﬁcate)

’ : i : ; A 'Usmg the Bndge to Utzhty Worker course asar
PowerPathwe:.y"'M help md1v1duals better pre— o
pare for employment at PG&E a.nd other hlgh -

example, in general candldates must demon-
strate mastery of at Ieast 8th-1 oth grade level
hteracy and mathematlcs skz].ls o be cons1dered
for PowerPat.hway courses. S patzal reasoning,
the ab1l.1ty to follow directions, the candidate’s
comfort with working at heights, and the abil-
ity to handle the physical demands of the 1obs
are evaluated during the selection process. If
accepted into the Utility Worker / Apprentice
Lineworker course, candidates will undergo a
training curriculum that will include:

- Reading and Comprehension: This will
strengthen the candidate’s ability to read
and understand required documents such
as job instructions and drawings, con-
struction standard manuals, and material
lists essential to performing the work.

- Applied Mathematics: Understanding
calculations involving addition, subtrac-
tion, and multiplication of percentages
and fractions.

- Physical conditioning: Exercises that
strengthen and prepare a student for the
rigors of pole climbing, lifting, and other
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‘ required physical tasks.

v perform the work.

TASK FORCE ON AMERICA'S FUTURE ENERGY joBS . - .

Industry-specific knowledge: safe working

" practices, basic electricity, pole climbing,

using ropes, confined worlqng Spaces;

.and other: areas of knowledge requlred to.

Soft skills trammg Time managemeﬁt

‘ 1ntemewmg skills, general workplace

A_communlcanon skills.

[




Appendix D:
-. Insights from the Analysis and Next Steps

T’HE\NCEP Task Force on America's Future
Enef:gy Jobs brought together representatives
from the labor, electric industry, and training
and edligational sectors to explore the existing
demograb}:ic makeup and anticipated profes-
sional needs of the electricity industry, along
with the training institutions and programs that
support this sector. The report summarizes the
analysis and recommendations resulting from
this effort. Following this analysis, the NCEP
staff wants to highlight a number of specific
insights about possible next steps in support of

policymaking.

Additional Modeling

NCEP sthﬁ" contracted with Bechtel to conduct
the angfysis summarized in Appendix A. The
reporg’applies the per-GW workforce estimates
develbped by Bechtel for the EPRI Prism
scenario and two alternative scenarios (sum-
m;‘;i:ized in Appendices A and B). NCEP staff
believes it is important to conduct updated es-
.timates of workforce demand as policy choices
are debated to gain additional insight.

As discussed ‘n Appendix C, the types of tech-
nologies available for deployment and the rate
of deploymen’ determine the size, and poten-
tially the desired skill sets, of the workforce
needed. Both the types of technologies deployed
and the rate of deployment are heavily depen-
dent on the (igection of policy decisions that
are currently being considered in Congress.
For this reason, we propose that economic
models that incorporate emissions limits and
complimentary policies (such as renewable
energy standards or transmission deployment

incentives) contained in propesed climate bills
be used as a foundation for updated workforce
demand estimates. These updated estimates
should reflect potential policy decisions that
will drive actual workforce demand. NCEP staff
believes that the workforce demand building
blocks presented in this report can assist gov-
ernment agencies and other organizations as
they develop these economic models because,
without substantial intervention, workforce
shortages may be a significant constraint on
deployment paths.

Additionally, as noted in the report, there will
be state and regional variability in the deploy-
ment of generating assets, retrofit technologies,
infrastructure, and other technologies. The
building blocks used in this report could also
be used in developing future state and regional
workforce models.

Consideration of Supplementary Factors

The workforce estimates presented in this
report focus on direct jobs associated with the
construction and operation of electric generat-
ing assets and the associated infrastructure
and technologies. In these workforce estimate$
no constraints on the feasibility of Iow-carbgfl
infrastructure build out were examined aside
from workforce availability. Policymaker,sfmay,
however, want to evaluate potential con‘s;ﬁaints
as they work towards low-carbon infrastructure
policies. ’

Additional macroeconomic factors beyond the
scope of the report contribute to the complex-
ity of projections of future workforce demand -
and supply and should be considered as a part’
of future work to help inform federal policy”; ;‘)
decisions. R
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Competition for workforce: The con- o _ S T
" ‘struction workforce is not spec1ﬁc to the . Tha
electrical 1ndustry and the mdustrym]l R L

=2 likely face. competition for skilled craft B B T

workers with othef sectors. that may also )
be concurrently investing in 1nfrastructure -

prO]ects. S : e
Industna.l pohcy Manufactunng 1mpl1ca- o
tions should also be considered for the ‘ V
technology mixes_and deployment paths ‘
considered in updated workforce esti-

 mates. The manufacturing jobs associated”

o  with the low- carbon te(‘_hDOIOUIES deployed-

could be very s1gn1ﬁcant and could’ bo'

N 5 . 1ncrease the demand for slcﬂled workers

and contribute to compehnve pressure

- Worker Te- trammg /“There‘ls a potent.tal
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The Bipartisan Policy Center has engaged MOSAIC, a carbon neutral
EPA Green Power Partner, for the production of this brochure, using
100% wind power and a waterless printing process. The brochure was
printed on FSC certified stock with 100% environmentally friendly
soy-based inks. The savings below are achieved when PC recycled fiber
i used in place of virgin fiber. This project uses 3136 Ibs of paper which
has a postconsumer recycled percentage of 20%.

6 trees preserved for the future

17 Ibs waterborne waste not created
2,558 gallons wastewater flow saved
283 Ibs solid waste not generated

557 Ibs net greenhouse gases prevented
4,264,960 BTUs energy not consumed
1,414 Ibs ghg emissions not generated
1.5 barrels fuel oil unused

not driving 1,400 miles

planting 96 trees
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