


Currently, there are approximately 821 students
enrolled in mining engineering programs across
the United States. It is projected that there will be
approximately 200 graduates in mining engineer-
ing in the class of 2012.

Programs in geology, geologic engineering, and
related fields have also seen decreases in numbers.
Mining technology programs, once a mainstay of
community colleges and vocational schools in coal
mining areas, have in essence disappeared. A few
programs in mining technology have been started,
or at least contemplated, in recent years, but there
is a shortage of data on the number of students
enrolled or graduating from those programs.

Data on educational levels of the coal mining
workforce (B. Watzman, NMA, pers. comm.,
September 7, 2007), updated with recent statis-
tics from the U.S. Census, demonstrate that most
employees currently are limited to a high school
diploma (Figure 7.7). However, with increased
automation and mechanization, some special-
ized training is needed. Traditionally, this train-
ing has been provided by mining operators and
equipment manufacturers, or through vocational
programs; however, many of these programs have
been discontinued. On-the-job training impacts
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FIGURE 7.7 Current coal industry level of education, show-

ing the significantly higher percentage of workers with high
school diplomas.
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productivity, can add costs to production, and may
create safety hazards as unskilled personnel learn
to use new equipment or conduct new operations.
Increased focus on environmental and health and
safety needs and productivity goals will require
additional training across the spectrum of the coal
mining workforce.

In addition to more specialized training, the
workforce will require further formal education to
work safely and productively with new technolo-
gies that are designed to meet increased concern
for the environment and health and safety. For
example, many industries and companies encour-
age technical personnel on a managerial track

to obtain advanced business degrees (such as an
MBA) and, to a limited extent, their technical/
engineering professionals to obtain advanced spe-
cialized degrees in their area of discipline (such
as an M.S.). Although some coal companies par-
ticipate in such educational opportunities, as an
industry, the sector needs to further support the
professional development and continuing educa-
tion of their managers and engineers. These edu-
cational opportunities should complement the
educational needs and demands for improved and
expanded skills for the remaining members of the
workforce, who overwhelmingly are limited to
high school diplomas.

Although some jobs in the coal mining sector
may remain relatively unchanged over the next

25 years, most will become much more complex
and will involve new skills for workers at that time.
Incoming workers will bring enhanced technical
capabilities that will make new training options
more desirable than traditional methods. One
key issue as coal mining techniques and processes
change will be the integration of higher education
with training and vocational education and even,
in some cases, primary and secondary education.
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Further, higher education institutions that lack
a traditional coal mining focus may need to
become more engaged in this specialty and sup-
ply additional professionals to the industry. Such
institutions may also play a vital role in supply-
ing additional workforce members from non-
traditional sources. For example, mining-related
schools may partner with institutions that serve
minority communities in order to encourage
and recruit students interested in entering the
coal mining sector.

Additional training resources will also be needed
within the mining industry to address the new skill
sets that will be necessary to achieve increased coal
production. Some companies that participated in
the development of this report have created career
development programs within their organizations
and they envision an ongoing need for these pro-
grams (Rusnak, 2007; Boam, 2007). The increas-
ing universality of Internet and distance learning
approaches and resources can provide both coal
mining companies located in remote areas and
diverse groups of potential coal mining workers
with opportunities for training and education that
were not available in past decades.

3.3 Competitive Challenges

As indicated above, many of the workers required
by the coal mining sector will have the oppor-
tunity to be employed in other industries in the
same geographic area. Many of the skill sets of
tradespersons and managerial, administrative, and
technical staff are applicable in the construction,
automotive services, electrical utility, and manu-
facturing sectors. These industries may enjoy the
competitive advantage of a better reputation, in
terms of safety and environmental performance,
better working conditions, and perhaps more
competitive salary and benefit packages, than

the ones enjoyed by personnel in the coal min-
ing industry. Many highly skilled or professional

employees may find the rural communities where
coal is often mined less desirable than the areas
where they can obtain jobs in other industries. For
example, mining engineers can often find employ-
ment with aggregate operations located near most
major metropolitan areas in the country. An urban
location may be more desirable for multiple-career
families rather than remote areas that offer limited
career opportunities.

Although national and local salary averages for
jobs in the coal mining sector compare favorably
with the average for all sectors (Table 7.1), in some
states, the differences are much smaller, and the
number of available positions and perceived work-
ing conditions may dictate which industry an indi-
vidual chooses for employment.

3.4 Best Practices

A number of mining companies have responded to
workforce challenges by changing corporate struc-
ture, HR functions, and their overall approach to
employment. These programs address jobs across
the spectrum, from general labor to professional
and managerial positions. With the majority of the
workforce being in skilled or tradesperson posi-
tions, these jobs have been a primary focus. Many
companies have addressed these workforce issues,
but the practices of some companies appear to be
benchmarks and examples of best practice.

Some companies who participated in the kick-oft
meetings of this study reported special steps to
improve recruitment. For example, BHP Billiton
stresses the development of in-house resources and
a detailed HR plan that includes new recruiting
efforts. BHP Billiton, like many other large corpo-
rations, is considering sponsoring external HR and
recruiting organizations, and is taking advantage
of Internet-based recruiting, such as using sites like
Monster.com as a means of reaching out to nontra-
ditional communities (Boam, 2007).
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Other companies are also looking into innovative
ways to recruit, retain, and develop employees,
with significant financial rewards and aiming at
building loyalty, ownership, and pride. One recent
example is shown in Box 7.2.

The approaches being used or contemplated by
other industries, such as the strategies identi-
fied for use by energy and utilities industries
(ScottMadden Management Consultants, 2007),
are also potentially adoptable by the coal min-
ing sector. Ideas that are potentially transferable
include: outreach in high schools, cooperative
agreements with technical schools, development
of internship and cooperative education programs,
affiliation with university career development
offices, and dedicated marketing of the industry
and jobs within the industry. The NMA has recom-
mended coordinating these efforts by establish-
ing a partnership among industry, educational
institutions, training providers, and government
(B. Watzman, NMA, pers. comm., September 7,
2007). Some partnerships have already been
established between industry and labor (J. Main,
UMWA, retired, pers. comm., 2008), focusing on
recruitment, training, and retention. This part-
nership is in the process of examining different
recruiting models and strategies to address com-
petition for the same workers by other industries
facing the same employment needs.

One company that contributed to this particular
study, Rio Tinto Energy America, has focused
energy and resources on the issue of both work
life and personal life needs of the work force. In
this case, and with the recent boom in coal bed
methane exploitation in the Powder River Basin
area of Wyoming, housing has become very scarce.
This company has used their corporate leverage to
obtain housing options for their workforce and is
considering other ways to meet this basic need of
their employees. Additionally, the same company
reported their effort towards providing necessary
health care resources to employees in such rela-
tively remote locations. In the area of work life,

the same group noted that they have provided new
apprenticeship and other programs that enable
improved career development (Marshall, 2007).

BHP Billiton also reported their implemented
comprehensive and innovative corporate policies
for workforce development in the coal mining
sector. Such programs provide remedial train-
ing, apprenticeships, and scholarship programs
for vocational-technical schools, among other
educational benefits, to build a cadre of skilled
tradespersons. The company also noted the
employee involvement in career development plan-
ning. Finally, the same group reported company-
wide development of strategies for succession

BOX 7.2 ALPHA NATURAL RESOURCES INCENTIVES

Alpha Natural Resources recently instituted unprecedented compensation and benefits for its employees as

a means of “expressing (its) appreciation...and...introducing incentives to attract and retain the next genera-

tion of miners.” Employees were given shares of company stock, relieved of the need to contribute to benefits

such as insurance, provided with new bonuses and cash payments, and provided with an “energy relief/fuel

assistance” program to help offset the cost of commuting to remote mining sites. “We see this as a significant

day—maybe the most significant—in our company’s history,” said Mike Quillen, Alpha’s chairman and CEO.
“Alpha’s shareholders have benefited from their dedication and hard work, and it's time we publicly acknowl-

edge their efforts (Coal Age, 2008).”
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planning and other corporate initiatives to ensure
that current and future workforce needs are
met (Boam, 2007).

There are a number of innovative programs in
other companies that can be considered as best
practices. Examples are shown in Boxes 7.3

and 7.4. It is unclear, however, whether such pro-
grams are discussed among HR professionals in the
coal sector, or if companies consider such innova-
tive programs as matters of competitive advan-
tage, thus keeping the details of these programs
within the company.

BOX 7.3 PEABODY ENERGY TRAINING CENTERS

The efforts of Peabody Energy to prepare for the retirement of many of its experienced miners by developing
training centers for new employees were discussed in a recent article (Laws, 2006). These centers are located
near small mines, and four such centers already exist in West Virginia, Kentucky, Indiana, and Wyoming. New
hires undergo a nine-week training class that includes work in simulators as well as hands-on experience in
mines. According to a company spokesman, “We teach these young people the right way to do the work.
When they hit the mine, they’re ready to step into the workforce. It’s working out very well” (Laws, 2006).

Peabody was concerned that recent mining incidents might limit the number of people interested in mining
careers, but the company reports success in attracting recruits to their centers, even after these incidents.
This success can be attributed in part to the company’s commitment to health and safety.

BOX 7.4 CONSOL ENERGY TRAINING CENTERS

Consol Energy has developed a network of training centers, with more under development, to enhance

their ability to operate efficiently and productively. One focus is on providing skills to both new and existing
employees related to their jobs, but the major thrust of the program is Consol’s “Absolute Zero” safety effort.
“All training has been reviewed to ensure all employees understand our goals and how to achieve them,” said
Mark Hrutkay, Consol’s employee development manager. “The new Absolute Zero approach has also had a
significant and positive impact on recruiting new employees into Consol. It is easy to articulate and places
Consol in a great position to attract top talent.”

Consol recently started the “Consol Leadership School” to augment staff retention. The program, which con-
sists of 12 modules to be completed over a four- to six-year period, prepares staff for taking on a management
role at any of Consol’s 17 mining complexes located in six states. Over 100 employees are currently enrolled.

The Consol training centers are located in Utah, West Virginia, Virginia, and southwestern Pennsylvania. The
Utah center, near the Emery mine in Price, also involves the College of Eastern Utah. In an innovative devel-
opment, Consol is considering an underground training facility at its Robinson Run mine in West Virginia.
(International Longwall News, 2008).
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4. DATA COLLECTION AND
WORKFORCE PROJECTIONS

4.1 Current Census of the Coal
Mining Workforce

One significant challenge in determining how
many employees are engaged in the coal mining
sector is the different definitions used by the vari-
ous agencies that collect such data. This issue was
highlighted earlier in Section 2.1, where the dis-
crepancy among BLS, MSHA/NIOSH, and EIA was
discussed. Because many of the tools that allow

for analysis of future workforce needs in the coal
sector are based on EIA 2005 production and pro-
ductivity estimations, the EIA manpower data have
been used in the analysis to calculate and project
tuture coal workforce needs.

Predicting changes in the coal mining work-
force over the next decades requires a number of
assumptions and considerations, as shown below:

¢ 2005 Address/Employment MSHA Part 50
data were used (instead of 2006 data) because
the EIA Coal Productivity Forecasts are for
2005 base data.

+ Differences in EIA and MSHA coal production
data are due to differences in data collection
processes. The production values reported by
EIA were used for workforce calculations.

* Grouping age data into three different regions
(Appalachian, Interior, and Western) makes
it easier to predict which locations will be
impacted by workforce shortages. States such
as Kentucky and Montana are hard to differ-
entiate between supply regions (see definitions
in Table 7.2).

+ Complete and accurate age data are not readily
available and typically are only reported when
employees are involved in accidents.

» Data obtained from the Census Bureau do not
always correlate well to data obtained from
other sources.

* Coal miners’ anticipated retirement age was
assumed to be 62 years old.

= As a result of the assumed retirement age,
the calculations for retirement replacements
assumed that two out of five miners in the
60-65 age bracket would remain in that age
bracket and the other three are assumed
to retire.

» The retention rate for new hires is assumed to be
70 percent. Based on some reported company
data, this rate may be a worst-case assumption.

* For the 10-year shifts in time, 2010 to 2020 and
2020 to 2030, seven of 12 new hires are assumed
to be in the 18-25 age range and the other five
of 12 are assumed to be in the 25-30 range.

Based on those assumptions, productivity esti-
mates from the EIA were used to calculate the nec-
essary number of miners in each region based on
the projections of coal production in the EIA base
case scenario. “Man-hours” represents the hours of
production workers and do not include managerial
and professional categories. Tables 7.3-7.6 illus-
trate the calculations.
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4.2 Needs for Labor, and Skilled and
Professional Employees

levels between now and 2030. In reviewing these
tables it should be noted:

Based on the current workforce census, projected * “Number of miners” is taken from U.S.

levels of productivity and coal production, as
presented in the Tables 7.3-7.6, and the projected
retirement and retention rates discussed earlier,
Tables 7.7-7.10 show the projected workforce
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Census data from coal-producing states only.
It is reasonable to assume that the Census
data are primarily based on responses from
production workers.

TABLE 7.3 Production Per Man-Hour (Tons/Man-Hour).

REGION ‘ 2005 ‘ 2010 ‘ 2020 ‘ 2030
Appalachian 3.75 3.57 3.63 3.62
Interior 5.00 5.06 5.03 4.94
Western 12.23 12.44 14.77 12.67

SOURCE: EIA, 2007b.

TABLE 7.4 Regional Coal Production Estimations (Million of Short Tons).

REGION ‘ 2005 ‘ 2010 ‘ 2020 ‘ 2030
Appalachian 397 357 339 346
Interior 149 156 206 251
Western 585 626 744 998

SOURCE: EIA, 2007b.

TABLE 7.5 Required Man-Hours to Achieve Production.

REGION ‘ 2005 ‘ 2010 ‘ 2020 ‘ 2030
Appalachian 106,048,937 99,870,758 93,280,337 95,383,488
Interior 29,849,940 30,958,459 40,909,599 50,852,524
Western 47,835,957 50,305,248 50,412,187 78,738,527

SOURCE: http://www.msha.gov/STATS/PART50/p50y2k/p50y2k. HTM

TABLE 7.6 Number of Coal Employees Required Based on Man-Hours.

REGION ‘ 2005 ‘ 2010 ‘ 2020 ‘ 2030
Appalachian 53,024 49,935 46,640 47,692
Interior 14,925 15,479 20,455 25,426
Western 23,918 25,153 25,206 39,369

SOURCE: Calculated from production per man-hour data, assuming a typical work week of
40 hours and 50 work weeks per year.
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“Percent change” in Tables 7.7-7.10 is from the ¢ “Required trainees” assumes a 70 percent reten-

previous time period. tion rate; that is, 70 percent of persons trained
actually become new miners.

“Required new miners” is calculated based on

The totals in Tables 7.7-7.10 reflect a spectrum of

job functions. As mentioned earlier, the propor-

assumed retirements and changes in productiv-
ity and total production.
tions of personnel in each of these employment

categories can vary widely, based on the size of the

TABLE 7.7 Work Force Projections, Appalachian Region

NUMBER REQUIRED REQUIRED
YEAR ‘ OF MINERS ‘ CHANGE ‘ NEW MINERS ‘ TRAINEES
2005 52,024 X X X
2010 49,935 -5.8% 8,561 12,230
2020 46,640 -6.6% 14,415 20,593
2030 47,692 2.3% 19,751 28,216

TABLE 7.8 Work Force Projections, Interior Region

NUMBER REQUIRED REQUIRED
YEAR ‘ OF MINERS ‘ CHANGE NEW MINERS TRAINEES
2005 14,925 X X X
2010 15,479 3.7% 4,221 6,031
2020 20,455 32.1% 12,394 17,706
2030 25,426 24.3% 11,146 15,923

TABLE 7.9 Work Force Projections, Western Region

NUMBER REQUIRED REQUIRED
YEAR ‘ OF MINERS CHANGE NEW MINERS TRAINEES
2005 23,918 X X X
2010 25,153 5.2% 4,764 6,805
2020 25,206 0.2% 3,684 5,262
2030 39,369 56.2% 14,075 20,107

TABLE 7.10 Work Force Projections, U.S. Total

NUMBER REQUIRED REQUIRED
YEAR OF MINERS CHANGE NEW MINERS TRAINEES
2005 91,867 X X X
2010 90,567 -1.4% 17,546 25,066
2020 92,301 1.9% 30,493 43,562
2030 112,487 17.9% 44,972 64,246
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company, the type of mining operation (surface or
underground, large-scale or small-scale), and the
overall corporate structure. Workforce studies con-
ducted in Canada and Australia also demonstrate
the central role of skilled or semiskilled employ-
ees in the coal mining sectors in those countries.
Of the anticipated increase of 15,785 jobs in the
Australian coal mining industry, 4.5 percent of
the growth is projected to be in general labor,

49.9 percent in skilled workers, 26 percent in
tradespersons, 2.6 percent in technical employ-
ees, 7.8 percent in professional employees, and

9.2 percent in management and administration
(Lowry et al., 2006).

There are also significant differences in the retire-
ment age and retention rate among the different
job categories. Unfortunately, no definitive data
were available to this study that could allow quan-
tification of these differences. However, anecdotal

evidence indicates what is intuitively obvious: jobs
that have greater physical demands have higher
turnover rates and lower retirement ages. Data for
all industries seem to support these observations
(BLS, 2008).

In summary, the data and workforce projections
indicate that, based on projected production
increases alone, an additional 21,000 persons will
be needed for the coal mining workforce by 2030.
Because another 24,000 new jobs will be needed

to fill open positions dues to retirement, a total of
45,000 new workers will be needed to fill projected
workforce needs. These figures are supported by
recent industry estimates (Quillen, 2008) that have
projected a need for 50,000 new workers in the
next 15-20 years. Assuming conservative retention
rates, the data indicate that 64,000 new workers
will need to be recruited and trained.

5.1SSUES AND CHALLENGES

5.1 Effects of Workforce Replacement on
Safety, Productivity, and Profitability

The addition of large numbers of new employ-
ees within the coal mining sector over the next
two decades will inevitably influence productiv-
ity and safety. Less-experienced employees often
are associated with more accidents and higher
incident rates than their more experienced col-
leagues (Groves et al., 2007). One company that
participated in this study compared the workers
at a coal mine to a sports team, and indicated that
when members of the team change, the effective-
ness, efficiency, and safety of the team is impacted
(McAtee, 2007). This company, representing small

operators, reported that among the most signifi-
cant safety challenges for the coal industry are “the
ergonomic challenges facing an aging work force in
thin coal seams, the large influx of new employees
into the coal industry and the associated training
issues, employee turnover and the potential safety
problems resulting from unstable work groups, and
the lack of experienced supervisors and the poten-
tial risks associated with the quality of front line
leadership skills”

In recent years, the aging workforce in the coal sec-
tor has been experiencing more injuries as a result
of the challenges inherent in performing physical
tasks at more advanced ages. Chronic injuries and
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illnesses are also more common in older workforce
populations, and require additional time for recov-
ery (Moore et al., 2008). Studies have also noted
that older workers are at a higher risk for seri-

ous or fatal incidents in part because of exposure
to more difficult jobs with greater inherent risks
(Groves et al., 2007).

Safety issues will require enhanced training both
for new employees to prevent accidents, and for
experienced employees to build increased aware-
ness of chronic injury and illness, and increased
risk of fatal accidents. Additionally, programs such
as the ones reported by a company in this current
study that include pre-employment safety testing,
may also be key components of new training to
address safety issues (Boam, 2007). Another major
coal operator in this study noted the importance
of safety, culture, and the well-publicized company
motto, “Absolute Zero” in creating a corporate cul-
ture that influences the attitude and actions of the
workforce (Holt, 2007).

Enhanced education and training may also be the
answer for addressing productivity issues in the
growing coal mining sector workforce. The use

of innovative advanced simulation, virtual real-
ity training, and other vendor-provided training
may allow new employees to become familiar with
equipment prior to being exposed to the produc-
tion environment. Companies will need to adopt
extensive on-the-job training, apprenticeship pro-
grams, mentoring, and other similar approaches
in order to help mitigate losses in productivity that
may be associated with new workers.

In summary, workforce replacement has inevitable
impacts on safety and productivity, and, as a result,
profitability. Addressing training and education
challenges, developing a corporate culture that
enhances retention, and drawing upon experienced
workers to help mentor new employees in pro-
cesses and procedures will have a great influence
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on how much workforce turnover will impact
safety, productivity, and profitability.

5.2 New Workforce Pool

As discussed earlier in this chapter, the pool of
available employees will come primarily from
Generation X, Generation Y, and the Millennium
Generation. Given the different characteristics

of these generations, coal sector employers will
have to revise HR policies to take advantage of the
skills, abilities, and attitudes that these individu-
als bring to the workforce, and will have to adapt
to their needs and attitudes. For example, there
will be a need for more training, job shadowing,
mentoring, and career and personal development
opportunities to allow and encourage employees
to change jobs within the company, rather than to
move out to another company or industry. Some
companies are already responding to these needs.
For example, one company reported that they
have initiated a number of strategies to address
these needs, including apprenticeship programs,
scholarships, hiring bonuses, relocation assistance,
detailed succession planning, and career path
coaching (Boam, 2007).

Among the pool of potential workers, issues such
as the use and abuse of alcohol and other drugs
may be prevalent. A recent report indicates the
highest levels of alcohol and drug abuse occur

in the coal mining and construction industries.
The study also indicates that many reports of
abuse of drugs such as OxyContin come from
“economically depressed, rural areas housing
labor-intensive industries such as logging and coal
mining” (Laws, 2006).

There is also a pool of potential workers in the
veterans returning from ongoing military actions
around the world. Many of these individuals may
be less adverse to the perceived risk and prob-
lems in working conditions associated with coal
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mining. Additionally, they have been trained
in various skills that may be easily applicable
in the coal sector.

5.3 Location of New Workforce

The change in the location of production fore-
cast between now and 2030 will see a shift of
coal mining employment opportunities from

the Appalachian region to the west, particularly
to the Powder River Basin and the Interior coal
producing region. In the near term, between now
and 2020, workforce needs in the Appalachian
region will decrease by 5.8 percent by 2010 and
by 6.6 percent by 2020 (Table 7.7). However, the
projections in Table 7.7 indicate the need for coal-
mining workers in the Appalachian region will
increase by just over two percent by 2030.

The increase in need for miners follows a differ-
ent trend in the Interior region. In 2010, it is pro-
jected that there will be a 3.7 percent increase over
2005 levels; a 32.1 percent increase by 2020; and

a 24.3 percent increase by 2030 (Table 7.8). The
data indicate another trend for the Western region:
a 5.2 percent increase through 2010; an additional
0.2 percent increase by 2020; and an impressive
56.2 percent increase over the decade between
2020 and 2030, when production in the region is
projected to skyrocket (Table 7.9).

Based on projections for the total coal-sector
workforce and accounting for retirements and
other losses, by 2030 there will be a need for
19,751 new coal miners in the Appalachian region;
11,146 in the Interior region; and 14,075 in the
Western region (Tables 7.7-7.10). The total
projected need for new coal-mining workforce

is 44,972 (Table 7.10). Assuming an attrition rate
of 70 percent, the projections indicate that by 2030,
approximately 28,216 new industry recruits are
needed for the Appalachian region, 15,923 for the

Interior region, 20,107 for the Western region, and
64,246 total for the United States (Tables 7.7-7.10).

These numbers show that it will be necessary

for some of the new coal workforce participants
to transfer from other industrial sectors. Age
distributions in the construction and automo-
tive services industries in coal mining states
(Figures 7.5 and 7.6) indicate that individuals with
similar skill sets are available for recruitment into
the coal sector. In addition, there are employees
in other mining sectors, such as aggregates, met-
als, and other nonmetal production, that may be
enticed into the coal industry.

It is unclear what incentives may be necessary

to encourage these transfers to occur. In addi-
tion, apprenticeship programs and other training
provided by the coal mining sector may provoke
transfers out of the sector to other jobs that may be
more appealing for various reasons. This negative
job flow is particularly true among tradespersons
and technicians. Because many of the coal produc-
ing areas in the West are not in close proximity to
population centers, this shift presents a challenge.
In addition, cultural norms within rural communi-
ties tend to limit the mobility of workers from one
area of the country to others.

Wage and salary differences between coal mining
and other industry sectors may entice entry into
the industry from a variety of other fields. Those
salary differences are not as pronounced between
coal mining and other types of mining, and many
skill sets in the different mining sectors are very
specialized and may differ widely, providing a dis-
incentive to transfers between those sectors.

Additionally, as the U.S. population increasingly
concentrates in metropolitan areas, the availability
of a workforce in proximity to coal mining will be
limited. To encourage workers to relocate to min-
ing areas, recruiting efforts may be required at
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locations a great distance from coal mining opera-
tions. Drawing the needed workers will require the
addition of community services, such as housing,
medical facilities, schools, retail, and other service
resources in relatively rural coal mining areas.

5.4 Impact of the Global Labor
Marketplace

Australia and Canada studies (MITAC, 2005;
Lowry et al., 2006) show that international min-
ing interests, including coal, will face similar labor
shortages and demographic and recruiting issues
as the United States. They indicate the need for an
additional 70,000 mining employees in each coun-
try by 2015, with additional increases likely after
that. “There is a chronic shortage of skilled people,
and wages have skyrocketed,” reported a commod-

ity strategist in Canada (Delaney and Bailey, 2008).

In response, some international mining houses are
taking aggressive action to meet their manpower
requirements, especially in the area of recruiting
scientific and technical personnel, by focusing
directly on the global marketplace and offering
high salaries to mining engineers and geologists.
According to Delaney and Bailey (2008), salaries
are up 44 percent in three years at major mining
houses such as BHP Billiton Ltd. (Australia) and
Teck Cominco Ltd. (Canada), approaching or even
topping the average salary for MBAs entering the
United States workforce.

According to Wheatley (2008), the Brazilian

Vale mining group is preparing for the shortfall
by building new technical schools, domestically
and overseas. According to the company, “Vale

is growing in an extremely aggressive way and it
needs competent professionals that just don't exist.
Rather than fighting over them, we have decided
to help train them. Vale plans to train 3,000 engi-
neers to fill a need for 1,000 internal positions,
while still providing an additional workforce pool
for subcontractors (Wheatley, 2008).

Vale and BHP Billiton are aggressively recruiting
professionals and engineers in the global market-
place. BHP Billiton has run English-language ads
in Brazil encouraging professionals to “think about
calling Australia home.” Vale has reported recruit-
ment ads in four overseas markets (Australia,
Canada, the United Kingdom, and the United
States) and plans to recruit one-fifth of its new pro-
fessional staff from outside Brazil (Wheatley 2008).

For now, international recruitment applies primar-
ily to the engineering and scientific professionals of
the mining workforce. These trends may have some
impact on international movement and recruiting
of tradespersons. There is no evidence as yet of
such movement at the unskilled workers’ level.

Global marketplace issues have an impact on U.S.
coal interests in two ways. First, global recruit-
ment of U.S. graduates interested in pursuing coal
industry careers will further shrink the already
limited pool available to the domestic coal indus-
try. Second, given the aggressive global recruit-
ment efforts of the major mining houses, it will be
increasing difficult for U.S. coal companies to com-
pete and recruit technical talent from overseas.

5.5 Training and Education Needs

Given the wide range of jobs within the coal min-
ing sector, there is a great diversity of educational
and training resources available to support those
functions and skills. As previously stated, mainte-
nance of the current number of mining engineers
in the United States across all commodities will
require as many as 400 graduates per year, which is
about three times the number being produced by
U.S. universities (McCarter, 2007). This projection
does not include those engineers and scientists in
other disciplines that will be needed to address
increased production, changing technology, or dif-
fering regulatory requirements.
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The number of skilled employees will increase
more than any other classification of jobs within
the coal sector. Although some of the training
needed for those employees may be provided by
the companies, other training may come from
union programs, private training vendors, or gov-
ernment agencies. Changes in requirements, for
example, those due to changes in health and safety
laws, may require training of a large population
of coal mining workers. On-the-job training and
apprenticeship programs for tradespersons are
also key parts of the training infrastructure that
will need to be enhanced to meet the increased
workforce’s needs.

Although some programs in mining technology
or vocational mining exist at a limited number
of schools, the extent and availability of those
programs does not address the need for addi-
tional workforce with those skills. Box 7.5 dis-
cusses one example of a program that has been
created in Kentucky.

Labor organizations have also developed training
programs to help ensure that new entries into the
coal sector are thoroughly prepared for a career
in coal. The United Mine Workers of America
(UMWA) has established centers in West Virginia
and Pennsylvania (see Box 7.6) that provide new

BOX 7.5 THE KENTUCKY COAL ACADEMY

One recently created mining vocational program is the Kentucky Coal Academy, which was created by the

Kentucky General Assembly in 2005 as a part of the Kentucky Community and Technical College System

(KCTCS) (see http://coalacademy.kctcs.edu/index.cfm). The academy is a statewide training program

intended to meet the workforce needs of the coal industry. According to the Academy’s website:

“The first program goal is to provide short-term training for new miners to satisfy the industry need for

skilled workers. A second is the creation of a career path in mining to sustain the viability of the coal min-
ing career and support the coal industry. The Kentucky Coal Academy is comprised of four of KCTCS’ com-
munity and technical colleges located in the eastern and western Kentucky coalfields. The mission of the

Kentucky Coal Academy is:

- To educate and train the coal workforce of the future.

« To create and sustain jobs in the coal industry.

« To provide career pathways for miners from high schools and area technology centers, which will include

certificates, associates degrees and baccalaureate degrees.

A key element of the mission of the KCA will extend coal education at the secondary level through the
Kentucky Junior Coal Academy. The extended early educational opportunity will provide three career paths

for students interested in mining. These paths include:

« Employment in the industry immediately following high school graduation.

« Pursuit of a two-year degree as a pre-engineering technician or an Associate’s degree in Mining

through KCTCS.

+ Pre-Engineering (toward a 4+year degree in Mining Engineering)”
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miners with nine weeks of training related to vari-
ous aspects of coal mining and health and safety
(J. Main, UMWA, retired, pers. comm., 2008).

Specialized education and training will be needed
for the workforce that transfers from other indus-
trial sectors, from other geographic areas, and
possibly from other countries. In some cases, this
training may be very basic, such as an overview of
the coal mining industry or coal geology; job spe-
cific, such as how to operate a particular piece of
equipment; or essential but not job related, such as
teaching English to non-native speakers.

5.6 Corporate Culture and Commitment

The committee for this study discussed and
exchanged ideas with representatives of small,
medium, and large coal mining companies, gov-
ernment agencies, and others involved in the coal
mining sector. Many of the presentations and
materials obtained from the mining companies
addressed corporate philosophies and culture,
particularly relating to safety and workforce
development. The issues discussed by company
representatives clearly indicated that a number of
companies are in the forefront of HR practices and
can serve as examples of best practices in this area.

BOX 7.6 THE MINING TECHNOLOGY AND TRAINING CENTER, INC. (MTTC),
UNITED MINE WORKERS OF AMERICA (UMWA)

According to the UMWA website (http://www.umwa.org/index.php?q=content/career-centers):

“As the nation’s dependency on coal increases and the existing workforce ages, the labor demand for coal

miners is increasing. It is the mission of the UMWA Career Centers to offer training programs for new miners,

as well as individuals who have been dislocated from the mines.”

The UMWA MTTC, Inc,, offers a nine-week training program for new entrants into the mining industry,

delivered at two locations: Beckley, West Virginia, and Ruff Creek, Pennsylvania. The training is designed to

build a solid foundation under individuals that seek a mining career (Joe Main, UMWA, retired, pers. comm.,

2008) and exceeds the minimum 40-hour training requirement. The miners receive in-depth training on

mine ventilation, mining systems, and a variety of other mining subjects. According to the website, http://

www.umwacc.com/new_page_16.htm: “At the successful completion of the course, students will receive

a certificate from either Penn State University (for students attending the Ruff Creek, PA Campus) or the

Community and Technical College at West Virginia University Institute of Technology (for students attending

the Beckley, WV Campus). Additionally, students will receive state certification (after successfully complet-

ing all work and passing all necessary tests) and a card from MSHA (Mine Safety and Health Administration).

These certifications will give graduates the necessary criteria to enter the mining industry.”

The MTTC also provides mine foreman training and is in the process of developing other training programs

(). Main, UMWA, retired, pers. comm., 2008).
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For example, some companies reported a retention
rate for new employees of about 70 percent. Other
companies, with more extensive programs focused
on workforce and personal development, reported
retention rates closer to 90 percent.

As mentioned earlier, many companies are
responding to their current and future workforce
needs. A variety of approaches are used, such as
responding to housing and medical facility short-
ages, mentoring, career development programs,
creating apprenticeships, and developing training
centers, as in Boxes 7.3 and 7.4.

The career and personal development focus of
some coal mining companies have resulted in
lower turnover rates and greater job satisfac-

tion. The commitment from the top echelons of a
number of companies to a corporate culture that
is dedicated to safety and to nurturing workforce
development is also apparent. In addition, pro-
grams focused on work life and personal growth
will be critical to developing long-term loyalty and
to enhance the ability to recruit staff from locations
distant from the coal mining operations.

5.7 Workforce Development Strategies

5.7.1 INDIVIDUAL COMPANIES

Companies should consider several strategies to
address the additional workforce needed to sustain
and increase coal production between now and
2030. Among these approaches are: emulating the
industry leaders and benchmark practices; deal-
ing with local issues, such as housing shortages;
providing competitive salary and benefit packages;
addressing perception issues by being open with
local communities; developing mentoring and
personal development opportunities; changing
the corporate culture to build brand loyalty to the
company; and developing resources for effective
community recruiting, both from the community

near the coal mine and from more remote commu-
nities with larger potential labor pools.

5.7.2 COAL INDUSTRY

Individual companies bear the largest burden

for recruiting their own workforce. Because coal
mining is extremely regionalized, the issues that
impede acquisition of sufficient workers transcend
company boundaries. There is a role for local,
state, and national industry groups in building the
future coal mining workforce. These organizations
can contribute resources and encourage company
efforts; build bridges between companies to allow
for cooperative efforts and develop frameworks
and venues for those efforts; support educational
and training institutions; work with governments
to build and facilitate public and private partner-
ships; support the funding of research, which
provides additional support for higher education;
support local vocational and technical schools,
high schools, and other educational institutions by
providing resources and expertise; and, perhaps
most importantly, work to change the percep-
tion of the coal mining sector as an employer

and good citizen.

5.7.3 GOVERNMENT

There is a role for government at all levels in sup-
porting the growth of coal mining workforce as
well. The types of actions that local and state gov-
ernments can take may vary greatly from those
which are appropriate for the federal government.
At the local level, one key emphasis must be on
providing the infrastructure necessary to support
expanded communities and expanded coal min-
ing workforces. For example, the need for housing,
medical services, and education may be addressed
in part through governmental action.

At the federal level, other actions are more appro-
priate. The types of actions in which federal
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agencies may need to engage include: support-
ing comprehensive job training and employment
development programs and partnerships; funding
and supporting coal-related research; collecting
and providing good data related to coal mining
and related workforce issues; renewing support
for local education and vocational training; sup-
porting professional educational; supporting
safety programs and training; and brokering
industry cooperation.

In addition to these support actions, government
agencies that deal with coal mining issues are
faced with meeting their own workforce needs.
The retirement crisis for the coal mining sector
affects government agencies at all levels as well. At
best, the replacement of the current experienced
personnel is resulting in a major loss of experi-
ence and knowledge. In some agencies, retirements
result in permanent loss of positions with more
serious impacts related to fulfilling mandated mis-
sions. In many cases, the ability of government to
respond to the challenges of workforce recruit-
ment and development in the same ways that the
coal mining industry can respond is limited by
public policy, funding limitations, and government
employment rules.

5.7.4 EDUCATIONAL AND TRAINING
INSTITUTIONS

Traditionally, there have been clear divisions
between educational institutions (particularly
higher education institutions) and training provid-
ers who serve the coal mining sector. Occasionally,
these barriers have been overcome through imple-
mentation of vocational training programs or
mining technology programs that have relied on
or been based within the educational community.
One strategy that may be important for meeting
workforce needs involves breaking down existing
barriers between educational and training institu-
tions. The audiences for education and training

are often very different groups, and fall within the
spectrum of job classifications. The opportunities
for coordination and cooperation are numerous.

Within the higher education community, the
survival and possible expansion of coal-mining-
related educational programs, such as mining
engineering programs, will require university
administrators and leaders to be convinced of the
need for such programs and their ability to remain
sustainable as independent disciplines of education
and research. The efforts of the industry and gov-
ernment must also include outreach to education.

As with all other participants in the coal min-
ing sector, education and training institutions
must develop succession plans for professors and
instructors. The average mining faculty age has
been increasing dramatically, and the supply of
qualified replacements continues to be very low.
The limited support in R&D funding available

to the discipline, as noted in the NRC (2007a)
study, Coal: Research and Development to Support
National Energy Policy, has addressed this issue
in more detail, including the difficulties in main-
taining viable graduate programs at the Ph.D.
level, the pipeline to the professorate. A recent
study by SME projects the need for 21 additional
mining engineering faculty members in the next
two years alone (McCarter, 2007). Even if these
new faculty are available, there will be need for
research funding and other support to allow
them to succeed within the requirements of the
U.S. academic community.

To help the coal mining sector acquire a sufficient
workforce to meet the need for increased produc-
tion, some innovation will be required in educa-
tional and training institutions. Among the most
critical improvements will be developing coop-
erative programs with government, industry, and
other educational institutions to leverage resources
and create a common approach. Additionally,
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educational institutions and training providers
will need to focus on distance learning and other
similar approaches, such as the use of extension
services, which have been common in agriculture
for the past 150 years. With the variety of educa-
tion and training resources that will be needed for

6. CONCLUSIONS

The coal mining sector will face significant chal-
lenges in meeting its needs for workers between
now and 2030. Although many of these are simi-
lar to challenges that other industries and coun-
tries face with the retirement of the Baby Boom
Generation, projected increases in U.S. coal pro-
duction will also create additional demand for
new workers. This significant workforce swing will
impact all types of jobs in all areas of the coal min-
ing sector, from coal producers to the coal com-
munity at large, including suppliers and service
providers, educational and training institutions,
and government agencies.

For many years, retirement of the baby boomers
has loomed on the horizon and many corporate
HR professionals and departments have long
advocated planning and preparing long-range HR
action efforts. However, fiscal realities and policies
have often prevented companies, including many
within the coal sector, from implementing succes-
sion planning that would include hiring replace-
ments before the job is vacated, developing existing
staff resources through training, and providing
adequate continuous education, upskilling, and
cross-training opportunities.

the growing coal mining workforce, no one deliv-
ery mechanism, nor provider, will be appropriate
in all cases. There will need to be a multitude of
approaches and providers.

The workforce needs estimated and projected in
this chapter, possibly more conservative than other
industry estimates, have identified:

* A need for an additional 21,000 persons to the
total coal mining workforce by 2030, based on
increased production alone

* Additional 24,000 jobs due to retirements within
the existing workforce, for a total of 45,000 new
coal mining positions for the sector to the year
2030; this number conservatively supports coal
industry estimates of 50,000 new positions

* Assuming conservative retention rates, to
achieve 45,000 new coal mining employees,
over 64,000 persons will need to be recruited
and trained

These projections are limited to the general pro-
duction workforce and do not include the serious
deficit in managerial and professional positions
that, according to most estimates, is expected to
reach serious proportions in a few years.

This pool of new workers may come increasingly
from areas distant to the coal mining activities,
from women and minorities, from new generation
workforce entrants, and from swing recruits from
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other sectors, all of which will pose new challenges
to the coal sector. The addition of large numbers
of new employees will inevitably influence pro-
ductivity and safety. Training issues, employee
turnover, and potential safety problems resulting
from unstable work groups, along with the lack of
experienced supervisors and potential risks associ-
ated with the quality of front line leadership skills,
pose concerns. This new workforce will also create
additional and often specific educational and train-
ing needs and demands.

International recruiting, as a means of alleviating
domestic problems, will be challenging, because
other countries with substantial mining industries,
such as Australia, Brazil, and Canada, are also
projecting significant mining workforce short-
falls and are aggressively recruiting worldwide.
The U.S. coal sector and community must con-
sider the global situation, including competitive
position and recruitment options, in developing
manpower strategies.

The following recommendations are offered to
address the issues of workforce recruitment, reten-
tion, and career-long development in the coal
sector at large:

* Create a new pool of workers for the coal min-
ing industry. Developing a pool of potential
workers at all levels will require actions by coal
producers, coal suppliers, state and federal
governments, and educational and training
institutions. Companies must develop, or rein-
force, corporate philosophies and cultures that
promote the development of employees, offer-
ing competitive salary and benefit packages and
providing a caring and rewarding environment
in order to enhance recruitment, retention,
and development.

* Integrate the impacts of a massive labor swing
into human resources and operations strate-
gies. A major labor transition could have sig-
nificant impacts on worker productivity, health,
and safety performance, and even on social and
cultural environments in the workplace and on
mining communities. Developing and support-
ing innovative, accelerated training programs,
for all levels of employees, will be necessary if
the sector at large is to achieve its targeted man-
power goals.

* Strengthen mining-related disciplines at higher-
education institutions. Globally and nation-
ally, there is a severe educational crisis in the
engineering and scientific disciplines related
to the coal mining upstream cycle. Major
problems include undergraduate recruitment
and enrollment, support and sustainability of
graduate students and programs, and faculty
succession and development of the future pro-
fessorate in these fields. Mining-related disci-
plines in higher-education institutions must
be reinforced, supported, and embraced by the
broad coal community. Resources are needed
to enhance student and program support and
provide research funding opportunities that are
necessary for the sustainability and growth of
any discipline and professional field within the
higher-education environment. Coal-related dis-
ciplines already represent a subcritical mass of
effort that, without strong community support
and commitment, may lead within a few years
to critical technical and professional manpower
shortages in the sector.

* Expand training institutions and resources on
a regional basis. Building a workforce that sup-
plies a sufficient number of skilled employees
will require enhancing and expanding training
centers and facilities. Companies, unions, pri-
vate training vendors, federal and state agencies,
and institutions should work together on this
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effort. A network of community colleges and
vocational schools is required to train work-

ers regionally. Traditional training must be
supplemented with new training options offered
by advanced simulation and virtual reality.
On-the-job training and apprenticeship pro-
grams for tradespersons need to be enhanced.
Development of distance learning opportunities,
including interactive, Internet-based training,
and satellite television courses, will become nec-
essary to meet training and vocational educa-
tional needs, particularly in remote areas.

» Overcome perception problems of the coal
mining sector. The coal mining sector needs
to overcome perception issues and public mis-
trust to become an employer of choice. The
coal community must address its public image
by promoting active community engagement,
fostering pride in coal-related disciplines, and
embracing the career-long development of and
commitment to current and future employees.
A community-wide program founded on build-
ing and facilitating public and private partner-
ships and focusing on improving the image of
the coal mining sector as a good employer and
responsible citizen is needed. Image improve-
ment should be a major goal for the entire sector

and coal community.
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Chapter
8 Conclusions

and Recommendations

This study focuses on six primary components related to the upstream coal
production cycle that could influence the ability of the U.S. coal industry to
meet projected production targets over the next few decades and achieve a coal
production capacity consistent with the nation’s long-term energy goals and
environmental aspirations. Although much of the data and analysis included in
the study focuses on the next two decades, to the year 2030, many of the issues
have a longer time horizon.

The upstream addressed by this study are: coal resources and reserves; min-
ing technology and resource optimization; coal preparation; health and safety
issues; environmental protection, practices, and standards; and workforce chal-
lenges. The study reviews each topic in detail. It identifies problems, discusses
progress and strengths, and recommends areas of improvement. Where appro-
priate, the discussion references the broad coal sector and community (i.e., coal
industry, government, equipment suppliers, academia, environmental groups,
and the public).

While preparing the study and formulating the conclusions, the Report
Committee received valuable input from industry leaders, government agency
employees, academics, other experts in the field, and interested citizens, all of
whom contributed towards framing the discussion around the six major issues.

The central findings and themes of this study, extensively supported by back-

ground information, discussions, and conclusions in the main chapters of this
report, are presented below.
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1. INFORMATION CHALLENGES

There is a fundamental need for better and time-
lier data related to all aspects of the coal sector.
Much of the information that would enable sound
decision-making regarding the future of coal
production, including scientific data and infor-
mation on current performance, is not available.
Government and industry must work with other
stakeholders to ensure the information is collected,
disseminated, and analyzed in a way that is useful.

All six chapters clearly demonstrate and document
the need for publicly accessible and reliable infor-
mation. In many cases, the data necessary to make
sound judgments regarding coal reserves, the effec-
tiveness of current or proposed environmental or
health and safety regulatory programs, the demo-
graphics of current and future labor pools, and

other such issues were either difficult to obtain or
simply not available. By way of comparison, infor-
mation and data from several federal regulatory
agencies, the Energy Information Administration,
the U.S. Geological Survey, the International
Energy Agency, and Office of Surface Mining
Reclamation and Enforcement on reserves, pro-
duction, and environmental performance for the
coal sector are far less available than that for the oil
and gas sectors. In today’s information-based soci-
ety, information and access to data and other sub-
stantive knowledge are critical for decision-makers
in industry, government, and the public sector. It
is therefore essential that regulatory, scientific, and
resource-management agencies, and private enti-
ties collect and make available useful and timely
information related to coal production.

2. TECHNOLOGY NEEDS

To address changing conditions, there is a need to
develop and adopt better technologies in all facets
of the upstream cycle. Although new technolo-
gies are imperative for effective and efficient coal
production and for improving health and safety
conditions and environmental performance and
stewardship, over the past few years, the reduc-
tion of government and private R&D investment
has limited their development and adoption.
Government, the coal industry, and academic

and research institutions must work together to
increase funding in this area.

The reduction of government funding, in particu-
lar, including the elimination of the U.S. Bureau of
Mines in the 1990s, has significantly impacted the
U.S. R&D infrastructure necessary to support the

coal sector. The preservation of knowledge in cru-
cial technical areas of coal mining is threatened by
the lack of support for graduate-level research pro-
grams and Ph.D. programs in a number of areas
(e.g., ventilation, mining systems, coal preparation,
reclamation/restoration).

Large, global mining equipment manufacturers and
vendors are engaged in equipment- and product-
oriented R&D that benefits the coal industry as a
whole. In addition, other new technologies also
enter the U.S. coal mining sector from international
R&D efforts, mainly from Australia. Because equip-
ment manufacturers benefit from selling equipment
to broader industrial markets, special equipment
needs of the relatively small coal sector often go
unmet. On top of this, equipment manufacturers
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are often committed to evolutionary develop-

ment of already existing product lines, rather

than researching revolutionary technologies and
alternatives to existing approaches. Products and
technologies developed internationally often do not
meet specific challenges of U.S. mining conditions,
such as mining thin coal seams, alternatives of min-
ing under the severe topography encountered in the
Appalachian region, novel methods of cleaning and
processing U.S. quality coals, and meeting national
environmental and health and safety concerns and
regulatory measures.

Advanced technologies are needed for U.S. coal
operations to integrate mining systems with the
geologic environment and allow more predictable
and truly continuous operations. Increased intro-
duction of automatic mine monitoring systems for
air, water, ground stability, and other important
parameters will enhance health, safety, produc-
tivity, and production. To reduce the ergonomic
stresses that accompany working in thin seams, it
is necessary to develop automatic and autonomous
controls on underground mining machinery.

Coal quality is expected to decline, necessitat-
ing new technologies to process this new coal.
In the Appalachian and Interior regions, new

technologies are required to process feed coals
with increasingly difficult washing characteristics.
Because western coals have traditionally required
little preparation, Western coal operations could
potentially face even greater challenges if addi-
tional coal preparation is needed.

Although significant progress has been made in the
last 30 years in implementing changes in coal min-
ing and reclamation practices to protect the public
and the environment, increased attention must
focus on technologies in other areas described in
this report, such as water resources protection,
revegetation practices, air quality concerns, and
waste management, including excess spoil place-
ment and stream buffer zones.

Because of economic and technical risks and the
large investments required, few mining companies
undertake cutting-edge research and development.
Concerns over competitive advantage have limited
collaboration, and equipment manufacturers are
reluctant to invest in technology unless there is a
proven market for adoption. Thus, there is a need
for greater involvement in and support of mining
technology research by the federal government and
the private sector to meet these challenges.

3. IMPROVING PERFORMANCE

There is a fundamental need to change the culture
of the entire coal sector to one that focuses on
“beyond compliance” approaches to dealing with
regulations and public trust. To become publicly
accountable, the coal industry must voluntarily
adopt practices that go beyond minimum stan-
dards and assume beyond compliance practices.
Additionally, government agencies must also be

accountable and focus on continuously improved
science-based regulations and technology trans-
fer. Beyond compliance for government agencies
should include a greater amount of technical and
compliance assistance and active involvement
with local, state, and corporate entities in ensur-
ing public education on environmental and health
and safety issues.

CHAPTER 8. CONCLUSIONS AND RECOMMENDATIONS 237



The coal industry as a whole should widely adopt
the approaches that several leading companies
already practice to achieve results that go beyond
what is required for compliance. While this philos-
ophy has predominantly focused on environmental
and health and safety standards and performance,
many companies have also been effective in using
this approach to address workforce issues, develop
and adopt new technology, and share information.
Additionally, government agencies must provide
more technical assistance to support innova-

tive methods and practices. The agencies must

also go beyond their minimum required perfor-
mance in regulating, developing technology, and
providing information.

The recent adoption of more sophisticated risk
management approaches by both industry and
regulators to address environmental and health
and safety issues is a good example of exceed-

ing the minimum standards and requirements of
current regulatory programs, allowing for better
performance and potentially leading to a greater
societal acceptance of coal production and utiliza-
tion. A number of coal producers are involved in

4. ECONOMIC AND

“beyond compliance” practices such as support-
ing local economic development, strengthening
social and infrastructure capacity, and practicing
environmental protection, restoration, and post-
mining land use. These companies have corporate
sustainable development policies and guidelines
in place that provide guidance for operations and
community involvement. Management leadership
must establish higher environmental performance
standards and actively pursue engagement with all
stakeholders and interested parties within the com-
munity to ensure that coal mining is conducted in
a responsible manner.

Companies noted for beyond compliance mine
health and safety approaches have enjoyed bet-

ter reputations with the workforce and the public.
Mining companies must go beyond mine safety
regulations, conduct thorough assessments of risks,
and identify methods to eliminate risks inherent in
systems and processes involved in mining opera-
tions. In addition, promoting a safety culture as
the top priority of senior management and setting
truly ambitious health and safety goals has positive
impacts throughout the organization.

BUSINESS CHALLENGES

The coal mining sector must address economic
uncertainty, avoid supply interruptions, and pro-
mote production stability. If coal is to remain a
significant part of the energy mix in the United
States, past economic and business practices that
resulted in boom and bust cycles must be avoided.
Supply-demand dynamics and the lucrative export
market are important considerations in market
stability. Many of the large coal producers are

publicly traded companies and must answer to
their stockholders for their business performance.
Investments in new production capacity for these
companies must be made on the basis of accepted
business practices. Because of the need for a secure
domestic energy supply, the government and coal
consumers also have a vested interest in ensuring
that supplies are uninterrupted and stable.
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Historically, periods of increased coal prices and
production (boom cycles), similar to the one cur-
rently experienced in the United States, have been
followed by downturns (bust cycles), due to a
short-term business focus and failure of the coal
mining industry to address longer-term challenges
of sustaining production capacities. This up-and-
down cycle promoted instability that impacted
investment, markets, coal development, infrastruc-
ture improvements, labor uncertainty, and even
public trust. It was difficult to justify large-scale
investment in reserves that would not be in the
supply chain for several years.

In contrast, during the extended period of high
coal prices in 2007 and 2008, several factors have
made short-term production increases difficult.
Among the causes are the long lead time needed
for reserve acquisition and environmental per-
mitting, transportation issues, lack of a skilled
workforce, and shortages of mining equipment
and consumable materials such as off-road tires.
In the longer term, however, these factors must be
addressed if coal production capacity is to meet
projected future needs.

Uncertainties about health and safety and envi-
ronmental laws and regulations, public acceptance
of coal production and utilization facilities, and
the threat of carbon legislation also make capital
decisions on production expansion and equipment
replacement or upgrades difficult. Opposition to
coal usage has mobilized community involvement
in coal mining development and permitting. The
contribution of coal mining to greenhouse gas gen-
eration (methane during mining and carbon diox-
ide from burning coal) and, therefore, to global
warming, must be critically assessed. Unless the
uncertainty with regard to carbon dioxide emission
control is resolved, through policy or by techno-
logical developments such as carbon capture and
storage, greenhouse gas emissions from coal-fired
power plants will remain a major factor impacting
private and public investment in coal mining.

Additionally, the federal government should
address the role of coal in the domestic energy
portfolio through explicit policy. Because of the
widespread availability of domestic coal resources,
clarifying its importance in a safe and secure
domestic energy supply will help alleviate busi-
ness and economic concerns about the production
and use of coal.

5. WORKFORCE CRISIS

If the coal mining sector is to remain viable, it
must address a potentially significant shortfall in
the workforce at all levels. Retirement of the Baby
Boom Generation and the entry of new genera-
tions into the workforce in the United States and
around the world will contribute to a significant
shortage of an available, qualified coal mining
workforce at all levels and expertise. The coal min-
ing sector will be in competition with many other

sectors for new employees and must adopt new
approaches for recruiting and retention. Even if
these efforts are successful, a large labor shift will
have significant impacts on coal mine productivity
and health and safety and this transition must be
carefully managed. Although industry will be most
impacted by this shortage, both government and
academia must also address this looming crisis.

CHAPTER 8. CONCLUSIONS AND RECOMMENDATIONS 239



The coal mining sector will face significant chal-
lenges in meeting its needs for workers between
now and 2030 because of retirements, migration to
and from the coal sector and coal mining areas, and
the potential for increased coal production. This
significant workforce swing will impact all types of
jobs in all areas of the coal mining sector, from coal
producers to the coal community at large, and from
entry-level miners to management and professional
positions, and will include suppliers and service
providers, educational and training institutions,
and government agencies. The impending turnover
in the labor force will have inevitable consequences
for productivity, safety, demand for training, and
corporate structure and culture.

The development of a corporate culture that is
positioned to adapt to the new and changing work-
force is a critical aspect of meeting the workforce
challenges. The career and personal development
focus that some coal mining companies have
implemented has resulted in lower turnover rates

and greater job satisfaction. The commitment from
the top echelons of a number of companies to a
corporate culture that is dedicated to safety and to
nurturing workforce development is also apparent.
In addition, programs focused on work life and
personal growth will be critical to developing long-
term loyalty and to enhancing the ability to recruit
staff from locations distant from coal mining
operations. Companies must adopt approaches for
workforce development that include: emulating the
industry leaders and benchmark practices; deal-
ing with local issues, such as housing shortages;
providing competitive salary and benefit packages;
addressing perception issues by being open with
local communities; developing mentoring and
personal development opportunities; changing

the corporate culture to build brand loyalty to the
company; and developing resources for effective
community recruiting, both from the region near
the coal mine as well as from more remote com-
munities with larger potential labor pools.

6. EDUCATION AND TRAINING NEEDS

Education and training resources are not in place
to ensure an adequate supply of professionals
and workers and their continued development
within the industry and the broad coal commu-
nity. Education and training resources need to be
reinforced to address employee development at all
levels related to the upstream coal sector.

Government and industry will be called upon to
finance and support training and education to
produce sufficient expertise to maintain the perfor-
mance level of the sector.

Globally and nationally, there is a severe educa-
tional crisis in the engineering and scientific dis-
ciplines related to the upstream coal mining cycle.
Major problems include undergraduate recruit-
ment and enrollment, support and sustainability of
graduate students and programs, and faculty suc-
cession and development of the future professor-
ate in mining-related fields. Resources are needed
to enhance student and program support and to
provide research funding opportunities that are
necessary for the sustainability and growth of any
coal-related discipline and professional field within
the higher education environment, including engi-
neering, geology, reclamation science, and others.
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In addition, institutions providing educational
opportunities in the broad mineral disciplines
will not be able to expand without significant
industry investment.

Building a workforce that supplies a sufficient
number of skilled employees will require enhanc-
ing and expanding training centers and facilities.
Companies, unions, private training vendors, fed-
eral and state agencies, and institutions should work
together on this effort. Traditionally, this training
has been provided by mining operators and equip-
ment manufacturers, or through vocational pro-
grams. However, many of these programs have been
discontinued. The few programs that are in place
today appear to be developed by the largest min-
ing companies for their own benefit; companies at
the other end of the spectrum (smaller companies,

contract mining operations, and contractors per-
forming mining activities at coal mines) may have
minimal internal training capabilities. Without
additional training resources, these companies may
have difficulty in staffing operations with an experi-
enced and well-trained workforce.

A network of community colleges and vocational
schools is required to train workers regionally.
Traditional training must be supplemented with
new training options offered by advanced simula-
tion and virtual reality. On-the-job training and
apprenticeship programs for tradespersons need
to be enhanced. Development of distance learn-
ing opportunities, including interactive, Internet-
based training and satellite television courses, may
become necessary to meet training and vocational
educational needs, particularly in remote areas.

/. SOCIETAL ACCEPTABILITY

It is imperative to address the societal acceptabil-
ity of coal mining and utilization. Coal is a vital
energy resource today and will likely remain so for
the foreseeable future. Yet, there is little apprecia-
tion of the role that domestic coal production plays
in meeting the nation’s current and future energy
demand in a safe and secure manner. As a result,
coal production and utilization face both real

and perceived challenges in societal acceptance.
Therefore, for coal to remain a viable part of the
domestic energy portfolio, the entire coal sector,
including industry, government, academia, and
nongovernmental organizations, needs to work
collaboratively to disseminate factual information
about the availability, importance, and impacts of
coal production and use.

Much of the past information about coal produc-
tion has been disseminated through the media,
with varying degrees of accuracy and complete-
ness. Often, the most readily available informa-
tion has been about problems and challenges
rather than advances and successes. To ensure
that accurate, complete information is available
for all parties, the coal industry and government
agencies must directly engage local communities
and citizens to share information, receive mean-
ingful input, discuss the importance of coal with
regard to domestic energy security, demonstrate
environmental and health and safety performance,
and share decision-making power. Unless the coal
sector successfully engages the public and demon-
strates its importance as an energy resource and
meets the challenges identified above, the social
acceptance of coal production becomes unlikely
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and coal mining and utilization may lose their
social license. Given the global nature of the mod-
ern coal industry, sustainable development require-
ments and practices promoted in other parts of the
world and even mandated by a number of major
global financial institutions, will have a positive
impact on the U.S. coal industry by reinforcing
practices and cultures that address community and
societal issues.

Some of the most serious issues facing the coal
industry in the next few years are related to envi-
ronmental concerns and social and community
acceptance of the mining and use of coal. As a
result, development and deployment of the best
upstream technologies and practices and the
wider acceptance and utilization of downstream
advanced coal and carbon management technolo-
gies will have a significant impact on the environ-
mental performance of coal, its acceptance, and its
future sustainability and growth. Government reg-
ulators will have to increase efforts to adopt clear,
science-based regulations and risk assessment

8. SUMMARY

Coal will continue to play an important role in the
U.S energy portfolio, at least until 2030, which is
the scope of this study. The discussion presented in
this report on upstream issues is, therefore, appro-
priate and much needed to identify potential chal-
lenges and recommended areas of improvement.
There are also issues of safety and security with
regard to meeting the nation’s energy demands
from domestic sources such as coal. A cooperative
effort should be established among coal produc-
ers, coal suppliers and equipment manufactur-
ers, government agencies, academic institutions,
and other nongovernmental organizations to

protocols to assure a skeptical public that the pro-
duction and utilization of coal is regulated and
conducted in a manner that poses acceptable risks
to human health and the environment.

It is important for the coal industry to create
opportunities for engagement of all stakeholders
and local communities. The coal industry, along
with the rest of the mining sector, has traditionally
addressed community engagement from a com-
pliance and legal framework, and has focused on
information and consultation via media releases,
newsletters, websites, public meetings, and dis-
cussion groups. Most participants in the mining
industry today clearly understand that local com-
munities and local people impacted and affected
by a mining operation must be openly engaged

at a much higher level and in a process based on
respect and ongoing dialogue. In essence, the
entire industry should transition from an informa-
tion-sharing, crisis, and defensive mentality to one
that promotes pro-active dialogue, transparency;,
and public participation.

examine system-wide economic contributions and
to analyze costs and benefits to society and the
environment that are created by all facets of coal
operations. Elements to be addressed in such a life-
cycle analysis may include factors associated with
the extraction, processing, transportation, and
utilization of coal. Worker health and safety issues,
positive and negative environmental impacts, and
contributions to the public wellbeing need to be
fully assessed so that policymakers can make intel-
ligent decisions regarding the role of coal in meet-
ing the nation’s future energy needs.
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Biographies

Report Committee and Contributing Authors

HAROLD J. GLUSKOTER is a scientist emeritus with the U.S. Geological Survey. His research interests
include national and international coal resource assessments. Dr. Gluskoter is one of the nation’s lead-

ing coal geologists and he played a significant role in the national coal assessment. He was awarded the
Geological Society of America’s Gilbert H. Cady Award for contributions that advance the field of coal
geology in North America. His research interests, in addition to coal resource assessments, have included
coal geochemistry as it is related to coal utilization and the environment, and more recent studies of the
potential for sequestering carbon dioxide in coal beds. Dr. Gluskoter also brings a state agency perspective
through his former service with the Illinois State Geological Survey. Dr. Gluskoter received his Ph.D. in
geology from the University of California, Berkeley.

MICHAEL E. KARMIS is the Stonie Barker Professor of Mining and Minerals Engineering and Director
of the Virginia Center for Coal and Energy Research at Virginia Tech. His broad research interests are

in mine planning and design, ground control, carbon sequestration, and the sustainable development of
energy and mineral resources. An author of over 150 publications, Dr. Karmis has been active in consult-
ing with the minerals industry, consulting companies, government organizations, and legal firms. He
served as the 2002 President of the Society for Mining, Metallurgy and Exploration (SME). A Trustee of
the American Institute of Mining, Metallurgical and Petroleum Engineers (AIME), Dr. Karmis has been
elected to serve as the AIME President for 2008. He is a Distinguished Member of the SME, a Fellow of
the Institute of Quarrying, and a Fellow of the Institute of Materials, Minerals and Mining. Dr. Karmis
received his Ph.D. from the University of Strathclyde, UK.
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DR. GERALD H. LUTTRELL is the Massey Professor of the Department of Mining and Minerals
Engineering at Virginia Tech. Since joining the faculty in 1986, he has completed R&D projects worth
more than $14 million, obtained 15 process patents, prepared more than 200 technical reports, and
authored more than 150 scholarly publications in journals and proceedings. His professional honors
include the SVCC Outstanding Alumnus Award (1987), PCMIA Stephen McCann Educational Excellence
Award (1995), Henry Krumb Lecturer (2001), Percy Nicholls Award (2005), and Frank F. Aplan Award
(2007). He is a member of the Society of Mining Engineers (SME) and serves as the Treasurer for the Coal
Preparation Society of America (CPSA). Dr. Luttrell’s research interests include particulate separations,
process equipment design, modeling and optimization, and plant circuit engineering. Dr. Luttrell partici-
pates in a variety of extension activities for mining and services companies, federal/state agencies, and
nongovernmental organizations. He actively promotes technology transfer and has presented dozens of
short courses and workshops for the mining industry.

RAJA V. RAMANI (NAE) is emeritus George H. Jr. and Anne B. Deike Chair in mining engineering and
emeritus professor of mining and geo-environmental engineering at the Pennsylvania State University.

Dr. Ramani holds M.S. and Ph.D. degrees in mining engineering from Penn State where he has been on
the faculty since 1970. His research activities include mine health, safety, productivity, environment, and
management, flow mechanisms of air, gas, and dust in mining environs, and innovative mining methods.
Dr. Ramani has been a consultant to the United Nations, World Bank, and National Safety Council and
has received numerous awards from academia and technical and professional societies. He was the 1995
president of the Society for Mining, Metallurgy, and Exploration, Inc. He served on the U.S. Department of
Health and Human Service’s Mine Health Research Advisory Committee (1991-1998). He has served on a
number of NRC committees, including the Committee on Coal Waste Impoundments and the Committee
on Technologies for the Mining Industries. In 2002, he chaired the Pennsylvania Governor’s Commission
on Abandoned Mine Voids and Mine Safety that was set up immediately following the Quecreek Mine
inundation incident and rescue.

GEORGE F. VANCE is the J.E. Warren Distinguished Professor of Energy and the Environment of the
Department of Renewable Resources at the University of Wyoming (UW). Dr. Vance has played an
important role in the mining industry, specifically coal, coalbed methane, bentonite, uranium, phos-
phorus, and gravel mining, and reclamation/revegetation efforts involving disturbed ecosystems and
environmental assessment and management. He has served as President of the American Society of
Mining and Reclamation (ASMR) and Western Society of Soil Science, Interim Director of the Wyoming
Reclamation/Restoration Ecology Center, and Associate Director for Research/Assistant Director of the
UW Agricultural Experiment Station. In addition, he has been a member of Wyoming’s Selenium Task
Force on Soil/Spoil/Vegetation/Animal Selenium, Abandoned Coal Mine Land research program tech-
nical review committee, and is currently a member of the Wyoming Governor’s Committee on Carbon
Sequestration. Dr. Vance is a Fellow of both the Soil Science Society of America and Agronomy Society of
America and received the ASMR Reclamation Researcher of the Year Award. He received his M.S. from
Michigan State University and Ph.D. from University of Illinois in environmental sciences. Dr. Vance is
author or coauthor of numerous books, book chapters, journal articles, and other refereed publications.
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Committee Staff

JOHN CRAYNON is a Research Doctoral Graduate Student in the Department of Mining and Minerals
Engineering at Virginia Tech pursuing a Ph.D. in Mining and Minerals Engineering with an emphasis
on mining and the environment. He previously earned his B.S. and M.S. degrees in Mining and Minerals
Engineering from Virginia Tech. Mr. Craynon is a licensed Professional Engineer in the Commonwealth
of Virginia and has spent the past 24 years working in various positions in the U.S. Department of the
Interior, focused on mining and environmental issues.

WILLIS L. GAINER is a recently retired manager with the U.S. Department of the Interior, who has an
extensive background in regulatory program development, mining, reclamation, environmental protec-
tion, and NEPA-related projects. The majority of this experience has been in the permitting and regula-
tion of coal mining operations. Most recently he served as Director of the Office of Surface Mining’s
Albuquerque Field Office and was Acting Director of the Casper Field Office. He has supervised multi-
disciplinary technical teams and has coordinated the preparation of numerous Environmental Impact
Statements (EISs). Mr. Gainer is a Certified Wildlife Biologist, a member of the American Society for
Mining and Reclamation, and he earned his B.S. in Wildlife Management from West Virginia University.

National Commission on Energy Policy Staff

SASHA MACKLER is Research Director at the National Commission on Energy Policy, a project of the
Bipartisan Policy Center. He joined the Commission in 2002 after spending several years as an analyst in
the U.S. Environmental Protection Agency’s Clean Air Markets Division. At the Commission, he conducts
technical work on the economic, technological, and environmental aspects of energy production and con-
sumption. While at EPA, Sasha was involved in the design and evaluation of national emissions trading
programs. He also had a lead role in maintaining and enhancing the Agency’s primary economic modeling
tool for the electricity sector. Sasha’s technical expertise includes economic and financial modeling; the
engineering of energy production; and emissions trading policy design. Prior to his graduate studies and
employment with EPA, Sasha lived in Europe and worked with an engineering firm specializing in sustain-
able and low-energy building design. He holds a B.S. in Geo-Mechanical Engineering from the University
of Rochester and both an M.S. in Earth Resources Engineering and an M.P.A. from Columbia University.

NATE GORENCE is an Analyst at the National Commission on Energy Policy, a project of the Bipartisan
Policy Center. Nate joined the Commission in late 2006 as a member of the technical research team. He
spends the majority of his time examining the economic and environmental implications of a changing
U.S. energy economy under varying policies and technologies. His interest in energy began while con-
ducting research at his alma mater on the potential for bioenergy production in China. He holds a B.A. in
Geography from Dartmouth College.
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