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The need for effi cient and effective workforce training in the 

oil and gas industry worldwide has become acute. Upstream 

and downstream, the industry is facing a critical shortage of 

experienced operators and engineers as baby boomers retire 

and fewer new skilled workers replace them. Simulation-based 

training, prefaced with traditional classroom training methods 

on process fundamentals, is the most effi cient and fastest way 

to educate new employees and prepare them for their work in 

a refi nery or on an exploration and production (E&P) platform. 

This white paper will examine the nature of the skills gap, 

called “the great crew change,” the simulation-based 

training market, learning approaches and the effectiveness 

of simulation-based training, as well as operating and fi nancial 

benefi ts to companies and employees.

The Skills Gap

According to Deloitte’s Research 2011 Trends report, the oil and 

gas industry is known for its “camelback workforce” where the 

age distribution comprises a majority of workers over age 50, a 

lack of workers in the 30- to 50-year-old age range and a slow 

infl ux of younger workers.1

Despite a trickle of young employees entering the fi eld, there 

“is simply not enough talent in the current pipeline to replace 

the leadership positions that will open up as older employees 

retire. Further, with U.S. universities producing only 20 percent 

of the engineering graduates they did 20 years ago, there are 

not enough qualifi ed candidates to fi ll these positions vacated 

by retiring baby boomers.”2 

As Oil & Gas Next Generation (www.ngoilgasmena.com) 

reports, the industry “suffers from chronic personnel 

shortages and the separate lack of experienced employees 

has now reached a crisis point.”3  

By the numbers: 

 •  The American Association of Petroleum Geologists 

reports a 70-percent decline in enrollment in programs 

related to geosciences since the '80s.4 

 •  The Society of Petroleum Engineers in 2007 stated that 

approximately 10 percent of the technical workforce was 

above age 65, indicating an exodus from the fi eld, and at 

a minimum, a 10-percent shortfall of needed workers.5

 •  “Cambridge Energy Research Associates estimates that 

50 percent of engineers will be retired by 2015,” writes 

Oil & Gas Next Generation.6 

 •  Putting specifi c values to the percentages, a 

Schlumberger Consulting survey found that 22,000 

experienced geoscientists and engineers will retire from 

the industry by 2015.7 Further, one oil and gas company 

executive in the Middle East says the “oil and gas sector 

will lose 40 percent of its skilled engineers in the next 

fi ve years because workers are leaving faster than they 

are coming in.”8 

 •  Demand will increase. The World Energy Council 

forecasts that energy consumption is likely to double 

by 2050; the staffi ng implications are obvious.

Why has this happened? The cyclical boom and bust nature 

of the oil industry, spurred by the oil crisis of 1973/74, is a key 

reason. Following high demand and prices during the oil crisis, 

low crude oil prices in the 1980s and again in the late 90s 

were key factors. As crude prices plummeted, companies laid 

off workers. In fact, the upstream industry has shed 1.1 million 

jobs since 1981.9 To prospective candidates, oil and gas industry 

jobs seemed unstable and undesirable. 
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Many organizations are considering ways to increase industry 

appeal and attract a larger number of younger workers. 

Industry associations recommend several approaches, including: 

 •  employing a wide range of communications outreach to 

schools to encourage interest in science at an early age 

 • implementing coaching and mentoring programs 

 •  using “electronic knowledge management tools”10 

that is, simulation-based training.

The World Petroleum Council has addressed the aging 

workforce issue and recommends these steps to bring the 

senior work force up to speed and then fi ll in the skills gap. 

 •  Redesign recruiting efforts to accommodate 

mature workers.

 •  Retain talented mature workers through 

special programs.

 • Develop mature workers to use technology.

 •  [Plan for and accommodate a] multigenerational 

workforce.

 • Extend retirement age to facilitate knowledge transfer.

 • Preserve critical knowledge before it is lost.

 •  Redirect discipline engineers to the scarce 

category disciplines.11

In addition to retraining older workers, it is also imperative, of 

course, to train new hires quickly and effectively. The immediate 

need is not only to attract younger people to the industry but to 

prepare them adequately to step quickly into highly responsible 

roles with little or no drop-off during workforce transition. 

Logistical Challenges

As the editor of www.vr-news.com writes, the oil and gas 

industry has its challenges. “Refi neries, offshore rigs and 

other processing plants are some of the world’s largest and 

most complex facilities, operating around the clock at peak 

capacity under some of the harshest conditions on the planet. 

Many upgrade, refurbishment and maintenance projects 

involve hundreds of workers who must be thoroughly 

trained – especially in safety-related operations such as 

handling fi res, toxic chemicals, high-pressure leaks and 

other emergency incidents. 

“Many companies typically have mandatory training for their 

workers and subcontractors a few weeks a year. Challenges 

to meet training requirements are compounded at offshore 

oil and gas rigs accessible only by helicopter or boat, which 

drives up transportation costs for personnel and equipment. 

Teams of crews generally are replaced every six weeks on 

offshore drilling platforms, where on-site training is hugely 

expensive and highly disruptive to routine work. Conducting 

training exercises on-site using actual equipment presents a 

higher risk of damage to valuable equipment and the safety 

of the crew, especially subcontractors and new personnel 

who are unfamiliar with the site. On the other hand, off-site 

mock-ups are expensive to construct and often do not 

realistically replicate real-world scenarios.

“The industry needs capabilities that allow owner/operators to 

execute programs safely, on time and on budget,”12 and oil and 

gas companies are gaining those capabilities though the use of 

3D and simulation technologies.”

The Market

Visiongain, a London-based business information provider, 

estimates the global oil and gas simulation and virtual reality 

market to be worth $2.243 billion in 2011.13 All accounts 

project the market to grow steadily during the next decade. 

North America is the leading geographic market for oil and 

gas virtual reality training and simulation. 

The market will be driven by companies looking for ways 

to offset the continuing skills gap and to improve safety. 

The latter has become particularly important following the 

Deepwater Horizon accident in the Gulf of Mexico in 2010. 

Workers who have been trained via simulation may make 

fewer mistakes, recognize potential problems earlier, and have 

the skills and experience to best respond to a given situation, 

thus reducing the likelihood of accidents.

The market will also grow simply from growing energy 

demand. The U.S. Energy Information Administration’s 

(EIA’s) International Energy Outlook 2011 predicts global 

consumption of oil and other liquid fuels will rise to 

112.2 million barrels per day in 2035, from 85.7 million 

barrels per day in 2008, an increase of 30.9 percent. EIA 

anticipates world natural gas consumption is likely to increase 

52.4% to 168.7 trillion cubic feet from 110.7 trillion cubic feet 

from 2008 to 2035. 

Additionally, technological advances will improve the learning 

experience, making simulation and VR more desirable among 

students and more affordable to industry. Cost, however, will 

also remain a constraint. While some simulation technologies are 

relatively inexpensive – as little as $6,000 to $10,000 – full-scope 

simulators can range from a few hundred thousand dollars to 

$2–$3 million. Despite the potentially high initial cost of 

simulation training, it is in fact a good investment as this 

paper will show. 
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The Case for Simulator Training

People learn in many different ways. Many are visual learners, 

some are auditory learners, and some are sensory learners. 

This relates to various ways in which trainees are taught, from 

classrooms – books, lectures, PowerPoint presentations – to 

plant visits to simulation training. Conventional wisdom says 

that experience is the best teacher, and while that statement 

is true, teaching and learning are quite a bit more complicated 

than that. 

A body of research shows that for higher-order skills, multiple 

modes of learning are more effective than traditional learning. 

More important, interactive multimodal learning – including 

simulations, modeling and “real-world experiences” – is more 

effective than non-interactive multimodal learning, e.g. text 

with graphics, animation, etc. Specifi cally, multiple studies 

showed that for higher-order skills, interactive multimodal 

learning resulted in a 12 percentile increase in effectiveness 

compared to non-interactive multimodal learning.14 Interactive, 

multimodal, experiential, simulator-based training is grouped 

among the most effective learning methods. 

Game-Based Learning

Game-based learning is a cousin to simulator-based training, 

and principles of one apply to the other. 

Jessica Trybus, game-based learning expert at the New Media 

Institute, says students “need effective, interactive experiences 

that motivate and actively engage [them] in the learning process. 

This is where game-based learning comes in.  

“Well-designed game-based learning has several advantages 

over traditional experiential learning methods,” she adds. 

“It is cost-effective and low-risk, unlike, for example, safety 

training using live machinery … there are [also] signifi cant 

learning advantages. Learners can re-enact a precise set of 

circumstances multiple times, exploring the consequences 

of different actions. In addition, well-designed games permit 

learning experiences that aren’t possible in real life – for 

example, causing the biggest possible virtual explosion to 

understand why gas line disasters happen,” she says.15 

Her table below compares three training approaches: 

passive training methods such as classroom lectures and 

online “click through” tutorials; hands-on training such as 

apprenticeship programs; and game-based learning – a stand-in 

for simulator-based training.

Traditional 

Training 

(lectures, online 

tutorials)

Hands-on 

Training

Game-based 

Learning

Cost-effective X  X

Low physical risk/

liability
X  X

Standardized 

assessments 

allowing 

student-to student 

comparisons

X  X

Highly engaging  X X

Learning 

pace tailored to 

individual student

 X X

Immediate 

feedback in 

response to 

student mistakes

 X X

Student can easily 

transfer learning 

to real-world 

environment

 X X

Learner is actively 

engaged
 X X

How We Learn

At Carnegie Mellon University in Pittsburgh, The Eberly Center 

for Teaching Excellence developed several basic principles of the 

learning process.

One principle is that “students’ motivation determines and 

directs what they do to learn.” The digital generation does 

not generally respond to traditional lecture or tutorial-based 

training. However, they respond very well and are very 

comfortable with video games and game-based learning, 

and simulation-based training will be right in their comfort zone. 

Another principle: “To develop mastery, students must acquire 

component skills, practice integrating them and know when 

to apply what they’ve learned. Each learner works at his or her 

own pace.” In traditional training, programs might follow the 

process of delivering information in digestible bites, but they 

do so for the whole group at once. Slow students struggle; fast 

ones may get bored. By contrast, good game-based learning is 

tailored to each learner.
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Third, “goal-directed practice coupled with targeted feedback 

enhances the quality of students’ learning.” Unlike “serious 

gaming” or simulation training, “traditional training methods 

do not give learners the opportunity to repeatedly practice 

thought processes and skills.”16 

Armed with empirical studies that show simulations improve 

performance and learning, researchers wanted to apply the 

same rigor to game-based learning. An East Coast university 

did three studies comparing performance of a control group 

that was exposed only to traditional learning methods with 

one that also took part in a simulation game. The test was 

replicated in three different courses at three different 

undergraduate levels. 

In every case, the average test scores were higher among 

the group that played the simulation game as part of their 

curriculum. “The fi ndings show that classes using the game 

had signifi cantly higher means than those classes that did not 

use the game,” reported Richard Blunt in eLearn Magazine.17 

There were no signifi cant differences between genders and 

ethnic groups, though all scored higher in the classes with 

game play. “Students aged 40 and under, though, scored 

signifi cantly higher with game play,” wrote Blunt, “whereas 

students age 41 and up did not.” This age gap is certainly 

relevant to the oil and gas industry, particularly as it applies 

to training younger workers. 

Training Performance Benefi ts

There is a long list of benefi ts to simulator training, and 

these are expressed in different forms and relate to different 

operational benefi ts.

 •  Simulation-based training helps trainees understand 

process and control system fundamentals. It reinforces 

fundamental cause-and-effect relationships and proper 

procedures in start-up, normal operation, shutdown 

and emergencies – the most diffi cult and least rehearsed 

processes operators face. 

 •  Simulation-based training helps operators improve their 

techniques, so they can bring new plants on line faster, 

reduce shutdowns and downtime, and reduce the risk 

of equipment damage. 

 •  Simulation-based training also helps increase operators’ 

confi dence because they can practice procedures until 

they master them. Further, trainees become more aware 

of safety procedures because they have to follow them in 

the simulations. Sometimes this even helps them unlearn 

improper techniques they may have picked up prior to 

simulation-based training. 

Economic Benefi ts

Effi cient training: Making a new employee “profi table” in the 

oil and gas industry can take up to 18 months using traditional 

methods. Simulation can reduce time to competency so new 

hires are profi table sooner. Using simulation, a company can 

reduce the on-the-job training period signifi cantly, from years 

to perhaps a few months. Learners can each work on their own 

simulators, allowing them to learn at their own pace. Assigning 

trainees to their own simulators also enables companies to train 

their people simultaneously, which is cost-effective, schedule-

friendly and effi cient.

Reduced instruction cost: Simulation-based training reduces 

the instructors’ time commitment, as most of the process 

operations knowledge is explained in the self-paced tutorial 

that precedes work on the simulators. Instructors can spend 

more quality time with trainees. As a result, more trainees can 

be trained with existing resources, minimizing costs of outside 

consultants and training courses. 

Reduced safety risks: Simulation-based training provides 

a better understanding of the process being studied, which 

can reduce or prevent potential operating incidents and 

emergencies. According to M&M Protection Consultants, 

an organization of hazard control management consultants, 

process industries may incur loss due to accidents in the range 

of $1 billion to $2 billion over the next 10 years. At that rate, 

prevention of even one predicted accident can justify the cost of 

a simulation training module.

Increased unit uptime: A primary economic benefi t of 

simulation-based training is maximizing on-stream time 

due to increased operator skills. The costs of lost production 

can be enormous. With better understanding of key unit 

operations and operating principles, operators can learn to 

avoid actions that might cause upsets or compromise on-stream 

time. For a plant or E&P platform with product revenue or 

operating income of about $100 million per year, a production 

increase of just .5 percent translates to additional revenue of 

$500,000 per year. 

Operational cost savings: As a direct result of simulator-based 

training, many companies save .5 percent to 1 percent of fuel 

and power costs. Depending on the plant or E&P platform, 

this can mean $100,000 to $500,000 per year. A 1984 

economic survey of more than 200 supervisors in 11 plant 

locations showed an average benefi t of $21,000 per year 

(about $43,000 adjusted to today’s infl ation) per operator 

due to improved performance resulting from simulation-

based training.

Improved unit reliability: Simulation-based training is ideal 

for teaching troubleshooting logic, such as proper ways to 

isolate and identify a problem. Operators can learn to identify 

problems and take corrective action in situations for which 

no procedure has been specifi cally established. By improving 

operators’ ability to troubleshoot, oil and gas companies 

reduce costs through early diagnosis and quick corrective 

action. Improved troubleshooting may even avoid shutdowns, 

which would be even more costly.
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Payback and Return on Investment (ROI): Added to 

the operational savings and the production improvement, 

simulation training pays for itself in a matter of months. 

Depending on the type of simulation, as noted earlier, training 

costs can run from $6,000 to $10,000 for an interactive 3D 

stereoscopic projection system to several million dollars for 

full-scope simulation. Nevertheless, the savings accrued by 

reducing plant start-up time and downtime, plus the revenue 

generated from even a small improvement in operating 

effi ciency can lead to payback periods of just a few months.

For example, assume a refi nery generates $220 million per 

year in revenue. Simulation-based training could reduce 

start-up time by fi ve days per year at a savings of $2.7 million. 

Three fewer days per year of downtime translates to a 

$1.6 million yearly savings. And an increase in operating 

effi ciency of just .5 percent reduces operating costs by 

another $1 million. The training payback period is less than 

two months. Just a 1 percent improvement in production due 

to improved training yields a payback of less than one month.

The following table shows the decrease in payback period 

as the production improvement due to training increases.

Improvement in 

production due to 

improved training

Additional revenue 

or savings

Simulation training 

payback period

0.1% $200K 3-9 months

0.5% $1M < 2 months

1.0% $2M < 1 month

New Frontiers

Improvements in technology along with concurrent decreases 

in cost now make it worthwhile and cost-effective to expand 

simulation-based training beyond the realm of new trainees 

and operating engineers. Simulation-based training now lends 

itself to other areas of the operation such as maintenance, 

for example.  

Maintenance engineers and staff can simulate equipment and 

process operation to help optimize the maintenance schedule. 

They can see the effect of delayed maintenance on production. 

They can then practice heavy-equipment maintenance 

procedures to reduce scheduled downtime.

Summary

In essence, simulation-based training, and the GSE approach 

to it, is about the value of learning and the effect of one 

student’s improvement on the entire organization. If an 

individual improves performance, the group improves 

performance. If the group improves, the corporation improves. 

Structured, experiential learning builds competency most 

effi ciently and effectively, from entry level to experienced

personnel, as well as in cross-training environments. 

GSE Systems Training Philosophy 

GSE uses a System Approach to Training (SAT) 

or ADDIE process model to develop all GSE training 

programs. Proven in more than 1,100 applications and 

simulations, training programs developed using the 

ADDIE process are proven to provide individuals with 

the knowledge and skills needed to ensure the safe 

and productive operation of the facility. 

The components of an ADDIE-based training 

program are:

 •  Analysis – who must be trained, what must be 

trained, when training will occur, and where the 

training will take place

 •  Design – the training program, including 

learning objectives, performance test, 

learning steps, entry behaviors, and structure 

and sequence of the instructional outline

 •  Development – fl eshes out all the previous 

content built in the Analysis and Design phases 

into a complete learning platform including the 

media, lesson outlines, etc.

 •  Implementation or Delivery – training 

products, process and services delivered 

to the learners

 •  Evaluation – ongoing process to ensure that 

the stated goals of the learning process actually 

meet the required business need

The ADDIE process provides a clear picture of what 

training is needed and where it should take place – 

in class or in the fi eld. The ADDIE process employs a 

variety of training tools to impart information. While 

GSE considers operator training simulators to be the 

most signifi cant training tool, it also recognizes that 

the simulator is one of many tools that comprise a 

good training program. 

The GSE approach combines traditional classroom 

and simulator training by bringing simulator models 

into the classroom and integrating them with both 

the fundamentals and system training portions of a 

program. When simulations are added to classroom 

approaches, the learning becomes more visual and 

experiential rather than lecture-based. In addition, 

GSE provides classroom materials within the simulator 

so instructors can review material with students and 

provide an easy bridge of fundamentals to real-world 

applications.
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