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Abstract
The oil and gas industry upstream exploration and production is one of the most

hazardous businesses by the nature of the frontiers materials handled, the contents of
the process, and the nature of the working environment and conditions. Moreover,
drained profit margin due to low crude oil price arguably compromised safety with a

primary focus on project delivery within cost and time budget.

With all the odds and challenges, the sector's stakeholders are applying stringent safety
standards, regulations, industry guidelines, and best practices to minimize and avoid
workplace injuries to employees. Unfortunately, oil and gas upstream personal injuries
are an everyday phenomenon that needs innovative personal safety systems in the sector
to bring a paradigm shift in a personal safety system based on every individual
involvement, personal engagement, top management leadership, and active

participation.

A change in mindset from Safety Compliance to Safety continuous improvement is
required. A cultural shift from a top-down management structure to employee
engagement and involvement with making safety every individual responsibility must

be established to enable safety cultural change in the oil and gas industry.

A workplace with everyone taking responsibility for safety measures results in a safer,
more efficient, more productive work environment. It enhances employees’ morale,
helping a sense of pride in their safety culture and ownership of the safe working

environment.

The most popular process continuous improvement methodology and operational
excellence methodologies will be used in this dissertation to address the gaps in oil and
gas upstream drilling and exploration personal safety systems and personal injury

prevention and continuous safety system improvement.

Problem-solving and learning from safe practices, mistakes, incidents, and accidents
are important to any continuous improvement process. Lean thinking can turn every
incident into a safety improvement opportunity. Learning from losses should never be
a blame game but a process review and an improvement initiative. The conventional
incident investigation mainly focuses on adverse incidents without learning from the
positive developments.
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The oil and gas industry needs radical and systematic reform more than ever. As usual,
sticking to the old way of working has unsustainable social, economic, environmental,
health and safety consequences to the least and detrimental effects to the worst. The
industry needs to learn from the experience of other industries, such as manufacturing
and healthcare, to be able to ‘do more with less’ by process optimization, value
streaming, doing things ‘right the first time,” doing it safely, and integrating safety in

every process, and focusing on safety as a value, etc.

The oil and gas industry is one of the conservative industries with capital-intensive
investment and a complex supply chain. The era of ‘easy’ oil and gas access is over.
The upstream oil and gas exploration trend has become the most remote place where
logistics and transportation are becoming a challenge. Because of thin reserves, wells
drilled become long-reach horizontal wells, Deep-Sea, and hostile offshore
environments. In these Satellite marginal fields, it is difficult to tie up to existing
installation, depleted reservoir with geological, reservoir and other technical
characteristics, uncharted environment with attached high safety risk challenges and

hazardous conditions and acts where the industry performs exploration activities.

By its nature, the oil and gas industry has a high environmental footprint in terms of
carbon emission, uncontrolled spills, and waste disposal. Due to this effect, governing
(regulatory) bodies are applying maximum pressure on the industry so that it should
minimize the environmental impact due to its operation and apply various innovative
techniques such as carbon capturing, carbon trading, and stringent HSE standards and

on top of these, focus on clean energy.

For any industry, human capital is one of the important inputs of product and service
production. The oil and gas industry is at an immense challenge, as the most
experienced and skilled workforce the industry depends on will retire within the coming
five to seven years www.forbes.com; Satish Tyagi et al., (2015). Thus, knowledge
transfer and successive planning could be a demanding task for an industry that has
already faced daunting challenges. Especially experience related to workplace safety

practice

The oil and gas industry has been experiencing the longest and toughest downturn by
any standard Lopeza, (2015); this is the right time for the industry to ‘change for the
better; a strategic change is mandatory, not an option. The sector needs an integrated
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strategic change that could be expressed in innovating process improvement with

personal safety embedded in every process.

The focus of this study is to explore how oil and gas safety systems could be
continuously improved beyond the basic safety compliance through employee
engagement, employee involvement, and innovative safety system that could be used
for oil and gas upstream sector injury prevention, problem-solving, building safe
working environment and value addition in the context of oil and gas industry, with

particular focus in North-Sea upstream sector.

As any business organizations focus on productivity improvement, product and service
quality, and customer services, not least safety is also one of the important business
processes that need the involvement of top and frontline employees, with everyone’s
responsibility, avoiding the common mistake of leaving safety for safety department

and safety officers.

In line with this, innovative safety system methodology, tools, and HSE standards are
reviewed in the oil and gas industry context, specifically from the point of personal
injuries prevention. Innovative safety system implications on the personal safety, safe
working environment, value innovation, and environmental contribution of the industry
will be assessed, and a conceptual and analytical continuous safety improvement system
model will be developed. The conceptual and descriptive research methodology will be
applied to evaluate, assess, benchmark, and develop a continuous safety system

improvement model that would fit the upstream oil and gas industry context.

In this dissertation, the concept of continuous safety system improvement development
from employee engagement and involvement in continuous safety process
improvement and learning is considered to positively improve the working

environment, safety culture, and workforce morale.

In this dissertation, the Norwegian oil and gas offshore exploration and production
sector has been considered close to explore the sectors safety practice from the point of
‘respect for people,” continuous improvement, employee involvement, and daily safety
practice beyond compliance in general and people-based safety approach in particular

through employee engagement and continuous learning.

xv|Page

AAIT
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xvi|Page

AAIT



Chapter One

1. Background and Justifications of the Study

1.1 Introduction
The petroleum industry is an industry with the potential for major accidents. Studies
from Norway and globally show that major accidents often have a complex and
complicated course of events and that organizational factors can strongly contribute to
the accidents (Norwegian ministry of labor & social affairs, 2018; Laumann et al., 2014;

Moura et al., 2016).

To reduce the risk level of fatal and non-fatal injuries, petroleum safety authorities
emphasized implementing carefully designed safety management strategies. This
dissertation, therefore, addresses how oil and gas upstream safety systems could
continuously be innovated, where upstream work processes (exploration, drilling, and
production) are streamlined to eliminate process wastes, maximize customer value and
employee safety, and give competitive advantages for the company to grow, retain key

workforces and win competitions.

Elimination of process waste directly reflects the elimination or minimization of HSE
risks and improves operational safety. The results are improved productivity,
minimized cost, reduced non-productive time and buy-in from employees, and

promoted employee morale.

Initiated by events in the financial sector in 2007 and fueled by the bursting of the U.S.
and European housing markets, the global economy fell quickly into the ‘Great
Recession,” considered by the IMF (2009) as the worst global economic decline since
World War II, (van Dun et al., 2016). The global economic downturn has affected
almost every industry, and the oil and gas industry is no different. The Oil and Gas
industry has been in a downturn, one of its kind, which has lasted for a more extended
period compared to the previous downturns the industry has faced in recent decades.
Cost-cutting, downsizing, merging, and employee layoffs have been some of the

common happenings in the industry in recent years.
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The oil and gas industry is encountering mixed circumstances, from price fluctuations
to demand rebounding after the relaxations of global shutdown measures due to the
Covid-19 pandemic, war-related crises between Russia and Ukraine that resulted in the

supply issue.

The good news is that it is not all gloomy in the industry. Companies that could adjust
their business strategy, Boyle et al., (2011) according to the tide and use this difficult
time to their advantage could survive the recession and use the challenge to their
advantage to grow stronger and more prosperous. This could happen as far as they
adjust their strategy, considering their internal strength and capability aligned to the
external opportunity, by mitigating the threat they face in a day-to-day business

endeavor.

The current reality in the oil and gas industry is that the industry experiences major to
minor accidents and injuries to personnel, high cost of project and operation execution
irrespective of the industries effort to minimize accidents to employees, Smith et al.,
(2019); Kh, A et al., (2019). Changing for the better is mandatory for the very existence
of the industry. The Toyota motor company could be the best benchmark that managed
to survive the difficult time after WWII, Resta et al., (2015) by modernizing the way of
working by introducing the Toyota Production System (TPS) (Liker, 2004).

Researchers from the Massachusetts Institute of Technology (MIT), under a research
project which lasted for five years, have identified the success behind Toyota’s
competitive advantage, Holweg, (2007) and realized that the company’s working
culture and management system under the umbrella of TPS, was the catalyzing factor.

Finally, they coined the production system Lean production (Womack et al. 1990).

Like any other industry, the oil and gas industry was enjoying the upturn with high oil
and gas prices, pursuing expensive projects, and generously paying shareholders high
dividends and attractive package salaries and bonuses for its employees. Currently,
most projects are shelved based on financial viability and prioritizing critical activities

and projects deemed to contribute to companies' survival.

The author of this research has a strong belief that this would be the right time to get
the buy-in from oil and gas C-level top executives to apply and implement innovative

safety systems as part of the business process philosophy for creating customer value
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and a safe working environment for the employee's Todd A. et al., (2011). Continuous
process improvement methodologies, such as Lean thinking, which has well been tested
in the Manufacturing industry, especially the auto industry, and becoming the most
popular business philosophy for creating a safe and organized working environment,
waste minimization, reducing lead time, promoting employee engagement, offering
quality products and services, boost employees morale and value innovation for
customers are among the methodologies widely implemented on this research work,

(Ohno,1988).

The author argues that Lean thinking and philosophy are not cost-cutting measures, nor
is business thinking with a bunch of tools, Hicks (2007). Relatively lean is a business
philosophy, the business mindset with a deep-rooted culture of problem-solving and
solving problems at the source, by walking to the ‘Gemba’ the actual place where value
is created, with the involvement of top management and front-line employees, in line
with the value of the end-user, safe working environment for employees and learning

from it and thriving for perfection, (Womack & Jones, 1996).

In today’s globalized world of fierce business competition for market share and growth,
Amir & Thulasi (2015); Seher & Hatice (2015), firms must devise an innovative way
of doing things. To win market competition, grow the business sustainably, and offer
their respective customers quality products and services with on-time delivery, boosting
employee engagement and morale by creating safety as a firm value. Businesses need
to ‘do more with less ‘by using less material, natural resources, and other inputs, keep
the well-being of employees, well utilize the talents and inputs, and maintain the

ecosystem and environment.

The author of this study is a lean practitioner in the oil and gas industry, working in the
most demanding North Sea deep-water frontier. The research idea emanates from the
real problems that exist in the industry. As the industry is struggling with a low price
of oil and gas, high cost of project development, a safety hazard for employees, minor
to major accidents, difficulty in reaching remote oil and gas reserves, stringent
regulatory requirements, and informed customers who know what products and service

to choose, and society and the public at large who can grant or deny a license to operate.

Business, as usual, has a detrimental consequence on the industry, the industry that is
the driving power of the world economy. Thus, it is pertinent to bring a paradigm shift
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in the way how things are done by employing a new way of doing things, which enables
competitive advantage by resulting in quality products and services with shorter lead
time, and high customer value, taking into account a reduced impact on the environment
and creating safe working conditions and injury-free workplace for employees.

(Kilpatrick, 2003).
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1.2 Background of the study
Due to world population growth and related energy demands, the oil and gas industry
activities are expanding to deep-water and arctic regions, which are operationally
challenging, Schaeffer, (2015); Asif & Muneer, (2007). The technological development
and performance in the oil and gas industry are continuously improving. Nevertheless,
as the oil and gas reserves are located in remote locations, operational challenges create.
Even if the industry uses the most stringent safety standards and regulations, accidents,

incidents, near misses, and personnel injuries are still happening daily.

By the nature of the industry's operations, risk, hazards, and general safety management
in operation processes are equally important to productivity, product quality, and
customer services, Bigliani, (2013); Suda et al., (2015). The common mistake of leaving
safety management to the safety department is a traditional view that would not cope
with the enormous challenges the industry is currently facing. Safety should be
embedded in every organization's processes and need to be the responsibility of every

individual in the organization.

The industry’s working environment is overrun by various multidimensional hazards
ranging from mechanical, ergonomic, electrical, high pressure, chemical, biological,
radioactive, explosion, fires, falls, and confined space hazards. Well-organized hazards
hunt, pre-task job safety analysis, and risk management to identify, evaluate, control,
mitigate and eliminate the risks involved are imperative in the continuous safety

improvement of the industry’s safety management.

Unfortunately, safety has become a buzzword and gets the most attention from top
management, making the news in the aftermath of significant accidents where every
player in the industry specializes in investigating what went wrong and the root cause
of the accident. There is nothing wrong with the investigation as it would give lessons
learned to avoid similar problems. Still, the issue is the investigation, in most cases,
mainly focuses on who caused the accident rather than what caused it. This could lead

to resistance to finding the root cause and develop a blame culture.

The misconception that equates safety to the absence of accident is a fundamental

problem looking into just the tip of the iceberg without noticing the underlying danger
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and the problem that hides below the high level of the water. Celebrating many hours
of operations with zero injuries is customary, after which a big accident may surprise
everyone. Thus, what matters is the safety culture that works in the industry in all
situations with a culture of continuous learning from positive safety practices and

incidents and a well-established system to report near misses and incidents.

What matters most is not the new policies, rules, regulations, procedures, etc. It is the
buy-in from all employees and the initiative to take it personally and engage oneself in
the endeavor of safe working practice and protecting oneself and others in the
workplace. A safety system needs to include top management and frontline employees’

involvement, with top-down and bottom-up feedback systems.

1.2.1 Justification for using the selected safety system improvement
methodology

As people are key organization resources that could make or break the organization's
goal and objectives, a people-centered safety system with everyone involved is the core
of this research’s justification. The research borrows key philosophy from lean thinking,

‘respect for employees ‘as a core foundation in building a robust safety system.

For this research, two safety approaches are considered; Safety I and Safety II. In Safety
I approach, safety is defined as a state where as few things as possible go wrong. A
Safety-I approach presumes that things go wrong because of identifiable failures or
malfunctions of specific components: technology, procedures, the human workers, and
the organizations in which they are embedded. Humans—are viewed as a hazard in

Safety I’ (Hollnagel, E. 2012; Hollnagel, E. 2009)

The great difficulty for continuous safety improvement is how activities go right in spite
of uncertainties, ambiguities, risks, and generally complex working conditions. This
study would address these challenges by proposing a people-based safety system, where
the core principle would be ‘respect for employees and creating a safety culture of

continuous improvement.

A Safety-II approach assumes that’ everyday performance variability provides the
adaptations needed to respond to varying conditions, which is why things go right.
Humans are consequently seen as a resource necessary for system flexibility and

resilience. (Finkel, 2011).
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Table 1.1: Overview of Safety I and Safety 11

management principle

happens or is categorized as

Safety-I Safety-II

Definition of safety That as few things as possible | That as many things as
g0 wrong. possible go right.

Safety Reactive, respond when | Proactive, continuously
something trying to

Anticipate developments and

an unacceptable risk events.
View of the human factor in | Humans are predominantly | Humans are seen as a
safety management seen as a liability or hazard. | resource  necessary  for
They are a problem to be | system  flexibility  and
fixed resilience. They provide

flexible solutions to many
potential problems.

Accident investigation

and malfunctions
cause accidents. The purpose

Failures

of an investigation is to
identify the causes

Things happen in the same
way, regardless of the
outcome. The purpose of an
investigation is to understand
how things usually go right
how

to explain things

occasionally go wrong.

Risk assessment

Failures and malfunctions
cause accidents. The purpose
of an investigation is to
identify and

contributory factors.

causes

To understand the conditions
where performance
variability can  become
difficult or impossible to
monitor and control

Source: (Hollnagel, Braithwaite & Wears, 2013; Wears, Hollnagel & Braithwaite,
2015; Hollnagel, E. 2012; Hollnagel, E. 2009)

There is a common perception among businesses to state safety as their business

priority. But it is common sense that priority shifts when something critical comes into

the business process. Thus, this dissertation argues that safety needs to be considered

as integrated into the business value instead of being a priority and manages the risks

uncovered in the various complex processes and variable working conditions.

Lean thinking is the business continuous improvement methodology that comes to

everyone’s mind for promoting business value. Customer value is one of the five
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principles of lean thinking defining business values from customers' perspective
(Womack & Jones, (1996). The value concept is core to business strategy. Identifying
and creating customer value, defined as value for customers, is an indispensable

prerequisite for future company competitive advantage (Graf & Maas, 2008).

Lean is about adding value to the products and services while eliminating waste from
processes. As Shook & Rother (1998) phrase it, ‘learning to see’ is a phrase where firms
learn to see hidden wastes. Hidden waste may be driving up the cost of firms’ products
and services. In order to guarantee long-term survival in today’s competitive market
environment, businesses must continually reduce process waste (https://quality-

one.com/lean/).

Lean is a ‘revolution’ it isn’t just about using tools or changing a few steps in the
business processes; it's about the complete change along the value chain, how the supply
chain works, the working culture, engagement, and involvement of each employee how
the top management direct, go about their daily work, how employees ownership of the

processes and activities promote safety culture (T. Melton, 2005).

Howell et al. (2017) claim that evidence shows that lean projects are safer. The authors
argue that lean projects are safe because of their grounded principles of ‘Respect for
people.” Respect for People is a fundamental lean principle applicable to all types of
organizations and business systems, both project-based and non-project-based, Ohno,
(1988); Oppenheim et al. (2011); Cardon & Bribiescas, (2015); Howell et al., (2017).
Liker’s way of presenting the idea of respect for people is understood to mean
challenging, coaching, and training employees and suppliers to improve their

capabilities, particularly in problem-solving and process improvement (Liker, 2004).

Edmondson (1999), Bossche et al. (2006), and Howell et al. (2017) reported that
psychological safety is crucial for the engagement of learning behaviors in teams, which
could result in better team performance. Howell et al. (2017) proposed that employees'
actions and behavior according to the lean philosophy of respect for people improve
safety by creating the psychological safety needed for learning behaviors within the
business that could result in customer value and a safer work environment for the

employees.
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Camuffo et al. (2017) asserted that high involvement in work practices, employee
engagement, continuous coaching and training, employee capability development and
empowerment, and autonomy and participation of workers in developing their job

standards positively affect occupational safety.

Jilcha & Kitaw (2016) emphasized the importance of lean safety in the workplace by
recognizing the less attention given to the methodology in developing countries, taking
a case with secondary data from the Ethiopian Ministry of Labor and Social Affairs
(MOLSA).

A business with the best strategy, high-quality products, and services would not last
long in the fierce market environment if it could not manage to integrate customer value
with employees’ value expressed in terms of a safe working environment, respect for
employees, and engaging employees in process improvements. Safety is a critical
element in the lean thinking processes with an effort to yield processes that are better,

faster, less wasteful, and safer (Main et al., 2008).

Customer and employee value-focused business strategy would create a win-win
situation for all parties involved by creating high-quality products and services for
customers and a safer working environment for employees. Employees take full
responsibility for the improvement of the work they do and organize their working
environment in such a way that they can see process wastes and hazards in the
workplace. This is in line with Taubitz's (2010) view that for top management who want
to do the right thing for the right reasons, leading lean, green, and safe will result in
improved organizational performance. Employees will find work easier and less
stressful, and clients and customers will be happy about their improved customer

experience.

As discussed earlier, oil and gas operation entails operational risk, negative
environmental impact, hazardous conditions, unsafe acts, workplace safety risks, etc.
Defects on the system, process wastes related to incidents, accidents and near misses,
incident investigation, and activity stops and waiting due to incidents could increase
undesired expenditure. Undetected defects and lack of error-proof (Poka Yoke) on some
oil and gas activity processes could cause a premature failure that negatively impacts

HSE and costs the oil and gas industry a huge amount.
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There is an analogy between oil and gas well construction and car manufacturing. In
recent years, the applications of Lean thinking in manufacturing and health care have
shown impressive results. Therefore, this dissertation will explore applying the lean
philosophy in the oil and gas industry to customer value creation and a safe working
environment for employees.

The approach would focus on understanding external and internal customer needs and
requirements; optimizing product or service value while reducing non-value-added
activity; and engaging the organization in identifying and realizing improvement

opportunities. Identify risks and implement mitigation measures.
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The initiative Equinor has taken to start the application of lean philosophy in its business
processes is an exemplifying development for operators and suppliers in North-sea oil
and gas operations. Equinor, as a major market-leading operator in North-sea oil and
gas activities, has huge leverage on the value chain that would encourage the sector’s
players to do the same.

This study takes advantage of the Equinor effort of starting a lean thinking application.
It reviews the synergy effect of operator-supplier partnership along the oil and gas value
chain by benchmarking the experience and learning of the Automobile and Healthcare

industry.

The automobile industry is the pioneer in developing operational excellence
methodology such as lean thinking. The popularity of the philosophy spread to many
industrial and service industries. Increased competition, Seher Arslankaya & Hatice
Atay, (2015); Brunilde Verrier et al., (2013) and globalization has raised a need for
lower costs and higher quality in producing goods and services, which generally

explains the success of Lean as a concept (Hines et al., 2004; Souza, 2009; Drotz, 2014).

Lean originated from the Toyota Production System and was an attempt by
Massachusetts Institute of Technology (MIT) scholars to explain the philosophies and
practices that made Toyota so successful compared to American and European
competitors, Holweg, (2007). The Toyota Production System consists of two major
ideas: Respect for people and continuous improvement (Toyota Way, 2001).

The workforces of an organization are the most valuable asset that could give a
competitive advantage over the competitors, Tenera & Pinto, (2014); Rohania &
Zahraeea, (2015). The ideas behind respect for people and continuous improvement are
employees’ engagement and develop employees, leaders, and suppliers. At the same
time, the latter is related to production processes and how to improve them
continuously. In this respect, Lean should be viewed as a system and developing process

strongly related to developing people (Liker, 2004).

The current global market environment is highly competitive. It is no longer a guarantee

to be a market leader or innovator in some products or services proposition, as the
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dynamic nature of the market would lead to new players and market situation as the
days pass by. Therefore, the need for flexibility to handle the changing business
environment is in an organization's best interest. In many cases, business owners and
shareholders demand constant profit from investments, sometimes focusing on long-
term and short-term interests. Either company prevails and handles the ever-changing
market environment by adapting to the dynamic nature of the external and internal
organizational situation, or they would perish and go bankrupt or operate an ever-
declining business. Organizations are struggling, facing challenges from customer-

driven and global competitive markets (Bahmu & Sangwan, 2014; Manfredsson, 2016).

The North Sea upstream oil and gas industry is the focus of this study. The paramount
continuous improvements, Pampanelli et al. (2013), which the automobile industry has
achieved, would be the best benchmarking practice for the oil and gas industry value
innovation from the context of customer value and employee value that could be
expressed in a safe working environment for the employees. The current low crude oil
price, which has lasted longer than the usual cyclic downturn, has been a big challenge
for the industry players, irrespective of market size and geographical region. The
industry would not tackle the cyclic nature of business challenges with common fixes

that could not bring a sustainable competitive advantage.

The author of this study strongly asserts that continuous process improvement
methodologies such as lean philosophy would be the best-fit methodology and practice
that could bring a continuous improvement and sustainable competitive advantage for
the industry, which has long been in a downturn, and prone to recurrent minor to major

accidents.

On a company level, when times are good, the driving force for improvements
concerning efficiency is to make better use of resources and enhance profits. In contrast,
in times of recession, the driver for improvement is survival in the marketplace,
Meiling, (2010). The oil and gas industry, time- and- time again, spend enormously
when the crude market is good, freezing most projects when crude price decreases and
in a downturn. This trend needs to be leveled to achieve continuous improvement

irrespective of the external market situation.
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1.3 Statements of the problem
Oil and gas will remain the primary energy source for the coming decades. The industry
needs to innovate its processes and safety system to deliver high-quality products and
services for the customers and a safe working environment for the employees.
The easy-to-find petroleum resources are no more, and oil and gas companies need to
explore remote locations where there is a high risk of disturbing the ecosystem due to
the petroleum exploration and production activities and hazardous working

environment for the employees.

Oil and gas exploration and production activities are one of the most hazardous
activities due to the nature of the industry. Some of the common hazards unique to the
sector are: explosions and fires, falls, slips, trips, confined spaces, the hazard from
energy sources, and ergonomic hazards. The industry has been using hazard
controlling, preventing, and eliminating methods that mainly focus on compliance with
regulation, procedures, standards, safety plans, safety meetings, etc. However, these
conventional measures have not spared the industry from avoiding safety accidents and
injuries. Thus, an innovative paradigm shift is required; this study proposes a focus on
people-based safety in-line with operational excellence methodologies ‘respect for

employees.

From 1975 to 2012, at least 6,183 offshore accidents were reported, including
accidents, incidents, and near misses, the majority in the northern hemisphere ILO,
(2016). High Workforce turnover in terms of retirement and people leaving the industry
poses a high challenge in workforce successive planning and transfer of best practices.
The industry could potentially lose its institutional memory regarding safety and good

practices (ILO, 2016).

The ILO (2016) research found an increased chance of illness and injury among
employees working long-hour schedules and schedules involving unconventional shift
setups, for example, night and evening shifts. Moreover, another thing that needs close
evaluation could be concerning working time using employees on an overtime basis.

Long working hours often result in adverse effects on the work-life balance.
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As per the statistic of fatality from the US, the pioneer of oil and gas industry originator,
CDC's Morbidity and Mortality Weekly Report, Apr. (2013), has published an analysis
of fatalities in the U.S. oil and gas extraction industry from 2003 to 2010. On-shore and
offshore oil and gas operations had a collective fatality rate of 27.1 per 100,000 workers,

seven times higher than for all U.S. workers (3.8 deaths per 100,000 workers)

The ILO estimates that some 2.3 million women and men worldwide face deaths due to
work-related accidents or diseases yearly; this corresponds to over 6000 deaths daily.
Worldwide, around 340 million occupational accidents and 160 million victims of
work-related illnesses annually. The ILO updates these estimates at intervals, and the

updates indicate an increase in accidents and ill health.

It is factual that any work activity and every industry has its kind of work-related
hazards, the oil and gas are not different from this. The question is how to control and
eliminate the dangerous acts and conditions to create safe working conditions and value
for the workforce. This will be one of the main points of discussion in this dissertation.
Safety is a responsibility of every stakeholder and player in the industry: employees,
Employers,regulatory-bodies,etc.

Oil and gas are likely to be a significant energy source for decades. But for the industry
to be seen as a partner in energy solutions and economic prosperity — rather than a
source of workforces health and safety risk and environmental damage, Azadegan et
al., (2013) and driver of sectarian conflict — the industry would need to address the
severe trust challenges created by the very nature of its operations, (World Economic

Forum, 2016).

Competition for natural resources has driven companies to explore and produce in
harsh, remote, and even hostile locations, where even the most straightforward supply
of material and other resources needed for the operation could be difficult and costly,
and the hazardous conditions and act the employees face in everyday operations could

be riskier due to the remoteness of the exploration and drilling operation.

The current oil and gas industry operating environment could be expressed as below:
as easy to access, reserves are becoming rare and rare, and as the environment grows
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more diverse and unforgiving and the challenges become more complex, and on top of
that, most skilled workforces are soon leaving the work environment and growing

scarce.

Low crude oil prices lead to shrinking margins, growing conflicting interest from
various stakeholders, a stringent requirement from an environmental regulatory body,
and competition for new technology energy sources. Other internal and external factors
have left the industry with no option other than reforming the industry’s operational
methodology geared to low cost, shorter lead time, and high employee value expressed
in terms of a safe working environment Ugarte et al. (2016). Value proposition from
customer perspectives, high employee engagement, low carbon footprint, and

environmentally friendly operations (IBM Business Consulting Services, 2004).

In the third quarter of 2014, when oil prices were still above $100 per barrel, the super-
majors posted an aggregate net income of $22.9 billion (Bloomberg). Twelve months
later, upstream profits had been wiped out. In response, companies were cutting
expenses. More than $200 billion worth of projects have already been canceled or
postponed, PWC, (2017). The drained profit margin, in some cases, force some
companies to take shortcuts that could lead to compromised safety measures and
hastened operation against time with cost-cutting in mind without proper risk

assessment measures.

Both international and national oil companies are negotiating aggressively for 10 to 30
percent discounts from oil-field service providers. Head counts are affected as well.
More than 200,000 employees have been laid off in the oil and gas industry, according
to recent company announcements Likosky, M. (2010); cnbe.com, (2016). This kind of
short-term-focused reaction does not do any strategic benefit for the industry and either
not in the best interest of the global economy. The only unintended consequence that
would come out of this kind of panicky response could lead to an unprepared industry
for the next upturn when demand becomes healthier, and crude prices start picking up

(Tan & Mathews, 2010); PWC, 2017).

As a lean practitioner, the author of this dissertation is a problem ‘hunter’ practicing
‘learning to see problems. In Toyota, they call it ‘No problem is a problem’ because
problems are all around us. The only difference is if we can see them because some

problems are hidden as ‘icebergs.” The oil and gas industry has some common
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problems. The problems list could go on and on, but these are the most critical problems

one can observe in the industry:

v' The industry, unfortunately, focuses on significant accidents giving less

attention to minor accidents and near misses incidents.

v' With an aging workforce, the industry is at risk of losing its most valuable,

talented workforce through retirement; one in four industry employees will
retire in the coming few years, Szinovacz, (2011). A sustainable knowledge

management system is imperative for a well-managed skill, safety management,

and technology transfer among various workforce levels.

v Cyclic Fluctuation of demand and oil Price Caldara et al., (2016); one may think
it is beyond the control of the industry to control the cyclic nature of demand
and price, but the argument here would be that the industry needs to strategically
position itself so that it could well be prepared to dampen the consequence of
demand and price fluctuation, by leveling the primary operation of the industry.
This could also be expressed concerning the employees’ value, where unlevelled

activity could trigger employee safety and health issues.

v Expensive fines related to environmental footprint. It could be a win-win
situation for the industry to voluntarily take the initiative to reduce the
environmental footprint that operations could cause due to oil and gas
operations. On top of that, the Corporate Sustainability Agenda (CSA) could
give the public consent to operate and give a strategic advantage to avoid
expensive penalties. It is just in everyone’s fresh mind what happened in the
Gulf of Mexico, and the penalties in relation to the incident shocked the core of
BP (On an after-tax basis, BP’s spill costs would amount to $44 billion (Smith
et al. 2011; the Washington Post, 2016).

v’ Disintegrated multi-supplier customer relationship. Competition along the
supply chain is becoming the norm of the day. Supply chain visibilities and
information sharing among the supply chain partners and actors are imperative
in creating customer value along the value chain and creating a work
environment with a safety system contributed by all players. etc. are some of the

best-practiced philosophies at the exposure of the industry. The oil and gas
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industry has the most complex supply chain; even supplying the most explicit
material and other resources for the remote locations of oil and gas operations
is becoming a challenge, Aas et al., (2009); IBM Business Consulting Services,
(2004). The weak supplier-customer relationship is also visible in work

environment safety management.

v Competition from new Technologies, Long et al., (2012); IntelligentHQ, (2012).
For the industry to continue supplying global energy demand, it should convince
the end-users to assert in the future of oil and gas as a reliable energy source.
The world is closely watching industries like oil and gas in relation to climatic
change, workforce safety, and global warming. Oil and gas companies should
be part of the solution in a global agenda of maintaining a sustainable ‘mother
Earth.” Some oil and gas companies have already started diversifying their
portfolio, including renewable energy sources such as offshore wind energy,
using their experience in offshore exploration and drilling projects

(www.equinor.com).

The industry which has been the driving power of the global economy, the oil and gas
industry, is at a crossroads and facing ever-increasing challenges compounded by
internal and external safety and environmental factors, aging installations, aging

workforces, fierce competition, internal friction, among the OPEC members.

History is an excellent lesson and living example of how Toyota Motor Corporation
had evolved from the big crisis after WWII; Holweg (2007) restructured the companies
working system by focusing on customer values and eliminating process wastes, using
Toyota Production System (TPS), which is coined as Lean production by MIT scholars,
(Womack et al., 1990).

Lean management has its root in manufacturing industries but has been widely spread
in other industries, such as Healthcare, government, and other service industries. The
author of this study strongly argues that lean thinking could be the best-fit business
philosophy that would address numerous challenges the oil and gas industry is currently
facing. One of the significant gaps identified through the literature review is that lean

thinking is not well-practiced and research in oil and gas (Jasti & Kodali, 2015).
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Supply chain integration and supplier-customer collaboration is a competitive
advantage that brings value chain synergy, J. Jaklic et al.,, (2006) in promoting
effectiveness and efficiency and safe working culture along the value chain. From the
oil and gas exploration and production players’ context, value chain integration is one
of the key tools to create visibility and learn from each other experience on safety

practices.
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1.4 Research Questions (RQ)
This study addresses four main research questions, which are basically driven and
designed based on critical safety problems that the oil and gas upstream industry is

currently challenged with.

RQI1. Why all the safety systems, plans, procedures, and meetings have not spared the

industry from embracing workplace injuries?

RQ2. What are the most frequently happening injury types in the oil & and gas upstream

sector?

RQ3. What are the parallels between employees based workplace safety system and

Continuous improvement ‘respect for employees?

RQ4. What are the continuous improvement tools, techniques, and enablers for

promoting Safety across upstream oil and gas?

The list of questions may go on and on, but the study addresses the most crucial ones
from the perspectives of workforce safety, workplace injuries prevention, engagement,
and value. The influence of customer-supplier relationship, employees’ generational
gap and knowledge transfer, involvement and engagement, customer value along the
value chain and synergy effect, and process waste elimination in upstream oil and gas

activity on the industry’s workplace safety performance will get coverage in this work.
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1.5 General Objectives

Develop continuous safety system improvement to minimize the frequency of minor
and near-miss injuries and incidents.

1.5.1 Specific Objectives

The specific objectives of this study are to:

» Identify why safety procedures, plans, instruction, and meetings alone would

not spare the sector from embracing workplace injuries.
» Identify employee's body part that is frequently injured

» Identify the synergy effect of lean thinking ‘respect for people’ to a people-

based safety system in the upstream oil and gas industry.

» Evaluate the impact of workforce engagement in upstream oil and gas industry

service delivery and safe working condition.

» Identify continuous improvement tools and techniques and enablers that

promote workplace safety.

» To explore the general safety practice of oil and gas upstream North-Sea sector

and develop a Continuous improvement in the safety system.

» Evaluate the impact of communication clarity in upstream oil and gas service

provision and safety practices.

» Evaluate upstream oil and gas sector incidents and accidents from the point of

lean thinking, value innovation, and sector continuous learning.

» Build a safety system model within the context of the oil and gas upstream sector
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1.6 Scope of the Study
The scope of this study is to explore the general safety practice of the oil and gas
upstream North Sea sector and develop a robust safety system for competitive
advantages of the oil and gas industry upstream sector. Competitive advantages from
the perspective of continuous improvement-based safety implementation, workplace
safety, workplace injury identification, workforce engagement, knowledge transfer,
operational excellence tools, and techniques for promoting a safety culture. Each of the
above competitiveness enabling factors, their drivers, and leading and lagging factors
are covered. Considering the upstream oil and gas industry, a continuous improvement
safety model will be developed, with a specific case on the Norwegian North Sea. Best

practice from lean manufacturing in the Automobile industry is taken as a benchmark.

1.7 Significance of the Study
The study is mainly framed to address workplace employee safety and injuries
prevention using nonconventional methods in addition to the conventional safety
management system: safety policies, regulations, plans, procedures, supervision,
reporting, monitoring, etc. Lean thinking creates employees' value by creating a safe
working environment to achieve competitiveness in the Oil and Gas industry with a

special focus on upstream offshore activity in the North Sea.

Competitiveness and safe working environment from the perspective of process waste
elimination, workplace safety, injury prevention, less impact on the environment,
employees’ value, customer value innovation, employee engagement and involvement,
and communication for oil and gas industry upstream sector safe working environment

in particular and global sustainability role in general.

Taking into account the complex supply chain, cyclic price and demand volatility of oil
and gas, and the contribution and role of oil and gas upstream companies, taking into
account these company's role in being part of a solution for reducing workplace injuries,

global warming, and climate change are emphasized.

The agenda of safety and sustainability is a global agenda and everywhere now.
Arguably, the oil and gas industry has high media exposure, and any major accidents
are breaking news. Public awareness of the industry’s activity is very high, and any
major accidents impact the industry’s license to operate in future projects. Thus, the oil

and gas upstream sector needs to streamline its efforts in economic, social, safety, and
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environmental terms so that the sector could be competitive and sustainable, to be a
reliable future source of energy with minimal impact on the environment, workforce

and getting the consent of the public and acquiring a permit to operate.

1.8 Expected Outcomes of the Study

The expected outcome of the research is mainly based on literature review, primary and
secondary data collected, industry standards and best practices, and field observation
analysis of the collected secondary data. The research work is fundamentally framed to
match the set general and specific objectives and would answer the research questions.

Some of the foreseen outcomes expected at the end of the research work would be:

» Review the safety system and personnel injuries in the upstream oil and gas

industry, focusing on the North Sea upstream sector.

» Contextual assessment of continuous improvement methodology for upstream

oil and gas sector as it applies for safety system.
» Identification of frequently happening injury type.

» Impact assessment of lean waste elimination, workplace safety, engaged
workforce and communication clarity, and environmental performance in oil

and gas industry competitiveness and creating a safe working environment.

» Analysis of lean thinking ‘respect for people’ and upstream workplace people-

based safety systems parallels.

» Safety system model development for upstream oil and gas safety practices.
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Chapter Two

2. Literature Review

2.1 Introduction
An oil spill in Brazil, a sabotaged pipeline in Nigeria, a chemicals processing plant
explosion in Thailand, a blowout and disastrous accident in the Gulf of Mexico,
Attwood et al., (2006); Bain & Company, (2013); Azadegan et al., (2013), the list
could go on and on, where some of the big accidents the oil and gas industry confronted
with. People may associate the operation of the oil and gas industry as the most polluting
industry and sector with the most hazardous activities. There may be some truth in this
thinking because the consequence of mismanagement and operations incidents could

lead to catastrophic accidents on people, assets, and severe environmental damage.

The current body of knowledge practice is to base safety systems on compliance.
Accident analyses and investigations regularly identify a lack of coordination among
the players involved as a central contributing factor to workplace accidents (Dahl &

Olsen, 2013).

This does not mean that the industry is not having the best safety and risk management
techniques. For that matter, the industry has been transformed through technology
development, big data, skilled workforces, and experts’ contributions. With the current
global energy supply status, the oil and gas industry has an indispensable role in the
global energy supply. Inefficiency, accidents, incidents, near misses, and non-value-
adding activities caused by safety-related issues are discussed in this study. The industry
needs to innovate and continuously improve the value chain processes to add value from
the perspectives of customers and employees (internal customers) and create a safe

working environment.

There are some recurrent issues the industry needs to address for being better
positioned in the global energy supply: The key problem areas the industry needs to
address sooner than later are: Ineffectiveness, inefficiency, inflated cost, improperly
used skilled workforce, high environmental footprint, disorganized supply chain, less
engaged employee, unsustainable capital expenditure, high risk and hazardous working
condition, minor to major personnel injuries, with minor injuries with high frequencies
(Yang et al., 2011).
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The global oil and gas industry is engaged in every day operation of drilling,

developing, and producing tens of thousands of wells, hundreds of thousands of miles

of pipelines, and millions of items of processing equipment to deliver energy to our

homes, transport systems, businesses, and communities, (Bain & Company, 2013).

Some of the major challenges and opportunities the oil and gas industry is currently

facing are:

» Recurrent minor to major injuries

» Volatile energy market on the macro-economic front.

» Increased operational and logistical challenges from a tougher
environment.

» Increased regulatory pressure on the industry.

» Skills and workforce supply shortage in the industry.

» Competition from other energy sources

Opportunities:

» Growing markets in the low carbon sector of the economy.

» Room for innovating customer value and innovation of working
environment safety practices.

» If the sector learns to see problems in processes, there is a high
possibility for continuous improvement.

» Close collaboration between contractors, operators, the supply chain,

and other partners.

Source: (The Global Oil and gas Industry: Prospects & Challenges in the next
decades, 2012)

The oil and gas industry might have managed to tackle various challenges using the

conventional way of doing things in the past. In the current market environment,

business, as usual, would not take the industry up to the speed the global energy markets

demand. As the pace of change accelerates in the 2 1st Century because of technological
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opportunities, liberalization of world markets, and demands for innovation, quality, and
speed, the oil and gas industry has to readjust and realign its operations to counter all

these challenges (Yasar F.Jarrar & Mohamed Zairi, 2007).

This dissertation makes use of the parallels between lean management respect for
people and an employee-based safety system. Anvari et al. (2011) argue that safer
working conditions in which workers can find all the fire extinguishers; eye wash
stations are accessible; slip, trip, and fall hazards are reduced; better organization
reduces associate travel time and distance, thus reducing the chances for accidents could

be produced using the lean management 6S techniques.

5S: 5S (Sort, Set in order, Sweep, Standardize, Sustain) is a workplace organization
tool that improves worker efficiency by organizing the contents of the work area and
standardizing work procedures; it is a method of creating a self-sustaining culture that
perpetuates an organized, clean and efficient workplace, (Anvari et al., 2011; Jiménez

et al., 2019; Sukdeo, 2017).

Lean management has been viewed as a practical approach for reducing the occurrence
of non-value or destructive activities, such as wasting resources and safety-related

accidents (Wu et al., 2019).

2.2 History of lean
Taichi Ohno’s Toyota Production System (TPS) has been the research topic for both
academia and practitioners. The book “The machine that changed the world™ (James
Womack et al., 1990; Spagnol et al.,2013) has well introduced to the world of the
manufacturing industry the philosophy of the Toyota Production System (TPS). The
automotive industry has undergone a dramatic transformation from craft and mass
production to the contemporary development of lean production. Lean is a paradigm
shift in mindset and a continuous improvement philosophy and thinking where it has
acquired popularity even beyond the manufacturing industry, such as healthcare

(Demeter & Matyusz, 2011).

Today's oil and gas industry resembles the past automotive production system
(Sakhardande, (2011). Sakhardande (2011) emphasizes that Lean management has the
potential to benefit the oil and gas industry supply chain. The core pillar of lean

philosophy, ‘respect for people,” focuses on the creative potential of the workforce,
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considering the workforce as the doer of the task at hand and, at the same time, the best
placed to suggest continuous improvement ideas, with respect to job improvement and

workplace safety.

The Toyota Production System that helped Toyota survive the company's financial
crises after WWII was coined lean production by MIT researchers Womack et al.
(1990). The Toyota production system has given the company to win the fierce
competition through process waste elimination and solving defects and problems at the

source.

Some of the chronological development in lean production:
» Henry Ford, Ford Motor Company, 1910, Continuous System.
» In the 1950s, Taiichi Ohno, the Toyota Production System.
» “The Machine that Changed the World,” Womack et al., (1990).
» “Lean Thinking,” Womack & Jones, 1996.
» “Learning to see,” Shook & Rother, 1998.
» “Toyota way,” Liker, 2004.

» To date, the lean thinking philosophy has gained popularity and is being
implemented in industries other than manufacturing and healthcare (Riezebos

& Klingenberg, 2009).

The research done by MIT researchers through International Motor Vehicle Program(
IMVP) found out that the competitive advantage to the Japanese automakers, mainly
Toyota, was attributed to the lower amount of in-process inventory, company culture
emphasizing teamwork, clarity in communication, seeing problems and solving them,
continuous improvement and management practice ( Kraficik, 1988; Liker, 2004;

Womack et al., 1990)

The term lean was first coined by MIT researchers. Still, the very idea and philosophy
it explains were stated by different terms such as Just-in-time production Schonberger,
(1982), World Class Manufacturing Schonberger, (1986); Langstrand, (2012 ), and
Toyota production system (Ohno, 1988; Shingo, 1984).
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During the early 1900s, Henry Ford and Frederick Taylor developed a new production
system called “scientific,” establishing various principles, tools, and methodologies
Dieste & Panizzolo, (2019). However, the scientific method went into crisis in the
1970s when other manufacturers could provide much higher model variability
(Panizzolo, 1998). In this context, the Toyota Production System (TPS) developed by
Taiichi Ohno was created. Due to the latest technologies, that new paradigm could
synchronize the production and assembly of components in a single International
production line (Ohno, 1988). Currently, the lean production system is the most
extended production paradigm Womack and Jones, (1996). Its practices reduce non-
value-added activities in the entire firm processes, identifying seven types of waste, also

known as Muda Ohno (1988).

This philosophy is founded on “doing more with less” (Womack and Jones, 1996).
From the waste identification process, the employees can understand which operations
add value, which do not, and which do not and contribute to waste. The lean paradigm
is a multidimensional concept characterized by several practices to accomplish waste

reduction and value delivery objectives (Dieste, M et al., 2020).

2.3 Lean Principles
James Womack & Dan Jones 1996 published their book — ‘Lean Thinking: Banish

Waste and Create Wealth in Your Corporation.’ In this book, the authors formulated

the Five Principles of Lean framework for lean implementation. These are:
» Specify value from the customers’ perspective,
» Map the value stream to understand the value and non-value-added steps
» Flow the work through the processes in the value stream
» Schedule the work based on customer pull

» Strive for perfection through continuous improvement and waste

elimination
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\V/F-Te
Value
Stream

Persuit
Perfection

Establish
Pull

Figure 2. 1 The five key principles of lean (Womack and Jones, 1996, Kilpatrick, 2003;
Emiliani, 2004, Poppendieck, 2011)

Lean has its philosophy, principles, and tools like any other methodology. Lean has two
philosophies, five principles, and various tools. It is imperative not to be taken away
just by the tools just focusing on the ‘toolboxes’ without having the thinking and the
culture of continuous improvement governing the organization's day-to-day working

culture.

Firms must have a knowledge management culture and follow one of the lean
philosophy's core pillars: ‘respect for people.” One of the common cultures of a lean
company is its organization-level learning culture. Regarding the idea of the learning
organization, the work of Senge could be the prominent one. Senge (1990) argues that
all companies should possess the characteristic of a learning organization to achieve
continuous success. According to Senge, a learning organization can be achieved by
practicing five disciplines: a shared vision, personal mastery, strong mental models,

group learning, and system thinking (Senge, 1990; 1991).

Various practitioners and academia have contributed to lean practice, tools, and

principles. Table 2.1 below depicts the practices of some authors.
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Table 2.1 various lean practices and names of authors

Lean practices

contributor

Total quality management

Eswaramoorthi et al., (2011), Wong et al., (2009),
Sahoo et al., (2008), Abdulmalak and Rajgopal,
(2007), Shah & Ward (2002)

Pull system (Kanban)

Singh et al.,(2011), Nordin et al., (2010), Singh &
Sharma(2009), Wong et al., (2009), Arashpour et
al., (2009)

Preventive Maintenance

Nordin et al.,(2010), Abdulmalek & Rajgopal
(2007), Shah & Ward(2002), Cua et al(2001),
Feld(2000)

JIT

Eswaramoorthi et al.,(2011), Nordin et al(2010),
Wong et al(2009), Arashpour et al(2009), Sahoo et
al(2008)

Cycle Time Reduction

Singh et al.,(2011), Shah & Ward (2002), Flynn et
al(1999), White et al(1999), Sakakibara et al(1997)

Cross-Functional Team

Eswaramoorthi et al., (2011), Nordin et al., (2010),
Shah & Ward (2007), Bonavia & Marin (2006),
Shah & Ward (2002)

Continuous improvement

Singh et al. (2011), Sahoo et al. (2008),
Abdullah(2003), Shah & Ward(2002), Flynn et al.
(1999)

Single Piece Flow

Eswaramoorthi et al.,(2011), Arashpour et
al(2009), Singh & Sharma(2009), Wong et
al(2009), Pavnaskar & Gershenson(2003)

Zero defects

Singh et al. (2011), Abdullah(2003), Karlsson et
al. (1996)

Value Stream Mapping (VSM)

Eswaramoorthi et al., (2011), Shook & Rother
(1998), Singh et al., (2011), Singh & Sharma
(2009), Wong et al., (2009), Sahoo et al., (2008),
Womack and Jones, 1996
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Inventory management

Singh & Sharma (2009), Pavnaskar & Gershenson
(2003), Russell & Taylor (1999)

Poka-Yoke/ Error proofing

Eswaramoorthi et al(2011), Nordin et al(2010),
Singh & Sharma(2009), Wong et al(2009),
Arashpour et al(2009)

Standard work Eswaramoorthi et al., (2011), Singh & Sharma
(2009), Wong et al., (2009), Abdullah (2003),
Pavnaskar & Gershenson(2003), Russell &
Taylor( 1999)

Kaizen Eswaramoorthi et al.,(2011), Singh et al(2011),
Nordin et al(2010), Singh & Sharma(2009), Wong
et al.,(2009)

Heijunka/ Production | Eswaramoorthi et al.,(2011), Wong et al(2009),

smoothening Arashpour et al.,(2009), Sahoo et al(2008),
Abdulmalek & Rajgopal(2007)

5S Eswaramoorthi et al.,(2011), Arashpour et

al(2009), Sahoo et al.,(2008)

Visual management

Eswaramoorthi et al.,(2011), Nordin et al(2010),
Singh & Sharma(2009), Bonavia & Marin(2006)

Jidoka Eswaramoorthi et al.,(2011), Wong et al.,(2009),
Arashpour et al.,(2009)

Andon Eswaramoorthi et al.,(2011), Wong et al(2009),
Arashpour et al.,(2009)

Takt Time Eswaramoorthi et al.,(2011), Singh et al(2011),

Pattanaik &  Sharma(2009),
Sharma(2009), Alvarez et al.,( 2009)

Singh &

Adapted from (Dhankhar et al., 2014)
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2.3.1 Customer Value

One of the basic principles of lean is waste elimination and value creation, the value
from the customer perspective, Womack & Jones, (1996; Dickson et al., (2009). The
global market environment is characterized by the emerging trend of demanding
customers, global competition, and slow-growth economies and industries (Woodruff,

1997).

Organizations continuously search for factors that could position them strategically for
winning the competition. Usually, they do an internal and external market assessment,
using tools such as SWOT analysis, to align their strategy to capitalize on their strength
and seize the external opportunities. Many organizations search for new ways to
achieve and retain a competitive advantage. Presently, a major source of competitive
advantage likely will come from a more outward orientation, by having the opinion of
the customer in the company’s value proposition taking into account customers’
perspective, Woodruff, (1997). The internal employees’ values that could be expressed
in a safe working environment and respect for employees are competitive advantages
that could equally place the firm in a strategic position combined with the external

customer value.

Two of the key concepts in lean are value and waste Womack & Jones, (1996);
Pavnaskar et al., (2003); Ohno, (1988). The main goal of lean is to eliminate any activity
and processes that do not add value to the customer. Value is the starting point of lean
and is defined by the ultimate customer Womack & Jones, (1996). Lean emphasizes
reducing and eliminating waste (Benders & van Bijsterveld, 2000; Browning & Heath,

2009; Stone, 2012).

Saunders & Preston (1994) and Dalu & Deshmukh (2002) regard waste as an outcome
of a process where prerequisites are not fulfilled. The elimination of waste increases
customer value and employees' value by optimizing the use of resources and creating a
safe working environment Womack and Jones, (1996); Narasimhan et al., (20006);
Dickson et al., (2009). A stronger customer perspective is commonly a principal aim of
Lean production (Hines et al., 2004; Liker & Meier, 2006; Womack & Jones, 1996).
Fig 2.2 below depicts the customer value model proposed by (Van der Haar et al., 2001).
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Company Marketplace Customer
Intended value < » Desired Value
Design gap Compromise gap *
A
Designed value < » Expected value
ISatisfaction gap

Received Value

Figure 2.2 the customer value model (Van der Haar et al., 2001)

A common trend in a lean community is to search for value proposition gaps (the
difference between designed value and value expected by the customer). It is customary
by lean practitioners to say, ‘No problem is a problem’ lean practitioners ‘love’
problems. Problems could be hidden or visible. Problem areas are where the
improvement effort must apply on. In a lean community, it is a common practice to
equate problems to a gap. Unseen hidden problems in process flow could be the primary

source of workplace hazards that need to be identified, controlled, and eliminated.

As one of the lean philosophy pillars, ‘respect for people’ employees are not there to do
the job but to solve and improve and fix broken processes and unsafe conditions and
control and eliminate hazardous conditions. As the frontline employees are the ones
who have day-to-day contact with the process and who have expertise in the process
function. Thus, the frontline employees need to be coached and mentored by
supervisors and middle-line managers to develop practical problem-solving capabilities

and ‘learning to see problems.

2.3.1.1 Value in Oil & Gas Lean context
Too much waste, redundancy, and lengthy turnaround times result in even the most

efficient oil and gas companies failing to meet customer expectations 25-50% of the
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time (Resta et al., 2015; www.cwcschool.com). With the current low crude price and
shrinking margin, every penny lost due to inefficiency and non-value-adding activities
costs the sector a lot. Moreover, in every inefficient and broken process and activity,
hidden and underlying hazards could cost the sector more when expressed in accidents,

incidents, and injuries.
Lean can be applied to the overall process (lifecycle) of the oil and gas industry:
» Upstream process
» Midstream process
» Downstream
» Management processes, (wWwww.cweschool.com; Resta et al., 2015)

The fall in oil prices has exposed an inflated cost base in many oil and gas companies,
forcing them to reduce operating costs, rationalize investment budgets, and boost
operational efficiency, John de Wardt, (2016); van Dun et al., (2016). The economic
downturn exposed the trend of the inflated cost structure and investment. The low oil
and gas price could allow the industry to control cost structure, optimize and streamline
processes, eliminate non-value-adding activities, and reduce injuries to personnel by

keeping the workplace tidy and clean.

Automation could control and reduce hazardous conditions, which otherwise expose
employees to high risk during manual work. One of the common automation mistakes
is to mechanize a broken system. Process wastes and processes activities do not add
value from the perspective of the customer need and employee safety to be streamlined
before any automation efforts. Arguably, it is the broken process to blame for poor
quality and below-standard products and services, not the workforce. Improved work
processes would be sources of employee engagement, respect for employees, and a safe

working environment.

2.3.1.2  Value chain in upstream oil and gas
Porter (1985) introduced value chain analysis as a generic business management tool.
Numerous contributions to value chain analysis and value networks have been
published by authors, such as Allee (2003), Weijermars (2008), Weijermars (2010), and
Holweg (2007). Industry stakeholders commonly benefit from a systemic value network
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analysis because it identifies key areas in the value network where constraints occur
and opportunities for improvements arise. The global oil & gas industry is under
considerable pressure to meet the world’s demand for affordable and secure energy
supply, Armaroli & Balzani, (2006). Environmental concerns have intensified the inter-
fuel competition, and this battle can be prolonged in favor of optimum utility for the

remaining global oil and gas reserves.

Lean thinking applies value chain analysis concerning customer value and employees’
value. Value stream mapping is a popular lean tool that helps create a customer value
stream map. The non-value-adding activities and processes are identified and

eliminated using optimized processes (Rother & Shook, 1998).

2.3.1.3 Waste in Upstream Oil and Gas context
Process Waste makes organizations less able to achieve their objectives; this, in one
way or another, leads to using limited resources in ways that do not contribute to the
organization’s overall goals. This study argues safety-related issues could be considered
as the ninth lean waste as safety incidents, accidents, and time wasted due to accidents
and damage done to people and asset is a huge waste that needs to be addressed by the
oil and gas industry. Lean is a philosophy that involves all levels of the workforce and
management. Creating Value from the customer perspective and waste elimination is
the core of lean methodology. One-way lean organizations strive toward perfection is
by remaining constantly aware of waste so it can be avoided or eliminated (Womack et

al., 1990).

Lean philosophy identifies eight sources of waste that detract from the value a customer
receives from a business process. Educating employees about the eight sources of waste
and conducting team-based reviews of business processes to look for and correct them

can yield substantial benefits (Kavanagh & Krings, 2011; Ohno, 1988).

‘Quality at the source’ needs to be the culture of every frontline worker through the
mindset of the problem-solving and continuous improvement process. As the oil and
gas industry is currently struggling to cope with aging workforce, the industry needs a
knowledge management system more than ever to perform technology transfer between
the senior experienced and the junior workforce, Montano et al., (2001). Industrial
‘Muda’ elimination is a major challenge that the experts face in the day-to-day activities

of production systems (Arunagiria & Gnanavelbabub, 2014).
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Inflated cost structure has been hiding process wastes in oil and gas upstream sector
similar to overflowing river hides obstacles and stones could easily result in the effect
of ‘tip of the iceberg > where the improvement processes may focus on the one easily

seen on the ‘surface ¢ without tackling the root causes.
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2.3.1.4 Identifying waste
The elimination of waste is the primary goal of any lean system, Womack et al., (1990).
In effect, lean declares war on waste — any waste. The issue of waste is a cornerstone
of the Lean philosophy Pienkowski, (2014). Waste or Muda is anything that does not
have value or does not add value. Waste is something the customer will not pay for,
Rother & Shook, (1998). Learning to see and spot waste is key and then stop waste.
There are two types of waste: obvious wastes and hidden wastes. Uncovering and
eliminating the latter is important since they are usually bigger. Waste can be in the
form of unnecessary output, input, or processing Schulze & Stormer, (2012). It can
include materials, stocks, equipment, facilities, and person-hours, utilities, lost time
injury, documents, expenses, motion, and other activities that do not add value. The

steps to effective waste elimination are:
v' Make waste visible.
v Be conscious of the waste.
v Be accountable for the waste.
v' Measure the waste.

v Eliminate or reduce the waste; source: (rtdonline.com)

[ Non-value Add ]

[ Value Add Activity

Essential non-value
Add Activity

|

Figure2. 3 Categorization of activities (Benson & Kulkarni, 2011)
Fig. 2.3 illustrates the classification of process activities and their association to waste.
The focus of lean practice is to identify the non-value-adding activities and eliminate

them from the process activities. This does not mean that every non-value-adding
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activity could be eliminated. Typical examples are the essential non-value-adding

activities.

2.3.1.5 Waste in upstream oil and gas processes
Continuous improvement, a process for relentless waste elimination, involves all levels
of employees working together to streamline work and reduce non-value-added
activities and constantly evolves to proactively address general marketplace conditions
as well as individual steps in the production process, Mastellari & Renegar, ( 2015);
Schulze & Stormer, (2012 ). Continuous improvement has long been an essential part
of the Lean philosophy. Still, Mastellari & Renegar (2015) assert that lean philosophy
has not been as effectively and consistently applied in the oil and gas industry as it could
be, thus not achieving the positive impact experienced in other industries, such as

healthcare and auto industries.

Oil and gas companies are now more global, and some are becoming more process-
based. Cross-functional stakeholders are increasingly demanding results that are more
difficult to achieve given the ongoing economic uncertainty and challenging market
conditions; the industry has been challenged by EYGM Limited (2013); Lopez et al.,
(2015). The long-term low oil price coupled with expensive upstream offshore
developments, high capital and operating costs for deep-water wells offshore, and
unconventional resources such as oil sands and horizontal drilling techniques
compound the industry’s cost challenge. That’s where performance improvement
comes in, EYGM Limited, (2013); Bamber et al., (2014)). Performance improvement
is an operational philosophy of management that can benefit customers, shareholders,
employees, and suppliers. Companies facing capital and operational cost constraints
within the oil and gas sector are employing performance improvement programs and
tools to help drive down costs and improve their bottom line (Pampanelli et al., 2014;

EYGM Limited, 2013).

Lean philosophy would be an ideal performance improvement practice and
methodology. This dissertation recommends focusing on customer and employees'
value by eliminating non-value-adding activities from the oil and gas processes. This
could lead to better customer value, company profit, a happy and engaged workforce,

and a safe working environment.
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2.3.2 Value Stream
One of the fundamental principles of lean is to identify the value stream, Womack and
Jones, (1996). Analyzing the value stream is an essential part of a lean principle that
enables identifying product groups and processes to map the value stream Rother &
Shook, (1998). By walking the value stream at the ‘Gemba,’ at the place where the
real work is done, and noting the work time (value-added time) and the non-valued-
added time, possible to generate a visual map of processes and activities and be able to
see areas for continuous improvement, hidden problems, bottlenecks, workplace safety
hazards (Dickson et al., 2009). The primary purpose of a value stream is to identify
processes and activities that do not add value to the customer and employees at
large. Eliminating these processes and activities could result in faster throughput,

higher quality, reduced inventory, customer value, and increased employee safety.

One purpose of walking the value stream is to identify wastes; waste (Muda) could be
expressed in the ‘Eight Wastes+’; Shigeo Shingo: the author of this study, proposes

safety incidents as one waste that could be added to already existing eight wastes.

v' Waste of overproduction — produce only what is required. Overproducing
creates unnecessary inventory. Overproduction is the leading cause of most

other wastes.

v' Waste of waiting — waiting for the availability of materials or other resources

and inputs.

v' Waste of transportation — The longer transportation of finished and unfinished
materials takes, the more time is spent without gaining money (value), and

capital could be tied- up and lead to extra cost.

v' Waste of over-processing- Processing beyond the standard required by the

customer, work above and beyond specification.

v Inventory — Too much inventory is useless as the cost of carrying inventory

Increases.

v Waste of motion — Waste of motion occurs when individuals move more than is

necessary for the process to be completed.
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v Defects — A defect is a component the customer would deem unacceptable to
pass the quality standard; rectifying defects costs money concerning time, effort,

and materials.

v The unused workforce talent-the most valuable asset an organization has is its
workforce. Unable to use these valuable resources is a significant source of

waste.

v' Workplace accidents, incidents, near misses, and injuries are causes of damage
to people and assets. On top of that, unwanted costs and wastes that do not add
value to the customers endanger the employees' safe working conditions and
threaten the company's reputation. Moreover, productive production time could
be wasted during a time out for safety concerning incidents in the form of an

investigation.

2.3.2.1 Value Streaming in Upstream Oil and Gas

The oil and gas sector operates in an environment of unprecedented opportunity and
challenge, changing from time to time, with high volatility and risk. The industry has
grown strongly over the past decades. Its outlook is equally positive, driven by three
central economic and demographic drivers of demand (somewhat fluctuating
population growth, global GDP growth, and rising energy consumption, which depend
on global economic activity). Source: (ExxonMobil” The outlook for energy, A view
to 2040; BP” Economic outlook 2030; US energy information administration (EIA);
PWC, 2013).

In the oil and gas value chain, value stream partners need to collaborate to facilitate the
value chain supply visibility, resolve any bottleneck and restriction to value stream flow
along the chain, and see and eliminate process wastes that do not add value for the end-

user.

From time to time, the rare catastrophic accidents in the industry rock industry to its
core. Before an incident grows into a big devastating accident, it could connect small
near misses and minor incidents before it grows into a catastrophic accident. The focus
of this research is on small and minor incidents and injuries. Preventing the small ones
would be manageable, cost-effective, and could be done at the frontline with the

responsibility of every employee.
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Even if it is customary to learn from accidents, incidents, and near misses, the industry
has much to learn from the best performance in its safety system development. The
author of this study argues that a safety system, like any system, needs continuous
improvement, learning from experiences, and using the input and involvement of every

workforce.

2.3.3 Create Flow
Creating continuous flow means letting products flow through the process rather than
producing in batches that are moved between process steps Womack and Jones, (1996),
with no idling time between work activities Liker & Meier, (2006). In order to achieve
a flow-based production, the boundaries between functions, departments, supplier tiers,
and professional groups must be minimized Ohno, (1988); Womack and Jones, (1996).
Flow is how work moves through a system. When a system is working well or has a
“good” flow, it tends to move steadily and predictably, whereas a “bad” flow means the
work starts and stops, Womack & Jones (1996); Lim (2008); Bashir et al., (2011);
kettering.edu, (2016). When there is an interruption in the flow, there is a high
possibility that it would create process waste. Mike Wroblewski (2016); kettering.edu,
2016) identified some flows of manufacturing: the flow of raw material, the flow of

work-in-process, the flow of finished goods, and the flow of information.

In oil and gas operations, activities flow could be restricted in terms of waiting, which
could happen in the form of waiting on weather that is a common occurrence in the
North Sea harsh environment. The oil and gas industry generally has a complex supply
chain, particularly offshore oil & gas. Supplying to remote offshore locations during

the year’s harsh weather season would be challenging, resulting in flow restrictions.

Restricted process flow could be a potential trap for inefficiency and workplace hazards.
The right to stop unsafe tasks and the access to seek help from an immediate supervisor
when a process stop working using the ‘Andon’ system could facilitate resolving the
problem at the source and empower employees to exercise the right to stop unsafe acts

and conditions.

2.3.4 Establish Pull
Pull means that goods or services only are produced when the internal or external

customer needs them Womack & Jones, (1996). "Push type" means Make- to -Stock in
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which the production is not based on actual demand. "Pull type" means Make —To-

Order in which the production is based on actual demand.

There are three basic types of pull systems; replenishment pull, sequential pull, and
mixed pull system, which combine elements of the previous two. In all three cases, the

important technical elements for systems to succeed are:

v Flowing product in small batches (approaching one-piece flow where

possible)
v’ Pacing the processes to Takt time (to stop overproduction)
v’ Signaling replenishment via a Kanban signal
v Leveling of product mix and quantity over time (www.lean.org)

The concept of pull in Lean production means responding to customers' pull or needs,
Saurin & Ferreira, (2009). Lean organizations design their operations to respond more
to their customers' varied and changing needs. A more continuous flow results in items
being moved immediately from one workstation to the next as soon as they are ready

for the next process (www.lean.org).

Typical inventory in the upstream oil and gas sector includes:
v' Drill pipes

v" Drill collars
v' Heavy-weight drill collars
v" Drill bits (varies for different hole sizes)
v Cement
v Chemicals including:
o Corrosion inhibitors
o Weighting agents (barite)
o Surfactants
o Lubricants
o Emulsifiers
v’ Casing strings
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V' Spare parts for power systems equipment

A pull system could be a very effective system in the upstream oil industry to organize
the flow of material and equipment to the right place at the right time, thereby reducing
the wait time for the machinery and equipment to arrive at the remote location on time,

safely and within allocated budget (Agarwal et al., 2016).

In a lean, pull system, tasks given to the workforce are pull-based, where jobs are
leveled to avoid employee overload and prevent stress and personnel safety issues

related to the overloaded task push system.

2.3.5 Strive for Perfection
Womack & Jones (1996) suggest that the lean principle should be seen as an iterative
process leading to perfection. Lean thinking presents principles and tools to eliminate
waste and strive for perfection through continuous improvement, Holtskog, (2013). The
concept  of perfection in lean management means endless opportunities for
improvement, perfection will never be achieved, and its pursuit is a goal

worth striving for because it gives continuous improvement (Emiliani, 1998).

Womack & Jones (1996), managers need to learn to see value being pulled by the
customer at every step. The final form of seeing value being pulled is to bring perfection
into a clear view, so the objective of improvement is visible and real to the whole
enterprise. In addition to forming a picture of perfection with the appropriate thinking

and practices, enterprises must set a strict timetable for steps along the path.

The high-achieving organizations set specific timetables to accomplish impossible tasks
and then routinely meet or exceed them. Continuous improvement is one of the two
pillars of the Toyota Production System; seemingly slight but continuous improvement
leads the organization to its true north values (Liker, 2004). Paul Aker’s ‘2 Second
Lean’ (2016) is the best example of how daily improvement could bring a substantial

competitive advantage to a company (Fastcap).

The sector’s safety system needs to follow the principle of pursuit of perfection,
building on its safety system's best achievements and learning from incidents, accidents,
and near misses. Complacent about previous achievements is a trap, leading to stopping
learning and an obstacle to continuous improvement. In some cases in the sector, a

catastrophic accident happened after years of the best safety record. Thus, prior safety
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achievements are not guaranteed for tomorrow's accomplishments; the industry must

follow a continuous safety improvement system with ‘perfection’ in mind.

2.4 The human side of lean
Attempting to adopt lean is a challenge for many organizations, and the key to this
implementation is the people and leaders in the organization, Manfredsson, (2016);
Wackerbarth et al., (2015) Helmold, (2020). In the pursuit of increased profits and cost
cuts, companies try to implement lean, using tools and methods, but disregard the lean
system and, maybe, more importantly, the human side of lean, captured in principle
“respect for people” Emiliani, (2011). Consequently, the humans in the system are
forgotten or neglected. Womack, Jones & Roos (1990) asserted that to be positive
within several areas, such as reducing stress, adding customer value, creating a safe and
organized work environment, and enhancing employee engagement, the effects of lean

implementation on an employee and team perspective are imperative.

A possible way to create positive employee effects is for management to secure positive
effects on job autonomy, skill use, and participative decision in the lean implementation
Parker, (2003). Because one in four technical professionals in oil and gas will retire in
the next few years, this scarcity could become even more severe, Bain & Company
(2013). It is widely assertd that employee participation may affect employee job
satisfaction; employee productivity, safety, shared company culture, and employee
commitment can create a comparative advantage for the organization (Bhatti &

Qureshi, 2007; Bashin & Brucher, 2006).

2.4.1 The Toyota Way

The initial description of the Toyota Production System in English appears to be from
the paper entitled “Toyota production system and Kanban system Materialization of
just-in-time and respect-for-human system” by Sugimori et al. (1977). In 2001, the
Toyota Motor Corporation published an internal document called “The Toyota Way
2001,” which states the two objectives of “continuous improvement” and “respect for

people” as top-level company principles.

Toyota's Production System (TPS) is based on lean principles, including a focus on the
customer, continual improvement and quality through waste reduction, and tightly

integrated upstream and downstream processes as part of a lean value chain. The lean
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movement has gone beyond the shop floor to healthcare and is spreading to other service

industries (Liker & Morgan, 2016; Ringen, 2014).

Fig 2.4 below depicts the two pillars of the Toyota way, continuous improvement and
respect for people. Respect for people means developing the capability of the employees
so that they do the job and, at the same time, improve it through scientific problem-
solving. Moreover, suggesting ways of improving the process in a value add way and

doing the job safely.

The Toyota Way 2001

Continuous Improvement Respect for People

Challenge Kaizen Genchi Genbuisu Respect Safety Teamwork

Figure2. 4, the Toyota way, adapted from Liker (2004, Marksberry, 2011; Krijnen,
2007)

The tools of TPS were designed to highlight and identify problems within the
organization. According to Liker (2004); Rother & Shook (1998), the key to success is
having a production system that highlights problems and a human system that
empowers people to identify and solve them and continuously improve the safety

practice of the workplace.

Lean is not all about a bunch of toolboxes. The core of the lean philosophy is the lean

thinking and culture that need shared understanding by all workforces and management
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across the organization through problem-solving and continuous improvement.
Companies that use only the “waste reduction tools” toolbox without embracing the
underlying philosophy and culture are unlikely to gain more than limited and temporary

results (Seddon & Caulkin, 2007; Hamdar et al., 2015).

2.5 Lean Safety and Sustainability in Upstream Oil and Gas
HSE and sustainability are becoming a global agenda in the existence of any business
entity. On the current business norm, it is not enough to make a profit and grow the
business; a sustainable business strategy that considers profitability and growth with a
long-term agenda of sustainability and HSE measures is a competitive advantage and

an action that could give a company license to operate.

Many assert the oil and gas industry has the highest environmental footprint and the
most hazardous operations compared to other industries. This supposition has some
truth, as the hydrocarbon produced by oil and gas companies has a greenhouse effect.
However, the petroleum industry could be part of the solution in the fight against
climatic change and global warming by applying clean technology and employing

methodologies like lean thinking, enabling the industry to do *more with less.’

The author of this research strongly asserts that lean has a lot to offer for the competitive
advantage of the oil and gas industry from the perspectives of sustainability and HSE
measures by providing the global energy market with low cost and added customer
value of petroleum products and safer working environment for employees. This is in
line with the finding of Kurdve et al. (2014) that integrating environmental
management, operational excellence, safety management, and sustainability
management into everyday operations would promote environmentally friendly and
green operations. Hafey, R ( 2017), emphasizes that lean and safety have always been

interconnected.

2.6 Safety Communication
Communication relating to safety must flow freely through all levels of the
organization. Safety-related communications must be clear and concise, and employees
must understand their responsibilities. Explain why safety changes are needed. In

addition, employees must be aware of the process to express a safety concern or to
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communicate suggestions for improvement. A simple avenue for communication must

be present, and employees must know whom to contact.

The purpose behind increased visualization is to communicate key information
effectively to the workforce by posting various signs and labels around the workplace
area Enshassi & Abu Zaiter, (2014). Awada et al. (2016) can extend visual management

for safety.

Industrialization and the proliferation of the population have resulted in increased
occupational injuries in the workplace. A safety incident does not happen by chance as
it is an interplay between several organizational factors. Thus, safety participation is
essential to raise employees’ awareness of a safer workplace. Affermative and
interactive safety communication, good upper management support in safety
leadership, and positive safety culture should be practiced in organizations—these
increase employees’ willingness to participate in safety activities to ensure a safer

workplace.

Workplace safety is a combined results of several factors, namely human behavior,
organizational factors (such as supervision, work conditions and processes, planning,
and organizational learning), and latent conditions such as the absence or dysfunctional
nature of physical and functional barriers to prevent accidents, Hollnagel, (1999);
Hollnagel, (2004). According to Ibrahim et al. (2012), a safer workplace should include
safe premises and safety regulation enforcement and provide appropriate safety
training. In this study, workplace safety is referred to as a working environment where
all the workforces channel their efforts into mitigating perceived risk and hazardous

activities.

Safety participation refers to an employee’s intended involvement in safety-related
activities, which add to the development of a safer working environment Griffin & Neal
(2000). Besides, Griffin & Hu (2013) has designated safety participation as a behavior
for creating a safety-supportive working environment. Measurement of safety
participation is imperative to measure the current status of the workforce's practice to

the safety system and understand the safety culture.

Safety communication refers to how well safety issues are communicated in the

working environment Brondino et al., (2012). In efforts among the industries to remain
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vibrant and competitive, workers' safety has often been overlooked by employers and
sometimes even by the employees themselves, Dubey, (2015). To create a safer
workplace, strong employee safety involvement is required Neal, (2000); Griffin &
Neal, (2000); Christian et al., (2009). Safety activities such as safety meetings, safety
decision-making, and safety training require a high level of employee engagement and
involvement to promote efficiency (Subramaniam et al., (2016); Nielsen & Randall,
(2012). A low level of safety involvement will affect business productivity and

performance as the workforce does not feel safe during their work (Khairiah, 2008).

An accident does not happen by chance but is an interaction of several factors such as
employees, devices, working practices, etc., Mohamed & Ideris, (2012); Arquillos &
Romero, 2016).

Various researchers have been researching to explore safety communication and its
effects on workplace safety Kim et al., (2008); Lijie et al., (2012); Kaskutas et al.,
(2013); Siew, (2015). Safety-relevant communication supplies information and
understandings related to a business’s operation to the organization's members, which

in turn enhances knowledge of how to work safely (Sadus, 2007).

2.7 Employee-based safety system
Alignment and synergy between lean and safety management areas are expected
because all near misses and injury incidents represent waste from the lean perspective.
Lean principles and practices can provide a valuable opportunity to improve worker

safety further (Gambatese et al., 2017).

Accidents and employee injuries result in added time to clean up after the incident,
repair damaged work, and attend to the injured employees, all of which represent waste.
Previous studies have identified that some lean practices positively impact safety
management practices, and collaboration between lean practitioners and safety
professionals is needed to implement more reliable safety controls (Gambatese et al.,

(2017).

Both lean and safety should have the common goal of reducing accidents and hazards.
If lean and safety issues are addressed simultaneously, the result is a more productive

and safe working environment (Cudney et al., 2015).
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Lean has been hardly implemented in oil and gas. Applying lean to safety management
efforts is a promising research area and has been discussed widely in the construction
community. Some researchers assert that reducing occupational hazards is a naturally
occurring effect of implementing lean practices. Lean focuses on reducing waste, and
poor safety can be considered a source of waste. Typical lean production tools include
error proofing, 5S, standardization, and the most common safety management practices

such as planning and staffing for safety (Antillon, 2010).

Gambetese & Pestana (2014) assessed the extent to which lean practices impact
workplace safety risk and support commonly-implemented safety practices. The

researchers found that;

e Improving production through applying lean principles naturally leads to enhanced

worker safety. Utilizing lean practices provides the ability to “make safety better.”

e Workforce involvement in safety is viewed as the safety practice that benefits the
most from implementing lean practices, and is particularly impacted by the 5 S’s,

standardized work, etc.

Lean is an approach to eliminating operational inefficiencies through a focus on
optimizing business processes. Common goals of lean practices in businesses are to
improve productivity, time on task, the flow of work, and the value-added to the final
product with each work task. Lean practices have indicated that improving businesses
through applying lean principles naturally leads to enhanced employee safety.
Concerning safety practices, employees' involvement in safety is viewed as the safety
practice that benefits the most from the implementation of lean practices. It is
particularly impacted by the 5 S’s, standardized work, etc. (Gambetese & Pestana,
2014).

Arguably, oil and gas employees are exposed to a more hazardous work environment
than most other industries. Igbal et al. (2021) argue that it is imperative to tackle the
problems faced during the operation of a drilling rig to prevent wastage of time and
money, as well as huge accidents like kicks followed by blowouts may take place. There
is a high risk to personnel working in oil and gas fields and the environment and assets

in Oil & Gas Operations.
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The application of Information Technology (IT) has transformed industries, and the oil
and gas sector is no exception. Nowadays, the major innovations in the oil and gas
industry are the field of IT, and it promises to improve not just the operational and
financial performance but also Health and Safety issues which is a major concern in the
sector. This study uses the emerging technology of Artificial intelligence (Al) machine
learning algorithms in oil and gas upstream sector injury rate prediction. It is assessed
that employees in the oil and gas industry are over seven times more likely to be injured
than in other sectors. Adding these issues to the environmental concerns caused by the

industry has made it necessary to look for sustainable solutions (Somone, 2020).

2.8 Employee body parts that frequently injured at the workplace

The oil and Gas Industry (OGI) faces a number of evolving and various types of risks
and hazards that give rise to severe incidents. The study by El Bouti & Allouch (2017)
revealed that three-quarters of occupational work-related injuries (OWRIs) did not
occur in High-Risk Activity (HRA), and half of the incidents took place with no tooling
involved. Prominently, the main recurrent and frequent event was struck against or by
(SAoB) that resulted dominantly in slight injuries that required only first aid care, and
the most affected body part is the finger by “Cut (Laceration)/ Pinch.”

Statistics show that every 15 seconds, one employee dies from an OWRI, and 153
employees have a work accident. In addition, on a global scale, 6,300 people passed
away daily due to OWRIs or work-related ill-health. These work accidents negatively
affect the company's performance, bottom line, and economic growth Himaéldinen et
al., 2005. These above-mentioned figures related to the occupational accidents and
diseases reported and recorded globally do not reflect the real safety record situation of
most companies since there are underreporting cases, especially in developing
countries. So, the real figures are likely to be far higher than the current recorded ones
(Nenonen et al., 2010). A few catastrophic cases of these incidents receive public

attention (Hamaldinen et al., 2005; ILO, 2003).

The Swiss Cheese accident causation model, Fig 2.5, is the most practiced in the oil and
gas industry safety system to analyze hazards and risks and apply the appropriate

mitigating and preventing measures.
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Figure2. 5 Swiss cheese model of accidents causations, Stein & Heiss, 2015

Surprisingly the industry is encountering personal injuries related to not high-risk
activities, Fig. 2.6. This could be complacency from senior employees when performing
routine jobs and lack of risk awareness and hazard identification skills and training from
the side of new employees.
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Figure2. 6 The rate of High-Risk Activities implicated in the OWRIs From 2014 to 2016,
El Bouti & Allouch, (2017)

As is the case for the not-high-risk activities, it is also evident that no tooling is involved
in most of the incidents that happen in the industry, Fig. 2.7. These could be expressed
in terms of slip, trip, and fall from the same level, (Maynard et al., 2012).
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Figure2. 7 Fishbone diagram of the direct incident cause (Tools used in the workplace),
El Bouti & Allouch, (2017)

The upper extremities, fingers, and hand body parts are the most injured parts in oil and
gas activities, Fig. 2.8. This aligns with the primary data collected from oil field
employees from Supplier Y Company.
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Figure2. 8 The rate of Injured Body Parts in the Oil and Gas Industry From 2014 to
2016, El Bouti & Allouch, (2017)

As the data from oil and gas activities indicates, El Bouti & Allouch (2017), the upper

extremities body parts are the most injured. This is in line with the findings of the primary data
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of this dissertation. This dissertation's author conceptualizes a conceptual hand model based on

these findings. Please refer to Fig. 4.9 In chapter four of this study.
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Figure2. 9 The number and rate of Injured Body Parts, El Bouti & Allouch, (2017)

2.9 Employee Engagement & Involvement
Employee engagement is a powerful concept that can improve many business measures,
including safety performance. The level of employee engagement directly results from
employees' involvement in their work processes and activities. To engage employees in
the safety program, management must involve employees when making decisions that
could affect their safety. Ideas and feedback regarding their safety must be valued and
acted on as appropriate, including follow-up with the employee. Safety communications
must be clear and concise and include the reasons for changes. Employees must be
given positive feedback when they work safely and always treated with respect.
Regardless of the method used, involving and engaging employees in the safety
processes will likely result in higher safety performance and an improved corporate

culture, which will benefit both the employees and the organization.

Employees to feel that they are engaged in the safety process, the organization must

generate several factors:

e cmployee involvement;
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e consideration of employee ideas
e communication;

e positive feedback;

e Respect (Raines, 2011).

Employee involvement in safety changes should be initiated as early as the project.
Considering Employee Ideas, employees must feel that their ideas and opinions are
valued and will be taken seriously. They should be encouraged to generate views and
express opinions regarding workplace safety. When they do so, they must feel that the
organization values this input and will evaluate and act on it appropriately to promote

the workplace safety system.

2.10 Respect for Employees
Employees must be treated with respect. Safety-related interactions must preserve
personal respect, even in disciplinary situations. Leadership support is critical to
fostering an environment that supports these factors. This extends to safety personnel.
Employee perceptions about organizational commitment to safety are often based on
their interactions with safety personnel. Management (including safety personnel) who
effectively involve and engage employees when reviewing potential workplace
modifications can make a significant difference in the success of such projects

(Bonkemeyer & McMichael, 2010; Groover & Spigener, 2008).

Employees may conform to safety rules, but they may assert that safety slackens them
down and makes their jobs more challenging. In organizations with healthy corporate
cultures, employees know management is genuinely exciting and cares about the
workforce. In such a setting, employees will respond with innovative thinking,
suggestions, and decision-making that can benefit the organization Erickson, (2000).
Mutual respect will likely occur when management, including safety personnel, can

engage employees.

Creating a culture of engaged employees and working toward world-class safety can
only be achieved when the business has a high degree of trust. Such trust is established
one employee at a time Hafey, (2010). Employees want to assert that their employer

cares about their safety and well-being, and they also want to feel that their opinions
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matter and that their voices are heard. Management should not overlook the wealth of
knowledge that employees can contribute. However, gathering this information from
employees may be difficult if they do not feel that their ideas will be valued and
thoroughly investigated (Raines, 2011).

Safety is not something management does for employees. Management commitment to
safety is necessary, but true safety excellence requires employee engagement
throughout the organization, especially the frontline employees. Such engagement in
safety benefits the employees as well as the organization. Every employee has
something meaningful to contribute; people will contribute if the climate is right.

Organizational leaders' day-to-day activities and behaviors form the foundation of an
organization's safety culture. Managers at all levels of the organization must exemplify
a shared vision of safety excellence and demonstrate the leadership styles and practices
needed to drive the desired culture change, including fostering a sense of employee

ownership of safety.

To increase the visibility of management support among frontline employees,
organizations should continue to emphasize their traditional initiatives, taking special
care to ensure the employees communicate and understand the efforts. Employees who
assert their work is genuinely appreciated and trusted want to improve and do their best.
They become self-motivated (French, & Geller, 2008; Tharaldsen et al., 2010; Krause,
1999).

Injury experience (i.e., whether or not employees have experienced accidents
themselves) affects risk  perception, their subjective assessment of
satisfaction/dissatisfaction with safety and contingency measures, and job stress in the
workplace, Rundmo, T. (1995); Han Y et al., (2019). From the secondary and primary
data collected, it is evident that most incidents and accidents happening in the oil and
gas industry are minor injuries that could be expressed frequently to upper extremities,

pinch, laceration, muscle strain, crashes, slips, trips, falls, etc.

Advancing employee health, safety, and wellness through inclusive empowerment
programs can help mitigate workplace hazards and enhance the safety climate to
influence employees’ productivity positively. Baumann et al., (2015). The importance

of management commitment in organizations with well-developed safety cultures could
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also promote a safe working environment and productive workforce (Cheyne et al.,

1998; Mearns et al., 2003: Krause, 2007: Oliver et al., 2002).

'Unsafe' behavior is the 'best' predictor of accidents/near misses as measured by self-
report data. That unsafe behavior is, in turn, driven by perceptions of pressure for
productivity, Mearns et al., (2001). Unsafe acts mainly cause workplace incidents and
accidents, yet most researches focus on unsafe conditions and mitigating and

controlling mechanisms.

As the safety climate improves, managers and employees are likely to agree more about
the causes of safe/unsafe behaviors and workplace accidents, ultimately increasing their
ability to work in agreement to prevent accidents and respond correctly when they
occur. Industrial workplace safety requires multilevel support and cooperation. Top-
level managers must establish a positive safety climate, supervisors must demonstrate
caring attitudes and good examples, and everyone must remove safety hazards and

engage in post-incident assessments (Hofmann & Stetzer, 1998; Mearns et al., 2001).

In the aftermath of an industrial accident or “near miss,” employees naturally blame the
system (including management) and managers for blaming employees. Managers must
be aware of these biases when diagnosing and responding to accidents, Prussia et al.,
(2003): Mearns et al., (2001). In people-based safety system culture, the primary
purpose of safety investigation should not be based on a blame mentality but rather on
finding the root causes of incidents and accidents to learn from them to build a

continuous improvement safety culture in the organization.

Low productivity and occupational health and safety are the two biggest challenges in
executing oil and gas projects. Oil and gas projects have one of the most severe work-
related accidents in many countries, leading to declining project performance. Lean
management could be an alternative approach to planning, managing, and coordinating
oil and gas projects. Accordingly, this new management concept will aid in decreasing
the rate of accidents and improving productivity (Dehdasht G. et al., 2018; Marques et
al., 2021).

Implementing some Lean tools, such as 5S and Visual Management, to reduce waste
by improving the production process has a dual positive impact on workplace safety.
The authors argue that the implementation of 5S's allowed the improvement of the

visual management and the organization through a reorganization of the layout, as well
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as normalization of the production process, which has a direct effect on promoting
workplace safety system by creating an organized and tidy work setup, (S4,J. C, et al.,

2021).

2.11 Safety and Competitiveness
Different researchers define competitiveness differently. The World Economic Forum,
which has been evaluating competitiveness among countries since 1979, defines
competitiveness as “the set of institutions, policies, and factors that determine the level

of productivity of a country.”

Competitiveness is often interchangeably used with productivity. Productivity refers to
the internal capability of an organization, Moon & Peery, (1995); Wahab et al., (2013),
while competitiveness refers to the relative position of an organization against its
competitors. Competitiveness may also have a distinctly different meaning at different
levels of analysis — product, firm, industry, and nation, Moon & Peery, (1995). Porter

(1990) argues that the basic unit of analysis for describing competition is the “industry.”

Regarding competitiveness, the groundbreaking research done by Porter (1990) was
one of the most popular countries has used firms. Michael Porter introduced the
conceptual framework of competitiveness and clusters in his work ‘Competitive
Advantage of Nations. Porter (1990) discusses how nations, regions, and firms become

competitive in their industries. Some definitions of competitiveness:

v' The primary definition of competitiveness has been “the set of institutions and
economic policies supportive of high rates of economic growth in the medium

term.”, (Michael Porter et al., 2000)

v' Competitiveness - The progressing globalization of the economy, the mobility
of capital, and the ever-shorter periods in which innovations and products are
developed oblige all nations and social groups to face new challenges. Today,
the prerequisite to economic development and improved competitiveness is a

knowledge-based restructuring of the economy (Zofia, 2003)

v Competitiveness is a multidimensional concept. Three different but interrelated
levels can be looked at: Country, Industry, and Firm-level. The economic

strength of a country, industry, or firm concerning its competitors in the global
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market economy in which goods, services, people, skills, and ideas move freely

across geographical borders (Murths, 1998).

v' Firm-level competitiveness is of the most significant interest among
practitioners and has attracted the maximum attention of researchers among the

three levels of competitiveness (Murths, 1998).

v' The term competitiveness stems from the analysis of firms and is usually

thought to be well-defined at the firm level ( Aiginger, K 2006)

v Continuous success, competitiveness, and steady growth require organizations
to develop and retain a core of culture, relationships, and critical knowledge and

skills (Guillermo Arango et al., 2006).

Nowadays, the competitiveness between organizations is a growing reality. The Lean
philosophy has proven to help companies improve their productivity and reduce waste.

(Gongalves, I. et al., 2019).

In today’s ultra-competitive business environment, lean manufacturing concepts offer
an opportunity to gain a competitive edge in production, safety, services, and other
applications. In a lean implementation, a lean team is set about changing its work area
to eliminate the sources of waste, create a safer work environment and improve

productivity (Bajjou et al., 2017).

Lean manufacturing includes a variety of initiatives, technologies, and methods used to
improve productivity (better and faster throughput) by reducing waste, costs, and the
complexity of manufacturing processes. Safety is critical in lean manufacturing to yield

better, faster, less wasteful, and safer operations (Main, B et al., 2008; Luis, J, 2003).

Nowadays, nearly every organization strives to 'do more with less,' especially given the
challenging economy of recent years and the uncertain economic climate for future
years. Business executives and operations managers constantly seek competitive
advantages to reduce operating costs while improving efficiency without damaging
customer satisfaction and quality and compromising workplace safety. One of the most
common ways in which organizations are trying to achieve "operational excellence" has

been through the use of Lean (methodology and management system), which is focused
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on reducing waste and costs while simultaneously improving speed, quality, and
customer satisfaction and safety, (Kelby, J. 2014, Sacks, R., et al., 2005).

Lean philosophy has proven to help businesses improve productivity, create a safer
work environment, and reduce losses. Lean can give organizations a cutting edge in this
age of global competition. As lean and safety have the common goal of reducing waste,
there are natural opportunities where they integrate into each other (Pai, P. M. 2010).
Lean management is a performance-based strategy to reduce costs, achieve higher
quality levels and increase the competitive advantage of companies. Synergy may be
found between the accident pre-cursors analysis, required by the safety management
systems, and the knowledge-sharing principle, typical of lean approaches (Andriulo,
Set al, 2015; Feutz, P. 2008).

Lean is a collection of ideas, tools, techniques, and initiatives that companies can apply
to increase productivity, safety, and throughput. The central premise of lean is to
identify wastes (non-value-adding activities) in a process and eliminate or reduce them.
To do this, lean suggests the use of tools such as value stream mapping (VSM), kanban,
kaizen, pull systems, 5S, one-piece flow, poka-yoke, jidoka, and others. Today’s
companies are under immense pressure to perform at the lowest cost, highest quality,
and focus on safety. lean has emerged as a popular management philosophy for

companies to attain that competitive edge.

Accidents bring indirect costs of compensation claims and a forced machine or process
shutdown. These are against the fundamental principle of lean to minimize waste.
Hence, lean and safety should not be viewed as having conflicting goals but should be

addressed simultaneously (Pai, P. 2010; Ward & De Brito, 2007).

Since all safety incidents imply a waste of time and resources, lean and safety have a
common ground in minimizing waste. Lean and safety are strongly related to workplace

productivity and safety (Prakash, R. 2011).

Safety and lean aim at similar goals in making the business process faster, better and
safer, Main et al. (2008). The principles of lean and safety are aligned, and the oil and
gas industry could benefit from their integration. Lean methods add value and eliminate
waste, and in safety, context helps in risk mitigation, employees' ideas input,

involvement, and engagement in solving safety-related problems. Thus, it is evident
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that lean and safety synergy can be harnessed to create a safe, productive workplace

(Fernandez-Solis et al., 2018).

Safety, health, and environmental protection are essential to sustainable growth,
Taubitz, (2010). Scholars such as Hafey (2017a) and Taubitz (2010) reveal that there
may be an integrated vision of lean production techniques and safety management

systems; subsequently, both concepts share points in common.

Hafey (2017a) introduces an integrated vision of lean production techniques and safety
management systems. Again, in another research, Hafey (2017b) highlights that a safety
culture must not only comply with the regulations but must also go beyond applying
the approaches of continuous improvement and employees involvement, typical of the
lean paradigm, Andriulo et al. (2015) & Gnoni et al. (2013) propose the integration of

lean management principles with occupational safety.

Brown & O’Rourke, (2007) discuss how the lean manufacturing approach impacts the
risk assessment related to new types of risk generated by the logic of flexibility and
configuration of the production line. They also emphasize that focusing on employees’
participation in identifying and solving problems is critical for reducing negative
impacts. Developing informed, empowered, and active workers with the knowledge,
skills, and opportunity to act in the workplace to eliminate or reduce hazards are vital

for occupational safety in a lean production context (Dieste M et al., 2020).

Longoni et al. (2013) compare ten case studies from lean thinking and safety joint
perspective. Results demonstrate that adopting lean practices, or an overall lean
philosophy implementation, positively impacts operational, health, and safety

performance.

Taubitz (2010) asserts that if incidents and accidents are considered waste within
corporate sustainability, reducing waste should also improve the safety conditions in

any continuous improvement activity or project.

Lean and Safety principles are intrinsically similar and are integrated into the day-to-
day operations of a Lean management business process to create a world-class product
that exceeds customers' expectations, where businesses produce an injury-free, hazard-

free work environment (Williams, J. 2005).
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Businesses are looking for innovative tools and techniques to manage projects optimally
and achieve higher safety performance. In order to eliminate or possibly prevent errors
in business processes, it is essential to prevent errors and redesign the processes. Several
tools and techniques prevent errors and make workplaces safer (Demirkesen & Zhang,

2021).

When errors in processes happen and perhaps lead to safety incidents and accidents,
accident investigations could use ‘Five Why’ techniques. The purpose of using the Five
Whys in organization was not to identify exact root causes but rather to challenge
investigators to look beyond usual causes, i.e., to deeper underlying and contributing
factors. Accident investigation should try to illuminate unsafe acts in the context of
preconditions for unsafe acts, unsafe supervision, and organizational influences

(Rasmussen, 1990; Leino & Helfenstein, 2012).

2.12 Safety Leading and lagging indicators
The oil and gas industry continues to experience high accidents and fatalities, rendering
safety a major concern for oil and gas companies. Safety performance must be
monitored and assessed before incident occurrence to develop more effective, proactive
strategies to reduce future accidents. Safety leading indicators can proactively assess
safety performance, provide insights into the effectiveness of an organization’s safety

practices, and offer guidance on how to improve (Mohamed, E et al., 2019).

The observation of safety leading indicators provided a measure of safety risk at the
workplace and a measure and mechanism for continuous learning. The Lean principles
of planning, measurement, adjustment, and improvement (‘“Plan, Do Check, Act”)
could be applied to the workplace setting, considering the current state at the Gemba.
Communication of goals, measurement of performance in relation to those goals, and a
culture of accountability for measured performance can lead to the safer and more

efficient execution of business processes in a safe manner (Laurlund et al., (2012).

A leading indicator measures attitudes, behaviors, practices, or conditions that affect
workplace safety performance, Hinze et al. (2012); Guo &Yiu (2016). The careful

selection, measurement of, and reaction to leading indicators of safety performance in
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the workplace all have helped to improve work-site safety and organization (Ng et al.,

2012; Hinze et al., 2012).

Hinze et al. (2012) classify leading indicators as passive or active. Passive indicators
are a set of strategies and actions that are set up prior to the commencement of projects
and cannot be adjusted once the project has started, Hinze et al., (2012); Akroush & El-
adaway, (2017). While, active indicators can be measured and adjusted dynamically
during ongoing project phases, allowing for the real-time implementation of risk
mitigation practices, Akroush & El-adaway, (2017), Hinze et al., (2012). The safety
management system is recognized by safety leading and lagging indicators and their

correlation with injury rates.
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Table 2.2 Safety leading and lagging indicators: Source, Neamat, (2019).
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The lean application could improve safety by addressing factors such as poor work
methods, the physical and mental inability of employees, poor communication, and
poor planning, among other causes of accidents identified by several studies (Bashir,

A.M., etal., 2011; Ikuma, L. H et al., 2011).

Compliance with safety regulations is insufficient to eliminate accidents and assure a
safe environment, Gambetese & Pestana, (2014). Improving safety in oil and gas
remains a priority in almost every country worldwide since the oil and gas industry
stands out among all other industries as the main contributor to severe and fatal

accidents (Ghosh & Young-Corbett, 2009).

Workplace accidents and injuries are considered a major source of waste in oil and gas
businesses, leading to high costs. These accidents introduce variability in the production

process, resulting in major workflow disruption, which lean safety aims to stabilize
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Gambetese & Pestana, (2014). In addition, lean management processes can effectively
reduce injury related to oil and gas accidents and improve employees’ performance

(Zhu, 2014).

Ikpe et al. (2012) conducted a cost-benefit analysis regarding accident prevention.
Their findings show that the benefits of accident prevention outweigh the costs of

accidents by a ratio of 3 to 1 (Ikpe et al. 2012).

2.13 Lean Culture and safety
Relihan et al. (2009) defined safety culture as “the product of individual and group
values, attitudes, perceptions, competencies, and patterns of behavior that determine the
commitment to, and the style and proficiency of, an organization’s health and safety
management.” According to Wu et al. (2010), safety culture refers to employees’ vision
of safety conditions that affect safety outcomes. Consistent with Wu et al. (2010)’s
view, in this study, safety culture refers to the employees’ awareness of workplace

safety conditions, which then affects organizational safety success.

The importance of a safety culture to maximize safety is no longer questioned. Lean
management is such an integrated approach to improving safety, quality, and efficiency
and, therefore, could be expected to improve the safety culture, Simons, P. A., et al.,
(2015); Pitts, J. (2021); Maestas & Parrish, (2014). It was found that lean management
creates opportunities for improving safety culture (Morshidi, Z. (2020).

Lean culture is not ONE thing:

o Lean is a culture of continuous improvement practiced at every level of

the organization and by every team.

o Lean is applying the scientific method of experimentation and study of

work processes and systems to find improvements.

o Lean is respect for people. It is respect for the voice of the customer, and
it is respect for those who do the work, who are “on-the-spot” and are,

therefore, the “world’s greatest experts” in their work.

o Lean is the elimination of waste in all its forms. Lean is the ability to

distinguish between work that adds value to company customers and

63|Page

AAIT



work that does not. By eliminating waste, companies have free resources

to devote to value-adding activity that serves customers.

o Lean is a work environment that assures the quality and safety of all

work for customers and staff.

o Lean focuses on improving the work process, not blaming people or

creating fear.

o Lean is a culture of teamwork, shared responsibility, and ownership that

cuts through organization walls or silos.
o Lean is a culture that returns the joy to work.

o Lean is flow. Lean is an interruption-free process that flows from

beginning to end without interruption, Miller, L. M. (2015).

It is common to hear the usual argument, what is different about lean that makes it
different from other operational excellence methodologies? Various authors have their
justification to explain what is special about lean as a management and production tool
and methodology; their shared view would be lean is different because of the lean

culture embedded in the methodology.

There is a missing link in most lean manufacturing descriptions; lean culture and a lean
management system to go with it, David Mann (2003). Organizational culture is the
organization’s daily working practices, problem-solving habits, knowledge sharing and
communication systems, customer handling and working discipline, safe working
practices, etc. Lean culture grows from the working practices when the practices

become habitual, a way of thinking or mindset (David Mann, 2003).

One of the crucial competitive advantages of an organization is its workforce. A
workforce that is aligned to the overall company mission and vision, and workforce that
are engaged in doing the day-to-day task and oriented to problem-solving and
innovative thinking, and on top of that workforce that is respected in suggesting how to
continuously improve the process in value-adding and working it safely, is a happy

employee. Lean culture contributes hugely to an engaged and committed workforce

(Angelis et al., 2011).
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A typical example of observing lean culture in an organization could be evaluating and
seeing the following common practices at the ‘Gemba,’ the place where the real value

is created, David Mann (2003):
v' What are inventory practices around here?
v How often does management look at the status of production here?
v" Who has been involved in process improvement activities in this area?

v How often do employees suggest improvement ideas, and their ideas are

implemented.

v What is the culture of continuous improvement in creating customer value and

employees’ value by creating a safe working environment?

Najem & Bennett (2012) argue that factors such as top management commitment and
leadership, empowerment and training of human resources, building relationship with
suppliers and customers, enhancing departmental relations, and teamwork must be

considered to implement a successful lean culture.

2.14 Change Strategies towards a Sustainable Lean Safety
Sustainable development is often framed as a social issue to which corporations should
pay attention because it offers opportunities and challenges. Oil and gas multinationals
are subject to sustainable development pressures — climate change, biodiversity, the
safety of personnel and environment protection, renewable energy development, and
social investment, Escobar & Vredenburg, (2011). Access to clean, affordable, and
reliable energy has been a cornerstone of the world's increasing prosperity and
economic growth since the beginning of the industrial revolution. Our use of energy in

the twenty-first century must also be sustainable (Chu & Majumdar, 2012).

Sustainable development is an attempt to combine growing concerns about a range of
environmental issues with socio-economic issues. Sustainable development has the
potential to address fundamental challenges for humanity, now and into the future,
Hopwood et al., (2005). As it is evident, one of the main targets of lean thinking is
process waste elimination, which has a direct implication on sustainable development

by utilizing resources efficiently and effectively for the good and value of the customer
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in particular and society in general with the workforces safety and wellbeing given high

priority.

Macroeconomic definitions of sustainability center attention on the need to maintain
aggregate stocks of natural and manufactured capital constant over time so that future
generations have access to natural resources similar to those of the current generation.
To perform realistic assessments of a firm’s sustainability, for that reason, one needs to
consider its overall economic performance as well as its environmental performance

(Reinhardt, 2000; Weiss, 2010).

2.15 Change Strategies towards a Lean HSE
Industrial accidents, explosions, and fires have a depressingly familiar habit of re-
occurring, with similar if not identical causes and patterns. There is a continual stream
of significant losses commonly ascribed to poor operating and management practices,
Duffey (2007). Oil and gas companies face increased health, safety, and environmental
pressures from past and recent significant accidents that negatively impact the

environment, industry image, and social lease (Bigliani, 2013).

Management commitment to safety is essential to an organization’s safety culture,
Reason J. (1997). O’Dea & Flin (2001) analyzed management's difficulty in motivating
and controlling some crucial safety aspects of workforce behavior, such as getting
workers to accept ownership of safety and reporting near misses, unsafe acts, and unsafe

conditions.

In most organizations, blame culture is the obstacle to the workforce for not reporting
problems and operational safety issues. In the lean community, there is an encouraging
trend that lean thinkers assume that it is the broken process to blame for the problems,
not people; people are part of the solution, not the problem. In terms of outstanding
safety issues, it appears that improvements still need to be made in several areas, such
as the standardization of safety culture; the coordination of safety practices and
procedures across the offshore oil and gas industry; improved workforce competency,
and increased workforce involvement in safety activities and decision making, (O’Dea

& Flin, 2001).

Unfortunately, accidents in the oil and gas industry have a long-lasting effect on the

environment and assets. Risks related to assets, business interruption, pollution, injuries
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to people, and damage to reputation are intrinsic in normal oil and gas activities,
Bigliani (2013); Mearns & Yule (2009). Risks and uncertainties penetrate every aspect
of the exploration of petroleum resources, and environmental risks are not unique in
this sense, Hasle et al., (2009). As oil and gas exploration activities go to the most
remote areas, usually sensitive regions in terms of their biodiversity makeup, such as
the Arctic Circle and the Barents Sea, extra caution in environmental impact
assessment, personnel safety management, risk management, local content, and making

an integrated effort by all players and stakeholders required.

Increasingly, companies are considering environmental differentiation as a basis for
their competitive advantage, Roy & Vezina (2001); Sharma (2001). The global oil and
gas companies are extra conscious about the environmental footprint the oil and gas
operations have on the environment where they operate, not to pollute the ecosystem,
such as the soil, water, fishing activities, air, etc. Multinational oil and gas companies
are taking extra measures to improve their environmental management practice as a

competitive measure.

As companies formulate and implement their strategy, they are voluntarily formulating
the most stringent internal environmental regulation, taking extra measures to protect
the environment around their activities. Promoting safety as a value is a winning
strategy that could generate wealth for the company and motivate employees. It could
also sustain employees by creating a safe working environment for the employees and

help the company keep its goodwill and reputation.

2.16 The Global Oil and Gas Value Chain
The oil and gas industry's increasingly competitive and global nature has driven
companies to keep a close eye on cost and performance issues and to seek opportunities
to innovate, enhance revenues, and reduce inefficiencies (Tenera & Pinto, 2014).
In an environment of rapid growth, significant technological changes, and increasing
acquisitions and divestitures, successful companies understand that monitoring
performance through benchmarking is a critical strategic tool, Wipro Ltd; Holweg,

(2007). There may be no other industry today that demands a more diverse set of human,
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political, mechanical, and technological capabilities and safety innovations than the oil
and gas exploration and production industry (IBM Business Consulting Services, 2004;

José Moyano et al., 2012).

Oil and gas companies are now more global, and some are becoming more processed-
based. Some are following a strategy where the company’s portfolios are such diverse
that doing business from conventional hydrocarbon exploration and production to a
clean energy mix of renewable energy endeavors. Cross-functional stakeholders
increasingly demand more difficult results to achieve, given the ongoing economic
uncertainty and challenging market conditions impacting the industry (EYGM Limited,
2013; Bortolotti et al., 2014).

Low natural gas prices and oil price uncertainty are forcing upstream companies to
focus on improving efficiency and reducing costs. This research focuses on upstream
oil and gas offshore the Norwegian North Sea. The capital and operating costs for
offshore deep-water wells, unconventional resources such as oil sands, and horizontal
drilling techniques cost more than conventional onshore reserves, compounding the
industry cost challenges (EYGM Limited, 2013). That is where continuous process
improvement needs to be the top priority of all workforces in general and top
management in particular (Pampanelli et al., 2013).

Continuous process improvement is a management philosophy that can benefit
customers, shareholders, employees, and suppliers. Companies facing capital and
operational cost constraints within the oil and gas sector must employ continuous
process improvement programs and tools to help drive down costs and improve their
bottom line (EYGM Limited, 2013; Bamber et al., 2014).

One of the operational excellence methodologies that the author of this study would
assert fit for continuous process improvement and safe working culture in the oil and
gas industry could be lean philosophy. It would provide the cultural setup and mindset
and the paradigm shift in workforce engagement and problem-solving capability and
value innovation from the perspective of the customer value and employees' safety and

continuously striving for improvement towards perfection.
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The global oil and gas value chain comprises three sectors: upstream, midstream, and
downstream (Fig 2.10). The main focus of this dissertation is the upstream sector, and
it mainly analyzes the oil and gas upstream exploration in North Europe Norwegian

continental shelf.

| The Global Oil & Gas Value Chain
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Figure2. 10 the Global oil and gas Industry value chain
Source: (The Global Oil & Gas Industry: Prospects & Challenges in the Next Decade,
2012)

The upstream sector’s main activities are searching for and finding oil and gas reserves,
developing the facilities, and producing oil and gas in the form of crude oil and natural

gas, commonly called Exploration and Production (E&P).

As this study focuses on the upstream sector of the oil and gas industry, the sectors'

main activities are as in Fig 2.11 below.
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Upstream Oil & Gas Life Cycle

» Activities to obtain a right to explore a block/area
through concession/contractual system

certain location beneath the earth surface

+ Activities to define the oil & gas volume and
characteristic more precisely after discovery

+ Activities to build the subsurface & surface
Devel®bment facilities to produce oil & gas safely and efficiently
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)
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« Activities to extract, process, and export oil & gas
as per contract agreement

Figure2. 11Upstream Oil and Gas sector Life Cycle
Source: (The Global Oil & Gas Industry: Prospects & Challenges in the Next Decade,
2012)

2.17 Oil & Gas Industry Current Trend
The current extended oil price downturn will likely have long-term effects on the
industry in several areas, including capital allocation and the availability of a skilled
workforce. One can see the less appetite in the industry for long-term and complex
major capital projects. This trend of deferred long-term complex capital projects would
influence the future supply of oil and gas (oil and gas industry outlook, 2017; Lopeza,
2015).

The industry has several challenges with multi-layer situations where some lead to long-
term effects, which influence the global energy supply when the demand returns to
normal. The industry must implement sustainable strategic measures that could give the
industry a competitive advantage to offset price and demand volatility, which are

occurring following some forms of cyclic nature. A short-term firefighting kind of quick
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fix would not be a solution to the strategic problem the industry has been facing. All

rounded root-cause problem analysis strategies to position the industry in a way that

enables it to work out the cyclic downturn the industry has been facing for some time

now.

Some of the dramatic, vibrant happenings the industry entertaining today are:

>

>

>

Low oil price, demand volatility

Minor to major accidents and incidents

Downsizing, short-term-focused projects

Merging, divesting

Cost Cutting, layoff, skill gap, seniors leaving the industry
High Cost of project development

Remote Reserves, a rare significant discovery

Stringent Regulatory Requirement

Some Projects are shelved, and mega capital projects are deferred.

This dissertation's research questions are designed to capture the multi-layered

problems the industry is facing. Thus, the research outcome would address the current

issues and questions raised.

The oil and gas industry, by its nature, has a very complex supply chain that leads to

the industry being exposed to some common risks, such as the one mentioned below,

fig 2.12
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Figure2. 12 Various risks oil and gas industry facing, Source: (IntelligentHQ, 2012)

As shown in Fig 2.12, the risk level from the competition of new technologies is ever
increasing. A typical example of this is the substitution of fossil fuel for Battery electric
cars, which has gained momentum through government policies in most developed
countries by way of initiatives to counterbalance the environmental footprint of fossil

fuels.

It is also evident from the Fig 2.12 that the industry’s human capital deficit is growing
at an alarming rate as the most skilled senior workforces are leaving the industry

through retirement.

The aftermath of a crude oil price drop, which started in July 2014, has had a long-term
negative impact on the industry as a whole. The industry is faced with internal and

external factors that decide the future performance of the industry.

Fig 2.13 below projects the impact of external forces on the oil and gas industry

operation. As the projection depicts, the impact of technology, environmental concern
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towards the operation of the industry, proactive involvement of world leaders, and
government influence show an increasing trend. It could be a ringing bell for the oil and
gas industry that emerging alternative energy availability would increase from 27% to

47%. Furthermore, skilled workforce availability would show a critical decline.

61%
57%

Figure2. 13 Influences of external forces in the coming two decades, on oil and gas
industry (IBM Institute for Business Value, 2010)
2.18 Operational Excellence Methodologies
Operational Excellence has its roots in the successes that Toyota realized with its
famous Toyota Production System, bearingpoint.com; Spagnol et al. (2013).
Operational excellence is considered a competitive weapon for firms. Operational
Excellence is a method and philosophy aimed at accelerating and improving processes,
resulting in lower costs and higher customer satisfaction, in creating a safe working

environment (bearingpoint.com; Bamber et al., 2014).

Focusing on continuous improvements in the firm’s business operations can gradually
achieve excellence, longing for perfection to keep the momentum. Operational
Excellence (OE) then becomes a robust competitive advantage. OE also involves the
Continuous Improvement (CI) of the efficiency and effectiveness of one’s business

processes (MCE, 2013; Holtskog, 2013).
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Excellence is defined as “a combination of operational excellence (efficiency) and
service excellence (effectiveness).” The right business excellence models that fit the
company’s business context benefit sustaining excellence and doing a noble business.
More precisely, business excellence models appear to overemphasize value creation
while underemphasizing the means of capturing this value. Moreover, they often lack a
strategic component, including concepts such as strategic choice, alignment, and

sustained competitive advantage (Matthias et al., 2018).

Shingo (1987) stated, “Think in terms of categorical principles.” The Shingo house is a
categorization of the guiding principles of operational excellence. Associated with each
category are also listed many important supporting concepts? The principles are
categorized into four dimensions: cultural enablers, continuous process improvement,

enterprise alignment, and results (Shingo Institute).

One can choose several business tools and techniques for performance improvement,
make one’s business efficient, effective, and competitive, win market share from
competitors and grow business, and make the working environment safe and processes
innovative. The focus of this study is not to choose a bunch of tools and techniques for
business performance. The objective is to employ a continuous business improvement
philosophy that best fits the context of the oil and gas industry business processes and
safety systems. To this end, in the endeavor to do ‘more with less ‘resources, to do
businesses safer and with high value for customers, and a competitive strategy that
makes the oil and gas industry the future reliable source of energy with less impact on
the environment. In the innovation process, there is no one-size-fits-all. So, companies
should look at the right tools rather than the popular tools (Gronsund, 2013; Salehia &
Yaghtin, 2015).

Projects managed using lean management are safer because they follow the lean
principle of Respect for employees, which creates a sense of psychological safety within
the project team. Prerequisites for individual and team learning behaviors such as
experimenting, requesting feedback, talking about errors, and asking questions

contributes to a safety culture (Howell et al., 2017).

Lean Management is a friendly methodology to continuously and systematically
achieve process improvement, helping the organization look for operational excellence
that leads to overall excellence (Palmira, 2012).
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Some of the justifications behind using operational excellence methodology in the oil

and gas industry more than any time ever would be:

>

Today, more than ever, companies looking to create new growth have
methodologies and tools at their hand to help reduce risk and increase the odds

of success.

The need for operational excellence (OE) has never been greater for oil and gas
executives. Exploration, development, and production costs are rising, and

refining margins are under pressure.

The oil and gas industry is under tremendous pressure to reduce risk, even as it

takes on new challenges, such as drilling in ultra-Deepwater.

Intensive onshore operations in populated areas.

Rising expectations of regulators, shareholders, and the general public.
Minor to major accidents is resurfacing from time to time.

Regulations are becoming increasingly complex and regulators more proactive,

requiring greater attention to ensure compliance.

Operational excellence creates value through systematic and repeatable actions

that are clear and addressable for everyone in the company,

Operational excellence allows oil and gas leaders to confidently say and prove
that they are running their assets safely, reliably, sustainably, and cost-

effectively (Bain & Company, 2013).

The operational excellence methodology deemed fit for the multi-faced problem the oil

and gas industry currently faces would be the continuous improvement methodology of

lean thinking. Lean thinking has been proved in the Manufacturing and Healthcare

industry and has generated a competitive advantage in creating customer value,

employee safety, and eliminating process wastes.

2.19 Lean for Upstream Oil and Gas context

Continuous improvement requires a sustained effort, Holtskog (2013), which has been

a significant challenge to the petroleum industry. People in the petroleum industry are
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often unconvinced of the benefits of a long-term commitment to quality and continuous
improvement programs because they have seen several improvement systems come and

go without a clear, lasting impact.

Lean is another quality-improvement methodology focused on optimizing the
customer-value chain and creating a safer working environment for employees. Lean
was developed in the automotive sector but has transitioned into various industries

(Buell & Turnipseed, 2004; Demeter & Matyusz, 2011).

Despite its success in practice, the lean philosophy and methods have not been
thoroughly evaluated and incorporated into the academic literature, Ballard &
Tommelein (2011). One of the pertinent issues is the adequacy of lean methods for
managing complex projects like the one in the petroleum industry. As project
complexity increases, emergent phenomena increase. Consequently, leadership must
become more adaptive and less prescriptive to manage projects (Ballard & Tommelein,

2011) successfully.

Applying lean to the oil and gas industry, as with any industry, requires a fundamental
understanding of the philosophy rather than attempting to copy how Toyota — or anyone
else — does it. The current condition, future desired state, challenges, problems, the
value from a customer perspective, and employees’ involvement and engagement are

the elements to be contextualized in applying lean thinking for Oil and Gas safety.

When workforces in an organization begin to understand lean indeed, particularly the
Plan-Do-Study-Act (PDSA) cycle, Deming (1986), they begin to see it as a system of
improvement, and the approach becomes much more focused on identifying and
sticking with what is vital to the organization. There is a common sentiment in the lean
community that employees are not only doing the job, but they are also the ones with
hands-on experience and knowhow to improve, practically solve day-to-day problems,
and continuously improve the process. Regarding safety processes, it is in employees’
best interest to suggest and improve continuous safety systems. There is a common

belief in lean thinking that people are not the problems. They are part of the solution.

Fig 2.14 below illustrates Deming's (1986) PDCA cycle of continuous improvement
and problem-solving methodology. Continuous improvement is one of the pillars of

lean philosophy.
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Figure2. 14 Deming Cycle, Source: Deming Institute
The following eight steps problem-solving methodology clearly shows that in the
PDCA cycle, the planning phase takes most of the analysis process.

Theme / Area / Process / Company

PLAN DO

Clarify the problem 6. See Countermeasures througt
Break down the problem
Set a target

Analyze the root cause

Develop countermeasures C H EC K & ACT

7. Evaluate results & process

8 Standard .
$ p B
O. dtdnNQarQizZze success

Figure2. 15 Problem solving, (Gemba academy, 2009)

The PDSA cycle drives learning through conscious testing, proving or disproving, and
adjusting hypotheses. An oil and gas exploration campaign, for example, is driven by
a hypothesis that a certain amount of recoverable oil and gas resides in a specific
area. Although a failed exploration can cost a company a lot, it is even more costly
when the team does not use the information to learn and improve the process for future

projects (Gemba academy, 2009).
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Within oil and gas exploration, the PLAN phase in the PDSA cycle could be a
hypothesis about how much recoverable oil and gas exist in place. Geophysical seismic

analysis is done to capture the potential prospect of commercial oil and gas reserves.

The DO phase could be the drilling of exploration wells; this is the capital-intensive

and technology-based process employed. It is also the most hazardous operation.

The STUDY phase could be the review of samples and data from the drilled exploration
wells to determine whether to proceed with the project; data collected from the drilling
process is primary data that confirms the prospects of commercial viability and reserve

volume.

ACT could be the action taken because of the study phase, including adjusting the
exploration process to improve future performance (Gregg Stocker, 2014). The ACT
phase is the phase where learnings acquired from the previous phases are applied in the

continuous coming phases.

Deming (1994) proposes that processes should be analyzed and measured to identify
gaps and variations concerning what customers want. The continuous feedback method
Plan-Do-Check-Action (PDCA) is a closed-loop system that enables continuous

improvement and problem-solving endeavors (Filardi et al., 2015).

As evident in Fig 2.15, the planning phase of the problem-solving process takes up
much of the endeavor of the PDCA process. One of the common mistakes people make
in the PDCA process could be jumping to the DO phase without a thorough planning
phase.

2.20 Supply Chain Relationship and Quality Concerns in the
Upstream Oil and Gas Sector
Supply chain (SC) is a dynamic process that entails a continuous flow of information,
materials, and funds across multiple functional areas, within and between chain
members, to meet customers’ requirements and maximize their profit, Shatina Saad et
al. (2014). The Oil and Gas industry offers a classic model for implementing supply-
chain management techniques, Chima Christopher (2007). The upstream offshore oil
and gas activity has the most complex supply chain. The remoteness, most hazardous

conditions, and challenging weather conditions of offshore upstream oil and gas
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activities are some factors that result in extra costs and project delays in the offshore

supply chain.

The new trend of organizational competition has shifted from firm to firm competition
to competition along the supply chain. It is imperative to consider every link in the
supply chain and support with clear supply chain visibility and a communication plan
to strengthen the weak link in the supply chain. Inefficiency, incidents, accidents, or
any issue and delay and flaw happening in one part of the supply chain affects directly

or indirectly the whole supply chain.

Organizations need to work out how best to leverage competencies, resources, and skills
across their supply chains (SCs) to compete effectively and manage costs and customer
value (Mohammad dust et al., (2015). The new paradigm of cost and value management
would be not by cost-value trade-off but by using lean management to create value from
a customer perspective and eliminate process waste that could add cost to the process.
Moreover, creating a safe work environment for the employees and workplace

empowers workforces in the involvement of processes continuous improvement.

Farzad & Kuan (2011); Alsayigh (2015) assert that the concept of lean and supply chain
management has recently emerged from lean production. Globally, supply chain
professionals have been tasked with reducing waste, increasing turnover, and building
greater flexibility in their supply chains. Some of these areas overlap with lean thinking.

There are six major attributes of the lean supply chain, Alsayigh, (2015) :
v Demand management;
v Cost and waste reduction,
v Process Standardization;
v" Industry Standardization;
v" Cultural change;
v" Cross-enterprise collaboration.

Mollenkopf et al. (2010) argue that the lean supply chain strategy focuses on reducing
waste and eliminating non-value adding activities related to equipment, tools, time,

labor, inventory, and space across the supply chain. The lean supply chain strategy
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enables organizations to ensure the best quality of services and products and reduce
costs. Due to the widespread acceptance of lean supply chain practices and growing
pressure for environmental management, firms have begun incorporating

environmentally friendly practices into their waste reduction schemes.

Supply chain management in the petroleum industry contains various challenges,
specifically in logistics, that is not present in most other industries (Raed Hussain et al.,
(2010). In today's market environment of low crude oil prices, the industry needs to
optimize and implement operational excellence methodologies that could offset the
challenging aspects of the upstream offshore oil and gas supply chain. Despite the
significant challenges in the petroleum industry’s supply chain, opportunities for
improvements and process waste elimination exist along the supply chain (Raed

Hussain et al., 2010).

Fig 2.16 depicts a typical oil and gas supply chain, linking the upstream and downstream

sectors.

Exploration

Figure2. 16 Supply Chain of the oil and gas industry, Source; Chima (2007)

As the ever-diminishing profit margin is challenging oil and gas companies, it is natural
that they face fierce competition for market share and growth; the drop in oil prices
exposes all kinds of inefficiencies throughout the supply chain. In general, there was a
lot of talk about how falling oil prices put immense pressure on everyone to do “more
with less.” Falling oil prices present a considerable opportunity for utilizing Lean

principles (Kristian Kalsing, 2015)

All players along the supply chain to optimize the supply chain activities and streamline

the processes to eliminate non-essential, non-value-adding processes and activities need
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an integrated action. In the age of Supply Chain Competition (SCC), the form of the
competitiveness of the supply chain is affected by three forces the core competence of
the supply chain (the force of decision making), the operational mechanism of the
supply chain (the force of assistance) and the competitiveness evaluation of the supply

chain (the force of maintenance), (Hui & Wen-jie, 2009).

The ‘collaborative paradigm’ in supply chain management regards strategic
collaboration as a crucial source of competitive advantage. Collaboration is even more
essential when supply chains aim at ensuring simultaneously economic, environmental,
safety system, and social performance on a product's total life-cycle basis (Stefan Gold

et al., 2009).

2.21 Processes in the Upstream Oil and Gas Sector
Oil and gas developments are evolving from conventional to unconventional resources
for onshore and from shallow to deep-water for offshore. Offshore developments are
shifting from shallow water areas such as the Middle East, the North Sea, South East
Asia, North America, and Australia to deep-water areas like Africa, Brazil, the Gulf of

Mexico, and the Arctic.

Arild Moe (2010) asserted that Norway has emerged as a significant oil and gas
producer since production on the Continental Shelf commenced in the early 1970s in
the North Sea. In 2008, Norway was the world’s fifth-largest net exporter of crude oil.
It has also become a major supplier of natural gas in Europe, covering between 20 and
30 percent of total consumption in Germany, the UK, and France. Fields on the
Norwegian Continental Shelf are connected with terminals on the European continent

and with Great Britain by several pipelines.

Most Norwegian production takes place in the North Sea. During the past decade, the
most prominent findings of new resources have come from the Norwegian Sea, off the
midsection of the coast of Norway (statoil.com). The country's future oil and gas
production will increasingly focus on the northern part of the continental shelf, the
Barents Sea. Several minor discoveries have been made, but only one, the gas field
Snehvit (Snow White), discovered in 1984, has been developed so far (Arild Moe,
2010).
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Fig 2.17 depicts the Norwegian continental shelf, one of Europe’s oil and gas-rich

shelves.

e ie Y
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.

Figure2. 17 the Norwegian continental shelf, Source; NPD, 2009

2.22 Norwegian upstream oil and gas industry
The Norwegian upstream oil and gas industry is a complete cluster of 136,000
employees divided into several sectors: Operators (22,000), Geo & Seismics (4,000),
Drill & Well (20,000), and Topside (43,000), Subsea (13,000) and Operations Support
(34,000). Sasson & Blomgren, (2011). The value creation from operators and suppliers
represents one-third of the Norwegian GDP (2008) (Sasson & Blomgren, 2011).

Practical challenges encountered in the oil and gas activity on the Norwegian
continental shelf have given birth to a number of important innovations through close
cooperation between operators and suppliers. This has made Norway an attractive
location for oil and gas R&D with many international oil and gas companies,
Sasson & Blomgren (2011). The existence of a strong national oil company, Statoil, has
given the Norwegian oil and gas industry an established local base to pursue R&D and
implement new technologies and best practices across the industry. When oil and gas
activities began in Norway, the country already possessed an international maritime
industry and industrial actors within the fabrication and construction fields

(Sasson & Blomgren, 2011).
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2.23 Summary
The oil and gas industry is encountering minor to major and, in some cases catastrophic
accidents. The industry has been applying all possible measures to transform the
industry’s safety system, and yet incidents and accidents and still happening
irrespective of all these measures. The author of this study argues that business, as usual,
where the industry reacts to its safety system, especially when incidents and accidents
happen, could not take the industry anywhere. A paradigm shift in handling safety
systems is imperative to innovate the industry’s safety system by incorporating safety

in other business processes.

The oil and gas industry plays a pivotal role in the global energy supply. Ineffectiveness,
inefficiency, and non-value-adding activities mainly occurring during incidents and
accidents are costing the industry in terms of personal safety, social and economic costs

in particular, and the global economy in general.

From literature reviews, it was found that most articles focus on safety compliance.
Nothing wrong with achieving compliance, but the issue is compliance is the basics of
safety system requirements. The industry needs to innovate its safety system more than
safety compliance to spare the most key sector of the global economy from vicious

incident accident traps.

The industry’s safety investigation in the aftermath of safety incident and accidents
predominantly focus on things that went wrong. The industry has been learning from
things that went wrong with less emphasis and, unfortunately, with no focus on learning

points on things that have gone right.

Any successful business is the combined effort of all stakeholders and key players. The
safety system is no different. For an effective safety system in the oil and gas industry,
management involvement, responsibility, and engagement are crucial for every
employee. The current norm and tendency are to leave safety issues and agenda to the
safety department. Safety officers would not bring the change required to cope with the

enormous challenges the industry has been facing from safety aspects.

In contemporary competitive business processes, cross-functional collaboration is key
to achieving business goals, breaking silo functional organization with communication

gaps, and considering business values from the value chain and system synergy. Safety
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should be ingrained in every business process instead of seeing safety as an isolated silo

segment that would be left to the safety department.

Most safety researchers agree that about 90% of safety incidents and accidents happen
due to unsafe acts and about 10% due to unsafe conditions respectively, Sherrat et al.,
(2015). And yet most academic research endeavors and company efforts focus on

unsafe conditions giving less emphasis to unsafe acts and a safety culture.
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Chapter Three

3. Research Design and Methodologies

3.1 Research Design
This chapter of the dissertation outlines the basis of the research study. Conceptual and
descriptive research methodology would be followed to explore the implementation of
continuous safety system improvement through operational excellence methodology
and lean thinking in the oil and gas upstream sector with a special focus on Norwegian

oil and gas exploration and production.

Primary and secondary data were collected from the operator and service companies
that are key players in the Norwegian oil and gas exploration and production sector. For
confidentiality, the oil servicing company, called Supplier Y. Supplier Y, is a market
leader in North Sea operation that provides oil and gas well drilling and measurement
services. In the same manner, the leading operator, Operator X. Operator X, is also the
market leader in the North Sea oil and gas exploration and production and the main
service client of supplier Y and has already started implementing lean philosophy at the

start phase.

The study takes advantage of the synergy effect of operational excellence methodology
implementation along the value chain to enhance the effort of Operator X, which has
already in the implementation phase with aligning Supplier Y, which has no experience

of lean in the overall value chain lean implementation process.

The approach that will be followed for this study will be the oil and gas operator, which
has the major operation and market leadership in the North Sea operation will be
considered. For confidentiality, this company is hereafter named ‘Operator X.” The
good thing about operator X is that it has just started implementing lean thinking.
Operating companies use various service providers of the very nature of oil and gas
exploration and production. These suppliers supply catering, cementing, logging,

drilling, mudlogging, drilling fluid, subsea, casing, scaffolding, maintenance, etc.

As there are multiphase of business interaction between Operator Company and the

various service providing companies, suppliers, business-to-business relationships,
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communication, safety system interaction, value chain visibility, upstream sector-wise
work standard applications would be evaluated. The case company selected for this
study is an oil and gas drilling service provider, which is also a market leader in the
North Sea with drilling and measurement service provision; for the sake of
confidentiality, hereafter, the company will be named as ‘Supplier Y.” ‘Supplier Y’ has
no experience of implementing lean thinking. Yet, it is the leading service provider for

‘operator X’; primary data has been collected from Supplier Y company employees.

Thus, this dissertation research focuses on exploring the safety system of upstream oil
and gas and how to improve the positive development using operational excellence
methodology continuously. The research explores the current safety state as an
integrated value chain and interdependent sector player. It develops a robust safety
system from the ‘respect for people’ philosophy of lean and frontline employees'

involvement and engagement.

The accomplishment of lean implementation success, witnessed in the manufacturing
industry, could be used as a benchmarking experience to practice it in the oil and gas
industry. Lean is a process, people-based system where processes are innovated and

streamlined to help people perform their tasks successfully and safely.

A thorough literature review has been done using peer-reviewed journal articles from
high-impact factor journals. Numerous literature on the theory and practices of Lean
production (LP) is available in various publications and conferences (Jasti & Kodali

2015).

Journal articles search was limited to articles related to the safety system and lean
thinking published on Emerald Online, Science Direct, SpringerLink, and Taylor and
Francis publication portals. The researcher has chosen 1988 as the starting year as
Krafcik (1988) introduced the concept of lean for the first time in the article ‘Triumph

of the lean production system’.

For the search screening, the researcher has used the following keywords: safety
system, workplace injuries, lean production, lean manufacturing, lean management,
lean safety, lean supply chain, lean culture, lean enterprise, Just-in-time, lean thinking,
lean philosophy, Toyota Production System, safety culture, workplace safety, etc.

Please refer to Fig 3.2 for the article's screening process.
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3.2 Research Framework
The research framework is designed based on continuous improvement, respect for
people, and industry competitiveness through waste elimination and value creation from
the perspective of customer value and employees’ well-being and safety in the

workplace.

Lean philosophy, which has been practiced and found to be a winning business
improvement methodology in the manufacturing and healthcare sectors, is the leading

research topic to be explored from the context of the oil and gas sector safety system.

The research framework of the dissertation is designed based on fundamental principles

and techniques of lean philosophy:

o True North: organization's top management has the duty of setting business
direction in terms of the organization's product and service provision and setting
long-term and short-term strategy, using strategy deployment (hoshin kanri),
Liker JK & Convis GL (2012), and aligning business goals and objectives to the
organization true north values. In the diamond model, Liker JK & Convis GL
(2012) explains how an organization builds a culture of continuous
improvement through learning to live true north values, coaching and
developing employees ( learning cycles), daily management( daily kaizen),

creating true north vision.

o Applications of lean tools and techniques, so that to be able to see oil and gas
activity process wastes and problems, Shook and Rother (1999). Tools such as
5S, Error Proofing, Gemba, Heijunka, Kanban, JIT, Root cause analysis,
standardized work, Andon, Bottleneck analysis, visual control, 7 deadly process

wastes, Ohno (1988).

o Lean practical problem-solving methodology. As profound challenges face the
oil and gas industry day, practical problem solving is imperative. The frontline
employees are the ones who know the work better than anyone else does. Thus,
they should be empowered to do the job and improve it. Tools like PDCA,
Deming, (1986) and A3, Shook and Rother (1999), Toyota KATA, Rother
(2000).
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o Organizational clarity: organizational Clarity is the most important parameter
that gives an organization to stay focused and prioritize what is essential in
winning the market competition and using the internal and external resources
and capability. It is customary to see oil and gas companies take action of cost-
cutting, layoff, and shelving projects in a time of low crude oil prices. Thus, oil
and gas companies need to communicate organizational vision, purpose, and

performance (Martin, 2018).

o One of the common mistakes in lean implementation is the sub-optimization
of the process. Peter Senge (2006) conceptualizes organizations as

dynamic systems in states of continuous adaptation and improvement.

o One of the most powerful competitive advantages organizations depend on is
their workforce. Disengaged workforces are costing the global economy quite
a lot. Only 13% of employees worldwide are engaged at work, according to
Gallup's new 142-country study on the state of the Global Workplace, Gallup
(2012)

o Value Stream: mapping the customer value creation process from concept to
launch, order to delivery (information flow), and raw material to end-user
(material flow), Womack & Jones ( 1996). To do the value stream mapping, it
is imperative to grasp the current state by doing the ‘Gemba’ walk; as lean
practitioners practice it, ‘go and see.” These would enable us to see the current
state and the product and service provision gap based on the customer
perspective. Walking through the series of activities, one would identify the
value-added and non-value-added activities the customer is willing to pay for.
Based on the current state and customer value perspective, the future state
could be mapped by identifying any of the activities that do not add value for

the customer would be eliminated.

o People-based safety. One of the two pillars of lean philosophy is respect for
people. As the key organization’s capital, human capital, employees are the
core of an organization’s competitive advantage. Thus integrating safety in
every activity, the organization does and making safety a value brings

employees to a shared vision and take responsibility to own safety and act
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engagingly to keep the workplace free of injuries and minimize incidents that

could develop into accidents.

o Respect for people. One of the two pillars of lean philosophy is ‘Respect for
people’ people are the primary workforces to win or fail an organization.
Engaged and actively participating workforces are innovating work processes
and improving workplace safety systems. Coetzee et al. (2019) list that respect
for people could be expressed in terms of ‘teamwork, develop and challenge
people, motivation, develop people as problem-solvers, safety, remove waste

and display people’s capabilities.
o Safety I: That as few things as possible go wrong

o Safety-II: That as many things as possible go right, Hollnagel et al., (2015)

Fig 3.1 below illustrates the concept flow of the research framework.
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Figure 3.1 Research Framework
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3.3 Research Methodologies
Mixed research methodologies will be used to use the benefits of each. Collecting data
from multiple sources would enable us to minimize the bias and limitations of a single
method Maxwell, (1996); The Pell Institute, (2017). The descriptive and conceptual
methodology will be applied to evaluate, assess, benchmark, and develop a continuous

safety system improvement model that fits the context

Different kinds of data will be collected: quantitative, qualitative, primary, and
secondary data from Supplier Y and Operator X companies. Moreover, data from oil
and gas industry best practices, industry manuals, and annual safety reports, regulatory

bodies’ directives, regulations, etc.

3.4 Literature Review
In the literature review part of the research, various articles, periodicals, proceedings,
books, magazines, newsletters, newspapers, websites, and other materials were
reviewed to assess the state-of-the-art of safety system, continuous improvement in
safety, lean application in business process improvement in various industries in general

and oil and gas industry in particular.

Based on literature review and benchmarking of lean thinking Pioneers such as
manufacturing and healthcare industries, a safety system continuous improvement

model for oil and gas upstream context will be developed.

Supplier Y will be closely analyzed to explore its current safety practice and
opportunities for continuous improvement. The lean respect for people and a people-
based safety system are the two core ideas to be used in this research to conceptualize
Continuous safety system improvement for operators, suppliers, service providers, and
all stakeholders and players alike. The competitive business advantage of a safe
workplace and the overall synergy impact with respect to Operator X, supplier Y, and
other players along the value chain. To this end, the safety performance, injury rate,
business activity level and hazard exposure, types of activity, body part the most
injured, leading and lagging incident indicators of Operator X for the years ranging

from 2009 to 2018 will be closely analyzed.
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Figure 3.2 Articles screening process
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3.5 Primary and Secondary Data
Primary and Secondary data will be collected from Supplier Y and Operator X. As
mentioned earlier, Operator X has already started the first phase of implementing the
lean philosophy. Secondary data for the last ten years (2009-2018) has been collected,
so that to include the oil price boom and bust in the form of injury rate, total annual
hours worked, injury reports, injury investigations, types of activity, a company
working standard documents, governing documents, best practice documents will be
analyzed to evaluate operator’s X injury frequency rate as an indication for the sectors

performance compared to other industries injury rate.

Likewise, primary data from supplier Y employees in the form of a questionnaire will
be collected to include the practical hands-on experience of Supplier Y company
employees in workplace safety practices. The secondary data will include annual
financial reports, HSE reports, safety reports, Standard working instructions, governing
documents, best practice documents, published articles, books, industry standards,
manuals, lean enterprise, etc. The secondary data collected from Operator X will be
used to evaluate the continuous safety system improvement model, which will be

developed as part of this dissertation work.

The main types of data source where this research is based is primary and secondary
data. Secondary data from sources like published articles, books, industry standards,

manuals, lean enterprise, selected companies' annual safety reports, etc.

3.5.1 Tools and Methods
Various tools and methods will be used to analyze collected data and develop a
continuous safety system improvement model. Machine learning software such as
Random Forest (RF) algorithm, MS-Excel, etc., will be used. The Continuous safety
system improvement model would be a continuous safety system model based on the
philosophy of respect for people, employee engagement, and frontline employees’
involvement in business safety system continuous improvement for oil and gas
upstream sector activity, which is a contextual model tailored for oil and gas activity,

benchmarking the famous Toyota Production System (TPS) and lean philosophy.

In addition to the above tools and methods, lean practical problem-solving tools such

as PDCA, error proofing, 5S, 5SWhy, A3, etc., will be used.
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3.6 Chapter Summary
Journal articles search was limited to articles related to the safety system and lean
thinking published on Emerald Online, Science Direct, SpringerLink, and Taylor and
Francis publication portals. The researcher has chosen 1988 as the starting year as
Krafcik (1988) introduced the concept of lean for the first time in the article ‘Triumph
of the lean production system’. Articles were screened using screening processes shown

in Fig. 3.2, and 280 articles were considered for reference.

Keywords used in articles screening were Safety system, lean thinking,
continuous improvement, ‘respect for people, people-based safety, safety
compliance, workplace injuries, and machine learning.

Primary and secondary data were collected. Primary data were collected from
Supplier Y Company, and Secondary data was collected from Operator X
Company. Machine learning Random Forest algorithm was used to predict

injury rate using secondary data from Operator X.
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Chapter Four

4. Qualitative Data Analysis for Oil and Gas Industry Safety System

4.1 Introduction

International Labor Organization, ILO estimates that some 2.3 million women and men
worldwide are exposed to work-related accidents or diseases yearly; this corresponds
to over 6000 deaths daily. Worldwide, around 340 million occupational accidents and
160 million victims of work-related illnesses annually. The ILO updates these estimates
at intervals, and the updates indicate an increase in accidents and ill health (ILO.org).
Some of the major findings in the ILO’s latest statistical data on occupational accidents
and diseases and work-related deaths on a worldwide level include the following:
Diseases related to work cause the most deaths among workers. Hazardous substances
alone are estimated to cause 651,279 deaths a year. Younger and older workers are
particularly vulnerable. The ageing population in developed countries means that an
increasing number of older persons are working and need special consideration
(ILO.org).

Studies from the North Sea and globally show minor-to-major operational
accidents/incidents in the petroleum industry. The root cause of incidents upstream and
downstream is unsafe acts and conditions. To reduce the risk level of fatal and non-fatal
injuries, petroleum safety authorities emphasized implementing carefully designed
safety management strategies. The primary step is to prepare a plan that identifies all
safety hazards and risks, assessed, analyzed, and mitigated through a continuous
process (EU 2012; Bye et al., 2018).

Lean thinking is applied in the health care and manufacturing industries. This research
addresses how offshore operational safety is improved through lean thinking, where
upstream work processes are streamlined to eliminate process wastes, improve
workplace safety practices, hazard identifications, employees engagement, top
management leadership role in safety, supervisors, and frontline employees'
involvement in operation safety continuous improvement. The overall results are
improved productivity, minimized cost, reduced non-productive time, and increased

customer and employee value by creating a safe working environment.
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The Swiss cheese model could be an illustrative model that shows how different factors
could contribute to the causations of accidents, Reason (1990). This is also evident in
offshore oil and gas activities, where there are many factors that jeopardize the safety
of the workforce, assets, and the environment in general.

The very reason offshore structures should work under extreme weather conditions, the
structural and safety-critical equipment should stay intact and work properly for the
whole part of the installation's life cycle is due to the high cost of incidents and accidents
to assets and people and the environment. It is important to follow standards, codes,
guidelines, and best practices for any structural design and construction works to ensure
sustainable structural integrity. Sustainability is also the primary concern in the oil and
gas industry, Zhang et al. (2019). Figure 4.1 outlines the relationship between offshore
relevant international standards (ISO 10418:2019). The standards describe the lifecycle
phases of engineered works (Concept, Design, Construction, Operations and

Maintenance, and Termination) and safety and control issues during offshore operation.

ISO 10418 API RP 14C

Offshore production installations-

Process safety systems
production facilities

Analysis, design, installation and

testing of safety systems for offshore

I1SO 17776
Major accident hazard management during
design of new installations

Concept selection Operation

/ — [ \

Design and construction

Y

v

[— . T\

ISO 13702 ISO 23251 The IEC 61511 series
Control mitigation of fires and Pressure-relieving and depressuring Safety instrumented systems for the
explosion on offshore production systems process industry sector
installations

Figure 4.1: Relationship between offshore relevant standards (ISO 10418:2019).

Based on best practices and international standards, the NORSOK D10 standards are
designed for well and operation to be applied on the North Sea continental shelf.
NORSOK D10 standard (Well integrity in drilling and well operations) is the most

practiced standard in upstream oil and gas activities.
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NORSK D10 defines well integrity as the application of three solutions to reduce the
risk level of an undesired leak during the life of the well, which increases the maximum
productivity of the reservoir as well as avoids loss of natural resources and a safe
environment, NORSOK D10. This research focuses on organizational solutions
considering people-based safety; people are solutions providers, not problems, parallel
to lean thinking and respect for people.

Timely and proper incidents, accidents reporting, and recording would enhance learning
and applying continuous improvement and mitigation measures.  However,
occupational injuries, accidents, and environmental degradation issues reported during
petroleum works lack consistency (Ahmad et al., 2016). This is especially the case if
employees fear reprisal due to reporting incidents.

Figure 4.2 shows a typical best practice guidance for offshore lifecycle operations,
which includes exploration, development, production, and decommissioning phases,
European Commission, (2019). As illustrated, the activities include design, risk
assessment, and management, which must follow the recommended practices under the
mentioned activity guidelines. More detailed activities concerning operational phases,
both testing and acceptance criteria, are documented in NORSOK D-10. However, the
process requires continuous follow-up, inspection, remedial actions, and standards
updating. These are the key to prolonging the well's life cycle time, extracting efficient
energy with cost-effective investment, and improving HSE.

For instance, the operation investment is without return value during decommissioning
phases. However, continuous technological and innovative methods and reliable
standards, which suits best for this operation, can reduce the operational costs of plug
and abandon (P&A) and improve long-term integrity, a key factor for a safe
environment. This could promote sustainability by keeping the environment in good
order and balancing the ecosystem.

Hovda et al. (2008); Rehm (2013) argue that the oil and gas supply and demand
imbalances coupled with rare discoveries have led the industry to explore wildcat
projects in arctic and deep-water areas operationally challenging and impact the safety
conditions of the workforce. Since the drilling rig rate is expensive, the visible and non-
visible nonproductive times cost the oil industry a lot. The root cause of the NPT( Non-
productive time) is associated with, among others, kick, lost circulation, stuck pipe, drill
string failures, waiting for supplies, waiting on weather, waiting on service providers
fixing problems, and wellbore instability, activity stop due to safety-related incidents.
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Environmental monitoring (Activity 10)

Figure 4.2  offshore lifecycle and activities; Source: Best Available Techniques
Guidance Document on upstream hydrocarbon exploration and
production, European commission (2019).

Hydrocarbons Guidance Document

OFFSHORE Activities

Kick is an influx of hydrocarbon to the wellbore. It occurs when the wel pressure is
lower than the reservoir pressure. Controlling kick with properly designed control
procedures prevents undesired surface blowout. For instance, in 1988, the Piper alpha
blowout incidence in the North Sea cost 167 deaths, several serious injuries, and billions
of dollars Cullen, (1990). In 2010, the Deep-water Horizon blowout incident in the Gulf
of Mexico resulted in the largest oil spill in the oil and gas industry, Jernel6v, (2010).
The accident costs 11 human life, environmental pollution, and loss of enormous
resources, as shown in Figure 4.3. The root cause of the incident was eight fundamental
technical problems. Investigators indicated the operational gap between BP’s operation
with respect to NORSOK D-010 and API standards. Moreover, the standards do not
clearly define the negative-pressure test procedure and acceptance criteria. This
indicates the need to improve guidelines based on best practices (Gokulakrishanan &

Belayneh, 2018, Yeshitila et al., 2021).
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Figure 4.3: Blowout and its consequences Macondo, DHSG, 2011.

Pickrell & Bea (1997) indicated that humans and organizations are the key factors for
the safety of offshore/onshore structures engineering works such as design,
construction, operation, maintenance, and decommissioning. The human factor
involved continuous real-time safety management during operations and developing an
appropriate Safety Management Assessment to Sysprolonginglong the structures' life
(Pickrell & Bea, 1997).

According to Pate-Cornell, and Bea (1998), the incident in the Piper Alfa attributed to
human and organizational factors are involving hazardous technology failures, which
include poor design guidelines and design practices, mistakes in the management of the
personnel on board vs. safety, and as well as errors in decision/action, and lacking
attention to inspection and maintenance operations. One continuous safety

improvement practice must be designing a safety system to accommodate human errors.

The structural integrity of platforms might worsen due to physical damages such as
corrosion and mechanical impacts. Implementing Safety Management Assessment
System would reduce the risk of structural failure and accidents, reducing NPT wastes
related to maintenance and undesired expenditure. Ratnayake & Markeset (2010) argue
that Oil and Gas (O&GQG) platforms in the North Sea face aging problems as many
installations have matured and are approaching their design lifetime. To exemplify their
argument, the authors considered Flowline degradation due to corrosion and erosion.
The deterioration of a flowline may increase the risk of leakages, ruptures, etc., leading
to severe HSE (health, safety, and environmental) and financial consequences. As
exemplified earlier and documented in several papers, occupational injuries, accidents,
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and environmental degradation occurred during petroleum works. This also occurs in
the upstream (exploration and production sector) and downstream (petrochemical

industries).

4.2 Norwegian oil and gas sector activities
For the Norwegian sector, since the blowout incident in the Piper alpha, the petroleum
safety authority of Norway has been working hard to reduce the risk level of the HSE
issue. The HSE standard defines health, safety, and environment (HSE) concerning
construction and installation- activities on- and offshore, including marine installation
activities. The standard defines a project process through which all parties focus on risk,
activity, responsibility, systematization, and communication/collaboration (RNNP,

2019).

However, the yearly Risk level Norwegian petroleum activities report from operation
in the Norwegian Continental Shelf (NCS) indicated injuries to people; well control
incident, damages to structures, and marine systems, leak from wells, and incident on
ship collision and helicopter as well. Figure 4.4 shows the number of incidents recorded
from 2000-2017 on the exploration drilling and production drilling wells, RNNP
(2019). It is evident that the number of well control incidents on the production well
exhibited higher than the exploration wells due to the drilling depth and the
experiencing high reservoir pressure. The real root cause of the incidents is not

explicitly reported in detail.
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Figure 4.4 Number of well control incidents in exploration and production drilling,
2000-2017 RNNP (2019)

The RNNP has calculated the total indicators for major accidents based on the incident
frequency and the potential of the incidents to cause loss of life. Figure 4.5 displays the
results of the relative risk indicator for production facilities per year along with the

three-year rolling average, RNNP (2019).

The annual indicators show a large variations. It is reduced when displaying the three-
year rolling average, which clarifies the long-term trend. During the three years rolling
calculatiion, the working hours are used for normalising against activity level. Figure
4.5 shows that the total indicator for 2018 is the lowest for the entire period, RNNP
(2019). The main reason could be fewer activities due to the downturn period. However,

the active wells and activities still showed a minor risk level.
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Figure 4.5: Total indicator for major incidents per year, normalized against working
hours, annular values of and thee year rolling average (2000-2018).
RNNP (2019)

4.3 Lean Thinking and safety in upstream O&G

Currently, the oil and gas industry is working to develop methods and technologies to
improve operational performance, minimize HSE (Health, Safety and Environmental)
risks, reduce non-productive time, enhance productivity and hence minimize
operational costs and damage to assets and injuries to workforce.

Construction is like manufacturing cars, which use predesigned workflow processes to
achieve the desired final product. In recent years, the application of Lean thinking in
manufacturing, the auto industry, and health care has shown impressive results in waste
management, compelling performances, problem-solving, and customer value addition.
This study, therefore, would address the application of the lean philosophy of respect
for people and workforce engagement and involvement in business overall performance
that can be expressed in triple-bottom-line gain in the area of economic, environmental,
personnel safety, and social benefits in the oil and gas industry, with a specific focus in

offshore drilling and production sector.
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The leading oil and gas operator on the Norwegian continental shelf, Equinor has started
implementing lean philosophy, which has acquired popularity in the manufacturing and
health care industries (equinor.com).

According to Equinor is a way of working and a culture of continuous improvement in
every aspect of the company’s portfolios. Equinor is applying Lean thinking for the
business model and performance management, Fig 4.6, (equinor.com). The Lean
process requires continuous improvement during each phase of exploration and
production processes. The main goal is to improve safety practices and sustainable and
profitable operations. The critical elements in the Lean approach are understanding the
external and internal customer needs and requirements; optimizing product or service
value while reducing non-value-added activity; and engaging the organization in
identifying and realizing improvement opportunities. Identifying risks and

implementing them correctly is part of performance management (equinor.no).

CONTINUDUS IMPROVEMENT

/ /

A-STAMDARD

Desired

Task INTERACTION R

- Beavisible leoder ond role model. Set direction, observe and support
(N8N - Traim and empower your team
- Take full occountability for the desired result ond secure continuous Improvement

RISK MANAGEMENT

Vision

Values
Commitments
People
Leadership
Strategy

Strategic Action planning
objectives, -teams and Results
indicators individuals

CONTINUOUS IMPROVEMENT

Figure 4.6: Illustrations Equinor’s performance management, (equinor.no).
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4.3.1 Lean management for oil and gas

The primary objective of lean management is the elimination of waste. The concept
originated from the Toyota Production System (TPS). For this, Taiichi Ohno was the
first to establish efficient work processes. During different phases of petroleum
engineering work, wastes must be identified and continuously removed by optimizing
and updating the work process. The eight types of waste, plus the author of this study
would like to add safety incidents, lost time on injury, etc. as the Ninth waste, which
need to be eliminated are Defects, Overproduction, Waiting, Not Utilizing people's

Talent, Transportation, Inventory, Motion, and Over-processing, Taiichi Ohno (1988).

Researchers from the Massachusetts Institute of Technology (MIT) have identified the
success behind Toyota’s competitive advantage, Holweg (2007), and realized that the
company’s working culture and management system under the umbrella of TPS was
the catalyzing factor that resulted in the best performance in the auto industry, and

finally coined the production system as Lean production, Womack et al. (1990).

Gemba walk is the most appropriate tool to identify waste (Muda). The Gemba walk is
a technique that allows observing different processes occurrences in action and where
wasteful activities appear, and from the context of safety to hunt safety hazards. The
Five-whys and the A3 report are also lean tools used to investigate the root cause
analysis and problem-solving. The Five-why’s, as its name implies, comprises five
“why” questions, while the A3 is a bit more complicated process that encourages cross-

organizational knowledge sharing.

The core philosophy and two pillars of lean thinking are continuous improvement and
respect for people. One widespread lean practice for achieving continuous improvement
is through the Kaizen event. Kaizen is a Japanese word that translates as ‘change for
the better.” From the point of view of a safety system, safety is not the absence of an
accident. Thus, companies must continuously improve their safety system, learning

from the positive safety development, even when there are no accidents.
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4.3.2 The Eight Types of Waste in oil and gas Exploration & Production

In Lean management, the eight wastes (Muda) are the basic concepts that need to be
identified to optimize resources and increase profitability. The oil and gas industry has
been in a downturn where profit margins are ever diminished, various costs surge from
time to time, and access to new reserves is becoming challenging. Mckinsey & company
(2015); Favilla et al. (2012) pointed out that conventional oil and gas well delivery
accounts for 40 percent to 50 percent of the whole activities, Fig 4.7, of the capital
spending for exploration and production. Thus, it is imperative to streamline the oil and
gas exploration and production processes to minimize and eliminate non-value-adding

process wastes.

Other 3%
Directional work
Other

Compliance 9%

Wait on cement

Transportation 3%  NU/BOP
Rig move Surveys
Skid

Defects 13%
Repairs

Maintenance (i.e., lubricating)
Circulating

Waiting time 5%

Single 12-hr. shift during
much of rig mobilization

Wait on 3rd. partly crews
(e.g., casers, loggers, etc.)

Actual drilling 42%
Drill surface hole
Drill production hole

Motion 22% .

Rig up Run casing &
Rig down cement 3%
Tripping Run casing

Lay down drill pipe Pump cement for casing

Figure 4.7: Break down of rig activities categorized by waste, Favilla et al. (2012)

The following list discusses each kind of process waste from offshore drilling and

production perspectives.

o Transportation: Among the challenges in upstream offshore oil and gas
activities is the difficulty of supplying various supplies for the offshore
activities. The remoteness and harsh weather condition make it a daunting task

to deliver supplies without delays.
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In lean thinking, transportation is among the eight wastes. The longer the time spent on

transportation, the higher the total cost. Thus, it is in the best interest of the overall

business value chain to reduce transportation time, as this, from the perspective of lean

thinking, does not add value. Supply chain visibility, integrated drilling approach, and

collaboration of players along the value chain is best practice in reducing delays in

equipment and material supplies and total costs.

Figure 4.7 indicated that transportation was associated with rig move, and skid accounts

for 3%. Driving out non-productivity times and non-value-adding activities is a

principle of lean thinking.

Inventory Offshore remote exploration and production have imposed various
challenges on the oil and gas industry, Favilla et al. (2012). One of these
challenges is continuously supplying offshore drilling and production
installations with workforces, equipment, tools, spare parts, and food. Some of
the inventory items in conventional drilling processes are: drill pipes, drill bits,
drill collars, heavy-weight drill pipes and collars, casings, liners, drilling fluid,
cement, barite, lost circulation materials, various chemicals, spare parts, and
accessories for Mud Pumps, blow out preventers, drill line, motors, engines,
valves, surface equipment, living quarter related food items and other related
stuff. Helicopters and special vessels are used as means of supplying items. In
lean thinking, inventory waste is among the wastes. The inventory holding cost,
limitation, and shortage of space in offshore drilling installation further
complicate the matter.

Motion. Motion wastes are unnecessary movement by people working the job.
A working environment design using the science of Ergonomics and lean work
process streamlining would minimize non-value-adding employee motions and
reduce the risk and negative impact on the safety and health of employees that
could be caused by poor working environment design. People need unnecessary
movement to obtain information by walking up and down the rig deck, moving
between far-placed working stations for material, spare parts, and other supplies,
traveling to various offices to deliver papers, etc., is how motion wastes are
expressed. As shown in figure 4.7, the waste associated with motion accounts
for up to 22%. The main elements are rig up/down, tripping, and lying down.
Continuous development of rig and appropriate design reduces undesired

motion-related wastes. For instance, to reduce motion-based wastes, mitigating
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vibration through design and BHA control elements (shock absorber, anti-stick
slip tools) reduce the off bottom, improve drilling efficiency, and reduce
tripping as well as bit/BHA damage. This, as a result, reduces NPT and
operational costs.

e Waiting: Waiting is one of the most frequently happening wastes in offshore
oil and gas drilling; where there could be: waiting on an order, waiting on
service company crew and equipment, lost circulation, fishing, work on stuck
pipe, mud conditioning, waiting on weather, rig repair—waiting for goods to be
delivered. The most significant cost components in well delivery are attributed
to the rig rate and service and equipment rentals, typically costing between 50-
75% of the total well cost. These components are both time-dependent and a
function of prevailing service market demand. Conventional offshore drilling is
performed as a sequential activity where one phase of activity is finished to start
the next operation. For example, these are the main sequential activities:
drilling-wireline-casing-cementing, etc.

e Moreover, waiting could happen while waiting for a decision and further
information from the town on how to proceed on some critical issues. As shown
in Figure 11, waiting time on rig activities indicated about 5% waste, which is
associated with a single 12-hr shift, shift during much of rig mobilization, and
wait on third party crew (e.g., Mudlogger, etc.). Moreover, waiting on cement,
NU/BOP, and Surveys account for about 9% of waste.

e Overproduction: Lean practitioners consider overproduction as the
‘deadliest” waste of all as it causes other wastes, such as inventory, defect,
transportation, motion, overload to employees and creates unsafe conditions,
and overload the overall production system etc. In the offshore oil and gas
drilling context, overproduction could be expressed in the form of producing
more information than needed. One visible overproduction in offshore drilling
is various players in the value chain producing the exact deliverables and weakly
collaborated players in various service provisions. Another instance of
overproduction is where offshore employees are asked to daily report the same

safety observation stop card to various parties.

e Over-processing: Over-processing is exemplified in forms of processing

information beyond the requirement, over-engineering. In offshore drilling,
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over-processing could be revealed as long meetings, too many email exchanges,
reworks due to changes in deliverables, etc.

o Defects: Most North-sea offshore oil and gas installations are aging and liable
for defects due to corrosion and material fatigue. Defects and rework lead to
unnecessary effort and misappropriation of resources that could have been
invested in value-adding activities. In oil and gas projects’ environments where
several activities are undertaken concurrently, rework can occur from errors,
omissions, failures, damage, and change orders, Wilson & Odesola (2017).

o Waste of underutilized people: Refers to more people involved in a job than
necessary, not involving the associates in process improvement, not leveraging
the potential individual to the fullest, not using the creative brainpower of
employees, not giving the right assignment/work, uneven work distribution/load
balancing, and missed chance of not getting the input from employees, (Wahab
et al., 2013).

o Waste of Safety Incidents (Author’s perspective): Safety incidents cancel all
the productivity and quality efforts achieved through time. Safety incidents are
usually followed by activities that demand organizational time that otherwise

should have been used for value add activities.

4.3.3 Lean in Upstream E & P sector
Lean drilling applies the principles and embedded cultural philosophy of lean

manufacturing in all activities and phases of drilling, completion, and production
processes. The process streamlines all activities bypassing the conventional silo

functions.

Table 4.1 summarizes some lean applications in manufacturing and drilling
engineering. The National Institute of Standards and Technology (NIST)
Manufacturing Extension Partnership surveyed forty clients who had implemented
Lean Manufacturing, Kilpatrick (2003). The survey results showed that lean
manufacturing reduced (time, Work process inventory, and space utilization) and

increased productivity and quality significantly.

According to De Wardt & Company 2017, correctly applied lean drilling could improve
performance, including halving time using 30% cost reduction. Similarly, lean drilling

could lead to a 75% reduction in space utilization, promoting the industry’s safety
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practice. The upstream oil and gas sector is known for operating in an offshore

environment where Space utilization is always an issue.
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Table 4.1: Application of lean thinking in manufacturing and drilling engineering

works
Operation Method Improvement Authors
Drilling
Rig movement Lean drilling 30% De Wardt & company, 2017.
Rig move cycle Lean drilling 30-50% Womack et al., 1990
Well planning cycle time Lean drilling 40-50% Womack et al., 1990
from a good concept to
spud
Manufacturing
Lead time reduced Lean 90% Kilpatrick 2003; Bhim Singh
Manufacturing et al. 2010; Ugarte et al.,
2016
Productivity increased Lean 50% Kilpatrick, 2003; Amelia N,
Manufacturing 2013; Matthias Holweg,
2007; Bhim Singh et al.,
2010
Work in process inventory Lean 80% Kilpatrick, 2003; Bhim
reduced Manufacturing Singh et al., 2010
Quality improved Lean 80% Kilpatrick, 2003, Gustavo M
Manufacturing et al 2016, Matthias Holweg
2007
Space utilization reduced Lean 75% Kilpatrick 2003; S Alex et
Manufacturing al., 2010
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434 Lean HSE

The HSE management system is a tool to control and improve health, safety, and
environmental performance in all development programs of industrial and other
structural organizations. This is an integrated system, so all human, financial, and
equipment resources will support each other to provide a healthy and convenient

environment with no accidents and injuries (Farshad et al., 2006).

The oil and gas offshore activity is one of the high-risk industries. Thus, the sector gives
high emphasis on continual improvement in HSE performance. Developing an HSE
culture is a collaborative endeavor that requires the involvement of all concerned

players (Buell, 2006).

The two core pillars of lean philosophy are respect for people and continuous
improvement. Lean HSE bases its foundation on this philosophy, where HSE
performance cultures are promoted by workforce engagement and involvement instead
of the traditional approach of HSE compliance and Top-down policy procedures

without the front-line employees’ involvement.

Mario Cuin (2016) listed various factors that could contribute to an injury-free working
environment and factors (processes, tools, and best practices) that promote excellence

in HSE practices:

Setting zero-incident

Establish HSE Dashboard

Value stream ownership, accountability, and authority

Work permit

Regular HSE training

Weekly safety meetings

Frontline engagement, respect for people, workforces involvement

Job Safety Analysis ( JSA), Toolbox talk

YV V.V V V V V V

» Time out for safety and open communication
Following an established operational procedures with understanding and applying them
correctly will reduce the risk of HSE. However, according to lean thinking, since
operations and operational areas become complex, the standards and best practices
should be continuously updated, and employees must be trained regularly. It is also
important to insure that the identified risks are understood to take a correct measures.
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Correct radio communication is vital during operation, reducing the risk of

misunderstanding and making the job more understandable and effective.

All these rely on the efficient training program, which is essential for personnel on
identified equipment and operations and operational limitations due to wind, rig heave,
etc. Moreover, follow operational requirements to prevent falling objects from securing
tools and materials to prevent them from falling on people below. The use of barricades
in hazard areas and post warning signs, use of toe boards, screens on guardrails, or

scaffolds help to prevent falling objects.

HSE culture development is not a one-moment endeavor. It needs continuous learning,
problem-solving, and experimentation using the scientific problem-solving method,

such as PDCA A3, root cause analysis, 5 why, 5S, error proofing, Gemba walk, etc.

4.3.5 Lean Operational safety
Lean thinking is not all about applying lean tools, which some lean practicing
companies customary. Lean thinking is a cultural mindset whereby organizations
pursue continuous improvement by combining the human side of lean and respect for
people. Lean thinking is an all-rounded philosophy that focuses on waste elimination,
customer value innovation, smooth process flow, employee engagement and
involvement, problem-solving, knowledge sharing, open communication, and
continuous collaboration among all stakeholders and players. Some of the lean tools
that could promote working environment safety, employees’ ergonomics, and value

stream visibility are:

v Five S’s (sort; set in order; shine; standardize, and sustain). Using this lean tool, the
organization could maintain a visible working environment along the workflow.
People could easily see problems, unsafe process lines, and defects before it could
result in hazardous situations that may lead to incidents, near misses, and accidents.
Emphasis has also been laid on using 5S as a workplace organization method,
maximizing efficiency and effectiveness by identifying and storing the items used,
maintaining the area and items, and sustaining the new order. In a clean and tidy

work environment, it would be easy to see problems exposed to the surface.
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v" Error proofing, ‘Poka Yoke’ in Japanese, is a lean tool that helps prevent
human error by disabling a system not to function in case of operator error or
failure to ‘fail-safe.” This is one of the practical tools that could be
implemented in a process line to stop a process when it is deemed unsafe. For
example, a washing machine could not start when the door opened (Shigeo
Shingo). Error-Proofing (Poka-yoke) Poka-yoke is a Japanese word for error-
proofing (or fail-safe) which involves all the measures taken to minimize or
prevent defects from occurring on-site (Conner, 2001).

It is a way of avoiding unintended errors that is simple and cost-effective. It also
involves all the necessary actions that prevent hazards from occurring and measures
taken to prevent the employee from getting in contact with them. The concept relies on
creating ideas that alert the occurrence of potential defects. According to Shingo, a
defect occurs when a mistake reaches a customer, and the aim of applying this tool is
to prevent those mistakes from becoming defects, Bicheno, (2000).

In Lean manufacturing, Shingo introduced Poka-yoke (fail-safe) devices to prevent
defective parts from flowing through the production process with the concept relying
on the creation of ideas that alert the occurrence of potential defects (Salem et al., 2005).
The use of error-proofing (or fail-safe) devices is key to maintaining improvements in

an organization (Pasquire & Connoly, 2002; Bashir, A. M. 2013).

v' “Plan, do, check, act” (PDCA): a continuous process of business improvement
method where processes are iteratively done to identify problems and take
countermeasures and measure the performance and keep the cycle continuously for
continuous improvement ( Deming, 1986).

v' Five whys is an iterative problem-solving method that one uses to ask why
until reaching out to discover the root cause of the problem. This has an
important implication in working environment safety where it helps to fix the
root cause of the problem that could be a source of the accident. When analyzing
a problem, there are two root causes to be identified a) Why the defect was made
and b) Why the defect was not detected (at the point of cause). The SWhy
process, but more importantly, the ‘thinking way’ is a practical yet simple and
flexible method to deliver robust results and help ensure that you resolve

problems quickly and effectively.
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The 5 Whys, the five-time repetition of “why” (5 whys) when confronted with a
problem, helps to discover the root cause of the (Nicholas, 1998).

The Toyota production system is developed on the practice and evolution of this
scientific approach. The name originated from the fact that “why” needs to be asked at
least five times to trace the root cause of a problem Bicheno, (2000). The tool requires
the workforce and the management to ask “why?” over and over when a problem
occurs. By doing this, the initial cause of the problem could be traced until all defects

are exposed and addressed to prevent reoccurrence (Bashir, A. M. 2013).

v" Production leveling, Japanese Heijunka, is a process of leveling production to reduce
Mura( unevenness) in production that could result in Muri ( overburden) that could
wear away machines, equipment, and even workforces that operate the system (TPS,
2001).

The above-mentioned lean tools are just a few examples that could be applied in
promoting a working environment safety culture. It is imperative to note that any tool,
techniques, and best practices bring fruit whenever it gets buy-in from the workforce

and employees' full engagement.

4.3.6 Lean thinking for the long-term integrity

The offshore oil and gas installations need a high level of integrity as these installations
are deemed to endure harsh offshore weather conditions and physical contact with
seawater. Thus periodic maintenance and inspection are required to keep and integrity
of these installation to avoid accidents to people, negative impact on the ecosystem, and

damage to assets.

An example of an offshore installation integrity issue was the Piper Alfa incidents in
the NCS. Piper Alpha, Offshore, (1988) accident killed 167 workers in the North Sea
after a major explosion and fire on an offshore platform. The official inquiry found a
number of technical and organizational failures. Maintenance errors that eventually led
to the leak resulted from inexperience, poor maintenance procedures and poor learning
by the organizations, and the permit-to-work system at shift changeover and safety

procedures were not practiced sufficiently (Pate-Cornell, 1993; Cullen, 1990).

The root cause of the Piper Alpha incident indicated that the maintenance error finally

led to the leak due to inexperience on the part of operators, poor maintenance
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procedures, poor learning by the organizations, and the permit-to-work system. Shift
changeover and safety procedures were not practiced sufficiently. These issues should
be continuously upgraded; people should be trained and ensure the procedures are
implemented correctly and regularly. People organization in the right place and proper
data transfer and documentation will minimize the incidence of HSE and structural
failure.

Report from Trends in risk level in the petroleum activity (RNNP) indicated that the
upstream sector experiences major and minor incidents every year. Continuous and
Proper communication between operator/company personnel offshore, onshore, and at
a logistic base for efficient mobilizing and de-mobilizing of equipment will impact the
operation's effectiveness and reduction of process wastes and inefficiencies. Since the
petroleum safety authority is responsible for the safety issues, a regular discussion
forum with the operators and other stakeholders will help to update the standards.

It is practiced in the lean community using the methodology Toyota Kata, where
processes of learning and experimentation are taken to explore a new target and
challenges. It is a continuous learning and problem-solving methodology with a

streamlined organization vision shared by all employees.

In line with this, oil and gas companies use After-action review (AAR), a structured
review or de-brief (debriefing) process for analyzing what happened? Why does it
happen? Moreover, how can the participants and those responsible for the project or
event do it better? Similarly, the AAR is the process of analyzing what was planned?
What happened? What do we learn? In addition, what can we do better next time? After
reviewing these, PDCA will follow, and the process will be continuously implemented

along with the continuously improved workflows and recommended standards.

4.3.7 Injuries in oil and gas
Safety is a critical issue in the oil and gas industry. The oil and gas industries use a
significant number of standards and guidelines. Using these standards enhances
technical integrity, improves safety, reduces environmental damage, and promotes

business efficiencies that result in reduced costs.

It is common practice to perform a risk assessment for all well operations. When
performing the risk assessment for a given operation, such as system

installation/construction procedures, it is important to identify any risks associated with
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the system that have safety and environmental impact, Bellarby, (2009). Once the risks
are identified, they are grouped according to their impacts and the likelihood

(probability) (Inderberg & Neuenkirchen, 2010).

The oil and gas industry are currently moving to the digitization and automating
operations. A carefully designed workflow would contribute greatly to efficient and
optimized operations. For this, an appropriate experience and expertise are the key to
interpreting if incase an incident alarm is detected. This will greatly help in moving
ahead or conducting a quick remedial action.

The common assert by lean practitioners is that the leading cause of process waste is
broken processes. Thus, process waste elimination and employee involvement in
continuous process improvement would positively improve the working environment
safety culture. When it comes to safety, the authors found it exemplery to refer to the
experience of the leading oil and gas operator on the Norwegian continental shelf
(NCS). Equinor's Safety standard under the umbrella of ‘I am safety’ is a personal

engagement, and responsibility for safety is the foundation for Equinor's safety culture.

From Northsea offshore day-to-day activities, hand injury is the most common personal
incident and accident. Bone fractures were the most frequent reportable accident,

followed by strains and lacerations, Fig 4.8 (oil and gas UK).
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Figure 4.8 Reportable injuries by type (Health and safety, OGUK 2019 )

Based on the reports, literature review, and primary data, the author of this study has
developed a conceptual model focusing on one of the most frequent injuries, hand injury
(Fig. 4.9). The abbreviation HAND has been used as a metaphor to aware each and
every employee to focus on the task at hand with high attention. HAND stands for; H=
Hazard, A=Awareness, N= Neutralization, D= Deliberation/Decision. Thus this is a
continuous cycle of focusing on a task by following steps; Hazard assessment and
awareness of the danger and neutralizing it, and doing the task with deliberation or safe
decision to execute the task at hand. Thus with this simple rule, one would evaluate the
potential hazards to safeguard the precious body part hand before we extend our hand

to the hazards and dangers around us.

The literature gap identifies that near-misses and minor injuries are usually overlooked,
escaped, and left unreported. Nevertheless, whatever small the near misses or injury
level, open communication and learning from the incident and improving the process

towards value addition to contributing positively to employee safety need to be part of
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the organization's culture as safety is a paradigm shift in organizational culture than a

one-time program.
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Figure 4.9 Conceptual model for HAND injury awareness (Authors perspective)

4.4 Work environment safety from the context of offshore oil and gas
drilling & Production

The contemporary corporate organization's sustainability expressed in terms of social,
economic, environmental, and safety aspects are becoming the norm. The globalized
business environment has allowed businesses to equally access technology,
information, and other important resources. Thus, the differentiating factor in
competition is how each of these firms uses their workforce’s talent and creativity, gets
them involved and engages strategically. Businesses focus on customers’ values and

continuously innovate business processes.

By its very nature, offshore oil and gas exploration and production activities have a high
impact on the environment, social, workforce, and ecosystem, and the consequence of
accidents on an organization in particular. Thus, developing an accident-free working
environment is in an organization's best interest to pursue business sustainably and
acquire the consent of the interest groups (government regulatory body, environmental

group, local community, workers union, other industries such as fishing, etc.)

Work environment safety in the context of offshore oil and gas drilling and production
is a result of workforce safety culture, offshore installations integrity, company HSE

best practices, regulatory body standards, safety management systems, organizational
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problem-solving culture, employee engagement and involvement, and continuous HSE

improvement culture, a collaboration of all players along the value chain.

Commanding and controlling safety measures as if it was against the employees'
interests sends a wrong message as if safety measures are not in line with employees’
interests. Safety measures must value the employees' well-being and be leveraged as a

common interest to build trust between employees and top management.

Focusing on major accidents and giving less emphasis on near-misses and minor
incidents, and not reporting and recording such incidents and communicating company-
wide to learn from them led to missing the root causes of accidents and missing how

events develop to cause a major accident.

The safety system is part of the overall organization system embedded in every process.
One of the common mistakes in safety management is attempting to tackle safety as a
one-time endeavor and flavor of the month on a non-continuous campaign approach
basis. Contrary to this, lean thinking considers the system approach and tackling
problems along the value chain using a value stream mapping approach to identify
activities in the process that do not add value; safety is not different. The lean approach
advocates people are not the cause of problems. Instead, the broken process is the cause

of the problem, not different from safety as a process.

Safety system problem-solving methods need to be bottom-up and up-down. Using
Safety staff and frontline employees alone without top management involvement does
not bear the envisioned fruit. Safety is everybody’s responsibility. The lean approach
bases any improvement on respect for people's philosophy. Thus, the employee is the
one doing the job and at the same time improving the work process, including safety as

part of the process.

Compliance is the foundation and the minimum requirement in safety management.
Hence, compliance is not quite enough to prevent accidents and incidents. People-based
approaches and continuous safety improvement are beyond regulatory control, where
employees go beyond compliance to exert discretionary efforts.

Thus, this study suggests that the lean philosophy of employees’ engagement,
workforce involvement, cross-functional collaboration, and committed leadership
complements the safety system of standards, procedures, policies, and regulations. Lean

is a people system; people are the key to breaking or realizing a safety system in the
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work environment to keep themselves and others safe. Hence, a lean thinking-based
safety system is a people-based safety system that would allow the individual employee
to focus on the task with the right to stop the work in case of doubt, unsafe acts, and
unsafe conditions.

The overall results of effective lean thinking implementation are improved
productivity, minimized cost, reduced non-productive time, and reduced waiting related
to incidents and accidents. The author of this study argues that there is a missing factor
in the equation of offshore oil and gas activities by not giving the weight it needs to
involve and engage the frontline employees in devising a continuous improvement
system. The human side of the equation has been given less weight and emphasis to
standards, procedures, regulations, and policies. As is customary in lean thinking
practices, the key secrets of an outstanding organization could be the foundation of the

organization on one of the two pillars: respect for employees.

4.5 Accident causation theory
It is imperative to know accident causation reasons to apply mitigating and controlling
measures accordingly. Among the many theories of accident causation theories, this
research focuses on the Domino accident causation theory and ‘Swiss Cheese’ accident
causation theory, as these two are the most used theories in the oil and gas industry.
Pejman et al. (2013) argue that most workplace accidents originate from human errors

and operation sources such as equipment and assets in work processes settings.

In oil and gas, most incidents cause minor injuries and near-miss incidents. The leading
causes for these incidents are attributed to unsafe acts; other possible causes are unsafe
conditions. To identify the reasons or the factors contributing to accidents, several
theories have been developed by researchers. Domino theory is one of the dominant

ones.

Accidents within oil and gas sites usually come from heights, machines, being struck
by falling objects, and vehicle crashes, Wang, W., Liu, J., & Chou, S., (2006). Some
accidents cause the conditions to lead to downtime and expenses due to remedy and
compensation. Domino theory focuses on developing a coherent theory that can define
and justify the accident factors. It also emphasizes the processes contributing to
accidents occurring within the workplace at all levels of employees, from general

workers to engineers and managers.
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Herbert William Heinrich developed a theory called Domino theory (1929). The theory

has been developed many times during several years. The steps of accident causations

labeled on five metaphorical dominos in the sequences are shown below, Fig 4.10:

, S, |
N

Social Fault of the
Environment person
(Carelessness
and Ancestry

Unsafe Act
ar
Condition

Accident

Injury

Figure 4.10 Heinriech’s Domino’s sequences of accident causation theory, (Rad, K. G.

(2013)

» Social Environment and Ancestry: Some characteristics such as recklessness,

greed, and bad temper are originated from either inheritance or social

environment. In other words, such traits can be raised by nature and nurture,

contributing to a person's fault.

» The Person's fault: Some unpleasant manners or traits such as ignorance,

recklessness, and bad temper can be innate. Also, such traits can appear due to

life environments contributing to unsafe Acts or conditions.

> Unsafe Acts or Conditions: Unsafe acts and unsafe conditions are labeled on the

domino at the center of sequences contributing to an accident. They are the most

significant factor to cause an accident (Michalis & Myrto, 2012).

Fig 4.11 illustrates the most common contributing factors to the occurrences of
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the accident: unsafe equipment, job site condition, unique nature of the industry,

unsafe method, human element, management, etc.

FACTORS AFFECTING THE OCCURANCE OF ACCIDENT
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Figure 4.11 Workplace projects Features, Michalis & Myrto, (2012).
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Accidents at workplace sites are unplanned occurrences involving the movement of
persons, objects, or materials which may result in injuries, damages, and losses to
properties or people. Most accidents happen as a result of unsafe acts and unsafe
conditions. Causation theories are in recognizing how hazards in the workplace

workplaces cause losses (Seyyed & Zahra, 2012).

4.6 Workplace injuries in the oil and Gas context

The oil and gas industry will be the primary energy source for the future. The oil and
gas exploration and production processes are considered the most hazardous activities.
The sector sustains various kinds of injuries, from minor to major ones. Among the
minor injuries, hand injury is the most frequent in the workplace daily. The good news
is these injuries could easily be prevented with continuous safety system improvement

and active participation, engagement, and workforce involvement.

Oil and gas safety practices should be more than compliance with the regulation.
Compliance is important, but compliance alone could not spare the industry from

incidents and accidents. Safety should be considered a competitive advantage that could
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give the sector a competitive edge to do the sector’s business competitively and safely.
Mindful safety practices are the ability to be aware of the environment's critical factors
and act appropriately when dangers arise (Qyvind & Trond, 2018).

The oil and gas safety practice and agenda should incorporate every employee on the
same page and have a shared vision of safety as an essential value in the value chain
that every player in the sector needs to be shouldered. To this end, coordination among
the players is imperative (Jan Hovden et al., 2008).

The very nature of the products the sector produces and the remoteness of the working
environment exposed the sector to a more hazardous environment than other industries.
The fast growth in the industry globally has raised concerns about safety and health
issues in the workplace. As a result, more occupational accidents and injuries in the
workplace make headline news all over the globe (Wameedh et al., 2011).

The upstream oil & gas industry has been frustrated by the sector’s stubbornly high rate
of injuries and fatalities. As the saying goes, Management guru Peter Drucker once said,
“Only what gets measured, gets managed.” As this quote exemplifies, it could apply to
safety data. Fortunately, the oil and gas industry has access to huge safety data that
could help measure and manage the industry’s safety performance. The industry may
make considerable progress by applying “Big Data” analytical tools to the large
volumes of safety-related data collected by these organizations (Kim Hua et al., 2016).
In the current oil and gas business conditions, profit margins are diminished, which
could lead to productivity compromising safety measures. Interest in developing an
appropriate safety culture in the oil and gas industry has taken center stage among
stakeholders. Human behavior has been identified as a major contributor to
occupational accidents, where abnormal activities associated with safety management
are considered normal behavior. Lack of good safety culture is one of the major factors
influencing employees’ safety behavior at work, which may result in injuries and
accidents. Promoting such a culture can improve workers' safety performance
(Ehiaguina & Moda 2020).

Oil and gas are one of the conservative industries with capital-intensive investment and
many different players operating in parallel at a particular project, sometimes with less
visual collaboration and clear communication in the value chain, especially across the
suppliers’ line. The oil and gas industry boasts a hard-earned reputation of being able
to get the job done anytime, anywhere. Unfortunately, this distinction has also produced
an inherent attitude that too often puts the job first, regardless of personal safety. The
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industry began promoting a "safety first" approach to confront the ongoing stigma of
poor safety practices. As admirable as this goal is, many health, safety, and
environmental (HSE) professionals found that deeply ingrained attitudes and practices

are challenging to change (Ratliff, 2004).

The author of this research argues that the oil and gas industry has to do more to
innovate its safety system so that injury rates could be reduced and incidents and
accidents would be minimized as low as reasonably practicable. There is increasing
interest in risk and safety research to reflect risk fluctuations in the operational phase to

avoid major accidents (Xue Yang et al., 2018).

During the last few years, there is an increase in occupational accident figures in
different workplaces around the world. A number of causes contribute to these
accidents, but one of the main causes is human error. In the context of the Oil and Gas
(O&G) industry, human error constitutes the largest contributor to all accidents. As the
O&G industry has the most hazardous working environment and deals with various
hazardous chemicals and operations, the consequence of these accidents is too high for

the employees, workplace, economy, and society (Alkhaldi et al., 2017).

Oil and gas field projects are performed with job safety analysis, focusing on risk
identification for risky tasks. A Permit to Work is an integrated part of an Oil and Gas
company's Safety Management System and a key component of a Safe Work System.
A PTW System helps to certify that all work is planned, communicated, controlled, and
carried out safely. Permit-To-Work is a proven best-practice method to confirm safety
practices on dangerous hazardous worksites. A permit is a written, signed legal
document distributed to all concerned bodies involved in the task at hand and is a means
of communication between site management, plant supervisors, operators, and those

who carry out the work (Rizwan & Al-Marri 2012).

Before incidents surfaced and were visible at a workplace, Fig 4.12, they would stay
hidden below in the forms of an unsafe condition and unsafe act. That is why oil and

gas companies must practice hazard hunts in the work processes.
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\ Unsafe Act]s

Figure 4.12 Iceberg example unsafe act and conditions, Source: Total Safety Culture
Presented by Jason Thompson Total (slidetodoc.com)

4.7 Primary and secondary data presentation

Hand injury is one of the most frequent injuries in the oil and gas industry. One-third
of all oil and gas industry accidents are hand injuries. The industry uses various
campaigns to avoid hand injury and applies engineering and work practice controls to
protect employees from potential hand injuries.
Potential Hand Hazards include:

o Skin absorption

o Severe cuts, lacerations, or abrasions

o Fractures and amputations

o Punctures

o Chemical or thermal burns

o Electrical dangers

o Harmful temperature extremes, Source (OPEC safety, PPT-
SM.HANDSFTY 2014).

Parkes & Swash (1999) argue that the upper extremities were the most frequently

injured body part, and crush injuries were mainly associated with drilling activities.
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Moreover, the authors found that the most common incident types were slips/trips/falls,
handling goods and materials, use of machinery, and lifting/crane operations; however,
these different types of incidents were significantly distributed across work areas. In the
offshore oil and gas industry, especially when there is pressure on project completion,
longer working hours, extreme weather conditions, and some work areas (e.g., drilling)

are identified as disproportionately hazardous (Parkes & Swash, 1999).

The oil and gas industry's upstream safety system has developed through time. The
sector has been transforming the safety systems, plans, procedures, and work
instructions. The sector players, operators, engineering service companies, drilling
contractors, and other third-party contractors are combining efforts to create a safe
working environment. Unfortunately, the sector is still engaging in minor to major
accidents and injuries that cost a tremendous amount of money and affect the productive

workforce of the sector.

The new unconventional oil and gas exploration and production technologies, such as
multilateral drilling and Hydraulic fracturing, have opened the way for exploring oil
and gas resources in unchartered areas and remote locations, which were previously
deemed uneconomical with conventional drilling techniques Witter et al.,(2014). This
development has posed extra safety hazards to the working environment. The oil and
gas workplace fatality frequency is 2.5 times greater than the construction industry and
seven times higher than the general industry; however, injury rates are lower than in the

construction industry (Witter et al., 2014).

Safety hazards are all around us. It is not easy to avoid and eliminate all hazards, but
we can create an injury-free workplace. Workplace injuries are an unwanted output
within the upstream oil and gas activities. Li-Ting Yeh (2017) argues a number of
studies on workplace injuries have used various econometric models to examine the
elements that affect safety performance. An efficient safety policy is required to reduce

workplace injury that engages and involves the frontline employees.

Since 1968 the oil and gas industry has been the backbone of Norway’s economy. With
stringent safety regulations from the Norway Safety Authority and oil and gas industry-
wide safety system reform, the industry is doing its best to control operational hazards.

Daniel et al. (2017) assert that it is important to monitor the operational hazards by
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using applicable safety indicators for proactive prevention of accidents in the upstream

oil and gas sector.

HSE management is a vital ingredient of Oil and Gas industry operations because most
of the operational conditions, chemicals, and end products (hydrocarbons and other
compounds) associated with Oil and Gas production are well-known to pose serious

safety and health threats to the employees.

Considering the hazardous nature of the Oil and Gas industry, implementing an efficient
occupational HSE Management System is crucial for improving HSE performance. On
10th  June 2013, the EU developed a Directive on safety for offshore oil and gas
operations. Due to regulatory compliance pressure, the principal responsibility of
ensuring operational safety and sustainability is placed on the Oil and Gas industry

(Neha Chauhan, 2013).

Safety and Injury Hazards Possible Causes

Motor Vehicle Accident safety features’

+ Fatigue due to long driving distance and long working shifts

+  Often the roads leading to well sites lack firm shoulders and other

‘\

>

Contact Injuries i
or other objects

*  Workers being struck by, entangled, or crushed by tools, machinery

* Presence of highly combustible hydrocarbons
Fire and Explosions

* Presence of oxygen/ignition source

°><
“

+ Frequent need to work at elevations
Slips, Trips and Falls
+ Uneven Surface

* Improper use or non-availability of fall protection systems

According to NIOSH, confined space refers to a space which by
design has’:

Confined Space

+ Limited opening for entry and exit
*  Unfavorable natural ventilation

+ Mot designed for continuous employee occupancy

pipelines, silos, etc.

Examples of confined places in Oil and Gas industry are storage tanks,

s<
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Figure 4.13  Safety and injury hazards in oil and gas
Accident prevention is the key to any organization's effective Health, Safety, and

Environmental management system. Hazards are different for different industries;
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subsequent safety risks are not uniform. A need arose to review and interpret the

accident patterns (Siva & Nihal, 2015).

In the 21° century, organizations have realized that workplace injuries are no longer
tolerable. Nevertheless, the focus was on reacting to accidents and their corrective
actions. A need has arisen to understand the root causes of accidents, learn lessons from

past incidents, and establish a sustainable safety culture.

Job safety Analysis focuses on the relationship between the worker, the task, the tools,
and the work environment. As the phrase, 'job safety analysis is not restricted to only
the identification of hazards, but the implementation of controls (Mitigation plans) and
validation and the usefulness of those controls, the word 'safety’ will have a more
focused meaning in the context of the assessment of risk in a job. A JSA is a task-
oriented risk assessment that a work team can apply before undertaking a potentially

hazardous activity (Rizwan & Al Marri, 2012).

Employers also have indirect costs related to incidents, and these include Loss of soft
and hard skills and expertise of the employee; Costs related to getting a new employee
to replace the injured employee, including overhead costs, training, medical reviews,
etc.; Repatriation costs associated with returning the worker to their home (port Mills,

2009; Martinovich, T. 2013).
Working in the offshore industry is demanding of various factors, some of which are:
o Working away from family for extended periods;
o Withdrawal from society for extended periods;
o Working on sea
o Working on a confined platform
o Lack of social outlet or interaction;
o Physical nature of the work;
o Extended hours of work;

o The need for continuous support from land connectivity;
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(Pryor, 2009)

While shift work is important to the economy, evidence suggests that it is associated
with a physical and emotional toll on employees (Yueng-Hsiang, Jiu-Chiuan,

DeArmondc, Cigularovc, & Chenc, 2007).

Work-related accidents are unacceptable in terms of human, environmental and
commercial costs. In order to eliminate work-related injury and illness, it is imperative
to develop a set of concepts that are equally applicable to all events and lead to improved

accident/illness prevention strategies, Reason (1997).

Quite a good number of global employees are employed directly or indirectly by the
O&G industry. As a result of the nature and location of oil and gas operations, the risks
of incidents happening in this particular industry are higher than in most other
industries. According to the US national safety council, non-fatal work-related injuries
are 49% higher in the O&G field services industry than for all US industries combined,
and these injuries are more severe. This is a disturbing statistic, particularly since most
companies in this domain consider occupational safety a high priority. However, serious

injuries still challenge the industry's development (Hackitt, 2010).

Most injuries in the offshore O&G environment are due to minor incidents related to
slips, trips, falls, or manual handling. Improper ergonomics in the working environment
or layout design can also contribute to these injuries through fatigue, human error, and

high workloads (Hackitt, 2010).

Mearns, Flin, Gordon, & Fleming (2001) argue that 'unsafe' behavior is the 'best'
indicator of accidents and near misses. The high frequency of work-related injuries
affecting young workers and people new to the industry could be attributed to a number
of factors, including lack of information, lack of training, lack of supervision, lack of
experience on the job, and lack of knowledge and skills. It is important to note that
many workers in this industry begin work early, often without adequate safety training

(Knox, 2009).

Firms need to understand that as the workforce continues to age, diversify and change,
they need to adapt and modify how they manage the needs of the employees, Hackitt,
(2012). There are 5 main groups of health hazards in the offshore O&G industry:
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o Musculoskeletal disorders (manual handling, ergonomics)

o Hazardous substances

o Physical hazards (noise, vibration, asbestos, and radiation)

o Biological hazards (food/water hygiene)

o Psychosocial hazards, stress, anxiety, etc. Hackitt, (2012).

The very nature of the substances handled by oil and gas makes it one of the most

hazardous working environments. Thus,

extraordinary measures

and active

involvement by all players is imperative to keep the workplace safe for the employees.

The primary data collected from supplier Y Company's field employees have been
presented below. Supplier Y company has around 50 employees working on offshore
field sites. 50 questionnaires were sent via email, and 34 were collected. Supplier Y is

a multinational company with activities all over the world.

Table 4.2 Supplier Y questionnaire respondents’' profile

Respondents

Company country of | % Gender Remarks
origin

o o
Norway 43% 19\/;ale %o gemale %0
UK 3% 100 -
Romania 6% 50 50
Portugal 3% 100 -
Latvia 6% 100 -
. Somalia 6% 50 50

Supplier ¥ Sudan 3% 100 -
Italy 6% 100 -
Iran 3% 100 -
Poland 12% 100
Serbia 3% 100 -
Germany 6% 100
Subtotal 100% 83% 17%
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Table 4.3 Questionnaire response for the four questions presented

Opinion A Opinion B Opinion C Opinion D
Question Remarks
Respondents | Respondents | Respondents | Respondents
. 61 %
Question 1 (drafting) 27 %Top 6 % (Safety Off) | 6 Y%o(frontline)
(Regulators)
: 18.2% 42.4% (unsafe
Question2( cause) (employee) 39.4%(broken) condition) 0
%ggsnon.% (Injury | 88 0/ (hand) 12 % (back) 0 0
Question4 0 54.6% 45.4% 0
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Questionnaires result discussion.

Percentage

Questionnaire Result
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Figure 4.14 Questionnaire Result

Question 1.

In your opinion, who do you assert has the main responsibility in drafting oil and gas
safety systems, procedures, plans, and policies?

A.

Top management B. safety officer C. frontline employees D. regulatory bodies
27% of the respondents assert top management, 6% of safety officers, 6% of
frontline employees, and 61% regulatory bodies are responsible for drafting oil
and gas safety system procedures, plans, and policies. This is the best indicator
that the oil and gas safety system is driven by compliance. The author of this
study argues that compliance is the basis of the safety system; the industry needs
to do beyond compliance to avoid safety incidents. With 100% compliant safety
system, we could still encounter safety incidents. Thus the industry needs to
engage in a paradigm shift of tackling safety issues with non-conventional
methods such as lean safety with continuous safety improvement.

Question 2.

In your opinion, what could be the main cause of accidents in the oil and gas upstream
offshore sector?

A.

Employees B. broken processes C. unsafe conditions

18.2% of respondents assert employees, 39.4% broken processes, and 42.4 %
unsafe conditions are the main cause of oil and gas upstream offshore sector
accidents. Research indicates that unsafe act causes 90% of accidents. But most
of the safety measures are addressed to minimize unsafe conditions, contributing
to accident causation by just 10%.
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Question 3.

In your opinion, what is the common injury type in the oil and gas upstream offshore
sector?
A. Hand injury B. Back injury C. eye injury D. Neck injury

88% of respondents assert that hand injuries and 12% back injuries are common in the
oil and gas upstream offshore sector. This questionnaire result is in line with the
findings of secondary data. As the frequency of hand injury is alarmingly high, the
author of this study developed a Hand-cycle conceptual model to minimize the
frequency of Hand injury.

Question 4.

In your opinion, what is the leading indicator for predictive safety measures for the oil
and gas upstream offshore sector?

A. fatality B. recordable injuries C. near misses D. lost-time days

54.6 % of respondents assert that recordable injuries and 45.4% near misses are the
leading indicators for oil and gas upstream offshore sector predictive safety measures.

This result indicates that minor injuries are the most active type compared to fatality.
Still, surprisingly, top management, media, and the industry focus on fatality and take
the minor injuries untouched without realizing that fatality results from unnoticed near-
misses and minor injuries.

Secondary data has been collected from International Oil and Gas producers to illustrate
the safety trends and injury status in the oil and gas work environment, described by

cause activity, region, total recordable injury rate, incident, fatalities, function, country,
organization type (operator, supplier, contractor, etc.).
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Figure 4.15 Lifesaving rules, IOGP, 2018
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Fig. 4.15 lists the nine lifesaving rules most practiced in oil and gas company safety
meetings, safety inductions, and hazards hunt and risk analysis.

Secondary data collected from International oil and gas producers (IOGP) are



tabulated in the tables below to show fatalities in the oil and gas industry by
cause, activity, regions, and functions.

As shown in Fig 4.16, Explosion, being caught in between, and being struck by are the
three most causes that led to Fatalities (2015-2019)
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Figure 4.16. Fatalities by cause 2015-2019, IOGP

As illustrated in Fig. 4.17, production, drilling, and transportation are the three main
activities that caused the highest fatalities, Fatality by activity (2015-

2019)
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Figure 4.17 Fatality by Activity 2015-2019, IOGP
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Fatalities, fatal accident rate, fatal incident
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Figure 4.18 Fatalities, fatal accident rate, fatal incident, IOGP

Fig. 4.19 shows that the total recordable injury rate is the highest for the region of
Europe in 2019. This is a typical indicator of under-reporting by some regions.

Total Recordeable Injury Rate
2,5

m Africa
u Asia / Australasia

Europe

Axis Title

Middle East
m North America

m Russia & Central Asia
S 2016 2017 2018 2019 m South & Central America
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Figure 4.19 Total Recordable Injury rate, IOGP

Fig. 4.20 shows that production and drilling activities recorded the highest fatal
incidents and fatalities, and 2015 was the deadliest year.
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Figure 4.20 Fatalities and fatal incident, IOGP

Fig. 4.21 shows that offshore activities recorded the highest total recordable injury rate,
and the contractor employees are the most affected compared to Company (operator)
employees.
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Figure 4.21 TRIR Company, Contractor, onshore, offshore, IOGP
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4.8 Chapter Summary

The lean eight wastes are contextualized to pinpoint the wastes in relation to the oil and
gas industry safety system. The author of this study also presented the 9" waste
proposition using own perspective on, Safety incident as the 9" waste. Lean tools with
unique enabling factors for promoting safety were discussed. These lean tools were: 5S,

Error Proofing, PDCA, 5Why, and Heijunka (Production leveling).

The author of the study developed a conceptual model focusing on one of the most
frequently active injury types in the oil and gas industry. Based on the reports, literature
review, and primary data, the author of this study has developed a conceptual model
focusing on one of the most frequent injuries, hand injury (Fig. 4.9). The abbreviation
HAND has been used as a metaphor to make aware each and every employee to focus
on the task at hand with high attention. HAND stands for; H= Hazard, A=Awareness,
N= Neutralization, D= Deliberation/Decision. Thus this is a continuous cycle of
focusing on a task by following steps; Hazard assessment and awareness of the danger
and neutralizing it, and doing the task with deliberation or safe decision to execute the
task at hand. Thus, with this simple rule, one would evaluate the potential hazards to
safeguard the precious body part hand before extending our hand to the hazards and

dangers around us.

Primary data were collected from Supplier Y company employees. Questionnaires were
sent to 50 field employees of Supplier Y employees, and 33 of them returned. 27% of
the respondents assert top management, 6% of safety officers, 6% frontline employees,
and 61% of regulatory bodies are responsible for drafting oil and gas safety system

procedures, plans, and policies.

18.2% of respondents assert employees, 39.4% broken processes, and 42.4 % unsafe
conditions are the main cause of oil and gas upstream offshore sector accidents. 88% of
respondents assert that hand injuries and 12% back injuries are common in the oil and
gas upstream offshore sector. 54.6 % of respondents assert that recordable injuries and
45.4% near misses are the leading indicators for oil and gas upstream offshore sector

predictive safety measures.
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The secondary data from International Oil and Gas Producers (IOGP) shows that
production and drilling activities recorded the highest fatal incidents and fatalities, and
2015 was the deadliest year (Fig. 4.20). Offshore activities recorded the highest total
recordable injury rate. The contractor employees are the most affected compared to
Company (operator) employees (Fig. 4.21). The total recordable injury rate is the
highest for the region of Europe in 2019 (Fig. 4.19). This is a typical indicator of under-
reporting by some regions. As shown in (Fig 416), Explosion, being caught in between,

and being struck by are the three most causes that led to Fatalities (2015-2019).
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Chapter Five

5. Model Development
5.1 Oil and Gas workplace Injury rate

Workplace injuries are common and destructive to persons, organizations, and society.
Various instruments presently exist designed to assess workplace injury factors
(Fullarton & Stokes, 2007). For this dissertation, primary data and secondary data were
collected. The primary data was collected from Supplier Y company employees with
rich experience in the upstream sector of North-sea exploration and drilling. The
primary questionnaire was designed based on the research questions and taking

advantage of the safety guru approach to safety excellence (Dan Petersen, 2003).

There is considerable variability in occupational injury rates across companies, even
within the same industry. In the Operator’s company, Operator X, secondary data was
used to develop a continuous safety system improvement model. The model has been

developed in such a way that it could predict workplace injury rates.

The formula to calculate lost time injury frequency rate per million hours worked,
LTIFR.

It is as follows: No. of lost-time injuries in the reporting period, X 1,000,000 divided
by total hours worked in the reporting period (McVittie et al., 1997).

The company’s LTIFR indicates lost time injuries for every million person-hours
worked. LTIFR can benchmark the safety performance of a company, sector, or
industry compared to its peers in the industry or across industries.

Oil and gas safety system continuous improvement scheme should be determined for
lowering LTIFR. The workplace lost injury rate could be reduced by creating a safety
culture involving employees in the safety system. Naturally, the frontline employees
are the ones that pay the highest cost and the ones exposed to severe hazards. Thus, the
frontline employees are best placed to improve the safety system continuously. This
could be achieved by reporting incidents and near misses, suggesting safety
improvement ideas, and actively participating in innovating the safety system.

It has been best practice in the oil and gas industry to do toolbox talk, job safety analysis,

hazard hunt, work permit, and risk assessment according to the job. Clear and timely
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communication among all parties involved is imperative to have everyone on the same
page and avoid misunderstanding and confusion at work (McVittie et al., 1997).

The O&G industry has been through a period in which substantial cost reductions have
been made in order to match expenditure to income levels. Restructuring in the
petroleum industry has sparked a discussion on whether comprehensive cost reductions
may increase the risk of undesirable incidents. The Norwegian petroleum safety
authority has identified the following key features:

» The involvement of employee representatives in HSE cases arrives too late.
» Insufficient time is allocated to safety work.

» Lack of training/expertise among safety delegates.

» Employee participation becomes weaker as the contract chains lengthen.

» HSE departments taking over aspects of the safety service’s role.

5.2 Random Forest Model for system model development
This dissertation uses a random forest prediction model to predict the injury frequency
rate of upstream oil and gas accidents. The Random Forest method was first proposed
by Leo Breiman and Adele Cutler, 2001. It is a machine learning algorithm that trains
and analyzes samples through multiple trees. The decision trees are classification
models that predict categories or take labels by inputting features. At the same time, the
random forest is a model composed which multiple decision trees due to different
training data. Its result combines all decision tree outputs, which is more stable and with

higher prediction accuracy.

Random sampling with replacement in the Random forests progresses, and select each
tree from the entire set. The relationship of the feature at this node needs to be calculated
at each node, and then select one branch to move to the next node according to the

operation result.

Random Forest Model is easy to operate than a ready-made random forest bagging (R)
in R. In Random forest prediction, the data is divided into two parts, for example, for
this study: 80% of the training samples and 20% of the testing samples, (Sun Yuxuan,
2014); Zhou Qian et al., 2006; Zhang Weihua et al., 2009; Wu c.H et al., 2004).

The important evaluation function of the RF injury frequency rate model offers the
capability to assist decision-makers in evaluating the oil and gas sector injury rate
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related to various activities and total hours worked in a million and a number of reported

accidents.

RF is one of the most widely used Machine Learning methods in real production
settings. Random Forest is one of the most popular algorithms for regression problems

(i.e., predicting continuous outcomes) because of its simplicity and high accuracy.

The RF regression algorithm uses the ‘wisdom of the crowds.” RF takes multiple (but
different) regression decision trees and makes them ‘vote.” Each tree needs to predict.

RF regression then calculates the average of all of the predictions.

RF regression is a popular algorithm due to its many benefits in production settings:
Extremely high accuracy. Random forest regression achieves extremely high accuracies
thanks to its ‘wisdom of the crowds’ approach. RF usually produces better results than

other linear models, including linear regression and logistic regression.

RF is both a supervised learning algorithm and an ensemble algorithm. RF is supervised
in that it learns the mappings between inputs and outputs during training. Ensemble
algorithms combine other machine learning algorithms to perform more accurate
predictions than any underlying algorithm could on its own. In the case of RF, it
ensembles multiple decision trees into its final decision, for a given input. RF regression

uses the average of those predictions as its ‘final’ output (Breiman, 2001).
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Average All Predictions

:

Random Forest
Prediction

Figure 5.1 Random Forest Prediction trees (Breiman, 2001)

Hyperparameter finds an optimal number for max depth. More trees usually mean
higher accuracy at the cost of slower learning. If we wish to speed up our random forest,
lower the number of estimators. If we want to increase the accuracy of our model,

increase the number of trees (Kyungsu & Hanguk, 2019).

In this study, the Random Forest model was built to predict occupational accident types
using a random forest (RF) algorithm. The accuracy score of the RF model for this study
was 86 %. The Random Forest algorithm was selected as it is the best fit model for
predicting injury rate because the algorithm uses bootstrap and bagging to avoid the

noise and biases one encounters in using a decision tree.

Injury prediction is a dynamic process where enablers, directly and indirectly, affect the

occurrence of injuries. Some of these factors that could contribute to injuries are
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environmental factors, human factors, and working conditions. The prediction model
would capture the dynamic nature of the working environment, activity type, working

hours, number of injuries, and injury rate (Yu Zhang et al., 2018).

A machine learning framework is presented to predict injury frequency. Predictive
models, including regression trees and Random Forests, are used to identify the injury

frequency rate probabilistically. High prediction accuracies of 86% are achieved.

Development of a new model for predicting injury rate using random forests (RFs), a
data-driven machine learning technique. The best-performing RF model achieved a

mean absolute error (MAE) of 35.0415 min, Khaled Hamad et al., (2020).

To demonstrate that random forest models trained on injury rate samples can accurately
predict relevant outcomes. Injury data from the 2009-2018 NCS Sample were used to
develop random forest machine learning models to predict injury rates. This study
demonstrates that machine learning models may suitably predict the injury rate for oil
and gas work environment based on activity type, work hours worked, number of

injuries, etc.

The secondary data used for developing the system model has been used from, Injuries

in permanently placed facilities.

The Python code for the model development has been shown below:
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In [18]: # -*. coding: utf-8 -*-
@author: Desalegn

import pandas as pd

import numpy as np

import matplotlib.pyplot as plt

from sklearn.preprocessing import OnedotEncoder

from sklearn.model_selection import train_test_split
from sklearn.model_selection import Gridsearchov
from sklearn.ensemble import RandomForestRegressor
from sklearn.metrics import r2_score

#import dota

df = pd.read_csv('Data-1.csv')

#%% One Hot Enconding

#import encoder

cat_enc = oneHotEnceder(handle_unknown="ignore®)

#encode Activity column
enc_df = pd.Dataframe(cat_enc.fit transform{df[['Activity']]).toarray(})

#X% Merging data frames df + enc_df

reduced df = df.drop(['Activity'], axis=1) #create a new data frame dropping the activity column as it is hot enconded
final_df = enc_df.join(reduced df).to_numpy() # merge both dataframes

#%% Doto Prepargtion for ML

X = final_df[e:,:7] #Features: Year, Activity, Work-Hours, Injuries

y = final_df[e:,-1] #Lobels: Injury-rate

#Create troin and test dateset with an 80:28 split
x_train, x_test, y_train, y_test = train_test_split(x,y,test_size=e.2,random_state = e,shuffle = False)

#Further divide troiming dotaset inte troin and velidotion dotoset with an 89:2¢ split
¥_train, x_val, y_train, y_val = train_test_split(x_traim,y_train,test_size=e.2,random_state = @, shuffle = False)

#2% Hyperparemeter tuming

#Random Forest

param_listl = {"n_estimators"”: [1@,38,5e,7@], "max_depth"; [18,28,38]}

RFR_model = RandomForestRegressor{random_state = @)

grid_searchl = GridSearchCV(RFR_model, param_grid=param_list1 , cv=18, scoring='r2" , n_jobs=4).fit{x_train,y_train)

print(“Best parameters RandcmForest:", grid_searchi.best_estimator_)
print(“Best score RFR:", grid_searchl.best score_ )

¥ Function for rumning ML models

def evaluate medel(rf, x_train, x val, x test, y_train, v_wal, y_test):
rf.fit(x_train, y_train)
validation = rf.predict(x_val)
predictions = rf.predict(x_test)

print(f'r2_val = {r2_score(y_val,validation}}')
print{f‘rR2 = {r2_score(y_test,predictions)}')

plt.figure(figsize=(g,6))
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¢ function to plot results

plt.scatter(y_test,predictions, s=2, c="black",label="nata sample”, alpha=1)

plt.plot([@,np.max([y_test,predictions])], [8,np.max{[y_test,predictions])],c="red", linewidth=1, linestyle="..", label="perfi
plt.xlabel("Truth")

plt.ylabel("Model")

plt.legend()

plt.grid()

plt.text(e.e61, 8.881, f'$7*2% = {np.round{r2_score{y_test,predictions),3)}')

return
#% Random Forest
rf = RandomForestRegressor(n_estimators = 38, random_state = @,max_depth=1a)
evaluate_model(rf, x_train, x_val, x_test, y_train, y_val, y_test)

y , 3

Best parameters RandomrForest: RandomForestRegressor(max_depth=18, n_estimators=3e, random_state=@)
Best score RFR: -35.84149739837@91

A2_val = 9.9256449973006885

R2 = B.8567833226739€232
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Figure 5.2 Injury Prediction RF Model
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5.3 Chapter Summary

In this study, the Random Forest model was built to predict occupational accident types
using a random forest (RF) algorithm. The accuracy score of the RF model for this study
was 86 %. The RF prediction model was based on ten years (2009-2018) secondary
data from Operator X Company.
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Chapter Six

6. Contribution to Body of Knowledge

Based on primary data, this dissertation research found that the hand is the most injured
body part. This is in line with secondary data findings. To eliminate and minimize the
high frequency of hand injury, the author of this study developed a conceptual model.
This Hand cycle could positively impact hand injury and contribute to business
performance by creating a safe working culture and climate for the workforce. Oil and
Gas field personnel validated the conceptual model. It verified the model as a model
easy to use. It made aware the performer of the job use the most valuable, intricate, and

non-replaceable body part, HAND, wisely and safely without injury.

It is known that lean thinking has eight well-defined wastes. This study identified
safety-related incidents as the 10™ Waste related to Safety Incidents. When there is a
safety incident, the common trend is operation stops, and investigation mandated, which
results in safety incident waste. This is an excellent indicator to top management that’
good safety is good business and vice versa.” The misconception by management taking
safety as a cost-incurring activity needs to change. Safety needs to be engrained in the

overall process, and quality is not different from productivity.
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Chapter Seven

7. Conclusion & Recommendation

7.1 Conclusion

Most safety researches focus on safety incidents caused by unsafe conditions, while
90% of incidents happen due to unsafe acts. Most O&G incidents happen when
employees disregard safety rules (Unsafe acts), and management ignores the
presence of unsafe conditions. Therefore unsafe acts and conditions are the
immediate (direct) causes of accidents. On the other hand, the physical and mental
condition of the employee, as well as environmental forces and supervisory safety
performance, are the contributory (indirect) causes of accidents, Seyyed & Zahra,
(2012).

Compliance with safety regulations is insufficient to eliminate accidents and assure
a safe environment (Gambetese and Pestana 2014). Improving safety in oil and gas
remains a priority in almost every country worldwide since the oil and gas industry
stands out among all other industries as the main contributor to severe and fatal
accidents, Ghosh & Young-Corbett, (2009).

Safety-related incidents, accidents, and near misses could be attributed to different
factors:

Individual factors: Employees do not possess adequate technical knowledge,
experience, competency, and training in relation to their work and the existing
workplace hazards—Ilow level of employee involvement in continuous safety

system improvement.

= Poor experience and unfamiliarity with work nature, workplace, and used tools,
particularly for newly recruited workers. Poor onboarding for new employees,
complacency for experienced employees, and sticking to the old way of doing

safety, mainly focusing on compliance to safety requirements.

= Using the improper tool for the wrong task. Sometimes with poor work planning
and job execution using the wrong tools deemed unsuitable for the job.
= Negative attitudes & habits of employees for safety practice, assuming it is
something the top management requires in a top-down chain of command.

-Job factors:
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= As the oil and gas prices sustained long-term all-time low, they usually project
pressure on everyone involved for better KPI, which sometimes creates workload
increases the work pressure that negatively affects employees' safety behavior
(Amponsah-Tawaih, Adu, 2016). This may lead to potential workplace injuries.
Organizational factors:

= The unresponsiveness of the management to HSE issues. The current practice in
safety system management is the reactive management approach giving safety
issues attention whenever an incident happens. No practice of taking safety systems
differently, to build on the positive developments of the safety system and
continuously improve with every player’s involvement.

= Negative peer group pressure. As the work environment is becoming diverse
regarding employees’ background explained, years of experience, educational
background, multinational composition, and negative peer pressure could lead to

safety incidents.

= Lack or absence of coordination in the workplace. The oil and gas offshore field
activity comprises operators, suppliers, contractors, regulators, and other players.
Usually, the synergy among these players is not visible, especially regarding
continuous improvement in safety management.

= Poor working procedure of the conducted works. Fortunately, the oil and gas
industry has a good record of established working procedures. Still, from time to
time, in the name of completing projects within deadlines, people use shortcuts and

procedures bypassed.

= Lack of supervision. Safety leadership is still missing in the sector, as
management and frontline supervisors engage in safety matters only during
incidents. Otherwise, a safety system is not embedded in business work processes

to add value.

= Poor safety culture. Everything comes to the working safety culture. Safety
culture is how activities are performed when no one is watching. If safety were
considered the responsibility of everyone, safety would not be a one-time effort; it
could be a culture in the work setting.

= Uncontrolled workplace hazards. Unfortunately, the oil and gas upstream work

environment is the most hazardous workplace. Unidentified workplace hazards
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could lead to incidents. Before executing the job, there needs to be a persistent
hazard hunt, risk management, mitigation, and control mechanism (El Bouti &

Allouch, (2017).

In 21-century corporate organizations, sustainability expressed in terms of social,
economic, environmental, and safety aspects are becoming the norm. By its very nature,
offshore oil and gas exploration and production activities have a high impact on the
environment, social, workforce, and ecosystem, and the consequence of accidents on an
organization in particular. Thus, developing an accident-free working environment is in an
organization's best interest to pursue business sustainably and acquire the consent of the
interest groups (government regulatory body, environmental group, local community,

workers union, other industries such as fishing, etc.)

Work environment safety in the context of offshore oil and gas drilling and production
is a result of workforce safety culture, offshore installations integrity, company HSE
best practices, regulatory body standards, safety management systems, organizational
problem-solving culture, employee engagement and involvement, and continuous HSE
improvement culture collaborating and players along the value chain.
The most common non-fatal injuries in the O&G upstream sector include:

e Hand injury

o Lacerations

e Fractures and broken bones

e Burmns

o Internal or external chemical burns

e Neck injuries

e Spinal cord injuries, etc.

The following are the most common causal factors that appear regularly in workplace

incidents from the oil and gas upstream context:

. Inadequate training/competence

. Improper decision-making and frontline employees’ low involvement in

safety matters.

. Work standards/procedures bypassed
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. Inadequate supervision and reactive measures in safety issues

. Inadequate hazard identification or risk assessment
. Focus on compliance instead of continuous safety system improvement
. Lack of focus, improper position (line of fire)

7.2 Recommendation

For Management

o Never base safety performance on an employee’s number of safety incidents.
As this could result in under-reporting safety incidents.
o Do not just focus on incidents that went wrong; it is a learning benchmark to
focus on safety systems that have gone right also.
o Do not make safety improvement a one-time endeavor that you would start
when an incident happens; it should be a continuous improvement process
ingrained in the business processes.
o Alllevels of management need to be actively involved in safety manners instead
of leaving safety for the safety officers.
o Management leadership in safety is crucial to get everyone involved in safety
efforts.
o Management should refrain from overloading employees, which usually
happens to meet deadlines, which could result in stress and incidents, and
accidents.
o Safety systems must be designed considering human error to result in fail-safe.
o Management needs to center every safety-related decision on ‘Respect for
employees.’
o Establish proper on-boarding and induction for new employees to ensure new
employees become aware of hazards at the workplace.
o Create a workplace ergonomically suitable for employees
For Employees

o Employees have the right to stop the job if they deem it unsafe.

o Employees have the right to speak up when they face unsafe acts and conditions.
152 | Page

AAIT



o Employees are best placed on hunting hazards and continuously improve safety
systems in their work environment.

o Your safety is in your hand and your responsibility, take it seriously and be
actively involved.

o Good housekeeping tidy and clean work environment enhance good safety
practices.

o Never take shortcuts; take the time to properly risk analyze and take all safety
measures the job requires.

o Isolate hazardous energy sources using Lockout, tag-out (LOTO) practices.

O As this dissertation conceptual modeling dictates, use proper body positioning, particularly
your hand. The abbreviation HAND has been used as a metaphor to make every
employee focus on the task at hand with high attention. HAND stands for; H=
Hazard, A=Awareness, N= Neutralization, D= Deliberation/Decision.

7.3 Future Research Areas
The main focus of this dissertation study has been the oil and gas industry safety system.
The industry has a very strict policy on data usage and confidentiality. In line with this,

getting primary data was a big challenge. Future studies could be based on big data.

Artificial intelligence (AI) has been an innovative business tool. In this dissertation, the
Machine learning (ML) algorithm, Random Forest, has been used to predict injury rates
in the upstream oil and gas sector. Future research could use different algorithms to

compare the prediction accuracy.

This dissertation specifically focused on the safety practices of the upstream oil and gas
sector targeting the North-sea sector. Future research could compare and contrast safety
practices in different regions of the globe, for example, safety practices in the Middle

East and safety practices in Northern Europe.

153 | Page

AAIT



References

A O'Dea, R Flin, Site managers and safety leadership in the offshore oil and gas
industry, Safety Science, Volume 37, Issue 1,2001, Pages 39-57, ISSN 0925-
7535,https://doi.org/10.1016/S0925-7535(00)00049-
(https://www.sciencedirect.com/science/article/pii/S0925753500000497).

A. Moeuf, S. Tamayo S. Lamouri, R. Pellerin, A. Lelievre, 2016”  Strengths and
weaknesses of small and medium sized enterprises regarding the implementation of lean
manufacturing, “IFAC-Papers Online 49-12 (2016) 071-076.

Aas, B., Halskau Sr, 0. & Wallace, S. The role of supply vessels in offshore logistics.
Marit Econ Logist 11, 302325 (2009). https://doi.org/10.1057/mel.2009.7.

Abudayyeh, O., Fredericks, T. K., Butt, S. E., & Shaar, A. (2006). An investigation of
management’s commitment to construction safety. International Journal of Project

Management, 24(2), 167-174.

Adam Brown, Joseph Amundson & Fazleena Badurdeen, “Sustainable value stream
mapping (Sus-VSM) in different manufacturing system configurations: application case
studies,” Journal of Cleaner Production 85 (2014).

Ahmad, W.; Rezaei, J.; Tavasszy, L.A.; de Brito, M.P. Commitment to and
preparedness for sustainable supply chain management in the oil and gas industry. J.
Environ. Manag. 2016, 180, 202-213.

Alan D. Smith, 2011, Managing supply chain complexities and integration issues for
competitive advantage: a comparative analysis, International Journal of Logistics
Systems and Management.

Alexandra Tenera & Luis Carneiro Pinto, 2014, “A Lean Six Sigma (LSS) project
management improvement model” Procedia - Social and Behavioral Sciences 119
(2014) 912 —920.

Amelia Natasya Abdul Wahab, Muriati Mukhtar & Riza Sulaiman, 2013, “ A
Conceptual Model of Lean Manufacturing Dimensions,” procedia Technology 11
(2013) 1292 — 1298.

Amelia Natasya Abdul Wahab, Muriati Mukhtar, Riza Sulaiman, A Conceptual Model
of Lean Manufacturing Dimensions, Procedia Technology, Volume 11, 2013, Pages
1292-1298, ISSN 2212-0173, https://doi.org/10.1016/].protcy.2013.12.327.

Amir Azizia &Thulasi a/p Manoharanb, 2015 “Designing a Future Value Stream
Mapping to Reduce Lead Time using SMED-A Case Study” 2nd International
Materials, Industrial, and Manufacturing Engineering Conference, MIMEC2015, 4-6
February 2015, Bali Indonesia.

154 | Page

AAIT



Andrea Brasco Pampanelli, Pauline Found, Andrea Moura Bernardes, 2014 “A Lean &
Green Model for a production cell,” Journal of Cleaner Production 85 (2014) 19-30.

Andrea Chiarini, (2012), "Lean production: mistakes and limitations of accounting
systems inside the SME sector," Journal of Manufacturing Technology Management,
Vol. 23 Iss 5 pp. 681 — 700.

Andrew Cumbers, Danny Mackinnon, Keith Chapman, 2003, Innovation,
Collaboration, and Learning in Regional Clusters: A Study of SMEs in the Aberdeen
Oil Complex, Sage Journals.

Andriulo, S., Gnoni, M. G., & Duraccio, V. (2015). Using accident precursor events for
supporting a dynamic risk analysis at lean workplace. In 25th European Safety and

Reliability Conference, ESREL (pp. 3253-3258).

Ans Kolk, Jonatan Pinkse, 2005, Business Responses to Climate Change: Identifying
Emergent Strategies, California Management Review.

Antillon, E. I. (2010). A research synthesis on the interface between lean construction

and safety management (Doctoral dissertation, University of Colorado at Boulder).

Antoine J.-P. Tixier, Matthew R. Hallowell, Balaji Rajagopalan, Dean Bowman,
Application of machine learning to construction injury prediction, Automation in
Construction, Volume 69, 2016, Pages 102-114, ISSN 0926-5805,
https://doi.org/10.1016/j.autcon.2016.05.016.

Anvari, A., Zulkifli, N., & Yusuff, R. M. (2011). Evaluation of approaches to safety in
lean manufacturing and safety management systems and clarification of the relationship
between them. World Applied Sciences Journal, 15(1), 19-26.

Arash Azadegana, Pankaj C. Patel, Abouzar Zangoueinezhad & Kevin Linderman,
“The effect of environmental complexity and environmental dynamism on lean
practices” Journal of Operations Management 31 (2013) 193-212.

Arnout Pool, Jacob Wijngaard , Durk-Joukevander Zee, 2011, “Lean planning in the
semi-process industry, a case study, “Int. J. Production Economics 131 (2011) 194—
203.

Asif, M., & Muneer, T. (2007). Energy supply, its demand, and security issues for
developed and emerging economies. Renewable and sustainable energy reviews, 11(7),

1388-1413.

Awada, M. A., Lakkis, B. S., Doughan, A. R., & Hamzeh, F. R. (2016, July). Influence
of lean concepts on safety in the Lebanese construction industry. In Proc. 24th Ann.

Conf. of the Int’l. Group for Lean Construction, Boston, MA, USA, sect (pp. 63-72).

155|Page

AAIT



B.J. Hicks, 2007, “Lean information management: Understanding and eliminating
waste,” International Journal of Information Management 27 (2007) 233-249.

Bain & Company, 2013, Operational excellence: The imperative for oil and gas
companies.

Bajjou, M. S., Chafi, A., & En-Nadi, A. (2017). The potential effectiveness of lean
construction tools in promoting safety on construction sites. In International Journal of

Engineering Research in Africa (Vol. 33, pp. 179-193). Trans Tech Publications Ltd.

Barbara Resta , Daryl Powell , Paolo Gaiardelli & Stefano Dotti , 2015 “Towards a
framework for lean operations in product-oriented product service systems,” CIRP
Journal of Manufacturing Science and Technology 9 (2015) 12-22.

Bashir, A. M. (2013). A framework for utilizing lean construction strategies to promote

safety on construction sites.

Bashir, A. M., Suresh, S., Proverbs, D., & Gameson, R. (2011, September). A critical,
theoretical, review of the impacts of lean construction tools in reducing accidents on
construction sites. In Proceedings of 27th Annual ARCOM Conference, Bristol, UK,

Association of Researchers in Construction Management (pp. 5-7).

Baumann, A., Norman, P., Idriss-Wheeler, D., Rizk, P., & Fu, K. (2015). Employees
Participating in Change (EPIC): An Empowerment Approach to Improving Staff
Health, Safety and Wellness. International Journal of Health, Wellness & Society, 5(4).

Beyond Productivity and Continuous Improvement: Fundamentals required for Lean
Complex transformation” IFAC-Papers OnLine 49-12 (2016) 467—472.

Bigliani, R. (2013). Reducing risk in oil and gas operations. IDC Energy Insights,
(May), 1-15.

Bill Rehm, Jerome Schubert, Arash Haghshenas, Amir Saman Paknejad, Jim Hughes
//Managed Pressure Drilling // Elsevier, 2013 ISBN 0127999876, 9780127999876.

Brant D. Pickrell and Robert G. Bea//Assessment of Human & Organizational Factors
in Operations of Marine Terminals and Offshore Platforms //Department of Civil and
Environmental Engineering University of California, Berkeley.

Brown, J. (Ed.). (2014, July 12). Fueling the Oil and Gas Supply Chain. Retrieved
August 17,
Brunilde Verrier, Bertrand Rose & Emmanuel Caillaud, 2016 “Lean and Green

strategy: the Lean and Green House and maturity deployment model,” Journal of
Cleaner Production 116 (2016) 150-156.

156 |Page

AAIT



Brunilde Verrier, Bertrand Rose, Emmanuel Caillaud, Hakim Remita, 2014
“Combining organizational performance with sustainable development issues: the Lean
and Green project benchmarking repository,” Journal of Cleaner Production 85 (2014)
83-93.

Bye, Rolf & Johnsen, S. & Lillehammer, Grethe. (2018). Addressing Differences in
Safety Influencing Factors-A Comparison of Offshore and Onshore Helicopter
Operations. Safety. 4. 10.3390/safety4010004.

Camuffo, A., De Stefano, F. & Paolino, C. Safety Reloaded: Lean Operations and High
Involvement Work Practices for Sustainable Workplaces. J Bus Ethics 143, 245-259
(2017). https://doi.org/10.1007/s10551-015-2590-8.

Carsten Reuter, Kai Foerstl, Evi Hartmann, Constantin Blome, 2010, Sustainable
Global Supplier Management: The role of Dynamic Capabilities in achieving
competitive advantage, Journal of Supply Chain management.

Castanheira, P. Z., & Loos, M. J. (2019). The benefits of applying a Kaizen in the area
of health and safety at work: a case study in a textile industry. Journal of Lean

Systems, 4(1), 02-21.

Chan, F. T. S., Lau, H. C. W,, Ip, R. W. L., Chan, H. K., & Kong, S. (2005).
Implementation of total productive maintenance: A case study. International journal of
production economics, 95(1), 71-94.

Cheyne, A., Cox, S., Oliver, A., & Tomads, J. M. (1998). Modelling safety climate in
the prediction of levels of safety activity. Work & Stress, 12(3), 255-271.

Chot, J., Gu, B., Chin, S., & Lee, J. (2020). Machine learning predictive model based
on national data for fatal accidents of construction workers. Automation in
Construction, 110, 102974,

Chopra, S. (2011). The impact of strategic management on business outcomes. Journal
for East European Management Studies, 227-241.

Chopra, S. (2011). The impact of strategic management on business outcomes. Journal
for East European Management Studies, 227-241.

Choudhry, R. M., Fang, D., & Mohamed, S. (2007). The nature of safety culture: A
survey of the state-of-the-art. Safety Science, 45(10), 993-1012.

157 |Page

AAIT



Christopher, M., & Holweg, M. (2011). “Supply Chain 2.0”’: Managing supply chains
in the era of turbulence. International journal of physical distribution & logistics
management.

Coetzee, R., van Dyk, L. & van der Merwe, K.R. (2019), "Towards addressing respect
for people during lean implementation," International Journal of Lean Six Sigma, Vol.
10 No. 3, pp. 830-854. https://doi.org/10.1108/IJLSS-07-2017-0081.

Cohen, M. A., Cull, C., Lee, H. L., & Willen, D. (2000). Saturn's supply-chain
innovation: High value in after-sales service. MIT Sloan Management Review, 41(4),
93.

Cordeiro, P., S4, J. C., Pata, A., Gongalves, M., Santos, G., & Silva, F. J. G. (2020).
The Impact of Lean Tools on Safety—Case Study. Occupational and Environmental

Safety and Health II Studies in Systems, Decision, and Control, 151-159.

Cordeiro, P., S4, J. C., Pata, A., Gongalves, M., Santos, G., & Silva, F. J. G. (2020).
The Impact of Lean Tools on Safety—Case Study. Occupational and Environmental

Safety and Health II Studies in Systems, Decision, and Control, 151-159.

Cox, S. J., & Cheyne, A. J. (2000). Assessing safety culture in offshore
environments. Safety Science, 34(1-3), 111-129.

Cudney, E. A., Murray, S. L., & Pai, P. (2015). Relationship between lean and
safety. International Journal of Lean Enterprise Research, 1(3), 217-231.

Cullen, Lord William. 1990. The public inquiry into the Piper Alpha disaster. Her
Majesty’s Stationery Office, UK. http://www.hse.gov.uk/offshore/piper-alpha-disaster-
public-inquiry.htm.

Cullen, W.D.: The Public Inquiry into the Piper Alpha Disaster, HMSO, London, 1990.

Danese, P., Manfe, V., & Romano, P. (2018). A systematic literature review on recent
lean research: state-of-the-art and future directions. International Journal of

Management Reviews, 20(2), 579-605.

Daniel Stenholm, Henrik Mathiesen, Dag Bergsjo, 2015 “Knowledge-Based
Development in Automotive Industry guided by Lean Enablers for System
Engineering,” Conference on Systems Engineering Research.

158 | Page

AAIT



Dary Attwooda, Faisa Khanb, BrianVeitch, 2006, Offshore oil and gas occupational
accidents. What is important? Journal of Loss Prevention in the Process Industries,
Volume 19, Issue 5, September 2006, Pages 386-398.

David L. Levy & Ans Kolk, 2010, Strategic Responses to Global Climate Change:
Conflicting Pressures on Multinationals in the Oil Industry.

Davila, T., Epstein, M. J., & Shelton, R. (2006). Lean Six Sigma supply chain case
study.

Davila, T., Epstein, M. J., & Shelton, R. D. (2006). Making innovation work: How to
manage it, measure it, and profit from it. Upper Saddle River, NJ: Wharton School Pub.
Deepwater Horizon Study Group (DHSG) Environmental Report — January 2011, The
Macondo Blowout Environmental Report.

Dehdasht, G., Zin, R. M., Keyvanfar, A., & Muhammad, N. Z. (2018). A Model
Development for Lean Safety Planning in Design Phase of Construction. Advanced

Science Letters, 24(6), 4166-4171.

Demirkesen, S., & Zhang, C. (2021). Lean TRIZ method to prevent safety-related
problems in the construction industry.Journal of Construction Engineering,

Management & Innovation (Online), 4(2), 68-79.

Desiree H. van Dun, Jeff N. Hicks & Celeste P.M. Wilderom, 2016 > Values and
behaviors of effective lean managers: Mixed-methods exploratory research” European
Management Journal (2016).

Desouza, K. C., Chattaraj, A., & Kraft, G. (2003). Supply chain perspectives to
knowledge.

Dieste, M., Baseggio, A., Panizzolo, R., & Biazzo, S. Lean Thinking and Workplace
Safety: insights from two improvement projects., Proceedings of the International
Conference on Industrial Engineering and Operations Management Dubai, UAE,

March 10-12, 2020.

Drake, D., Sutterfeild, J. S., & Ngassam, C. (2008). Supply chain perspectives to
knowledge
E. Andrés-Lopez, 1. Gonzalez-Requena & A. Sanz-Lobera, 2015” Lean Service:

Reassessment of Lean Manufacturing for Service Activities”, Procedia Engineering 132
(2015) 23 —30.

Ehiaguina, E., Moda, H. (2020). 'Improving the Safety Performance of Workers by
Assessing the Impact of Safety Culture on Workers’ Safety Behaviour in Nigeria Oil

159 | Page

AAIT



and Gas Industry: A Pilot Study in the Niger Delta Region. World Academy of Science,
Engineering and Technology, Open Science Index 162, International Journal of
Medical and Health Sciences, 14(6), 152 - 156.

El Bouti, M. Y., & Allouch, M. (2017). Analysis of 801 Work-Related Incidents in the
Oil and Gas Industry That Occurred Between 2014 and 2016 in 6 Regions. Energy and
Environment Research, 8(1), 1927-0569.

Eric W. Dickson, Sabi Singh, Dickson S. Cheung, Christopher C. Wyatt, and Andrew
S. Nugent, “Administration of Emergency Medicine,” The Journal of Emergency
Medicine, Vol. 37, No. 2, pp. 177-182, 2009.

European Commission, 2019, Best Available Techniques Guidance Document on

upstream hydrocarbon exploration and production Final Guidance Document -Contract
No. 070201/2015/706065/SER/ENV.F.1.

Farshad A, Khosravi Y, Alizadeh S. The Role of HSE management System in
Improving health, safety and environment performance in an Oil Organization, 2006.

Farshin Salehi & Ali Yaghtin, 2015, “Action Research Innovation Cycle: Lean
Thinking as a Transformational System,” Procedia - Social and Behavioral Sciences
181 (2015) 293 — 302.

Fernandez-Solis, J. L., Prakash, R., & McGowan, A. (2018). Framework for
Understanding the Relationship between Lean and Safety in Construction.

Feutz, P. (2008). The integration of safety and ergonomics into a lean manufacturing
process case study.
Fisher, M. L. (1997). The revolution of six-sigma: An analysis of its theory and

application.
Forest Reinhardt, 2000, Sustainability and the Firm, Harvard Business School.

Forman, M. (2010, September). Lean Construction and Health and Safety on Site:
Analysed in a planning and empowerment perspective. In ARCOM Proceedings of the
26th Annual Conference (pp. 223-232). ARCOM-Association of Researchers in

Construction Management.

French, A. R., & Geller, E. S. (2008, June). Creating a culture where employees own

safety In ASSE Professional Development Conference and Exhibition. OnePetro.

Friedrich Morlocka, & Horst Meiera, 2015 “Service Value Stream Mapping in
Industrial Product-Service System Performance Management” 7th Industrial Product-

160 | Page

AAIT



Service Systems Conference - PSS, industry transformation for sustainability and
business.

Fullarton, C., & Stokes, M. (2007). The utility of a workplace injury instrument in
prediction of workplace injury. Accident Analysis & Prevention, 39(1), 28-37.

Gabriela S. Spagnol, Li Li Min & David Newbold, 2013 “Lean principles in Healthcare:
an overview of challenges and improvements” 6th IFAC Conference on Management
and Control of Production and Logistics the International Federation of Automatic
Control, September 11-13, 2013. Fortaleza, Brazil.

Gambatese, J. A., Pestana, C., & Lee, H. W. (2017). Alignment between lean principles

and practices and worker safety behavior. Journal of construction engineering and

management, 143(1), 04016083.

Gambatese, J. A., Pestana, C., & Lee, H. W. (2017). Alignment between lean principles
and practices and worker safety behavior. Journal of construction engineering and

management, 143(1), 04016083.

Gambetese, J., & Pestana, C. (2014). Connection between lean design/construction and
construction worker safety. CPWR-The Center for Construction Research and

Training, Oregon.

Geir Ringen, Silje Aschehoug, Halvor Holtskog & Jonas Ingvaldsen, ” Integrating
Quality and Lean into a Holistic Production System” Procedia CIRP 17 ( 2014 ) 242 —
247.

Gerrit Jan Schaeffer, Energy Sector in Transformation, Trends, and Prospects, Procedia
Computer Science, Volume 52, 2015, Pages 866-875, ISSN 1877-0509,
https://doi.org/10.1016/j.procs.2015.05.144.

Goel, Alok; Rana, Geeta; Rastogi, Renu, 2010, Knowledge Management as a Process
to Develop Sustainable Competitive Advantage. South Asian Journal of Management.

Gongalves, 1., S4, J. C., Santos, G., & Gongalves, M. (2019). Safety stream mapping—
a new tool applied to the textile company as a case study. In Occupational and

Environmental Safety and Health (pp. 71-79). Springer, Cham.

Gopal akrishnan, Narayan amurthy, Anand Gurumurthy, (2016), "Leanness
assessment: a literature review," International Journal of Operations & Production
Management, Vol. 36 Iss 10 pp. 1115 — 1160(330).

161 |Page

AAIT



Graf, A., Maas, P. Customer value from a customer perspective: a comprehensive
review. Journal fiir Betriebswirtschaft 58, 1-20 (2008). https://doi.org/10.1007/s11301-
008-0032-8.

Greg J. Bamber, Pauline Stanton, Timothy Bartram, and Ruth Ballardie, “Human
resource management, Lean processes and outcomes for employees: towards a research
agenda,” The International Journal of Human Resource Management, 2014, Vol. 25,
No. 21, 2881-2891.

Gustavo M.Ugarte, Jay Golden, Kevin Dooley, “Lean versus green: The impact of lean
logistics on greenhouse gas emissions in consumer goods supply chains” Journal of
Purchasing & Supply Management 22 (2016)98—109.

Hackitt, J. (2010). Offshore industry warned over 'not good enough' safety statistics.
[Statistic update]. Health and Safety Executive (24 August 2010).

Hackitt, J. (2012). Health Risks. UK: Health and Safety Executive.

Hafey, R. (2017). Lean safety: Transforming your safety culture with lean management.
CRC Press.

Halvor Holtskog, 2013, “Continuous Improvement beyond the Lean understanding,”
Procedia CIRP 7 (2013) 575 —579.

Han, Y., Feng, Z., Zhang, J., Jin, R., & Aboagye-Nimo, E. (2019). Employees’ safety
perceptions of site hazards and accident scenes. Journal of construction engineering and
management, 145(1), 04018117.

Hans-Emil Bensnes Torbergsen, Eni Norge , Hilde Brandanger Haga, Statoil , Sigbjern
Sangesland, NTNU , Bernt Sigve Aadney, UiS , Jan Seby, Shell , Stile Johnsen, Total
, Marvin Rausand, NTNU , Mary Ann Lundeteigen NTNU 2012// An Introduction to
Well Integrity //Rev 0, 04 December 2012.

Hansen, H. L., & Roberts, S. E. (2002). An analysis of the causes of mortality among
seafarers in the British merchant fleet (1986—-1995) and recommendations for their
reduction. [Study report]. Oxford Journals, 52(4), 195-202.

Hao Tan and John A.Mathews, 2010, Identification and analysis of industry cycles,
Journal of Business Research, Volume 63, Issue 5, May 2010, Pages 454-462.

Hastings, Marilu, 1999, a new operational paradigm for oil operations in sensitive
environments: an analysis of social pressure, corporate capabilities and competitive
advantage, Business Strategy and the Environment.

Hector Cortes, Joanna Daaboul, Julien Le Duigou & Benoit Eynard, 2016 “Strategic
Lean Management: Integration of operational Performance Indicators for strategic Lean
management, “IFAC-Papers OnLine 49-12 (2016).

162 |Page

AAIT



Helmold, M. (2020). The Human Side of Lean Management. In Lean Management and
Kaizen (pp. 123-129). Springer, Cham.

HERRERA, C. 1. (2012, May). OUTSOURCING LOGISTICS IN THE OIL AND GAS
Hollnagel, E. (2009). The ETTO principle: Efficiency-thoroughness trade-off. Why
things that go right sometimes go wrong. Farnham, UK: Ashgate.

Hollnagel, E. (2012). FRAM: The Functional Resonance Analysis Method. Farnham,
UK: Ashgate.

Hollnagel, E., Braithwaite, J. & Wears, R. L. (2013) Resilient health care. Farnham,
UK: Ashgate.

Hollnagel, E., Wears, R. L., & Braithwaite, J. (2015). From Safety-I to Safety-II: a
white paper. The resilient health care net: published simultaneously by the University
of Southern Denmark, University of Florida, USA, and Macquarie University,
Australia.

Hollnagel, E., Woods, D. D. & Leveson, N. G. (2006). Resilience engineering:

Concepts and precepts. Aldershot, UK: Ashgate.

Howell, G., Ballard, G. & Demirkesen, S. 2017, '"Why Lean Projects Are Safer' In 25th
Annual Conference of the International Group for Lean Construction. Heraklion,

Greece, 9-12 Jul 2017. pp 895-901.

Howell, G., Ballard, G. and Demirkesen, S. (2017). “Why Lean Projects are Safer” In
LC3 2017 Volume II — Proceedings of the 25th Annual Conference of the International
Group for Lean Construction (IGLC), Walsh, K., Sacks, R., Brilakis, I. (eds.),
Heraklion, Greece, pp. 895-901. DOI: https://doi.org/10.24928/2017/0247.

Hunegnaw, B., Molla, M., Mulugeta, Y., & Meseret, M. (2021). Assessment of
Occupational Injury among Industrial Workers in the Bahir Dar City of Northwest
Ethiopia: Institution-Based Cross-Sectional Study. Journal of environmental and public
health, 2021, 2793053. https://doi.org/10.1155/2021/2793053

Ikuma, L. H., Nahmens, 1., & James, J. (2011). Use of safety and lean integrated kaizen

to improve performance in modular homebuilding. Journal of construction engineering

and management, 137(7), 551-560.

Ilias Vlachos & Aleksandra Bogdanovic, 2013, “Lean thinking in the European hotel
industry,” Tourism Management 36 (2013) 354-363.

ILO, 2016, Occupational safety and health and skills in the oil and gas industry

operating in polar and subarctic climate zones of the northern hemisphere: Report for

163 |Page

AAIT



discussion at the Tripartite Sectoral Meeting on Occupational Safety and Health and
Skills in the Oil and Gas Industry Operating in Polar and Subarctic Climate Zones of
the Northern Hemisphere, Geneva, 2629 January 2016/International Labour Office.

Igbal, M. 1., Alrajawy, 1., Isaac, O., & Ameen, A. (2021). Study the Impact of Safety
Awareness Program (SAP) as Moderating Variable for Reduction of Accidents in Oil

and Gas Industry—A Proposed Framework. International Journal of Management and

Human Science (IJMHS), 5(1), 10-20.

Ishan Sinha, Dilum P. Aluthge, Elizabeth S. Chen, Indra Neil Sarkar, Sun Ho Ahn,
Machine Learning Offers Exciting Potential for Predicting Postprocedural Outcomes:
A Framework for Developing Random Forest Models in IR, Journal of Vascular and
Interventional Radiology, Volume 31, Issue 6, 2020, Pages 1018-1024.e4, ISSN 1051-
0443, https://doi.org/10.1016/1.jvir.2019.11.030.

ISO 10418:2019, Petroleum and natural gas industries — offshore Production

Installations — Process safety systems.

Jacqueline Douglas Jiju Antony Alexander Douglas, (2015), "Waste identification and
elimination in HEIs: the role of Lean thinking," International Journal of Quality &
Reliability Management, Vol. 32 Iss 9 pp. 970 — 981.

Jafri Mohd Rohania & Seyed Mojib Zahraee, 2015 “Production line analysis via value
stream mapping: a lean manufacturing process of color industry,” Procedia
Manufacturing 2 (2015) 6 — 10.

James P. Womack and Daniel T. Jones, Lean Thinking Banish Waste and Create Wealth
in Your Corporation, New York, NY: Free Press, Simon & Schuster, Inc., 1996.
James P. Womack, Daniel T. Jones, and Daniel Roos, 1990,

Jan Hovden, Terje Lie, Jan Erik Karlsen, Bodil Alteren, The safety representative under
pressure. A study of occupational health and safety management in the Norwegian oil
and gas industry.

Jan Riezebos , Warse Klingenberg, Christian Hicks, “Lean Production and information
technology: Connection or contradiction?”’Computers in Industry 60 (2009) 237-247.

Jernelov, A. The Threats from Oil Spills: Now, Then, and in the Future. AMBIO 39,
353-366 (2010). https://doi.org/10.1007/s13280-010-0085-5.

Jiménez, M., Romero, L., Fernandez, J., Espinosa, M. D. M., & Dominguez, M. (2019).
Extension of the Lean 5S methodology to 6S with an additional layer to ensure
occupational safety and health levels. Sustainability, 11(14), 3827.

164 |Page

AAIT



Jimmy UsoWilson, Isaac Abiodun Odesola, 2017, Design-Related Causes of Rework
and the Performance of Oil and Gas Projects in Nigeria, International Journal of
Sustainable Construction Engineering & Technology (ISSN: 2180-3242) Vol 8, No 1.

Jinjun Tang, Lanlan Zheng, Chunyang Han, Weiqi Yin, Yue Zhang, Yajie Zou, Helai
Huang,
José Moyano-Fuentes Macarena Sacristan-Diaz, (2012), "Learning on lean: a review of

thinking and research," International Journal of Operations & Production Management,
Vol. 32 Iss 5 pp, 551 — 582.

Jose R. Favilla (IBM) | Dirk A. Claessens (IBM) | Ulisses Mello (IBM) | Bruno Flach
(IBM), 2012, Achieving Excellence in E&P Offshore Logistics , SPE.

Junqiao Zhang 1, Xuebo Chen 1,* and Qiubai Sun 2//A Safety Performance Assessment
Framework for the petroleum Industry’s Sustainable Development Based on FAHP-
FCE and Human Factors.

Karl Schultz, Peter Williamson, 2005, Gaining Competitive Advantage in a Carbon-
constrained World: Strategies for European Business, Karl Schultz, Peter Williamson,
European Management Journal.

Kassu Jilcha & Daniel Kitaw, 2016, Lean Influence on Occupational Safety and
Health in Manufacturing Industries, Global Journal of Researches in Engineering: G
Industrial Engineering, Volume 16 Issue 1 Version 1.0 Year 2016, Type: Double Blind

Peer Reviewed International Research Journal, Publisher: Global Journals Inc. (USA),

Online ISSN: 2249 -4596 & Print ISSN: 0975-5861.

Kathryn Mearns, Rhona Flin, 1995, Risk perception and attitudes to safety by personnel
in the offshore oil and gas industry: a review, Journal of Loss Prevention in the Process
Industries.

Kathryn Mearns, Steven Yule, 2009, The role of national culture in determining safety
performance: Challenges for the global oil and gas industry, Safety Science, Volume
47, Issue 6, 2009, Pages 777-785, ISSN 0925-7535,
https://doi.org/10.1016/].s5¢i.2008.01.009.

Kelby, J. (2014, June). How to use lean to improve and drive safety performance.

In ASSE Professional Development Conference and Exposition, OnePetro.

Kh, A. N., Sharipov, G. A., Fedosov, A. V., & Waldemar, K. (2019). Improving the
functioning of the integrated system for managing labor and industrial safety in the oil
and gas industry. «Bectauxk HAH PK», (5), 184-190.

Khaled Hamad, Rami Al-Ruzouq, Waleed Zeiada, Saleh Abu Dabous & Mohamad Ali
Khalil (2020) Predicting incident duration using random forests, Transportmetrica A:
Transport Science, 16:3, 1269-1293, DOI: 10.1080/23249935.2020.1733132.

165|Page

AAIT



Kilpatrick, J. (2003). Lean principles. Utah Manufacturing Extension Partnership,
68(1), 1-5.

Knox, D. (2009). Common Safety Training Program. Australian Petroleum Producers
& Explorers Association.

Krause, T. R. (1999, June). Motivating employees for safety success. In ASSE

Professional Development Conference and Exhibition. OnePetro.

Krause, T. R. (2007, June). Motivating Employees for Safety Improvement: Reaching
from the Shop Floor to the Boardroom. In ASSE Professional Development

Conference. OnePetro.

Krijnen, A. (2007). The Toyota way: 14 management principles from the world's
greatest
Krisztina Demeter, Zsolt Matyusz, 2011, “The impact of lean practices on inventory

turnover, “Int. J. Production Economics 133 (2011) 154-163.

Kumar, C. S., & Panneerselvam, R. (2006). Literature review of JIT-KANBAN system.

Kyungsu Kang, Hanguk Ryu, Predicting types of occupational accidents at construction
sites in Korea using random forest model, Safety Science, Volume 120, 2019, Pages
226-236, ISSN 0925-7535, https://doi.org/10.1016/1.ss¢i.2019.06.034.

Kyungsu Kang, Hanguk Ryu, Predicting types of occupational accidents at construction
sites in Korea using random forest model, Safety Science, Volume 120, 2019, Pages
226-236, ISSN 0925-7535, https://doi.org/10.1016/1.ss¢i.2019.06.034.

Laumann, K., Qien, K., Taylor, C., Boring, R. L., & Rasmussen, M. (2014). Analysis
of human actions as barriers in major accidents in the petroleum industry, the
applicability of human reliability analysis methods (Petro-HRA). The proceedings of
the Probabilistic Safety Assessment and Management (PSAM12), Honolulu, HI.

Leino, A., & Helfenstein, S. (2012). Use of five whys in preventing construction
incident recurrence in 20th Annual Conference of the International Group for Lean

Construction.

Lianying Zhang, Xi Chen, 2016 “Role of lean tools in supporting knowledge creation
and performance in lean construction,” International Conference on Sustainable Design,
Engineering and Construction.

Likosky, M. (2010), "Contracting and regulatory issues in the oil and gas and metallic
minerals industries," Transnational Corporations, vol. 18/1,
https://doi.org/10.18356/a528fffd-en.

166 |Page

AAIT



Li-Ting Yeh, 2017, Incorporating Workplace Injury to Measure the Safety Performance
of Industrial Sectors in Taiwan , Department of Cooperative Economics and Social
Entrepreneurship, Feng Chia University, No. 100 Wenhwa Rd., Seatwen, Taichung
40724, Taiwan Sustainability 2017, 9(12), 2241; https://doi.org/10.3390/su9122241.

Luis, J. D. (2003). A lean safety review process for payloads on the International Space

Station (Doctoral dissertation, Massachusetts Institute of Technology).

Maynard, W. S., DiPilla, S., Natalizia, D., & Vidal, K. (2012, June). Slip, Trip, and Fall
Prevention: Concepts and Controversies. In ASSE Professional Development
Conference and Exposition. OnePetro.

M. Elisabeth PatC-Cornell’ //Learning from the Piper Alpha Accident: A Postmortem
Analysis of Technical and Organizational Factors // RkkAnalysk, Vol. 13, No. 2, 1993.

M. Kaiser, B. Snyder & A. Pulsipher, “Offshore Drilling Industry and Rig Construction
Market in the Gulf of Mexico.,” Presented by US Department of the Interior Bureau of
Ocean Energy Management & Gulf of Mexico OCS Region, Louisiana, March.2013.

M. R. Rashid, “Managed Pressure Drilling; Techniques and options for improving
operational safety and efficiency, “Vurus.sk/petroleum coal journal, Tehran,Iran, 2011.

M.L. Emiliani, (1998), "Lean behaviors," Management Decision, Vol. 36 Iss 9 pp. 615
—631.

Ma Ga (Mark) Yang, Paul Hong, SachinB.Modi, “Impact of lean manufacturing and
environmental management on business performance: An empirical study of
manufacturing firms “Int. J. Production Economics 129 (2011) 251-261.

Maestas, A., & Parrish, K. (2014). Exploring the roots of lean culture at DPR
Construction: a case study in lean culture. In22nd Annual Conference of the
International Group for Lean Construction: Understanding and Improving Project
Based Production, IGLC 2014 (pp. 1413-1424). The International Group for Lean

Construction.

Main, B., Taubitz, M., & Wood, W. (2008). You cannot get lean without safety and

understanding the common goals. Professional Safety, 53(01).

Mandira Agarwal, Rahul Sharma, Lixin Mathew Alex, 2016 “Challenges in Supply
Chain Management in Upstream Sector of Oil and Gas Industry” Conference: Agro
Supply Chain Conference (ASCC) 2016, At University of Petroleum & Energy
Studies,Dehradun.

167 |Page

AAIT



Marie-Josee Roy, Richard Vezina, 2001, Environmental Performance as a Basis for
Competitive Strategy: Opportunities and Threats, Corporate Environmental Strategy.

Marksberry, P. (2011). The Toyota Way—a quantitative approach. International Journal
of Lean Six Sigma.
Marques, J. P., S4, J. C., Silva, F. J. G., Pereira, T., Ferreira, L. P., & Santos, G. (2021,

October). Safety efficiency value stream mapping (SEVSM)-A new tool to support the

implementation of Lean Safety. In IOP Conference Series: Materials Science and

Engineering (Vol. 1193, No. 1, p 012124). IOP Publishing.

Martinez-Gramage, Javier, Juan P. Albiach, Ivan N. Molto, Juan J. Amer-Cuenca,
Vanessa Huesa Moreno, and Eva Segura-Orti. 2020. "A Random Forest Machine
Learning Framework to Reduce Running Injuries in Young Triathletes" Sensors 20, no.
21: 6388. https://doi.org/10.3390/s2021638.

Martinovich, T. (2013). Factors influencing the incidence rates of injuries and accidents
among seafarers and rig workers providing support to the WA offshore oil and gas
industry https://ro.ecu.edu.au/theses/ 1084.

Martinovich, T. (2013). Factors influencing the incidence rates of injuries and accidents
among seafarers and rig workers providing support to the WA offshore oil and gas
industry. https://ro.ecu.edu.au/theses/ 1084.

Matthias Holweg, 2007, “The genealogy of lean production” Journal of Operations
Management 25 (2007) 420-437.

Matthias Thiirer, Ivan Tomasevi¢, Mark Stevenson, Lawrence D. Fredendall & Charles
W. Protzman (2018) On the meaning and use of excellence in the operations literature:
a systematic review, Total Quality Management & Business Excellence, DOI:
10.1080/14783363.2018.1434770.

Maximiliane E. Szinovacz (2011) Introduction: The Aging Workforce: Challenges for
Societies, Employers, and Older Workers, Journal of Aging & Social Policy, 23:2, 95-
100.

Mearns, K., Flin, R., Gordon, R., & Fleming, M. (2001). Human and organizational
factors in offshore safety. Work & Stress, 15(2), 144-160.

Mearns, K., Whitaker, S. M., & Flin, R. (2003). Safety climate, safety management
practice, and safety performance in offshore environments. Safety Science, 41(8), 641-

680.

Mentzer, J. T., Dewitt, W., Keebler, J. S., Min, S., Nix, N. W., Smith, C. D., & Zacharia,
Z. G. (2001). Defining Supply Chain Management. Journal of Business Logistics,
22(2), 1-25.

168 | Page

AAIT



Michael A. Taubitz, 2010, Lean, Green & Safe Integrating safety into the lean, green
and sustainability movement, www.asse.org MAY 2010 PROFESSIONAL SAFETY.

Michalis Christou & Myrto Konstantinidou, 2012: European commission JRC
Scientific & Policy reports, Ensuring EU hydrocarbon supply through better control of
major hazards.

Mikko Pynnonen, Paavo Ritala, Jukka Hallikas, (2011), "The new meaning of customer
value: a systemic perspective," Journal of Business Strategy, Vol. 32 Iss 1 pp. 51 — 57.

Miller, L. M. (2015). Creating Lean Culture: How to Apply Best Practices. To Your

Organisation.

Mills, S. (2009). The Real Cost of Workplace Accidents. Paper presented at the IFAP
Annual  Conference 2009, Perth. Business meeting retrieved from
http://www.omsau.com.

Mills, S. (2009). The Real Cost of Workplace Accidents. Paper presented at the IFAP
Annual  Conference 2009, Perth. Business meeting retrieved from
http://www.omsau.com.

Millstein, M. A., Yang, L., & Li, H. (2014). Optimizing ABC inventory grouping
decisions.
Mohamed, E., Jafari, P., Kang, S. C., Pereira, E., & AbouRizk, S. (2019). Leading

indicators for safety management: understanding the impact of project performance
data on safety performance. Proc., Canadian Society for Civil Engineering, 2019,

Montreal, Canada.

Moda, H.M.; Dama, F.M.; Nwadike, C.; Alatni, B.S.; Adewoye, S.O.; Sawyerr, H.;
Doka, P.J.S.; Danjin, M. Assessment of Workplace Safety Climate among Healthcare
Workers during the COVID-19 Pandemic in Low and Middle-Income Countries: A
Case Study of Nigeria. Healthcare 2021, 9, 661.
https://doi.org/10.3390/healthcare9060661.

Morshidi, Z. (2020). Implementation of lean construction in construction projects
towards safety improvement (Doctoral dissertation, Universiti Teknologi MARA
Cawangan Sarawak).

Moura, R., Beer, M., Patelli, E., Lewis, J., & Knoll, F. (2016). Learning from major

accidents to improve system design. Safety Science, 84, 37-45.
Munyi, Eddah W, 2011, Porter’s value chain model and competitive advantage in the

oil industry in Kenya.

Neamat, S. D. S. (2019). A Comparative Study of Safety Leading and Lagging
Indicators Measuring Project Safety Performance. Indicators, 1, 29.

169 |Page

AAIT



Neha Chauhan, 2013, WIPRO LTD. Safety and Health Management System in the Oil
and gas industry.

Ng, K., Laurlund, A., Howell, G., & Lancos, G. (2012). Lean Safety: Using leading
indicators of safety incidents to improve construction safety. In Proceedings for the 20th
Annual Conference of the International Group for Lean Construction: are We Near a

Tipping Point (p. 173).

Ngwenya, B. (2012). Causes and effects of physical injuries to Prision Officers
employed in a high risk and high need offenders management environment in WA.
ECU. Perth. Oldenberg, M., Jensen, H. J., & Wegner, R. (2012). Burnout syndrome in
seafarers in the merchant marine service. International Archives of Occupational and
Environmental Health.

Ngwenya, B. (2012). Causes and effects of physical injuries to Prision Officers
employed in a high-risk and high-need offenders management environment in WA.
ECU. Perth. Oldenberg, M., Jensen, H. J., & Wegner, R. (2012). Burnout syndrome in
seafarers in the merchant marine service. International Archives of Occupational and
Environmental Health.

NORSOK D10// Well integrity in drilling and well operations// Rev. 3, August 2004.

NORSOK STANDARD D-010, Well integrity in drilling and well operations, Rev. 3,
August

NORWEGIAN CONTINENTAL SHELF 2018, TRENDS IN RISK LEVEL IN THE
PETROLEUM ACTIVITY (RNNP), 2019.

NPD, 2014, FACTS: The Norwegian petroleum sector, Norwegian Ministry of
Petroleum and Energy and Norwegian Petroleum Directorate (NPD).

Ogunbiyi, O. E., & Goulding, J. S. (2013). A Review of Lean Concept and its
Application to Sustainable Construction in the UK. International Journal of Sustainable

Construction Engineering and Technology, 4(2), 82-92.

Oliver, A., Cheyne, A., Tomas, J. M., & Cox, S. (2002). The effects of organizational
and individual factors on occupational accidents. Journal of Occupational and

Organizational Psychology, 75(4), 473-488.

Qyvind Dahl, Espen Olsen, Safety compliance on offshore platforms: A multi-sample
survey on the role of perceived leadership involvement and work climate, Safety
Science, Volume 54,

2013, Pages 17-26, ISSN 0925-7535, https://doi.org/10.1016/j.ss¢i.2012.11.003.

170 Page

AAIT



Qyvind Dahl, Trond Kongsvik, 2018, Safety climate and mindful safety practices in the
oil and gas industry, Journal of Safety Research, Volume 64, 2018, Pages 29-36.

P. Arunagiri and A. Gnanavelbabu, 2014, “Identification of Major Lean Production
Waste in Automobile Industries using Weighted Average Method” Procedia
Engineering 97 (2014 ) 2167 — 2175.

Pai, P. (2010). An Analysis of the Impact of Lean and Safety. In IIE Annual Conference.

Palmira Lopez-Fresno, 2012, Contribution of Lean Management to Excellence, Nang
Yan businessJournal.

Parkes, Katharine & Swash, S. (1999). Injuries on offshore oil and gas installations: An
analysis of temporal and occupational factors.

Paté-Cornell, Elisabeth. 1993. Learning from the Piper Alpha accident: A postmortem
analysis of technical and organizational factors. Risk Analysis 13(2):215-232.

Patricia Carrillo, 2004, managing knowledge: lessons from the oil and gas sector,
Journal of construction management and economics.

Pejman Ghasemi Poor Sabet, Hamid Aadal, Mir Hadi Moazen jamshidi, Kiyanoosh
Golchin Rad, 2013, Application of Domino Theory to Justify and Prevent Accident
Occurance in Construction Sites, IOSR Journal of Mechanical and Civil Engineering
(IOSR-JMCE) e-ISSN: 2278-1684,p-ISSN: 2320-334X, Volume 6, Issue 2 (Mar. - Apr.
2013), PP 72-76 www.iosrjournals.org.

Peter Hines, Matthias Holweg, Nick Rich, (2004), "Learning to evolve," International
Journal of Operations & Production Management, Vol. 24 Iss 10 pp. 994 — 1011.

Petersen, D. “Safety Management 2000: Strength and weakness. “ Professional safet.
Jan. 2000: 16-19.

Petersen, D. Safety Management: A Human Approach. 3rd ed. Des Plaines, IL: ASSE,
2001.

Petersen, D. Techniques of safety management. 4th ed. Des Plaines, IL: ASSE, 2003.

Pitts, J. (2021). LEAN SAFETY: Transforming Your Safety Culture with Lean
Management. Professional Safety, 66(8), 35-35.

171|Page

AAIT



Prakash, R. (2011). Framework for Understanding the Relationship between Lean and
Safety in Construction (Doctoral dissertation, Texas A & M University).

Procedia Computer Science, Volume 52, 2015, Pages 866-875, ISSN 1877-0509,
Prussia, G. E., Brown, K. A., & Willis, P. G. (2003). Mental models of safety: do

managers and employees see eye to eye?. Journal of Safety Research, 34(2), 143-156.

Pryor, R. (2009). [Life Offshore in Australia].

R. E. Al Mamlook, T. Z. Abdulhameed, R. Hasan, H. I. Al-Shaikhli, I. Mohammed and
S. Tabatabai, "Utilizing Machine Learning Models to Predict the Car Crash Injury
Severity among Elderly Drivers," 2020 IEEE International Conference on Electro
Information Technology (EIT), 2020, pp- 105-111, doi:
10.1109/E1T48999.2020.9208259.

Rachna Shah, Peter T. Ward, “Defining and developing measures of lean production”
Journal of Operations Management 25 (2007) 785-805.

Raines, M. S. (2011). Engaging employees: Another step in improving
safety. Professional safety, 56(4), 36.

Ratliff, Matt. "Changing Safety Paradigms in the Oil and Gas Industry." Paper
presented at the SPE Annual Technical Conference and Exhibition, Houston, Texas,
September 2004. doi: https://doi.org/10.2118/90828-MS.

Ratnayake, R. M. Chandima, and Markeset, Tore. "Maintaining Technical Integrity of
Petroleum Flowlines on Offshore Installations: A Decision Support System for
Inspection Planning." Proceedings of the ASME 2010 29th International Conference on
Ocean, Offshore and Arctic Engineering. 29th International Conference on Ocean,
Offshore and Arctic Engineering: Volume 6. Shanghai, China. June 6-11, 2010. pp. 1-
11. ASME. https://doi.org/10.1115/OMAE2010-20035.

Reason J. Human Error. Cambridge: Cambridge University Press; 1990. [Google
Scholar].
Reason, J. (1997). Managing the Risks of Organizational Accidents. Hants England:

Ashgate.
Richard S. Buell, 2006, creating a Culture to Deliver Sustainable HSE Performance,

society of petroleum engineers.

Rizwan, M. , and H.. Al-Marri. "Safety Management in Oil & Gas Industry - The How's
and the Why's." Paper presented at the SPE International Production and Operations
Conference & Exhibition, Doha, Qatar, May 2012.
doi: https://doi.org/10.2118/156094-MS.

172 | Page

AAIT



Rizwan, M., & Al Marri, H. R. (2012, January 1). Safety Management in Oil & Gas
Industry-The Howé&apos's & the Why&apos's. Society of Petroleum Engineers.
doi:10.2118/156094-MS.

Robert E. Spekman, Joseph Spear, John Kamauff, (2002) "Supply chain competency:
learning as a key component," Supply Chain Management: An International Journal.

Robert G. Bea //Human and organization factors: engineering operating safety into
offshore structures //Reliability Engineering and System Safety 61 (1998) 109-126,
1998 Elsevier Science Limited.

Robert Innes and Joseph J. Bial, 2002, Inducing Innovation in the Environmental
Technology of Oligopolistic Firms, the Journal of Industrial Economics.

Robert M. Grant, 2003, Strategic planning in a turbulent environment: evidence from
the oil majors, Journal of Strategic management.

Roberta Bigliani, 2013, Reducing Risk in Oil and Gas Operations, IDC Energy Insight.

Roberto Chavez, WantaoYu, Mark Jacobs, Brian Fynes, Frank Wiengarten, Antonio
Lecuna, 2015, “Internal lean practices and performance: The role of technological
turbulence “Int. J.ProductionEconomics160 (2015)157-171.

Ronald Leandro Elizondo, Bernard Grabot & Raymond Houe Ngouna, 2016,

Rosemary R. Fullertona, Frances A. Kennedy, Sally K. Widener, 2014” Lean
manufacturing and firm performance: The incremental contribution of lean
management accounting practices” Journal of Operations Management 32 (2014) 414—
428.

Rundmo, T. (1995). Perceived risk, safety status, and job stress among injured and

noninjured employees on offshore petroleum installations. Journal of Safety

Research, 26(2), 87-97.

Rundmo, T., & Hale, A. R. (2003). Managers’ attitudes towards safety and accident
prevention. Safety Science, 41(7), 557-574.

Sa, J. C., Manuel, V., Silva, F. J. G., Santos, G., Ferreira, L. P., Pereira, T., & Carvalho,
M. (2021, October). Lean Safety-assessment of the impact of 5S and Visual

Management on safety. InIOP Conference Series: Materials Science and

Engineering (Vol. 1193, No. 1, p. 012049). IOP Publishing.

Sacks, R., Rozenfeld, O., & Rosenfeld, Y. (2005). Lean scheduling for safety:

development of a time-dependent risk level model. In 13th International Group for Lean

173 | Page

AAIT



Construction Conference: Proceedings (p. 513). International Group on Lean

Construction.

Saddle River, NJ: Pearson Education Cudney, E. (2008, April). Strategic analysis of
integrated production-distribution systems: Models and methods. Operations Research,
216-228.

Saddle River, NJ: Pearson Education.

Safety Science, Volume 54, 2013, Pages 17-26, ISSN 0925-7535.

Sahil Dhankhar, Sandeep, Anita Manderna, Vijay Kumar Dahiya, 2014, Leanness of
Indian Industries: A questionnaire survey approach to find out the lean status of Indian
industries, International Journal of enhanced research in science, technology, and
engineering.

Sanjay Sharma and Harrie Vredenburg, 1998, Proactive Corporate Environmental
Strategy and the Development of Competitively Valuable Organizational Capabilities,
Strategic Management Journal.

Sanjay Sharma, 2001, Different strokes: regulatory styles and environmental strategy
in the North-American oil and gas industry.

Satish Tyagi, Xianming Cai, Kai Yang, Terrence Chambers, 2015 Lean tools and
methods to support efficient knowledge creation, “International Journal of Information
Management 35 (2015) 204-214.

Seher Arslankaya & Hatice Atay, 2015 “Maintenance management and lean
manufacturing practices in a firm which produces dairy products,” Social and
Behavioral Sciences 207 (2015) 214 — 224.

Selot, A. (2009). Short-Term Supply Chain Management in Upstream Natural Gas
Systems.

September 01, 2016, from http://www.forbes.com/ sites/stevebanker/2014/08/08/the-
upstream-unconventional-oil-gas-supply-chain.

Seyyed Shahab Hosseinian, Zahra Jabbarani Torghabeh, 2012, Major Theories of
Construction Accident Causation Models: A Literature Review.

Sherratt, F., Smith, S. D., & Oswald, D. (2015). Unsafe acts and unsafe conditions:
Development of a prelude model. Proceedings CIB W099 Belfast 2015, 92.

Shuen, Y. S. (2018). Safety communication, safety culture, and safety leadership on

safety participation among manufacturing employees. Universiti Teknologi Malaysia.

Sigve Hovda, Henrik Wolter, Glenn-Ole Kaasa, Tor Stein Olberg,2008 //Potential of
Ultra-High-Speed Drill String Telemetry in Future Improvements of the Drilling
Process Control SPE-115196-MS TADC/SPE Asia Pacific Drilling Technology
Conference and Exhibition, 25-27 August, Jakarta, Indonesia 2008.

174 | Page

AAIT



Sigve Hovda, Henrik Wolter, Glenn-Ole Kassa, Tor Stein @lberg, 2008// Potential of
ultra-high-speed drill string telemetry in future improvements of the drilling process
control// TADC/SPE 115196 paper presented at the IADC/SPE Asia Pacific Drilling
Technology Conference and Exhibition held in Jakarta, Indonesia, 25-27 August 2008.

Simons, P. A., Houben, R., Vlayen, A., Hellings, J., Pijls-Johannesma, M., Marneffe,
W., & Vandijck, D. (2015). Does lean management improve patient safety culture? An
extensive evaluation of safety culture in a radiotherapy institute. European Journal of
Oncology Nursing, 19(1), 29-37.

Singh, N., Shek, K. H., & Meloche, D. (1990). The Development of a Kanban System:
A
Siva Prasad Penkey, Dr Nihal Anwar Siddiqui - A Review on Accident Pyramid and its

Empirical Interpretation in Oil & Gas Industry (Upstream) - published at "International
Journal of Scientific and Research Publications (IJSRP), Volume 5, Issue 1, January
2015 Edition".

Smith, K. G., Paudyal, V., Klein, S., & Stewart, D. (2019). Medical evacuations and
work absences in offshore oil and gas industry personnel. SelfCare, 10(4), 105-115.
Smith, Lawrence C., and Smith, Murphy and Ashcroft, Paul, Analysis of Environmental
and Economic Damages from British Petroleum’s Deepwater Horizon Oil Spill. Albany
Law Review, Vol. 74, No. 1, 2011: 563-585. Available at SSRN:
https://ssrn.com/abstract=1653078 or http://dx.doi.org/10.2139/ssrn.1653078.

Soltaninejad, M., Fardhosseini, M. S., & Kim, Y. W. (2021). Safety climate and
productivity improvement of construction workplaces through 6S system: mixed-
method analysis of 5S and safety integration. International journal of occupational

safety and ergonomics, 1-31.

Somavia, J. (2005). Facts On Safety. International Labour Organization, 2. Retrieved
from www.ilo.org/communication.

Somone, S. E. K. (2020). Implications of Data Collection Tools and Practices by Oil
and Gas Sector in Ghana: An Exploratory Analysis (Master's thesis, Hogskolen i
Molde-Vitenskapelig hogskole i logistikk).

Stabell, Charles, 2001, New Models for Value Creation and Competitive Advantage in
the Petroleum Industry, BI Business School.

Steinhubl A., Mc Kenna M., Cassida D. & Uffhausen M. (2009). Upstream Supply
Chain

Suda, K. A., Rani, N. S. A., Rahman, H. A., & Chen, W. (2015). A review on risks and
project risks management: oil and gas industry. International Journal of Scientific
Engineering, 6(8), 938-943.

175|Page

AAIT



Sukdeo, N. (2017, December). The application of 6S methodology as a lean
improvement tool in ink manufacturing company. In 2017 IEEE International
Conference on Industrial Engineering and Engineering Management (IEEM) (pp. 1666-
1671). IEEE.

Sullivan, B. (2007). Managing fatigue in the workplace. International Petroleum

Industry Environmental Conservation Association, OGP Report Number 392.

T. Melton, 2005, The Benefits of Lean Manufacturing: What Lean Thinking has to
Offer the Process Industries, Chemical Engineering Research, and Design, Volume 83,

Issue 6, 2005, Pages 662-673, ISSN 0263-8762, https://doi.org/10.1205/cherd.04351.

Tang, D. K. H., Leiliabadi, F., & Olugu, E. U. (2017). Factors affecting safety of
processes in the Malaysian oil and gas industry. Safety Science, 92, 44-52.

Tharaldsen, J. E., Mearns, K. J., & Knudsen, K. (2010). Perspectives on safety: The
impact of group membership, work factors and trust on safety performance in UK and

Norwegian drilling company employees. Safety Science, 48(8), 1062-1072.

Tharaldsen, J. E., Olsen, E., & Rundmo, T. (2008). A longitudinal study of safety
climate on the Norwegian continental shelf. Safety Science, 46(3), 427-439.

Thomas Bortolotti, Stefania Boscari & Pamela Danese, 2015 “Successful lean
implementation: Organizational culture and soft lean practices” Int. J.Production
Economics 160(2015)182-201.

Todd A. Boyle Maike Scherrer-Rathje ITan Stuart, (2011), "Learning to be lean: the
influence of external information sources in lean improvements," Journal of
Manufacturing Technology Management, Vol. 22 Iss 5 pp. 587 — 603, (324).

Torgeir Welo & Geir Ringen, 2015, “Investigating Lean development practices in SE
companies: A comparative study between sectors” Procedia Computer Science 44
(2015) 234 —243.

Tuuli Jylhé, Seppo Junnila, (2014), "The state of value creation in the real-estate sector
— lessons from lean thinking," Property Management, Vol. 32 Iss 1 pp. 28 —47.

U. Dombrowski, T. Mielke, 2013, “Lean Leadership fundamental principles and their
application” Procedia CIRP 7 (2013) 569 — 574.

U. Dombrowski, T. Mielke & C. Engel, 2012,” Knowledge Management in Lean
Production Systems” Procedia CIRP 3 (2012) 436 — 441.

U. Dombrowski, T. Mielke, 2014, “Lean Leadership — 15 Rules for a sustainable Lean
Implementation” Procedia CIRP 17 (2014) 565 — 570.

176 |Page

AAIT



Ulf K. Teichgriber & Maximilian de Bucourt, 2012 “Applying value stream mapping
techniques to eliminate non-value-added waste for the procurement of endovascular

stents” European Journal of Radiology 81 (2012).

Vignes, B., Safety, P., Aadnoy, B.S., 2008. Well-Integrity Issues Offshore Norway.
SPE / IADC 112535// IADC/SPE Drilling Conference, 4-6 March, Orlando, Florida,
USA 2008.

Wackerbarth, S. B., Strawser-Srinath, J. R., & Conigliaro, J. C. (2015). The human side
of lean teams. American Journal of Medical Quality, 30(3), 248-254.
Ward, Y., & De Brito, M. P. (2007). Lean-safe operations for the aviation

industry. Managing operations in an expanding Europe, Bilkent, June.

Wiegmann, D. A., Zhang, H., Von Thaden, T. L., Sharma, G., & Gibbons, A. M. (2004).
Safety culture: An integrative review. The International Journal of Aviation

Psychology, 14(2), 117-134.

Williams, J. (2005, June). Safety systems and lean manufacturing: a perfect marriage.
In ASSE Professional Development Conference and Exposition. OnePetro.
Witter, R.Z.; Tenney, L.; Clark, S.; Newman, L.S. Occupational exposures in the oil

and gas extraction industry: State of the science and research recommendations. Am. J.
Ind. Med. 2014, 57, 847-856. [Google Scholar.

Wu C.H., Ho J.M., Lee D.T. Travel-time prediction with support vector regression [J].
IEEE Transactions on Intelligent Transportation Systems, 2004, 5 (4): 276-281.

Wu, Jiang and Zhang, Mei *’ Casing Burst Strength after Casing Wear’’. SPE 94304.
Presented at SPE Production Operations Symposium, (2005)16-19 April, Oklahoma
City, Oklahoma.

Wu, X., Yuan, H., Wang, G., Li, S., & Wu, G. (2019). Impacts of lean construction on
safety systems: A system dynamics approach. International journal of environmental
research and public health, 16(2), 221.

WWW.equinor.com

Xingle Long, Eric Yaw Naminseac, Jianguo Dua, Jincai Zhuanga, 2012, Nonrenewable
energy, renewable energy, carbon dioxide emissions and economic growth in China
from 1952 to 2012, Renewable and Sustainable Energy Reviews, Volume 52,
December 2015, Pages 680-688.

Xue Yang, Stein Haugen, Nicola Paltrinieri, 2018, Clarifying the concept of operational
risk assessment in the oil and gas industry, Safety Science, Volume 108, 2018, Pages
259-268, ISSN 0925-7535, https://doi.org/10.1016/j.ss¢i.2017.12.019.

177|Page

AAIT



Yara Hamdar, Hussein Kassem, Issam Srour, & Ghassan Chehab, 2015” Performance-
Based Specifications for Sustainable Pavements: A Lean Engineering Analysis “Energy
Procedia 74 (2015) 453 — 461.

Yasar F. Jarrar & Mohamed Zairi, 2007, Future trends in benchmarking for competitive
advantage: A global survey, Total Quality Management.

Yoshua Hartono, Ririn Diar Astanti & the Jin Ai, 2015, “Enabler to successful
implementation of lean supply chain in a book Publisher” Procedia Manufacturing 4
(2015) 192 — 199.

Yu Zhang, Henry V. Burton, Han Sun, Mehrdad Shokrabadi, 2018, A machine learning
framework for assessing post-earthquake structural safety, Structural Safety.

Yueng-Hsiang, H., Jiu-Chiuan, C., DeArmondc, S., Cigularovc, K., & Chenc, P. (2007).
Roles of safety climate and shift work on perceived injury risk: A multi-level analysis
Accident Analysis and Prevention, 39(6), 1088-1096.

Yueng-Hsiang, H., Jiu-Chiuan, C., DeArmondec, S., Cigularovc, K., & Chenc, P. (2007).
Roles of safety climate and shift work on perceived injury risk: A multi-level analysis
Accident Analysis and Prevention, 39(6), 1088-1096.

Zhang Weihua, Sun Hao, Mu Chaoxu. Traffic Safety Prediction Model and Simulation
Based on Support Vector Machine [J]. Journal of System Simulation, 2009, 21 (19):
6266-6270.

Zhou Qian, Lu Huapu, Xu Wei. Traffic Accident Law and Its Model [J]. Journal of
Traffic Engineering, 2006, 6 (4): 112-115.

Zhu, K., & Lv, J. (2014, May). Research on the improvement effect of lean thinking to
construction safety management. In The 26th Chinese Control and Decision

Conference (2014 CCDC) (pp. 1428-1433). IEEE.

178 | Page

AAIT



Annex A Major Accomplishment during the Ph.D. study
Publications
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Business Strategy Analysis for Market Competitiveness: An Exploration in
Context of Africa. International Journal of Global Business and
Competitiveness, 1 - 15.

Yeshitila, D., Kitaw, D., & Belayneh, M. (2024). Application of Machine
Learning Modeling for the Upstream Oil and Gas Industry Injury Rate
Prediction. International Journal of Occupational Safety and Health, 14(2), 152-
165.

Yeshitila, D., Kitaw, D., & Jilcha, K. (2021). Applying Lean Thinking to
Improve Operational Safety in the Oil and Gas Industry. Open Journal of Safety
Science and Technology.

Yeshitila, D. (2019). Research on Innovative Entrepreneurship: Exploring
Creative Ideas and differing perspectives.

Community Services

@)

@)

Board member of Ethiopian Community in Norway, Rogaland.

While commuting to Ethiopia every month, connect families in Norway and
Ethiopia, bringing messages and other stuff.
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Annex B Oil and Gas safety-related data
Table B1: Events in chains for different types of units, WOAD
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Table: B2 provides the number of accidental events for the different types of Unit,
WOAD.

Tmcidemnts &

Ty e OF Tindd A ccid e s TN iy el ey eh s . Sy Near muiiss Imns@ponifEcsi
| Comcrete structure Bl 419 T4 136
Drill barge oS 22 o =
Drill shap o1 65 ] 4
Drrillings termvder 1 £ o 1
Flare 1 o o 1
FESOFSTT pe) &8 B Zx3
1 —AOfFshore
Helicopte- 238 17 13 3
Jaclkoet T IS BES 127 252X
Jackup S5 210 13 33
Lay barge 21 1= o 1
Loadimg buaoy- 13 19 2 5
Ddlobile vmatCmnot deall iB = o [+]
|_ Orthuer o 2 o 1
Ortheer T Inkon. fixed stract = = o 1
Papelione 139 11X : 4
Semi-submersible 277 fapt=] 147 115
Ship. ot drillinge or
l production e = = =
Submersible 15 = O 1
Subsea install Scommaplet. - 3 ] =
Tension leg platficormm 1= 132 22 g )
| TATell support structore b e 36 2 =
20
Ey 1.5 p—
:
E
-
e
£
£
0.0 - v . . I - - - I - . a M .
0% 2010 P o L 2013 o FauL] 206 T 208 e L]
Ye

Fig. B2 Serious personal injuries per million working hours, NCS, Ptil.no, RNNP, (2019)
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Work Related fatalities by Work Related fatalities by activity
category 2005 to 2015 inclusive 2005 to 2015 inclusive
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Table B3: Total recordable injury rate by country (2017-2019)

Note: data is only included in TRIR calculations where medical treatment cases are reported.

Countries with less than 50,000 reported work hours, or fewer than two companies reporting, are excluded.

Total recordable injury rate (TRIR)
Region

Africa

Africa

Africa

Africa

Africa

Africa

Africa

Africa

Africa

Africa

Africa

Africa

Africa

Africa

Africa

Africa

Africa

Africa

Africa

Africa

Africa

Africa

Asia / Australasia
Asia / Australasia
Asia / Australasia
Asia / Australasia
Asia / Australasia
Asia / Australasia

Asia / Australasia
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Country

Namibia

Gabon

Senegal

Tunisia

Kenya

Mozambique

Angola

Algeria

Equatorial Guinea
AFRICA AVERAGE
Ghana

Egypt

Congo

Libya

Nigeria

Mauritania

South Africa
Tanzania

Uganda

Ivory Coast

Morocco

Sao Tomé And Principe
New Zealand
Australia

Papua New Guinea
Thailand

ASIA / AUSTRALASIA AVERAGE
Myanmar

India

AAIT

2017

1.24
2.40
0.93
0.00
0.79
0.60
1.42
0.91
0.48
0.86
0.28
0.36
0.28
0.28
0.53
0.00
0.00
0.85
0.00
0.00
2.87
1.50
1.67
1.49
0.84
0.75
1.10
0.17

2018
0.00
1.25
2.20
0.89
0.55
1.36
0.42
1.61
0.76
0.50
0.52
0.24
0.30
0.31
0.34
0.74
9.39
0.00
0.00
0.00
0.00

3.93
2.01
1.07
0.67
0.72
0.41
0.76

2019
15.87
1.75
1.74
1.57
0.99
0.84
0.75
0.72
0.56
0.42
0.38
0.28
0.27
0.22
0.22
0.00
0.00
0.00
0.00

535
2.42
0.99
0.92
0.60
0.60
0.36



Asia / Australasia

Asia / Australasia
Table B3 Cont’d

Asia / Australasia
Asia / Australasia
Asia / Australasia
Asia / Australasia
Asia / Australasia
Asia / Australasia
Asia / Australasia
Europe

Europe

Europe

Europe

Europe

Europe

Europe

Europe

Europe

Europe

Europe

Europe

Europe

Europe

Europe

Europe

Europe

Middle East
Middle East
Middle East
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Malaysia
China

Indonesia
Japan
Pakistan
Singapore
Brunei
Vietnam
South Korea
Denmark
Germany
Poland
Norway
Netherlands
EUROPE AVERAGE
UK

Italy

Spain
Romania
France
Hungary
Bulgaria
Cyprus
Croatia
Ireland
Ukraine
Kurdistan Region Of Iraq
Turkey

Yemen

AAIT

0.54
0.37

0.21
0.96

0.54
0.00
1.70
0.87
1.29
2.72
3.35

2.67
2.50
2.07
1.98
122)
1.05
0.60
0.15
2.86
0.00
2.56
1.86
6.52
0.00

0.00
0.00

0.57
0.33

0.26
1.65

0.33
0.15
0.00
0.00
158
3.25
3.69
2.28
2.62
2.13
2.17
235
0.75
0.50
1.09
0.74
1.32

0.00
1.49
0.00
0.00

3.26
0.51

0.33
0.28

0.24
0.24

0.20
0.11
0.00
0.00

3.64
3.35
2.95
2.76
2.65
2.28
1.85
1.81
1.60
1.11
0.87
0.84
0.00
0.00

231
1.65
0.75



Table B3 Cont’d

Total recordable injury rate (TRIR)

Region

Middle East

Middle East

Middle East

Middle East

Middle East

Middle East

Middle East

North America

North America

North America

North America

Russia & Central Asia
Russia & Central Asia
Russia & Central Asia
Russia & Central Asia
Russia & Central Asia
South & Central America
South & Central America
South & Central America
South & Central America
South & Central America
South & Central America
South & Central America
South & Central America
South & Central America
South & Central America
South & Central America
South & Central America

Country

UAE

Qatar

MIDDLE EAST AVERAGE
Kuwait

Oman

Iraq

Iran

Canada

USA

NORTH AMERICA AVERAGE
Mexico

Turkmenistan

Azerbaijan

Kazakhstan

RUSSIA & CENTRAL ASIA AVERAGE
Russia

Argentina

Peru

SOUTH & CENTRAL AMERICA AVERAGE
Trinidad & Tobago

Brazil

Guyana

Colombia

Venezuela

Ecuador

Bolivia

Suriname

Uruguay

AAIT

2017
0.81
0.55
0.55
0.30
0.52
0.36
0.00
2.24
1.88
1.96
1.96
0.00
0.43
0.50
0.44
0.29
1.14
1.18
1.44
0.97
1.51
1.08
2.00
0.44
1.27
1.62
0.00

2018
0.45
0.64
0.43
0.31
0.56
0.54
0.00
2.20
1.94
2.00
2.36
0.00
0.26
0.66
0.54
0.19
2.66
1.21
1.64
1.66
1.34
0.00
0.81
0.24
242
0.73
1.52
0.00

2019
0.54
0.51
0.45
0.36
0.25
0.18

1.74
1.67
1.66
0.80
0.89
0.63
0.61
0.58
0.28
234
1.44
1.35
0.97
0.95
0.89
0.70
0.70
0.58
0.35
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Table B4: Causal factors assigned to high potential events (2010 - 2019)

Causal factor

PROCESS (CONDITIONS) : Organisational :
Inadequate hazard identification or risk assessment
PROCESS (CONDITIONS) : Organisational :
Inadequate work standards/procedures

PEOPLE (ACTS) : Inattention/Lack of Awareness :

PROCESS (CONDITIONS) : Organisational :
PROCESS (CONDITIONS) : Organisational :
PROCESS (CONDITIONS) : Organisational :

PROCESS (CONDITIONS) : Tools, Equipment,

tools/equipment/materials/products
PROCESS (CONDITIONS) : Tools, Equipment,

design/specification/management of change
PROCESS (CONDITIONS) : Tools, Equipment,

maintenance/inspection/testing

PROCESS (CONDITIONS) : Protective Systems :
Inadequate/defective guards or protective barriers
PEOPLEéACTS) : Use of Tools, Equipmefnt, Materials

and Products : Improper use/position o
tools/equipment/materials/products

PEOPLE (ACTS) : Following Procedures : Violation
unintentional (by individual or group)

PEOPLE (ACTS) : Use of Protective Methods : 3
PROCESS (CONDITIONS) : Protective Systems :

devices
uaie/ uGicuLLY g

PEOPLE (ACTS)*#ShoWing Procedures : Violation
ovetamec/cafatyr

PEOPLE (ACTS) : Following Procedures : Improper
PEOPLE (ACTSintéatflonuing P rockdidied :odmproper 6

PEOPLE (ACTS) : Inattention/Lack of Awareness :

concerns/stress
PEOPLE (ACTS) : Use of Tools, Equipment, Materials 6

ana Proaucts qﬁqwg(gu(ﬁﬁ rgizea
equipment/inadequate energyisolation

PEOPLE (ACTS) : Use of Protective Methods : 9
PEOPLE (ACTS) : Use of Protective Methods : 2
Inadequate use of safety systems

PROCESS (CONDITIONS) : Organisational : Failure 6
to report/learn from events

PEOPLE (ACTS) “UsE-dPProtectiveé Methods : 7

rersonal Protective tquipment not used or used
improperly

PEOPLE (ACTS) : Use of Protective Methods : 1
Disabled or removed guards, warning systems or
safety devices

PROCESS (CONDITIONS) : Organisational : Poor
leadership/organisational culture

PROCESS (CONDITIONS) : Work Place Hazards : 6
Hazardous atmosphere (explosive/toxic/asphyxiant)
PROCESS (CONDITIONS) : Protective Systems :
Inadequate/aerective Personal Protective

Equipment

PEOPLE (ACTS) : Inattention/Lack of Awareness: 4
Fatigue

PROCESS (CONDITIONS) : Work Place Hazards : 3
Congestion, clutter or restricted motion

PROCESS (CONDITIONS) : Work Place Hazards : 0
Storms or acts of nature

PEOPLE (ACTS) : Following Procedures : 3
Overexertion or improper position/posture for task
PEOPLE (ACTS) : Following Procedures : Work or 3
motion at improper speed

PEOPLE (ACTS) : Inattention/Lack of Awareness: 0
Acts of violence

PEOPLE (ACTS) : Inattention/Lack of Awareness: 0
Use of drugs or alcohol

PROCESS (CONDITIONS) : Work Place Hazards : 6
Inadequate surfaces, floors, walkways or roads
PROCESS (CONDITIONS) : Protective Systems : 1

2010
51
44

25
22
33
24
21

19

26

12
10

32

10
10

17

17

2011
30
22

26
23
21
18
15

18

13

11
19

19

19

10
10

15
12

10

2012
69
59
41
42
49
40
30

19

41

26
24

28
15

13
12
24

32
20

13

2013
52
52

30
33
29
36
35

38

43

28
25

13

17

12

14

12

11

o o N

w b

(SR

N

2014
37
36

25)
27
26
21
16

25

31

12
17

19
14

12

10

11

10

2015
66
40
33
21
25
33
19

30

37

18
21

25
14
15

14
12

10

11

13

2016
116
80
81
39
44
47
57

68

54

51
58

58
62
17

24
35
34
48

19

40
19

13

15
17

11
17

NS

15

o o w

o~

2017
54
49

36
22
26
30
21

40

28

14
23

18
13

21

11

14

2018
48
36

29
15
28
33
20

33

27

16
20

16
10
10

14

16

10

12
15

13

a o o

o

o o

o

2019
60
38
38
30
29
29
29

24

23

22
22

21
13
13

12
10

Causal factors are listed in order of frequency for 2019. The top 10 causal factors assigned to high potential events for each year are highlighted.2019: 2 causal
Jactors were equal 10th with 22 assigned events (11 factors are highlighted)

2018: 3 causal factors were equal 10th with 16 assigned events (12 factors are highlighted)2017:
2 causal factors were equal 10th with 21 assigned events (11 factors are highlighted)

AAIT

188



Table B5: Causal factors assigned to fatal incidents (2010 & 2019)

Causal factor
PROCESS (CONDITIONS) : Organisational :
PEOPLE (ACTS) : Inattention/Lack of Awareness :
PROCESS (CONDITIONS) : Organisational :
PEOPLE (ACTS) : Following Procedures : Improper
PEOPLE (ACTS) : Following Procedures : Violation

PROCESS (CONDITIONS) : Protective Systems : 7

2010
30
14
18
16
12

PEOPLE (ACTS) : Inattention/Lack of Awareness : ~ §her

concerns/stress
PEOPLE (ACTS) : Use of Protective Methods : 7

PROCESS (CONDITIONS) : Organisational :

PROCESS (CONDITIONS) : Organisational :

PROCESS (CONDITIONS) : Organisational :

PROCESS (CONDITIONS) : Organisational : Failure 3

PEOPLE (ACTS) : Use of Protective Methods : 6
Equipment or materials not

PEOPLE (ACTS) : Following Procedures : Improper 8

PEOPLE (ACTS) :é[Jse OJ Tools, Equipment, Materials3
. ~“and Products : Servicing of energize
equipment/inadequate energy isolation

10
12
13

PEOPLE (ACTS) : Use of Protective Methods : 1
improperly

PROCESS (CONRIFIONS),; FEQEGRHYERBYSIRMS © PersBnal
Equipment

PROCESS (CONDITIONS) : Tools, Equipment, 4

tools/equipment/materials/products

PROCESS (CONRid¢QiNG}/dEdalsvequipeniir,.& Produ
design/specification/management of change

PEOPLE (ACTS) : Use of Tools, Equipment, Materials9
tools/equipment/materials/products

PROCESS (CONDTROMB Py daianssysesrasition o
devices

PEOPLE (ACTS) : Following Procedures : Violation
intentional (by individual or group)

PEOPLE (ACTS)ydds@@f Reayective Methods : 5
PEOPLE (ACTS) : Inattention/Lack of Awareness: 0

PEOPLE (ACTS} : Following Procedures : Work or 0
nadequate use of safety systems

PROCESS (CONDITIONS) : Tools, Equipment, 4
maintenance/inspection/testing
PEOPLE (ACTSIRQU&® of r SREAARSIV EPS s : 2

safety devices Materials &  Products
PROCESS (CONDITIONS) : Organisational : Poor 9

PROCESS (CONDITIONS) : Work Place Hazards : 1

G cvrataman e

PROCESS (CONDITIONS) ~ Work Place Hazards -~ 2
PROCESS (CONAT¢BNE) oMaris Riace l-adancts : 2
PEOPLE (ACTS) : Following Procedures : 3
PEOPLE (ACTS§{ ongattiépniohvtizelon f @wintedasotion 6
PEOPLE (ACTS) : Inattention/Lack of Awareness: 0

10

12

PROCESS (CONDIIGRISIONAH HA PIaBETHesati@s/ posture for

taskActs of violence

Use of drugs or alcohol

Inadequate surfaces, floors, walkways or

roads Inadequate security provisions or

systems

o B O O

2011
15
16
18

2012
17
11
16
13
13

15

13

A B N B O B N b

AAIT

w O o o N o Noo

2013
13
16
14
12
11
10

15

21

10

2014
18
13
13
14

18

16
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2015

11
10
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Causal factors are listed in order of frequency for 2019. The top 10 causal factors assigned to fatal incidents for each year are highlighted.2017: 5 causal
factors were equal 10th with 4 assigned incidents (14 factors are highlighted)

2016: 4 causal factors were equal 10th with 3 assigned incidents (13 factors are highlighted)2014:

3 causal factors were equal 9th with 6 assigned incidents (11 factors are highlighted) 2013: 2

causal factors were equal 10th with 9 assigned incidents (11 factors are highlighted)2012: 4 causal

factors were equal 9th with 7 assigned incidents (12 factors are highlighted)

TableB6: IOGP Life-Saving Rules allocated to fatal incidents (2019)

Life-Saving Rule Fatal incidents

Bypassing safety controls

Confined space 0
Driving 3
Energy isolation 3
Hot work 0
Line of fire 6
Safe mechanical lifting 3
Work at height 0
Work authorisation 3
Other issue 0
Insufficient information to assign a Rule 1
Unspecified 2

TableB7: Severity of lost workday cases by region (2015 - 2019)

Average days lost per

LWDC
Region 2015 2016 2017 2018 2019
Africa 42.7 33.1 44.6 29.8 36.1
Asia / Australasia 27.7 39.5 39.4 61.8 37.5
Europe 38.8 453 32.5 42.7 62.5
Middle East 24.6 62.2 35.8 43.5 30.3
North America 87.8 25.1 252 325 41.8
Russia & Central Asia 70.8 55.3 126.0 90.5 85.0
South & Central America 55.9 93.4 51.6 60.7 59.4
OVERALL 54.0 61.4 42.5 51.5 50.9

TableBS8: Work hours reported by region (2010-2019)

Thousand work hours

Region 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Africa 562,121 558,573 600478 595,637 580,464 543205 444,534 489,592 537,130 480,700
Asia / Australasia 725171 609,466 741,523 919,063 1,077,835 924392 745,095 595,521 531,067 594,527
Europe 308,954 344,842 384,950 399,584 385,847 343,123 273,984 248,856 250,880 275,861
Middle East 676,337 690,171 666,915 637,244 607,954 653,049 607,678 754,753 756,946 675,784
North America 295339 400,902 560,027 590,089  1,025254 864,115 325869 326,804 367,241 369.476
Russia & Central Asia 461,743 439,340 363,662 239,832  247.816 249,560 166,000 235205 220,906 246,248
South & Central 381,479 412,784 373,485 389,097 440,789 141,872 332,461 348,308 402,180 395,756
America
OVERALL 3,411,144 3,456,078 3,691,040 3,770,546 4,365,959 3,719,316 2,895,621 2,999,039 3,066,350 3,038,352
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Table BY9: Summary of 2019 data by function

Function

Exploration
Exploration
Exploration
Exploration
Exploration
Drilling
Drilling
Drilling
Drilling
Drilling
Production
Production
Production
Production
Production
Construction
Construction
Construction
Construction
Construction
Unspecified
Unspecified
Unspecified
Unspecified
Unspecified
TOTAL
TOTAL
TOTAL
TOTAL

GRAND
TOTAL

Data type

Company
Company
Contractor
Contractor
SUBTOTAL
Company
Company
Contractor
Contractor
SUBTOTAL
Company
Company
Contractor
Contractor
SUBTOTAL
Company
Company
Contractor
Contractor
SUBTOTAL
Company
Company
Contractor
Contractor
SUBTOTAL
Company
Company
Contractor
Contractor
TOTAL

Operations

Onshore
Offshore
Onshore
Offshore
SUBTOTAL
Onshore
Offshore
Onshore
Offshore
SUBTOTAL
Onshore
Offshore
Onshore
Offshore
SUBTOTAL
Onshore
Offshore
Onshore
Offshore
SUBTOTAL
Onshore
Offshore
Onshore
Offshore
SUBTOTAL
Onshore
Offshore
Onshore
Offshore
TOTAL

Hours worked
(thousands)  Fatalities

18,188
446
10,466
8,779
37.879
33,665
7,209
210,284
147,872
399,030
261,018
99,013
667,115
311,879
1,339,025 16
29,967 0
6,628 0
463,546 3
151,437 0
651,578 3
184,788 0
0
2
0
2

BN N O O O O O O O

s~ © N =

16,336

314,220

95,496

610,840

527,626 1
129,632 2
1,665,631 16
715,463 6
3,038,352 23

AAIT

LWDCs
(number)

12

25

102
72
182
58
51
112
119
340

51
30
83
17

35
18
73
96
56
309
242
703

A O =~ & © N

RWDCs
(number)

125
65
195
34
28
128
94
284

51
37
88
13

45
17
76
58
30
355
214
652

MTCs
(number)

121
8S
202
129
61
796
403
1,389

FA

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.95
1.35
1.00
0.38
2.02
1.35
1.28
1.19
0.00
0.00
0.65
0.00
0.46
0.00
0.00
0.64
0.00
0.33
0.19
1.54
0.96
0.84
0.82

TRI

0.82
2.24
2.58
0.68
1.29
0.71
0.69
2.26
1.45
1.80
0.68
1.34
0.73
1.36
0.92
0.17
0.15
0.61
0.99
0.67
0.39
0.55
0.62
0.73
0.57
0.54
1.15
0.88
1.21
0.92

LTI
R

0.66
224
0.86
0.34
0.66
0.24
0.00
0.49
0.50
0.47
0.23
0.54
0.18
0.39
0.27
0.03
0.15
0.12
0.20
0.13
0.09
0.18
0.12
0.19
0.12
0.18
0.45
0.20
0.35
0.24
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Table B10 Total work hours reported (1985-2019)

Year
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019

Overall
655,650
544,053
602,480
616,448
655,945
720,652
940,538
944,143
919,176
871,973
840,811
911,540
1,161,335
1,131,229
1,197,460
1,633,855
1,976,646
2,120,829
2,247,026
2,290,453
2,380,670
2,936,974
2,912,801
3,304,168
3,585,842
3,411,144
3,456,078
3,691,040
3,770,546
4,365,959
3,719,316
2,895,621
2,999,039
3,066,350
3,038,352

Work hours reported (thousands)

Hours company
410,409
305,637
355,578
363,530
330,970
331,986
441,141
431,139
410,474
397,258
355,695
360,149
389,442
385,619
395,141
571,915
633,039
636,414
663,894
638,739
639,292
734,425
667,986
712,482
822,240
725,673
753,100
759,600
820,856
945,572
896,862
667,335
688,779
653,764
657,258

Total work hours showed an increasing trend from 1997 and picked in 2014.

Table B11: Exposure hours by region (2018 and 2019)

Region

Africa

Asia / Australasia
Europe

Middle East
North America

Russia & Central Asia

South & Central America

OVERALL

2018
537,130
531,067
250,880
756,946
367,241
220,906
402,180
3,066,350

Hours (thousands)

Hours contractor
245,241
238,416
246,902
252,918
324,975
388,666
499,397
513,004
508,702
474,715
485,186
551,391
771,893
745,610
802,319
1,061,940
1,343,607
1,484,415
1,583,132
1,651,714
1,741,378
2,202,549
2,244,815
2,591,686
2,763,602
2,685,471
2,702,978
2,931,440
2,949,690
3,420,387
2,822,454
2,228,286
2,310,260
2,412,586
2,381,094

2019
480,700
594,527
275,861
675,784
369,476
246,248
395,756
3,038,352

2018-2019 Middle East region has the highest exposure hours for the year range.
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Table B12: Exposure hours by function (2018 and 2019)

Function 2018
Exploration 31,899
Drilling 373,205
Production 1,282,002
Construction 725,186
Unspecified 654,058
OVERALL 3,066,350

Hours (thousands)

2019
37,879
399,030
1,339,025
651,578
610,840
3,038,352

For the year range, 2018-2019 production function has the highest exposure hours
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Annex C Data Collection

Introduction: This survey aims to gather primary data from oil and gas field personnel.
Please note that the survey is for academic purposes and is entirely anonymous. Could you
choose one from the given questions based on your field experience in oil and gas safety
practices? There is no correct and wrong answer, just personal opinion.

Question 1.

In your opinion, who do you think has the main responsibility in drafting oil and gas safety
systems, procedures, plans, and policies?

A. Top management B. safety officer C. frontline employees D. regulatory bodies

Question 2.

In your opinion, what could be the main cause of accidents in the oil and gas upstream
offshore sector?

A. Employees B. broken processes C. unsafe conditions
Question 3.

In your opinion, what is the common injury type in the oil and gas upstream offshore
sector?

A. Hand injury B. Back injury C. eye injury D. Neck injury

Question 4.

In your opinion, what is the leading indicator for predictive safety measures for the oil and
gas upstream offshore sector?

A. fatality B. recordable injuries C. near misses D. lost-time days
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Table C1: Injuries on permanently placed facilities.

AAIT

Activity 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
Work-hours
Administration > 8 920 468 8975 538 8715265 8997 539 9386604 | 10084 881 8 869 938 7744388 8329 241 10 699 902
and production | Injuries 39 28 22 40 38 25 26 18 33 17
Injury rate 44 31 25 44 4,0 2,5 2,9 23 4,0 1,6
s Work-hours 6363 025 5893 739 5 594 466 5149 376 5553 985 5 166 295 4856 239 4499 170 4503 183 4598 378
Drilling and well
operations Injuries 48 47 43 40 41 28 32 29 27 21
Injury rate 7.5 8,0 7.7 7,8 7.4 54 6,6 6,4 6,0 46
Catsiing Work-hours 2221184 2321410 2402714 2466 948 2426 849 2347 674 2154055 2090 811 1988 017 2101929
Injuries 28 23 24 14 26 12 23 15 19 9
Injury rate 126 99 10,0 57 107 5,1 107 72 96 43
: Work-hours 11 079 666 11834 044 14 951 055 15 408 376 15 721 547 15 125 636 10 636 021 9779 982 9 309 383 10 661 638
Construction and -
maintenance Injuries 133 122 154 157 137 178 113 82 92 103
Injury rate 12,0 103 103 102 8,7 18 106 84 9,9 9.7
Total Work-hours 28584343 | 29024731| 31663 500 32022239 | 33088985| 32724486 26 516 253 24114351 24129824 28061847
Injuries 248 220 243 251 242 243 194 144 171 150
Injury rate 8,7 7.6 7.7 7.8 03 7.4 7.3 6,0 71 53




Table C2 Fatality by activity (2015-2019)

Number of fatalities

Activity 2015 2016 2017 2018 2019

Construction,
commissioning,
decommissioning | 4 6 2 4 2

Diving, subsea,
ROV 2 0 1 1 2

Drilling,
workover, well
services 12 6 10 12 2

Excavation,
trenching, ground
disturbance 0 0 0 0 2

Lifting, crane,
rigging, deck

operations 5 3 3 5 6
Maintenance,

inspection,

testing 3 6 6 3 4
Office,

warehouse,

accommodation,

catering 1 0 0 0 0
Production

operations 14 3 4 1 1
Seismic/survey

operations 2 1 0 1 0
Transport - Air 0 19 0 0 0
Transport - Land | 7 5 6 3 4
Transport -

Water, incl.

marine activity 1 1 0 1 2
Unspecified -

other 3 0 1 0 0
OVERALL 54 50 33 31 25

As illustrated in Table 7.5, production, drilling, and transportation are the three main
activities that caused the highest fatalities, Fatality by activity (2015-2019)
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Table C3: Fatalities by cause (2015-2019)

Fatalities by cause (2015-2019)

Number of fatalities

Cause 2015 | 2016 | 2017 | 2018 | 2019
Assault or violent act 1 0 0 0 0
Aviation accident 0 19 0 0 0
Caught in, under or between (excl. dropped objects) 11 6 9 11 12
Confined space 0 2 4 0 0
Cut, puncture, scrape 0 1 0 0 0
Dropped objects - - - 1 1
Explosion 18 9 5 8 0
Exposure electrical 2 0 1 1 4
Exposure noise, chemical, biological, vibration, extreme temperature 1 0 0 0 0
Falls from height 2 2 1 4 2
Overexertion, strain 0 0 0 0 0
Pressure release 5 1 0 0 0
Slips and trips (at same height) 0 0 0 0 0
Struck by (not dropped object) 10 10 12 4 3
Water related, drowning 1 0 0 2 3
Unspecified - Other 3 0 1 0 0

Note that dropped objects were not a cause category until 2018.

As shown in Table 7.4, Explosion, being caught in between, and being struck by are the
three most causes that led to Fatalities (2015-2019)
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Table C4 Fatalities, fatal accident rate, fatal incident by regions

Fatalities Fatal accident rate Fatal incident
Region 2018F 2019F 2018A 2019A 20181 20191
Africa 6 6 1.12 1.25 6 5
Asia /15 1 0.94 0.17 5 1
Australasia
Europe 0 2 0.00 0.73 0 2
Middle East 9 4 1.19 0.59 7 3
North America | 2 6 0.54 1.62 2 5
Russia &3 1 1.36 0.41 1 1
Central Asia
South &6 5 1.49 1.26 6 5
Central
America
OVERALL 31 25 1.01 0.82 27 22
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Table C5 Total Recordable injury rate by region

Total recordable injury rate (TRIR)

2015 | 2016 |2017 |2018 |2019

Africa 0.76 0.50 048 ]0.50 |0.42

Asia / Australasia 0.92 0.81 0.75 0.72 0.60

Europe 2.22 207 207 |217 |2.26
Middle East 0.73 048 1055 (043 |044
North America 2.13 1.84 1.96 |2.00 1.66

Russia & Central | 0.69 0.52 0.44 0.54 0.58
Asia

South & Central | 2.08 1.83 1.44 1.64 1.35
America

OVERALL 1.21 1.03 096 (099 |0.92
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Table C6 Total Recordable Injury Rate (2010-2019)

Total Recordable Injury Rate

Company Contractor OVERALL Onshore Offshore

2010 1.19 1.81 1.68 1.41 2.45

2011 1.32 1.88 1.76 1.45 2.84

2012 1.12 1.90 1.74 1.49 2.53

2013 0.95 1.77 1.60 1.33 2.34

2014 0.90 1.70 1.54 1.33 2.16

2015 0.89 1.30 1.21 1.08 1.65

2016 0.82 1.09 1.03 0.83 1.60

2017 0.78 1.01 0.96 0.80 1.37

2018 0.72 1.06 0.99 0.88 1.27

2019 0.67 0.98 0.92 0.81 1.20

Table C7: Fatalities and fatal incidents by function (2015-2019)
Table: Fatalities and fatal incidents by function(2015-2019)
Function Fatal incidents Fatalities
2015 | 2016 | 2017 | 2018 | 2019 | 2015 | 2016 | 2017 | 2018 | 2019
Exploration | 3 1 0 1 0 3 1 0 1 0
Drilling 9 8 14 11 4 10 8 15 12 4
Production 22 14 12 9 13 35 28 14 9 16
Construction | 4 4 2 3 3 4 6 2 4 3
Unspecified |2 2 2 3 2 2 7 2 5 2
OVERALL |40 29 30 27 22 54 50 33 31 25
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Table C8: Injuries on permanently placed facilities.

Activity 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Work-hours

Administration o 8 920 468 8 975 538 8715 265 8997 539 9386604 | 10084 881 8 869 938 7 744 388 8329 241 10 699 902

and production | Injuries 39 28 22 40 38 25 26 18 33 17
Injury rate 44 31 2,5 44 4,0 2,5 2,9 23 4,0 1,6
Work-hours

Drilling and wel ‘ 6 363025 5893 739 5 594 466 5 149 376 5 553 985 5 166 295 4 856 239 4499170 4503 183 4598 378

operations Injuries 48 47 43 40 41 28 32 29 27 21
Injury rate 75 8,0 7,7 738 74 5,4 6,6 6.4 6,0 4,6

Cahg Work-hours 2221184 2321410 2402714 2466 948 2426 849 2347 674 2 154 055 2090 811 1988 017 2101929
Injuries 28 23 24 14 26 12 23 15 19 9
Injury rate 12,6 9,9 10,0 57 10,7 5.1 10,7 7.2 96 43
Work-hours

Gonstruction and | 11079666 | 11834044 | 14 951055 15408376 | 15721547 15125636 10 636 021 9779982 9309 383 10 661 638

maintenance Injuries 133 122 154 157 137 178 113 82 92 103
Injury rate 12,0 10,3 10,3 10,2 8,7 1,8 10,6 8.4 9.9 97

Total Work-hours 28584343 | 29024731| 31663 500 32022239 | 33088985| 32724486 26 516 253 24114351| 24129824 28 061 847
Injuries 248 220 243 251 242 243 194 144 171 150
Injury rate 8.7 7,6 77 78 7.3 74 73 6,0 71 53

The secondary data used for model development has been structured as CSV (Comma

Separated Values), a simple file format used to store tabular data, such as a spreadsheet or

database. CSV file stores tabular data (numbers and text) in plain text.
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Table C9 CSV file for python data frame

Year,Activity,Work-Hours,Injuries,Injury-rate
2009,Administration and production,8920468,39,4.4
2009,Drilling and well operations,6363025,48,7.5
2009,Catering,2221184,28,12.6

2009,Construction and maintenance,11079666,133,12
2010,Administration and production,8975538,28,3.1
2010,Drilling and well operations,5893739,47,8
2010,Catering,2321410,23,9.9

2010,Construction and maintenance,11834044,122,10.3
2011,Administration and production,8715265,22,2.5
2011,Drilling and well operations,5594466,43,7.7
2011,Catering,2402714,24,10

2011,Construction and maintenance,14951055,154,10.3
2012,Administration and production,8997539,40,4.4
2012,Drilling and well operations,5149376,40,7.8
2012,Catering,2466948,14,5.7

2012,Construction and maintenance,15408376,157,10.2
2013,Administration and production,9386604,38,4
2013,Drilling and well operations,5553985,41,7.4
2013,Catering,2426849,26,10.7

2013,Construction and maintenance,15721547,137,8.7
2014,Administration and production,10084881,25,2.5
2014,Drilling and well operations,5166295,28,5.4
2014,Catering,2347674,12,5.1

2014,Construction and maintenance,15125636,178,11.8
2015,Administration and production,8869938,26,2.9
2015,Drilling and well operations,4856239,32,6.6
2015,Catering,2154055,23,10.7

2015,Construction and maintenance,10636021,113,10.6
2016,Administration and production,7744388,18,2.3
2016,Drilling and well operations,4499170,29,6.4
2016,Catering,2090811,15,7.2

2016,Construction and maintenance,9779982,82,8.4
2017,Administration and production,8329241,33,4
2017,Drilling and well operations,4503183,27,6
2017,Catering,1988017,19,9.6

2017,Construction and maintenance,9309383,92,9.9
2018,Administration and production,10699902,17,1.6
2018,Drilling and well operations,4598378,21,4.6
2018,Catering,2101929,9,4.3

2018,Construction and maintenance,10661638,103,9.7
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The Python code for developing the injury prediction is presented below.

# -*- coding: utf-8 -*-

nmn

@author: Desalegn

import pandas as pd

import numpy as np

import matplotlib.pyplot as plt

from sklearn.preprocessing import OneHotEncoder
from sklearn.model_selection import train_test split
from sklearn.model_selection import GridSearchCV
from sklearn.ensemble import RandomForestRegressor
from sklearn.metrics import r2_score

#import data

df =pd.read_csv('Data-1.csv')

#%% One Hot Enconding

#import encoder

cat_enc = OneHotEncoder(handle unknown='ignore')

#encode Activity column

enc_df = pd.DataFrame(cat enc.fit transform(df[['Activity']]).toarray())
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#%% Merging data frames df + enc_df

reduced df = df.drop(['Activity'], axis=1) #create a new data frame dropping the activity

column as it is hot enconded

final df =enc_dfjoin(reduced df).to numpy() # merge both dataframes
#%"% Data Preparation for ML

X = final dff0:,:7] #Features: Year, Activity, Work-Hours, Injuries

y = final df[0:,-1] #Labels: Injury-rate

#Create train and test dataset with an 80:20 split

X_train, X_test,y train,y test=train_ test split(X,y,test size=0.2,random_state = 0,shuffle

= False)
#Further divide training dataset into train and validation dataset with an 80:20 split

X_train, Xx_val, y train, y val = train test split(x_train,y train,test size=0.2,random_state

= 0, shuffle = False)

#%"% Hyperparemeter tuning

#Random Forest

param_listl = {"n_estimators": [10,30,50,70], "max_depth": [10,20,30]}
RFR _model = RandomForestRegressor(random_state = 0)

grid_searchl = GridSearchCV(RFR _model, param_grid=param_list1 , cv=10, scoring="r2'
,n_jobs=4).fit(x_train,y_train)

print("Best parameters RandomForest:", grid_searchl.best estimator )
print("Best score RFR:", grid_searchl.best score )
#%% Function for running ML models

def evaluate_model(rf, x_train, x_val, x test,y train,y val,y test):
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rf.fit(x_train, y_train)
validation = rf.predict(x_val)
predictions = rf.predict(x_test)
print(fR2 val = {r2 score(y_val,validation)}")
print(fR2 = {r2_score(y_test,predictions)}")
plt.figure(figsize=(6,6))
# function to plot results
plt.scatter(y_test,predictions, s=2, c="black",label="Data sample", alpha=1)

plt.plot([0,np.max([y_test,predictions])],[0,np.max([y_test,predictions])],c="red",

linewidth=1, linestyle="-.", label="perfect prediction")
plt.xlabel("Truth")
plt.ylabel("Model")
plt.legend()
plt.grid()
plt.text(0.061, 0.001, f$R"2$ = {np.round(r2_score(y_test,predictions),3)}")
return
#%"% Random Forest
rf = RandomForestRegressor(n_estimators = 30, random_state = 0,max_depth=10)
evaluate model(rf, x_train, x_val, x_test, y train,y val, y test)

#%% Random Forest
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