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Abstract

The oil and gas industry with its stringent safety policies, standards, rules and
procedures still experience minor-to-major operational accidents/incidents in
petroleum exploration and production processes. The root causes of incidents
in upstream and downstream sectors are attributed to humans and organiza-
tional factors. The sector has been revolutionizing its safety system by way of
risk identification and management and hazards hunt at a workplace to re-
duce the risk level of fatal and non-fatal injuries. In this research, the authors
apply lean philosophy to surface the challenges of oil and gas safety system in
an innovative way by identifying problems at root source and addressing it
with employees’ engagement and involvement to continuously improve the
safety system. The application of lean thinking has been proven in health-
care and manufacturing industries where this research makes parallel to take
advantage of the experiences of the lean founders. Safety should not be a
priority as priorities could change based on situations. Instead, safety should
be an embedded business value that could be value streamed along the value
chain, with value considered from the perspective of customer value that can
also include the internal customer, employees. The purpose of this study is to
find out why stringent oil and gas safety standards, procedures and rules
have not spared the industry from occurrences of occupational accidents
and incidents. Therefore, this study aims in addressing how offshore oil and
gas exploration and production operational safety can be improved through
lean thinking, where upstream work processes are streamlined to improve
workplace visibility, eliminate wastes, improve structural sustainability as
well as HSE risks and improve operational safety. The study focuses on hu-
man side of occupational safety improvement through direct employees’ in-
volvement, workforce engagement and lean thinking application using lean
philosophy, practice and tools. The study comprises five parts that are: In-
troduction, literature review, research methodology, result, discussion and
conclusion.
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1. Introduction

The primary objective of lean thinking is the elimination of wastes. The conti-
nuous improvement using waste elimination has been underlined as the most
vital task of outstanding organization [1] [2]. The concept was originated from
the Toyota Production System [3] [4]. For this, Taiichi Ohno was the first who
established efficient work processes. Process wastes [5] need to be identified and
continuously removed by optimizing and updating the work process. The eight
types of processwastes which need to be eliminated are Defects, Overproduction,
Waiting, Not-Utilizing peoples’ Talent, Transportation, Inventory, Motion, and
Over-processing [6]. These wastes from the context of oil and gas activities are
discussed under the results and discussion section.

Researchers from Massachusetts Institute of Technology (MIT) have identi-
fied the success behind Toyota’s competitive advantage [2] [7] and realized that
the company’s working culture and management system under the umbrella of
TPS were the catalyzing factor that brought the best performance in the auto-
mobile industry, and finally coined the production system as Lean production
[2]. With the current globalized business environment, easy access to new tech-
nology, best working practices and industry-wide procedures are at the exposure
of all companies. The competitive edge that would differentiate could be the
working culture and the workforce’s involvement and engagement.

Gemba walk is the most appropriate method used to identify wastes (Muda)
[8]. The Gemba walk is a technique that allows observing different processes
occurrences in action and allows observing where wasteful activities appear. The
5 whys and the A3 report are also lean tools, which are used to investigate the
root cause analysis and problem-solving. The 5 why’s as its name implies com-
prises five “why” questions [9] while the A3 is a bit more complicated process
that encourages cross-organizational knowledge sharing. The conventional way
of silo departmentalization and everything designed and dogmatized at the
board room could not capture the reality at the shop-floor (Gemba) the real
place where the work is done. Thus, multifunctional collaboration and involving
the frontline employees should be the way forward in aligning top-down and
bottom-up for effective company-wide engagement.

The core philosophy and two pillars of lean thinking are continuous improve-
ment and respect for people [10]. One of the popular lean practices for achieving
continuous improvement is through Kaizen event. Kaizen is a Japanese word
that translates as “change for better” [11]. The common mistake in business im-

provement implementation is using buzzwords and applying improvements in a
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campaign kind of mood and lack of sustainability and not building on the small
achievements acquired to continuously strive for perfection.

Lean thinking application in automobile industry and healthcare sector has
made the methodology popular in product and service provision [12], this is in
line with [13] argument to enhance service industry performance through the
application of lean thinking. In line with this, this study investigates the applica-
tion of lean thinking in oil and gas occupational safety application. Safety is not
different from any other organizational processes. Therefore, safety needs to be
incorporated along the business value stream and any activities that would not
add value to the employee’s safety, and activities that add hazards to the work-
force need to be eliminated.

The Swiss cheese model could be an illustrative model that shows how differ-
ent factors could contribute to the causations of accident [14] in oil and gas op-
erations. This is also evident in offshore oil and gas activities where there are
many factors that jeopardize the safety of the workforces, asset, and the envi-
ronment in general. Minor faults and negligence could escalate, and the ‘dots
could join to trigger an accident.

The focus of this study is oil and gas industry upstream sector operation on
demanding North Sea offshore sector. The very reason that offshore structures
should work under extreme weather conditions, the structural and safety-critical
equipment should stay intact and must work properly for the whole part of the
life cycle of the installation is due to the demanding working environment and
the nature of the product. For any structural design and construction works, it is
important to follow standards and codes, guidelines and best practices in order
to ensure sustainable structural integrity. Sustainability is also the primary con-

cern in the oil and gas industry [15].

2. Literature Review

Every activity has its own risk. Offshore oil and gas activities have various ha-
zards associated with the activities. Oil and gas industry has one of the best in-
dustry safety standards and the industry must compliance with the host gov-
ernment stringent regulatory requirements. With all this safety management
systems, standards, procedures, rules and regulations the offshore industry is
still entertaining from minor to major accidents and incidents. This is in line
with [16] argument of the construction industry tragedy that happens every year
despite safety programs, OSHA inspections and training, stand-downs, posters
and project safety officers. Even if occupational accidents and incidents are
known as a major waste in business processes, little consideration has been given
so far to integrating safety into the lean management endeavor [17].

Safety management comprises of preparing a plan to ensure that all safety ha-
zards and risks are identified, assessed, analyzed, and then mitigated. This step is
associated with lean thinking where business processes are streamlined to elimi-

nate waste and maximize value [18]. Occupational accidents and incidents can
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have negative impacts on cost, schedule, quality, employees’ retention, and com-
pany reputation and business image. [18] argues that improving workplace safety
is a form of waste reduction and value generation. Parallels and interaction be-
tween the application of lean thinking and safety management are reasonable
because all near misses, incidents and accidents represent waste from the lean
perspective [19].

This study focuses on this missing link and capitalizes on the weak-link and
drawbacks to bring a different perspective in the endeavor to make the offshore
operations incident and accident free working environment through continuous
safety improvement. Lean is a people-based management system with high work-
force engagement and Involvement. Lean methods involve continuous process
improvement through the systematic elimination of waste, prevention of mis-
takes, and empowerment of employees to make changes in their everyday work.
The frontline employees’ hands-on experience makes them the one to suggest
safety focused improvement ideas at the same time adding value for the custom-
er.

Lean thinking take advantage of frontline employees capability development
(coaching and mentoring) and empowerment (autonomy and trust building and
allowing the employees to do the job and improve it at the same time) this has
positive effect in employees moral and job satisfaction, strategy buy-in and in
the same way promote occupational safety [20], not giving proper valueto occu-
pational safety and process hazards impact on productivity and employees’
well-being [21].

Lean has various tools that could also apply for oil and gas safety context. For
example, 5S brings a work environment that is clean and tidy with good house-
keeping that helps to aid visual management and helps to see problems easily. 55
is a commonly used Lean tool that focuses on creating an organized work envi-
ronment [22]. Mistake-proofing or Poko-Yoke is a lean tool to fail safe and pro-
tect damage to assets and workforce in cases of process failure, PDCA conti-
nuous feedback and improvement etc. [23].

Lean thinking and its tools are known for benefits such as less process waste,
reduced lead time, less rework, reduced inventory, increased team morale, best
warehouse organization, elimination of unused tools, reduced time in travel to
search for material and tools [24]. Moreover, arguably lean tools could be used
to reduce incident and accident rate at the workplace. For example, 5S keeps the
working environment tidy and clean. 6S (5S+ Safety) is the application of 5S to
enhance safe working environment. In a clean and organized environment, it
would be easy to see hazards and avoid employee’s injury. A 6S practice is more
than just a clean and tidy workplace, it is a way of warranting organization and
standardization to clearly see errors while happening into the day to day way of
doing things [25].

The oil and gas industry upstream offshore sector are a risky business. The

sector operates in extreme environment and the nature of the product, Hydro-
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carbon needs extra caution in exploration, handling and transportation. Conse-
quently, it is important to develop substantial safety measures for lowering risks
and safeguarding workforces and assets. With all stringent industry safety stan-
dard and procedures, the current safety state of the sector still shows encounter-
ing from minor to major accidents and incidents. [26] [27] argue that Lean ap-
plications have the potential to improve safety standards and enhance safety
performance. In the current business environment good safety performance is a
competitive advantage that could give firms to win the competition and acquire
the support for the general stakeholders.

Based on best practices and international standards, the NORSOK D10 stan-
dards is designed for well and operation to be applied in the North Sea conti-
nental shelf. The paper mainly uses NORSOK D10 standard (Well integrity in
drilling and well operations).

NORSOK D10 defines well integrity as the application of three solutions with
the objective of reducing the risk level of undesired leak during the life of the
well, which increase the maximum productivity of the reservoir as well as avoid
loss of natural resources and maintain safe environment, NORSOK D10. The
solution is technical, which deals with design and material selection. The second
solution is operational monitoring, which includes inspection, maintenance and
integrity pressure testing. The third solution is organizational, it is all about
competence, training as well as proper data handing and transfer. However, oc-
cupational injuries and accidents as well as environmental degradation issues
reported during petroleum works lacks consistency [28]. Standards alone could
not bridge the gap in safety management that is why the authors of this paper
argue to do more than compliance to standards, legislations and regulations by
actively engaging the frontline workers in continuous safety improvement.

Figure 1 shows a typical best practice guidance for offshore lifecycle opera-
tions, which includes exploration, development, production and decommissioning
phases [29]. More detail activities with regards to operational phases both test-
ing, and acceptance criteria are documented in NORSOK D-10. However, the
process requires a continuous follow-up, inspection, remedial actions as well as
updating the standards are the key to prolong the lifetime of the well, extract ef-
ficient amount of energy with cost effective investment, and improve HSE as
well. For instance, during decommissioning phases, the operation investment is
without return value. However, a continuous technological and innovative me-
thods as well as reliable standards which suits best for this operation can reduce
the operational costs of Plug and abandonment (P & A) and improve long term
integrity, which is a key factor for safe environment.

Due to ever increasing energy demands, the oil and gas industry activities are
expanding to deep-water and arctic regions, which are operationally challenging
environments. The technological development and performance in the oil and
gas industry is continuously improving. For instance, the 1990-2005 inventory

result obtained from several European O&G wells showed that the drilling rate
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Figure 1. Offshore lifecycle and activities; source: Best Available Techniques Guidance
Document on upstream hydrocarbon exploration and production [29].

per day is increasing. However, the non-productive time is flat, is approximately
25% throughout the years [30]. The year 1993-2003 NPT in the Gulf of Mexico
was about 40% [31]. Since 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, waiting on safety related incidents and acci-
dents and wellbore instability.

One of oil and gas well hazardous situation is Kick; Kick is an influx of hy-
drocarbon to the wellbore. It occurs when the well pressure is lower than the re-
servoir pressure. Controlling kick with properly designed control procedures
prevents from undesired surface blowout. For instance, in 1988, the Piper alpha
blow out incidence in the North Sea costed 167 workers lives and several of se-
rious injuries as well as cost billions of dollars [32]. In 2010, the Deep-water Ho-
rizon blowout incident in the Gulf Mexico resulted in the largest oil spill in the
oil and gas industry [33]. The accident costed 11 human life, environmental
pollution, and loss of huge resources as shown in Figure 2. The root cause of the
incident was due to eight essential technical problems. Investigators indicated
the operational gap between BP’s operation with respect to NORSOK D-010 and
API standards. This indicates the need to continuously improve guidelines based
on best practices [34].

[36] indicated that humans and organizations are the key factor for safety of
offshore/onshore structures engineering works such as design, construction, op-
eration, maintenance, and decommissioning phases. Human factor involved
with a continuous real-time management of safety during operations, and de-
velopment of an appropriate Safety Management Assessment System prolong
the life of the structures [36].

DOI: 10.4236/0jsst.2021.113009

125 Open Journal of Safety Science and Technology


https://doi.org/10.4236/ojsst.2021.113009

D. Yeshitila et al.

Figure 2. Blowout and its consequences Macondo [35].

According to [37] the accident in the Piper Alfa attributed to human and or-
ganization factors were involving hazardous technology failures, which includes
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 insuf-
ficient attention to inspection and maintenance operations.

Structural integrity of platforms and drilling rigs might be worsening due to
physical damages such as corrosion and mechanical impacts as well. Imple-
menting Safety Management Assessment System would reduce the risk of struc-
tural failure and accidents, which as a result reduces NPT wastes related with
maintenance and undesired expenditure. [38] argue that Oil and Gas (O&G)
platforms in the North Sea are facing aging problems as many of the installations
have matured and are approaching their design lifetime. The authors considered
Flow line degradation due to corrosion and erosion to exemplify their argument.
The deterioration of a flow line may increase the risk of leakages, ruptures, etc.,
which shall lead to serious HSE (health, safety and environmental) and financial
consequences.

As exemplified earlier, the occupational injuries and accidents as well as envi-
ronmental degradation have occurred during petroleum works. This occurs in
the upstream (exploration and production sector) and downstream (petrochem-
ical industries) as well. The main important issue to be addressed in this paper is
therefore how to minimize the risk factor of offshore installation, well integrity,
at risk behavior, and generally risks during drilling and production throughout
the life cycle of the operation. The risk is expressed risk to assets, environment
and people.

Therefore the purpose of this study is to explore the upstream oil and gas in-
dustry standards and regulatory body procedures, rules and requirement that
serve as a foundation to practice safe oil and gas operations and further analyze
the perspective in which to perform the activities seamlessly with continuous

safety improvement culture.

2.1. Lean Thinking

Currently the oil and gas industry is working to develop methods and technolo-
gies in order to improve operation performance, minimize HSE (Health, Safety
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and Environmental) risks, reduces non-productive time, enhance productivity
and hence minimize operational costs [39]. With the current volatile oil price,
the industry needs to eliminate non-value adding activities to stay competitive
and offset the low margin.

Well construction is like manufacturing car, which use a set of predesigned
workflow processes in order to achieve the desired final product. In the recent
years, the application of Lean thinking in manufacturing and auto industry and
health care have shown impressive result in a sense of process waste manage-
ment as well as effective performances, and problem solving and customer value
addition. This paper, therefore, will look at the application of lean philosophy in
triple bottom-line improvement in the area of economic, environmental, safety
and social benefits in the oil and gas industry, with specific focus in offshore
drilling and production sector [40].

Hazards are everywhere at the workplace. In most cases it is not possible to
eliminate work hazards totally, but one could use hazard control mechanisms.
There should be effective hazard identification method in place to identify the
Hazards for every activity and implement hazard control mechanisms. Some oil
and gas companies have a practice of Hazard hunting where employees in group
go out to the workplace and hunt for potential hazards.

Figure 3 as it is proposed by: National Institute for Occupational Safety and
Health [41], hierarchy of hazards controlled listed from the most effective to
least effective.

Accidents happen due to unsafe act and unsafe conditions. Most accidents
and injuries originating from workplaces are attributed to employees’ unsafe act
[42]. Oil field platforms and Rigs offshore need to endure the extreme weather

conditions to stay intact for the lifecycle of the installation.

2.2. The Eight Types of Waste in Oil & Gas Wells Production and
Exploration

In Lean management, the eight wastes (Muda) are the basic concepts, which
need to be identified in order to optimize resources and increase profitability.
The oil and gas industry have been in downturn where profit margins are ever
diminished and various costs surges time to time and access to new reserves are
becoming a challenge. [43] Pointed that conventional oil and gas well delivery,
on average accounts for 40 percent to 50 percent of the capital spending for ex-
ploration and production. Thus, it is imperative to streamline the oil and gas ex-
ploration and production processes to minimize and eliminate non-value adding
processes wastes. Figure 4 displays the categories of wastes by activities:

Drilling exploration, development injection well 42%, run casing and liner,
pump cement, pressure testing 3%, rig up, rig down, tripping, lay down pipes
22%, wait time 5%, defect repair, maintenance, circulating 13%, transportation
rig move skid 3%, compliance on process best practice such as wait on cement,
9%, other 3% [44].
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Figure 3. Hierarchy of hazard control [41].
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Figure 4. Break down of rig activities categorized by waste [44].

2.3. Offshore Oil and Gas Well Integrity and Safety

Petroleum business is capital and technology intensive and high-risk business.
Once petroleum accumulation is discovered, it is important to design produc-
tion installation that has longer life to exploit the resource in order to be eco-
nomically profitable, environmentally friendly and socially responsible and
doing all these with focus on employees and asset safety.

Reliable well integrity system is a crucial element in all life cycle phases of a
petroleum activity to secure safety of employees’, assets and the general envi-
ronment [45]. For instance, the well integrity survey conducted on Norwegian
continental shelf (NCS) shows that out of 75 production and injection wells,
39% records tubing failure and 11% cement and casing each. Moreover, 5% ex-
hibited packer failure [46].

As part of the well integrity, NORSOK D10 requirement, during operational
phase, the standard demands to conduct pressure testing. Hence the pressure
testing resulted in the production casing collapse, which leads to the production
tubing collapse. Investigators found out that during engineering design works,
the engineers wrongly selected a casing which is 30% lower in strength than

what was supposed to be used [47].
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2.4. Gaps Identified

This research has identified some important gaps and points not covered in
most of safety related articles published in main-stream journals. Here are some
of the gaps pinpointed:

1) Taking safety measures as an obligation and a must do approach instead of
educating employees to take safety measures as values intentionally incorporated
in the work system for the benefits and advantages of the employees.

2) Focusing on major accidents and giving less emphasis on near-misses and
minor incidents and not reporting and recording such incidents and communi-
cating clearly company-wide to learn from them.

3) Not taking safety as part of the overall process in the company system, try-
ing to tackle safety as one-time endeavor and flavor of the month on a campaign
level. Contrary to this lean thinking considers system approach and tackling
problem along the value chain using value stream mapping approach to identify
activities in the process that does not add value safety is not different. Lean ap-
proach advocates people are not the cause of problems rather the broken process
is the cause of problem, not different for safety as a process.

4) Safety system approach based on safety staff and frontline employees with-
out top management involvement. Safety is everybody’s responsibility. Lean ap-
proach bases any improvement on respect for people philosophy. Thus, the em-
ployee is the one doing the job and at the same time improves the work process
and this includes safety as part of the process.

5) Compliance based safety approach. Even if compliance is the starting point
for safety and foundation and basic requirement compliance is not quite enough
by itself to prevent accidents and incidents. People based approach and conti-
nuous improvement in safety is beyond regulatory control approach to safety

where employees go beyond compliance to exert discretionary efforts.

3. Research Methodology

For this purpose, high impact factor academic research journals were reviewed
to review the current state safety practice in oil and gas industry. Some of the
academic research sources searched were: Science direct, Springer, Emerald, web
of science, Elsevier etc. The key words and phrases used in search were lean
safety, occupational safety, employee engagement, workplace safety, 5S, workplace
visibility, employee involvement, safety leadership, error proofing, and 5 why,
etc. characteristics.

The research methodology followed for this paper was, perspective research,
where it started from problem definition to final, conclusion and conceptual mod-
el development. The process starts with objectives setting, identification (search-
ing) of relevant articles from various database based on search word and phrases
mentioned on methodology, screening of articles relevant to set objectives, ob-
taining appropriate articles, gap identification, developing conceptual frame-

work and finally draw conclusion.
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Oil and Gas industry has one of the best industries safety standards, proce-
dures and safety practices. Moreover, host countries where the international and
national oil companies operate require companies to comply with stringent gov-
ernment regulations and safety standards. With all these safety management and
standards and procedures in place, we still experience from minor to major ac-
cidents and incidents in the industry. This study asks one important question,
what is missing in the system as the slogan goes in the industry “Zero incident
and accident” never been achieved. The authors of this paper argue that the im-
portant thing that has been missed from the equation is employee’s engagement
and involvement in the general safety management system. Thus, this paper ba-
sis its argument on one of the core pillars of lean philosophy, “respect for

people” as it positively impacts occupational safety in oil and gas industry.

4. Result and Discussion

This section of the paper discusses the lean thinking application for oil and gas
safety enhancement.

The eight wastes are discussed here as it applies for oil and gas upstream op-
erations. Each kind of process wastes from offshore drilling and production pers-
pectives.

Transportation: Among the challenges in upstream offshore oil and gas ac-
tivities is the difficulty of supplying various supplies for the offshore activities.
The remoteness and harsh weather condition make it daunting task to deliver
supplies without delays.

In lean thinking transportation is among the seven wastes. The longer the
time spent on transportation the higher will be 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 visi-
bility and integrated drilling approach and collaboration of players along the
value chain is best practice in reducing delays in equipment and material sup-
plies and in reducing total costs.

Inventory: Offshore remote exploration and production have imposed vari-
ous challenges for oil and gas industry [48]. One of these challenges is to supply
offshore drilling and production installations continuously with workforces, 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 stuffs. Helicopters and special vessels are used as means of supplying
items. In lean thinking inventory wastes is among the wastes. The inventory
holding cost and limitation and shortage of space in offshore drilling installation
further complicates the matter.

Motion: Motion wastes are unnecessary movement by people working the
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job. A working environment design using the science of Ergonomics and lean
work process streamlining would minimize nonvalue adding employee motions
and reduce risk and negative impact on the health of employees that could be
caused by poor working environment design. Unnecessary movement of people
for obtaining information by walking up and down the rig deck, travelling to
redundant meetings etc. are how motion wastes are articulated.

Waiting: Waiting is one of the most frequently happening waste in offshore
oil and gas drilling; where there could be: waiting on 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,
incur huge cost components in well delivery are attributed to the rig rate and
service and equipment rentals. These components are both time-dependent and
a function of prevailing service market demand. The conventional offshore
drilling is performed as sequential activity where one phase of an activity is fi-
nished to start the next operation. For example, in a nutshell there are the main
sequential activities: drilling-wire line-casing-cementing, etc. Moreover, waiting
could happen while waiting for decision and further information from town, on
how to proceed on some critical issues.

Overproduction: Lean practitioners consider overproduction as the “dead-
liest” waste of all as causes other wastes, such as inventory, defect, transportation,
motion, etc. In offshore oil and gas drilling context, overproduction could be ex-
pressed in forms of producing more information than needed. One of the visible
overproductions in offshore drilling is various players in the value chain pro-
ducing the same deliverables and weakly collaborated players in various service
value chains. Another instance on overproduction is where offshore employees
are asked to daily report the same safety observation stop card to various parties.

Over-processing: Over-processing exemplified in forms of processing infor-
mation beyond the requirement, over-engineering. In offshore drilling context
over processing could be revealed as long meetings, too many email exchanges,
reworks due to change of deliverables, etc.

Defects: Most of the North-Sea offshore oil and gas installation are aging and
liable for defects due to corrosion and material fatigue. Defects and rework lead
to unnecessary effort and misappropriation of resources which otherwise could
have been invested in value adding activities. In oil and gas projects’ environ-
ments where several activities are undertaken concurrently, rework can occur
from errors, omissions, failures, damage, and change orders [49].

Unutilized employees’ talent: People are the most important assets of an or-
ganization that make or break the success of an organization and giving it a
competitive edge. Not utilizing employees’ talent and capability to do the job

and at the same time to improve it continuously is the wastes of all [1] [50].

4.1. Lean in Upstream Oil & Gas Sector

Lean drilling applies the principles and imbedded cultural philosophy of lean
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manufacturing in all activities and phases of drilling, completion and production
processes. The process streamlines all activities by passing the conventional silo
functions.

Table 1 summarizes some of the application of lean in manufacturing and
drilling engineering. The National Institute of Standards and Technology (NIST)
Manufacturing Extension Partnership surveyed forty of their clients who had
implemented Lean Manufacturing [51]. The survey results showed that the lean
manufacturing reduced (time, work in process inventory and space utilization),
increased productivity and quality significantly.

According to [52] properly applied lean drilling could bring performance im-
provement including halving of time used, 30% cost reduction. Studies indicated
that the application of lean on the rig movement and well planning cycle im-
proved by 30% - 50% and 40% - 50% respectively [44]. This illustrates the huge
potential of lean application in the upstream and downstream sectors. This is il-

lustrated in Table 1 below.

4.2. Lean HSE

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

healthy and convenience environment with no any accident and injuries [53].

Table 1. Application of lean thinking in manufacturing and drilling engineering works.

Operation Method Improvement Authors
Drilling
Rig movement Lean drilling 30% [44]
Rig move cycle Lean drilling 30% - 50% [44]
Well planning
cycle time from Lean drilling 40% - 50% [44]

well concept to spud

Manufacturing
L 51];
Lead time reduced can . 90% [51]
Manufacturing [31]
[51];
L Lean
Productivity increased . 50% [71;
Manufacturing
[31]
Work in process Lean [51];
. X 80%
inventory reduced Manufacturing [31]
Lean [51];
lity i d 80%
Quality improve Manufacturing ° [7]
e e Lean
Space utilization reduced . 75% [51]
Manufacturing
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The oil and gas offshore activity is one of the high-risk industries. Thus, the
sector gives high emphasis for continual improvement in HSE performance. De-
veloping an HSE culture is a collaborative endeavor that requires involvement of
all concerned players [54].

The two core pillars of lean philosophy are respect for people and continuous
improvement. Lean HSE basis 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.

Following an established operational procedure with understanding and ap-
plying correctly will reduces the risk of HSE. However, according to the lean
thinking, since operations and operational areas becoming complex, the stan-
dards and best practices should be continuously be updated and employee needs
to be trained regularly. It is also important to ensure that the identified risks are
understood in order to take a correct measure. During operation, correct radio
communication is vital, which reduces the risk of misunderstanding and doing
the job in more understandable and effective manner. All these are basically re-
lying on the efficient training program, which is essential personnel on identified
equipment and operations as well as identify operational limitations due to wind,
rig heave etc. Moreover, follow operational requirements to prevent falling objects
in order to secure tools and materials to prevent them from falling on people
below. The use Barricade hazard areas and post warning signs use toe boards,
screens on guardrails or scaffolds help to prevent falling objects.

It is important to ensure quality handover for all personnel during shift changes
Perform the work without injuries to personnel, environmental impact or dam-
age to equipment used and installed. HSE culture development is not a one mo-
ment endeavor. It needs a continuous learning, problem solving and experimenta-
tion using scientific problem-solving method, such as PDCA A3, root cause analy-
sis, 5 why, 5S, error proofing, Gemba walk, etc.

Demands on the petroleum industry are driving continual improvement of
health, safety, and environment (HSE) performance. It has become widely rec-
ognized that the deliberate and structured creation of HSE culture directly af-
fects HSE performance. Developing HSE culture is a complex recipe that com-
bines values, leadership, management systems and processes, behavioral and
cognitive psychology, technology, equipment, and HSE expertise. This combina-

tion creates a safety culture or, way of working in the organization.

4.3. Lean Operational Safety

Safety is a critical issue in the oil and gas industry. The oil and gas industries use
a great number of standards and guidelines. The use of these standards enhances
technical integrity, improves safety, reduces environmental damage, and pro-
motes business efficiencies that result in reduced costs. On the other hand,

poorly designed well engineering works may ended up with structural failure
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and results structural catastrophe, cause human life and as well as negative im-
pact on the environment and resources as observed in the North Sea (1988) Pi-
per Alfa platform, Gulf of Mexico deep-water horizon.

It is common practice to perform risk assessment for all well operations. As
performing the risk assessment for a given operation such as system installa-
tion/construction procedures, it is important to identify any risks associated to
the system that has a safety and environmental impacts [55] [56].

Lean thinking is not all about the application of lean tools, which is customary
by some lean practicing companies. Lean thinking is a cultural mindset whereby
organizations pursue continuous improvement by combining the human side of
lean, respect for people. Lean thinking is an all rounded philosophy that focuses
on process waste elimination, customer value innovation, smooth process flow,
employee engagement and involvement, problem solving, knowledge sharing,
open communication and continuous improvement collaborating all stakehold-
ers. Some of the lean tools that could promote working environment safety, em-
ployees’ ergonomics and value stream visibility are:

1) Five S’s (Sort; Set in order; Shine; Standardize; and Sustain). By using this
lean tool organization could maintain a working environment that is visible
along the value chain, and people could easily see problems, unsafe process line
and defects before it could result hazardous situations that may lead to incidents,
near miss and accidents. Emphasis has also been laid down to use 5S as a workplace
organization method which maximize 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 prob-
lems exposed.

2) Error proofing, “Poka yoke” in Japanese, is a lean tool that helps in pre-
venting human error by disabling a system not to function in case of operator
error. This is one of practical tools that could to 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 machine door is open (Shigeo Shingo).

3) “Plan, do, check, act” (PDCA): Iterative model, continuous process of busi-
ness improvement method where processes are iteratively done to identify prob-
lems and take countermeasures and measure the performance and keep the cycle
continuously for continuous improvement [57].

4) Five whys: is an iterative problem-solving method where one uses to ask
why until reaching to discover the root cause of the problem. This has an im-
portant implication in working environment safety where it helps to fix the root
cause of the problem that could be source of accident. When analyzing a prob-
lem 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 5 Why process,
but more importantly, the “thinking way” is an effective yet simple and flexible
method to deliver robust results and help ensure that you resolve problems quickly

and effectively.
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5) Production leveling, Japanese Heijunka, is a process of leveling production
to reduce Mura (unevenness) in production that could result in Muri (overbur-
den) that could wear away machines, equipment, even workforces that operate
the system.

The above-mentioned lean tools are just few examples that could be applied in
promoting 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.

The oil and gas industry are currently moving to digitization and automating
operations. It is evident that carefully designed workflow would contribute a lot
for an efficient and optimized operations. For this, an appropriate experience
and expertise are the key for interpreting if incase an incident alarm detected.
This will greatly help in terms of moving ahead or to conduct a quick remedial
action. Among others, Error proofing, “Poka-yoke” in Japanese, is a lean tool
that helps in preventing human error by disabling a system not to function in
case of operator error. This is one of practical tools that could to be imple-
mented in a process line to stop a process when it is deemed unsafe.

The common believe by lean practitioners is that the main cause of process
wastes are broken processes. Thus, process waste elimination and employee in-
volvement 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
Norwegian continental shelf (NCS). Equinor Safety standard under the umbe-
rella of “I am safety” is a personal engagement and responsibility for safety is the
foundation for Equinor safety clulture.

From Northsea offshore day to day activities the most common personal in-
cident and accidents are hand injury. Bone fracture was the most frequent re-
portable accident followed by strains and lacerations, Figure 5 (Reportable inju-
ries by type).

Based on the oil and gas industry injury reports the authors of this paper has
developed a conceptual model focusing on one of the most frequent injuries,
hand injury. The abbrevation 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 = Awarness, N = Neutralization, D = Delibration.
Thus this is a contionous cycle of focusing on task, by follwing steps of: Hazard
assessment and awarness of the danger and neutralizing it and doing the task
with deliberation. Thus with this simple rule one would evaluate the hazard to
the precious body part hand before we extend our hand to the hazard and danger.

As identified in the literature gap part near-misses and minor injuries are usually
overlooked and escaped and left unreported. Nevertheless, whatever small the
near-miss or injury level open communication and learning from the incident
and improving the process towards value addition to contribute positively to the
employee safety need to be organization culture. As safety is a paradigm shift in

organizational culture than a onetime program (Figure 6).
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® Superficial Injury
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= Amputation
Multiple Injury

= Unconsciousness

® Unknown Injury
Figure 5. Reportable injuries by type [57].
e "HANDS OFF"
HAND SAFETY @ 5 ° P
©
Proper PPE SIS "BEFORE HANDS ON"

Figure 6. Conceptual model for HAND injury awareness (Authors perspective).

5. Conclusions

The contemporary corporate firms sustainability expressed in terms of social,
economic, environmental and safety aspects is becoming the norm. The globa-
lized business environment has given business to access technology, information
and other important resources almost equally. Thus, the differentiating factor in
competition is how each of these firms uses their workforce’s talent, creativity
and gets them involved and engaged in a strategic way and how businesses focus
on customers’ value and continuously innovating business processes.

Offshore oil and gas exploration and production activities by its very nature
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have a high impact on the environment, local community, workforce and eco-
system in general, and consequence of accident on an organization in particular.
Thus, developing accident-free working environment is in the best interest of an
organization 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 from 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 sys-
tems, organizational problem-solving culture, employee engagement and involve-
ment, and continuous HSE improvement culture, collaboration of all players along
the value chain.

Command and controlling safety measures as if it was against the interest of
the employees, sends a wrong message as if safety measures are not in line with
employees’ interest. Safety measures need to value the well-being of the em-
ployees and should be leveraged as a common interest to build trust between em-
ployees 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 communi-
cating clearly company-wide to learn from them led to missing the root causes of
accidents and missing how events develop to cause extensive accident.

Safety system is part of the overall organization system imbedded 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 non-continuous
campaign approach basis. Contrary to this lean thinking considers system ap-
proach and tackling problem along the value chain using value stream mapping
approach to identify activities in the process that does not add value safety is not
different. Lean approach advocates people are not the cause of problems rather
the broken process is the cause of problem, not different for safety as a process.

Safety system problem-solving method need to be bottom-up and up-down.
Using Safety staff and frontline employees alone without top management in-
volvement does not bear the envisioned fruit. Safety is everybody’s responsibili-
ty. Lean approach centers any improvement on respect for people philosophy.
Thus, the employee is the one doing the job and at the same time improves the
work process and this includes safety as part of the process.

Compliance is the foundation and the minimum requirement in safety man-
agement. Hence, Compliance by itself is not quite enough to prevent accidents
and incidents. People-based approach and continuous improvement in safety are
beyond regulatory control approach to safety where employees go beyond com-
pliance to exert discretionary efforts.

Thus, this study suggests that the lean philosophy that centers on employees’
engagement, workforces’ involvement, cross-functional collaboration, commit-

ted leadership is the one complementing the safety system of standards, proce-
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dures, policies and regulations. Lean is a people system; people are the key fac-
tors to break or realize safety system at work environment to keep themselves and
others around. Hence, lean thinking-based safety system is people-based safety
system that would give the individual employee to focus on the task at hand with
the right to stop the work in case of doubt and unsafe act and unsafe conditions.
The overall results of effective lean thinking implementation are improvement
in productivity, minimize cost and reduction of non-productive time, and re-
duce waiting related to incidents and accidents. The authors of this study argue
that there is a missing factor in the equation of offshore oil and gas activities.
With all due respect for standards, procedures, regulations and policies, the hu-
man side of the equation has been given less weight and emphasis. As it is cus-
tomary in lean thinking practices, the key secrets of outstanding organization
could be the foundation of the organization on one of the two pillars that is re-

spect for employees.
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