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ABSTRACT 

Lean Management (LM) is a business process strategy employed by many companies to improve productivity in 

business and manufacturing issues. Lean production is aimed at improving productivity and efficiency in 

numerous industrial enterprises via a flexible implementation process that is primarily based on proper 

management and waste reduction. Most enterprises rely on lean approach to improve productivity, eliminate 

inventory, and deliver quality products. This paper provides a comprehensive review on the usage of lean approach 

in the oil and gas (O&G) industry as they are the main energy source for the production and transportation of 

goods and services. In addition, this study investigates whether lean approaches could enhance the maintenance 

performance of O&G companies by reviewing the lake of applications to LM maintenance approach in O&G 

productions, especially in Iraq.  
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INTRODUCTION 

The Oil and Gas (O&G) sector provides the energy needed for the production and transportation of goods and services. 

Many enterprises, including the O & G sector, rely on the lean approach to deliver quality products, reduce waste, 

and eliminate inventory [1]. Maintenance processes involve all the technical, managerial, and administrative 

actions taken during the life cycle of a product that intended to keep or restore the product in a state it can easily 

perform the desired function [2]. Maintenance was previously taken to as an expense account with performance 

measures that have been put in place to track direct costs or surrogates, such as tradesmen headcount and the total 

extent of forced outages for a given period. Fortunately, this perception is changing [3,4]. Avinash et al. [5] have 

explained the approach towards improved maintenance performance in process industries through the adoption of 

LM practices. The study noted that LM practices relate positively with timely deliveries, first-pass yield, 

productivity, waste elimination, reduction in cost/inventory, improved demand management, and reduction in defects. 

But in the process industry, LM practices have been found to have a marginal impact on the improvement of 

maintenance performance. 

The global O & G industry is witnessing a new trend occasioned by the increasing demand for quality petroleum 

products at lower costs. Therefore, oil companies are finding it more difficult to secure a competitive edge in the current 

global energy market [6]. Amy [7] suggested that problems of oil production in Iraq are mainly due to the lack of 

proper attention to adopt the right quality management and due to insufficient maintenance in pumping stations, 

pipelines, and other O&G infrastructure. Another study by Ibtisam [8] found that the O&G industry of Iraq is 

facing challenges related to improving the management of the process in O&G production. The study also stated 

that despite the sustained progress in oil exploration and production, together with the expected infrastructural 

improvement which will allow the I r aq i  government to c l a im  i t s  po s i t io n  as a major player in the global 

oil market, some challenges are still being faced, including the increasing complexity of the extreme and remote 

working environments in the remote areas, and issues associated with handling and storage of petroleum products 
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and terminals. The lack of knowledge and the ability to identify the determinants of implementing Lean 

management is a common problem facing the O&G industry [9]. Based on the above discussions and findings 

from previous studies, it is assumed that the lake of quality management, such as Lean management, is one of the 

main reasons for the problems associated with sustainable maintenance in O&G productions, where the lack of 

effective maintenance is one of these problems affecting the production of O&G in Iraq. 

THE PRINCIPLES OF LM 

Lean Management (LM) is a business process strategy employed by many companies to improve productivity in 

business and manufacturing issues. Lean production is aimed at improving productivity and efficiency in 

numerous industrial enterprises via a flexible implementation process that is primarily based on proper 

management and waste reduction [10]. The role of "lean" in LM is to present a method or business approach as the way 

of offering the highest value to a consumer via the elimination of waste along the production line. Lean can be used as a 

shortened version of "LM" or as a description of any system that runs with exact productivity to ensure no waste 

and to deliver prime quality via the application of its five principles shown in Figure 1. 

 

Figure 1. Lean principles to eliminate waste 

Define Value 

When considering LM, the first step is the identification of the processes that adds value or otherwise [11]. 

Literature defined value as what someone can easily exchange his/her money for. Normally, the non-value adding 

activities are considered as either waste or necessary incidental activities which adds no value to the product [12]. 

Map value stream 

In this competitive world, industrial companies must seek to define and modernize their production systems to 

counteract the competitive demands of the market. Therefore, it is essential to have tools to redesign the 

manufacturing process [13]. In this scenario, a value stream mapping tool was developed and introduced as a 

practical method for redesigning production systems. 

Creating Flow 

The principle of lean as introduced by Womack and Jones (2013) is flow. After removing all costly activities from 

the value chain, the next thing is to optimally organize the remaining stages of value creation. The goal continues 

smoothly in the flow of values in a common direction [14]. 
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Establishing Pull 

The fourth principle of Lean is called Tori. It's the opposite of the push effect. Pushing creates mass production, 

but what does it mean in practice? Long lead times, order processing, and product development. In principle, 

manufacturers without large inventories cannot respond to customer demands in real-time. Since it is not possible 

to deliver the products to order, it is necessary to anticipate the demand and to rely on these forecasts for the mass 

production of products in stock [15]. 

Seek Perfection 

The Fifth and Last Thin Principle is Perfection; seeking perfection may seem strange, but consideration of the work of 

the first four principles, it is obvious that they are united by the principle of perfection. A company that employs 

lean principles is expected to exhibit a high level of transparency that can be attested by everyone; the workers, 

customers, designers in such a company can work as a team to bring about positive changes to the benefit of the 

company [15]. LM principle has continued to evolve from 1990 till today; Originally, LM principles are those 

practices that seek to eliminate waste during the production process; however, they now include techniques or 

processes that enable a process to be executed more efficiently. Lean is an optimized production process that seeks 

to streamline the flow of processes in an organization. As per Vasudev & Mallika [16], LM became popular today 

due to the steady growth of Toyota from being a small company to one of the big actors in the automobile world. 

Most car manufacturing companies relied on the success story of the Toyota production system to implement the 

same tools and techniques that are being employed by Toyota. Lean is not necessarily about changing physical 

things; it also involves changing how people think. The lean way of thinking contradicts the prevailing mindset; 

for instance, lean entails thinking small and flexible rather than thinking big, and a problem should not be blamed 

but considered an opportunity to improve [9]. 

Various researchers are of the view that not all Lean projects are successful as they ought to be, and that the 

application of LM principles faces several practical difficulties. The reasons being the decisions, problems, and 

omissions encountered before starting to improve the process. Lean production was a major industrial process 

during the 2000s as it was implemented into almost every aspect of the manufacturing line. Many manufacturing 

plants were as at then implementing processes like JIT and TQM. Until now, few studies have been conducted on the 

influence of certain factors like unionization, plant age, and plant size on the adoption of the lean tool. The most 

notable study by Shah and Ward [17] presented a detailed study of the influence of the three listed factors (plant 

age, plant size, and unionization). Few studies, such as Bhasin [18], have also been dedicated to the influence of 

each of these three actors on lean adoption and performance. However, numerous articles are available on the 

performance of manufacturing plants after lean implementation [19] [20]. Lean tools have recently been adopted 

on a larger scale in the service sector to reduce cost and streamline services [20, 21]. 

LEAN PRINCIPLES AND MAINTENANCE PERFORMANCE 

Organizations can rely on lean principles to actualize the changes that focus on existing practices. With lean 

principles, the management will be obliged to ensure that the actual practices are separated from technologies, 

processes with new approaches to the same task, where it can create value and optimize the process flow [22]. 

The study by Wei [23] suggested that lean can create processes that can isolate each activity in a production 

environment, rationalize cost, and identify/eliminate defects. The five lean principles are to define value, map it to 

the value stream, create production process flow, establish pull, and monitor/control to ensure perfection. 

Moreover, Blank [24] suggests that Lean thinking has dramatically changed the manufacturing world. Lean start-

up policies are not just for young tech companies. Large companies such as GE, Qualcomm, and Intuit have begun 

adopting start-up technology because, while companies have spent the last 20 years improving efficiency by 

reducing costs, they have found that simply improving existing business models is not enough. Various techniques 

and tools are available to achieve lean thinking goals. The most popular and effective of these are Value Flow 

Mapping, Kaizen, 5S, Visual Workplace, Standardization, Error Validation, and Poka-Yoke. Understanding a 

business process that leads to better results with less input can be better understood by understanding a "lean" 

system. Lean has acted in many ways [25].  
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THE DETERMINANTS ON LM IMPLEMENTATION 

There are many case studies in the literature that describe the companies that have achieved big success from the 

implementation of lean systems and had achieved significant development in short times, higher profitability, 

lower inventory levels, better quality. However, despite the big interest to apply lean systems, many companies 

are unable to change their work culture which is essential towards successful implementation of LM in their 

operational processes and production line; thus, there are certain determinants on adapting and sustaining 

development using lean principles. One of these determinants is the lack of guidelines or step by step procedure 

in effectively implementing LM systems [26]. The determinants on LM differ depending on the country and size 

of the company, as well as the requirement of LM. For example, in Malaysia, the major challenge in implementing 

LM by the manufacturers is the lack of understanding of the principles of LM and the advantages of LM on the 

production and overall performance of the company [27].  

Shah and Ward [17] found the “lack of lean understanding” as one of the main determinants of LM 

implementation in the Malaysian industries. This is mainly because the implementation of LM requires new 

knowledge and experience, as well as cultural changes during the implementation process. Besides that, achieving 

a successful LM implementation requires the manufacturer to apply LM comprehensively and cover all LM 

principles [28]. A study conducted by Wong et al [29] investigated the current obstacles of LM implementation 

within the electronics industry in Malaysia. They found the major obstacle as dependence on the old ways of 

assembling parts in the factory; moreover, they found that employee resistance to development in the production 

process is another determinant to the implementation of LM. Baba Md Deros et al [31] showed that resistance 

from the middle managers is a major obstacle in LM implementation. Like any other business process, LM 

implementation comes with enormous difficulties [29]; for instance, the study by [30] highlighted the top 10 

problems mostly encountered during LM implementation in business processes; these include: 

1. Ten most frequent implementation problems 

2. The implementation process taking a longer time than anticipated 

3. The emergence of unexpected problems during the implementation process 

4. Ineffective coordination of the implementation process 

5. Distraction from conflicting activities during the implementation process 

6. Lack of the required skills and abilities on the part of the implementation team 

7. Inadequate training of employees on the necessary instructions 

8. Effect of uncontrollable external factors on the implementation process 

9. Poor leadership and direction on the part of the department managers 

10. Poor definition of the key implementation activities and tasks 

In general, the lack of adequate knowledge or a good understanding of LM concepts is one of the major 

determinants in LM implementations. Therefore, there is a need for implementing not invaluable but revolutionary 

new systems. Moreover, the knowledge relating to the LM process has to be provided to all workforces to create the 

essential knowledge or understanding about the steps of LM, thus initiating an easier path for LM implementation 

throughout all departments in the organization. Baba Deros et al. [31] and Wong et al. [29] have identified certain 

barriers to the implementation of LM from the previous literature and studies as illustrated in Table 1. 
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Table 1. Summary of the obstacles to LM system implementation 

The obstacles to efficient implementation of LM in Malaysia 

Shop floor attitude  Inability to quantify the associated 

benefits 

Lack of efficient top management skills 

Reverting to the traditional ways Lack of proper understanding Lack of adequate LM 

understanding 

Inadequate budgeting Inadequate level of communication National culture 

Organizational culture High cost of investment Peculiarities of the sector  

Failure of previously embarked 

lean projects 

Lack of sufficient implementation time View as “flavor of the month” 

Not practicing what is being 

preached 

Inadequate knowledge of LM skills Resistance from the supervisors and 

middle management 

 

Thomas et al. [32] identified most of the factors that affect LM implementation and highlighted the expected success 

of using LM principles. One of the determinants is the lack of financial capabilities and intellectual ability of 

employees, as well as complex implementation due to organizational obstacles. Another determinant is the cost 

of machine reconfiguration for effective lean implementation. There is also a lack of SPC method and data analysis 

due to inadequate knowledge, ineffective tools utilization, and insufficient statistical data. 

THE ROLE OF LEAN MANAGEMENT IN THE OIL AND GAS INDUSTRY 

Recently, lean practices have been increasingly applied in the energy sector which in the past, was not fancied in 

heavy businesses but mainly in the engineering field. In some cases, the benefits of lean have been leveraged by 

businesses within a certain area of the industry [33]. For instance, the fabrication aspect of the oil and gas sector 

has seen industries like KUDU and Plains Fabrication and Supply adopting LM practices for operational 

restructuring. Producers have also turned to Six Sigma; large companies like Shell and Suncor have depended on 

lean practices for their operations. Such lean tools include Value Stream Mapping, a Six Sigma tool used for process 

sketching, and waste identification. The effectiveness of lean practices has been proven across many industries, 

prompting its adoption in areas like oil and gas and healthcare where it is transforming business processes and 

operations. This section reviewed the positive and negative aspects of LM implementations in industries. Just like 

any other industry, the application of lean to the oil and gas industry demands a basic knowledge of the concepts 

rather than trying to copy what others have done which might not achieve the expected gains.  

Toyota has been the sole example of a real lean implementation for years now; so, companies that desire such 

results normally approach the deployment by developing tools like Kanban, 5S, or quality function deployment. 

However, the major problem here is the lack of a clear understanding of lean; in a system that defines problems 

using tools, only random improvements can be expected, and such improvement is not easy to sustain. Improvements 

have been made towards on-site maintenance procedures in the oil and gas sector as a matter of necessity. 

Production efficiency has also been impacted by improvements in preventative maintenance and declines in the 

incidence of reactive repairs. The total elimination of breakdowns is a challenge as the next stage is to minimize 

repairs-related downtime [34]. Atanas et al. [35] presented LM as an approach that improves performance by 

relying on a collaborative team effort and systematic elimination of waste. The combination of LM and its practices 

is mainly aimed at the elimination of the 8 types of waste which are time, inventory, motion, over-processing, waiting, 

overproduction, defects, and skills. 

LM has many advantages in O&G applications regardless of its nature, whether operational, managerial, financial, 

logistic, or other. The performance of the O&G company will be boosted after the adoption of LM if all necessary 

conditions are initially met as indicated below [35]:  
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• The oil and gas sector is already vast with most of the concepts and tools used in Lean Sigma. A case study 

has verified that strict application of the lean framework with an appropriate change in leadership, can bring 

about effective outcomes via the selection of an existing adequate statistical knowledge and tools. 

• Using LM practices guarantees continuous improvement and reduction of defects in the production line, which 

is important for any performance improvement strategy, especially for the oil and gas sector. 

• Team is another key characteristic of success; there must be communication and cooperation among the technical and 

management levels. 

• The progress of LM approach may be hampered by certain policies; hence, such policies must be relaxed, 

modified, or even replaced. Managers must be ready to embrace changes in O&G company policies for them 

to progress. 

Onyeizugbe and Ike [36] identified a new trend in the global oil industry due to the increasing demand for quality 

low-cost products by the consumers. This demand can be met by effectively adopting various production 

processes. The study by Onyeizugbe and Ike [36] investigated the capability of LM to improve the production 

performance of oil and gas companies. According to the study, the management of such companies must strive to 

improve on their resource commitment to staff training; this is necessary for skills development and knowledge 

upgrading on lean production; they must ensure effective customer-supplier relationships during this integrative 

process. Doing all these recommendations will boost the performance of O&G companies. Furthermore, Okpala 

[37] exploratorily researched the application of LM strategy for lean business philosophy achievement in the oil 

and gas sector in Nigeria. Based on correlation analysis, the study found a positive correlation between LM and 

lean performance of the oil companies; implementation is however insignificant in Nigeria due to ignorance. Thus, 

the author suggests that in Nigeria, the failure to apply LM is one of the main obstacles to improve the performance 

of O&G companies working in Nigeria. 

Keitany and Riwo-Abudho [38] have conducted a study to evaluate the impact of LM on production productivity 

in the organization. The outcome of their research showed that LM leads to improved management style and 

involves all employees at all levels, and also lead to better inventory management of material and physical 

resources. The study [38] concluded that O&G companies must accept the use of LM in production systems as a 

means to increase productivity and performance. Another study by Mustapha et al. [39] presented the application 

of the LM method in the development and production of exploration hydrocarbons waste in oil production. They 

suggested that increased work efficiency can be achieved through LM. In their conceptual research, they found 

that lean execution is not just a practice for performance improvement in operational processes, but it is part of 

how organizations work successfully. Scot and Turnipseed [40] found that improving business performance using 

LM is a fact that can’t be denied. 

Based on the findings from previous studies, the authors concluded that the energy industry is increasingly turning 

to Lean when in the past, it was not so widely used by companies that paid much attention to LM principles. In some 

cases, companies in a position within a given industry will benefit from Lean. Moreover, over the years, Lean has 

proved its worth in many areas. With its successful experience now, the methodology has extended to the health 

sector and the oil and gas industries where it is changing the way these respected sectors conduct their business. 

Moreover, LM operation aims to eliminate all types of waste from the repair process and, in this case, the most 

important factor being time; so, it is essential to adjust the delays in the various repair processes to ensure the 

highest level of quality. It is concluded that most equipment used in the O&G industry operates in potentially 

explosive atmospheres. An important part of the repair is, therefore, to ensure that the correct documents are 

created and accessible if necessary. However, the preparation of this information is time-consuming and can be 

improved by applying Lean principles. 

THE CONCEPTUAL MODEL 

Lean management is a systematic approach to waste (Muda) minimization in a manufacturing system without any 

impact on productivity. Lean also considers the waste created through unevenness in workloads (mura) and 

overburden in workloads (muri). 
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Reduction of the three categories of production problems: 

a. Muda (non-value-adding work) 

b. Muri (overburden) 

c. Mura (unevenness) 

Exposing problems systematically 

From the client’s perspective (since they consume the product or receive services), "value" refers to any service, 

process, or action that a customer can willingly pay for. James P. Womack and Daniel T. Jones [41] founded the 

Lean Enterprise Institute (LEI) in 1997 as the database for lean wisdom, seminars, and training. The interplay of 

these wastes is typified in the corporate behavior of "making the numbers" towards the end of a reporting period. 

Demand is increased to 'make a plan,' thereby increasing (mura) when the "numbers" are low; this causes 

squeezing of extra capacity from the production process, with attendant modifications in standards and routines. 

These modifications result in muri-style waste, which leads to back-flows, downtime, and mistakes, thus, the 

muda of waiting, movement, and correction. The goal of lean is to eliminate waste during production; this is 

suitable to improve the maintenance in Najaf and Dora refineries. Correctly lean implementation can bring about 

significant improvement in cycle time, efficiency, material costs, productivity, and scrap, thereby lowering costs and 

improving competitiveness. Also, note that lean is not only restricted to the manufacturing sector; it can be 

implemented in other sectors to improve team spirit, client interaction, and inventory management.  

CONCLUSION  

LM is an organizational approach that encourages continuous improvement; it is an ongoing effort towards better 

processes, products, and services and requires improvement over time to improve quality and efficiency. The review 

of previous studies showed several important points as indicated in many Lean research evaluations and practices, 

as well as the extension of the scope of lean policy to many industries and services. The findings of previous 

studies showed the strength of the relationships between LM and poor performance. The studies showed that no 

methodology currently exists for measuring the level of lean practices; however, some studies have strived to 

obscure the Lean concept and most of these studies are based on qualitative and quantitative criteria approaches. 

Some studies are also based on quality data that combined both methods. Moreover, important changes have been 

experienced in the last five years in evaluation methods that combine quantitative methods and descriptive 

information in mathematical models. Scholars have conducted studies in many areas of LM that require new and 

thorough lean research, such as in the energy, tourism, hotel services, communication, and education sectors while 

few studies are done in the O&G industry. Moreover, 5S, Kaizen, Standardized work, Just-in-Time, Total 

Productive Maintenance, and Value Stream Mapping are the most factors that have been covered by previous 

researches in this field. Most studies showed that LM tools have a positive correlation with firm performance; 

however, the author found that the literature lacks empirical evidence on certain practices associated with LM, 

such as identify value, map value stream, creating flow, establishing pull, seek perfection on maintenance 

performance and the effect of these practices has not been covered in the context of the O&G industry. 
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