104

Economic sciences

EVALUATION OF THE ROLE OF PRODUCTION FACTORS IN
ORGANIZING LEAN PRODUCTION FOR COST OPTIMIZATION IN
OIL AND GAS PROCESSES IN AZERBAIJAN

Rustamov Ilham S.

PhD., Associated professor

Faculty of Economics and Management

Azerbaijan State Oil and Industry University

20 Azadlig Avenue, AZ1010 Baku, Azerbaijan

E-mail: adnsueconomy@gmail.com

Akhundov Vidadi J.

PhD., Associated professor

Azerbaijan State Oil and Industry University, Research Laboratory
of Intelligent Control and Decision making Systems in Industry
and Economics, Azadlig ave., 20, AZ1010, Baku, Azerbaijan

E-mail: azeri46@mail.ru

Abstract. The lean manufacturing methodology has been used in Japan for
over 60 years. In the United States, the term lean production was introduced by
John Krafcik in 1990. Despite numerous companies claiming to apply lean
manufacturing tools, in practice, very few companies in Azerbaijan can be
classified as truly lean. It is difficult to determine the root causes of this situation.
Some consultants argue that the main issue is the absence of a systematic
approach throughout all stages of implementation. Others suggest that lean is a

philosophy that requires a cultural shift, which naturally takes years to achieve.
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There is also a widespread belief that efforts to implement lean manufacturing
often encounter resistance due to strong centralization of authority within
enterprises. However, such generalizations may not be entirely appropriate, as no
two lean manufacturing projects are ever identical. Each implementation is highly
contextual and enterprise-specific. Therefore, it can be stated with confidence that
none of the currently proposed implementation algorithms can be regarded as
universally applicable for companies operating in the Republic of Azerbaijan. For
this reason, the article conducts a study to analyze the problems of implementing
"Lean Production" in manufacturing enterprises of Azerbaijan and assess the level
of its implementation.

Organizations are facing crucial modifications as global market and
conditions change day after day. To keep up with fast changing realities, it’s
important to apply innovation decisions to the current stage of organizations. Lean
management consolidates tools and techniques to revert from traditional way of
operating to the new cost oriented one. This paper identifies and measures the the
role of lean manufacturing in cost optimization in production processes.. A survey
questionnaire was utilised to the role of lean manufacturing in cost optimization in
production processes by measuring its quality practices and to test four
hypotheses. The questionnaire was sent to some Azerbaijan companies, from
where 179 responses were obtained. For the analysis, the conceptual basis of the
influence of production factors on lean manufacturing was considered. Then, the
research model was selected and, based on the hypotheses, the production factors
that have the greatest influence on lean manufacturing were identified.

The developed algorithm can be used in the future to optimize costs in
production processes in Azerbaijan, implement and manage lean manufacturing.

Keywords: Lean Production, Cost Optimization, final products, productivity

system, technological chain.
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Formulation of the problem. Lean manufacturing is one of the most
renowned and effective concepts in the management of production and enterprises.
It enables organizations to reduce costs, enhance quality, and meet customer
demands more efficiently. This management approach is grounded in the idea of
continuous improvement of work processes, elimination of waste, and creation of
value for the end consumer. Lean manufacturing is applicable not only to industrial
enterprises but also to any organization or company aiming to optimize its
operations and increase its competitiveness [2].

Lean manufacturing refers to a company management system designed to
meet customer needs to the maximum extent while minimizing the use of
resources. Originating in Japan in the mid-20th century, this management concept
was based on the philosophy of the Toyota Production System. It was later adapted
for Western countries towards the end of the 20th century by James Womack and
Daniel Jones [6].

The core principle of lean manufacturing is that all activities and processes
within a company should aim at creating value for the consumer. Any activity that
fails to create value—or creates excessive or redundant value—must be eliminated
or minimized. Value is defined as that which the customer 1s willing to pay for. For
instance, if a customer wants to purchase a car with specific features, they place
value on that exact configuration—not on a different vehicle with unnecessary
functions or defects. Lean manufacturing, therefore, aims to produce exactly what
the customer needs, in the right quantity and at the right time [3].

The methodology of lean manufacturing is underpinned by three primary
objectives:

1. Cost Reduction: Lean technology enables businesses to lower

expenditures on materials, equipment, labor, energy, and other resources that do
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not add value to the product. This, in turn, improves the profitability and efficiency
of the enterprise.

2. Quality Enhancement: By preventing defects, errors, and deviations at all
stages of production, lean manufacturing fosters improvements in product quality,
thereby increasing customer satisfaction and loyalty.

3. Customer Satisfaction: This method allows organizations to respond
swiftly and flexibly to fluctuations in market demand and supply, adapting
products to individual customer requirements. As a result, it contributes to
increased competitiveness and market share.

Analysis of recent research and publications. The term “Lean Production”
was first introduced by D. Krafcik in 1988 to describe this type of manufacturing.

29 ¢¢

Literally translated, the term conveys the meaning of “slim,” ‘“streamlined,” or
“efficient” production. In Russian-speaking contexts, it was adapted as Berezhlivoe
Proizvodstvo (Lean Manufacturing).

Initially applied in the automotive industry, the concept of lean
manufacturing has since been successfully extended to various other sectors—
including both industrial and non-industrial fields such as banking and retail.
Today, numerous companies around the world implement lean manufacturing
principles as part of their strategic development. For instance, the company
KIODA views lean manufacturing as a system of management and production
technologies, incorporating tools such as VSM, Kanban, 5S, JIT (Just-In-Time),
TPM (Total Productive Maintenance), and Kaizen.

In today’s economic environment, production processes require continuous
modernization. High-quality improvements can be achieved through the
optimization of production workflows, which leads to significant cost reductions

and increased profitability. Enhancing profitability remains one of the core

objectives of any enterprise [6].
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All enterprises strive to optimize their production processes in order to
reduce manufacturing costs, improve output volume and product quality, and
consequently increase profit margins. Moreover, the ongoing optimization of
production not only enhances efficiency but also contributes to greater
competitiveness in the marketplace [4].

The Japanese lean production system is characterized by a comprehensive
approach, which, in addition to the aforementioned aspects, places significant
emphasis on employee development and active staff involvement in the process of
continuous improvement.

At industrial enterprises in Eastern Europe, such as Motoman Robotec,
Unior, and Iskra Asing, quality circles are established, staff training programs are
in place, and systems for motivating employees and involving them in continuous
improvement initiatives have been developed. Employees are motivated to
improve their work and contribute to the company’s overall performance by
receiving bonuses for rational suggestions.

Eastern European enterprises tend to be initially more narrowly specialized,
focusing on the production of a limited range of products. They gradually and
systematically expand their product lines, displacing competitors through superior
quality and lower prices—achieved by minimizing losses and reducing production
costs [5].

Swedish companies are also actively implementing and developing lean
production systems at their facilities. For example, the Swedish company Volvo
has developed the Volvo Production System at its plants, which is based on the
principles of lean manufacturing. The primary goal for Swedish companies is to
enhance product quality and ensure environmental sustainability in accordance

with ISO 9000-14000 standards.
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American companies apply various elements of lean production such as the
pull system, visual management, standardized work and safety procedures, and
continuous improvement (Kaizen). These enterprises have developed their own
adapted version of lean manufacturing—Lean Manufacturing—which
encompasses all functional areas of business, including management, marketing,
and information technologies.

In Germany, companies tend to focus on distribution, warehousing, and
logistics, employing the Just-in-Time methodology to optimize these operations.

Brazilian enterprises implement their own supplier partnership programs.
These programs are built around four key components: quality, competitiveness,
time-to-market, and service. The programs are carried out using lean production
tools such as Just-in-Time, the Quality Self-Certification System for Supplier
Performance, Co-Design, and Minerization. The core component, Just-in-Time, is
widely applied at all levels of production.

Chinese companies such as Covidien, Lenovo, Metso, and Syntory actively
apply the philosophy of Kaizen (continuous improvement), quality management
systems (ISO 9001:2008), 5S, SMED (Single-Minute Exchange of Dies — a set of
practical methods aimed at reducing setup and changeover times to under 10
minutes), and Kanban in their operations [10].

However, it 1s important to understand that Japan’s successful experience is
not entirely compatible with Azerbaijani business culture. While Japan
implemented lean manufacturing over 40 years, Azerbaijani companies try to
introduce lean practices within months, not understanding that it is an ongoing
process.

The purpose and objectives of the article. There are generally two primary

approaches to production optimization: the managerial and the technological [9].
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- The managerial approach focuses on optimizing organizational structures,
enhancing internal workflows, and improving production management systems.
This results in increased productivity, reduced downtime, and more efficient use of
resources.

- The technological approach emphasizes the modernization of production
facilities, implementation of innovations and know-how, and the refinement of
technological procedures. This type of optimization enables the release of higher-
quality products, lowers unit production costs, and increases overall production
volume.

Although each approach targets production efficiency from different
perspectives, both are essential. For enterprises aiming to enhance their
competitiveness, it is crucial to give equal attention to both managerial and
technological dimensions of optimization.

Based on the points above, optimization in the context of modern economic
conditions can be defined as: a continuous process that enhances the
competitiveness of production by improving efficiency through ongoing renewal or
modernization of managerial and technological systems.

Production optimization typically aims to achieve two main goals [7].

1. Improving the quality of final products

2. Reducing overall production costs

To realize these goals, various strategies are employed, including revising
organizational practices and integrating modern production technologies.

Production process optimization impacts several key areas [8].

- Improved turnover of finished products: In a competitive market, simply
increasing output rarely leads to the desired outcome; instead, it often raises costs.
Therefore, companies must distinguish their products through competitive pricing,

added features, or unique value propositions to boost turnover.
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- Cost reduction: Optimization efforts often involve improving workforce
productivity and reducing headcount, while also eliminating underutilized facilities
and obsolete equipment.

- Efficient inventory management: Poor inventory planning can lead to
production delays, reduced output, and business stagnation. Accurate calculation of
necessary stock levels is thus essential.

Ultimately, the result of these optimization efforts should be an increase in
organizational productivity, while financial expenditures remain stable or even
decrease [1].

Main text. Let us assess the level of lean production management in
optimizing production costs at SOCAR through a regression analysis.

For the purpose of this study, a quantitative research method—specifically
the survey technique—was employed. The results obtained from this method are
presented below. The respondents were proportionally selected from ASOIU
(Azerbaijan State Oil and Industry University), SOCAR and Scientific Research
Laboratories (conducting research in the oil and gas sector) in Baku. Each
participant was given clear instructions regarding the purpose of the study and the
procedure for completing the questionnaire.

After necessary clarifications and validation steps, a total of 179 participants
took part in the survey. Among them, 97 were male (59.5%) and 82 were female
(40.5%). The collected responses were analyzed using a regression modeling
approach.

The age distribution of respondents was as follows:

- 21-30 years — 54.2%,

- 3140 years — 28.4%,

- 41-50 years — 13.7%,

- Over 50 years — 3.7%.
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Within the scope of the study, four primary hypotheses were formulated.
Based on these hypotheses, a research model was constructed and analyzed
accordingly.

Thus, we propose the following hypothesis for further analysis:

H1: The factor of benefits and opportunities has a significant impact on the
productivity system in Azerbaijan

H2: Lean management factors have significant impact on participation in
decision making in Azerbaijan

H3: Initiative and participation factors have a significant impact on the
productivity system in Azerbaijan

H4: Lean management factors have a significant impact on staff selection.

The survey provided essential data for conducting a statistical analysis. The
survey results have been summarized and the overall responses are presented as
percentages in the survey form below.

Table 1. Survey results (in percentage)

H1. The factor of benefits and opportunities has a significant impact on the o,
productivity system in Azerbaijan

a) What impact does the "search for resources to reduce costs" in production processes 100
have on cost optimization?

> Has a good effect 73,4
> Moderate effect 16,5
> Does not affect. 10,1
b) The importance of optimizing logistics, production and storage facilities, and 100
implementing resource-saving measures to optimize costs.

> Has a good effect 68,4
> Moderate effect 24,1
> Does not affect 7,6
H2. Lean management factors have significant impact on participation in decision
making in Azerbaijan

a) How do you rate the provision of rhythmic work and visualization of production and 100
management processes in Azerbaijan?

> High level 79,7
> At average level 7,6
> At very bad level. 12,7
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b) How do you assess the level of improvement of auxiliary production in production

processes in Azerbaijan? 100
> High level 81,0
> At average level 7,6
> At very bad level. 11,4
H3. Initiative and participation factors have a significant impact on the productivity
system in Azerbaijan
a)What role does the implementation of lean manufacturing tools play in eliminating

. : . 100
company losses at specific stages of the technological chain?
> Has a good effect 77,2
> Moderate effect 19,0
> Does not affect 3,8
b) What is the role of Minimizing Work in Progress in Lean Management 100
> Has a good effect 88,6
> Moderate effect 8,9
> Does not affect 2,5
H4. Lean management factors have a significant impact on staff selection.
a) How do you assess the level of workload of workers and equipment in Azerbaijan? 100
> High level 91,1
> At average level 5,1
> At very bad level. 3.8
b) Are you satisfied with the level of optimization of the number of employees in 100
Azerbaijan?
> Yes 48,1
> There are surplus workers. 32,9
> No 19,0

To identify potential correlations between variables, it was first necessary to

convert the survey responses into numerical form. Accordingly, the answers were

encoded using the values 0, 1, and 2, depending on their level of influence.

Specifically, if a response was deemed to have no impact on the question, it

was assigned a value of 0. If the response had a minor or weak impact, it was

assigned a 1. Responses indicating a strong or significant impact were assigned a

value of 2. In cases where a previous survey answer was negative, the coding was

reversed, such that 2 became 0 and 0 became 2.

For survey items consisting of multiple sub-questions, an average score was

calculated to represent a unified value for that item. Once all responses had been
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numerically converted, the data were transferred to an Excel spreadsheet and
sorted in descending order using filter tools.

Subsequently, these numerical indicators were imported into a Python 3.9.1
environment (via Excel integration) in order to compute correlation coefficients
between variables. The findings from this analysis are presented in Table 8.

The structure and definitions of the codes used in the calculation process are

explained in detail below:

Python

1. import pandas as pd

2. import numpy as np

3. import matplotlib.pyplot as plt

4. import seaborn as sns

5. df = pd.read csv(r'C:\Users\user\Desktop\excell\Vidadi  m.csV',
delimiter=";")

6. corr = df.corr(method='pearson')

7. corr = df.corr()

8. corr.style.background gradient(cmap='coolwarm')

Codes 1 and 2 were written into the program to execute operations involving
file handling and linear algebraic algorithms, respectively. Code 3 was used to
generate graphical representations of the results. Command 4 imports the
economic.csv file into the Python environment. Command 5 calculates the
correlation between the hypothesis-related factors present in the file. The Pearson
method was selected as the correlation technique. The results of the correlation

analysis are then visualized graphically using Commands 6 and 7.
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Table 2. Determined correlation between hypothesis factors using Python

3.9.1 software

g2 %
9 o g
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== = .2 == == =[5 === == ==
H 1.1. search for
resources for reduce EREINLLIN 0.910065 | 0.904928 | 0.903238 | 0.895509 | 0.788550 | 0.725786 | 0.788360
production costs

H 1.2. optimization
of logistics

0.910065 @EHyVIbIvIE 0.818078 | 0.812544 | 0.846715 | 0.720524 | 0.707289 | 0.794610

H 2.1. ensuring 0.004928

workflow thyil 0.818078 e Arel ol 0.885940 | 0.818459 | 0.711375 | 0.782202

H 2.2. unprovement
of auxiliary 0.903238 | 0.812544 [RiRtrel 0B EREVILIIE 0.866319 | 0.862965 | 0.750058 | 0.772958

production

0.751042 | 0.765725

H3.1. elimination | g55569 0.866319 [ERENLl 0.769801

of company losses

0.885940

0.846715

H 3.2. minimization | i P
: fion 0. 0.720524 RS ELSERERCR R 0.76980]1 | 1.000000 B 0.568722

of work-in-progress | _

H 4.1. employee

and equipment 7257 0.707282 0.711375 0.750058 0.751042 1.000000 0.494313

workload

H 4 opiumeation | 0.794610 0772058 0.765725 0.5 0.494313  1.000000

of workforce size

The following code was used to visualize the results in graphical format:
corr = df.corr(method='pearson')

# Plotting

fig, ax = plt.subplots(figsize=(12, 6))

# Get number of columns

cols = corr.columns

num_cols = len(cols)

# Bar width and position

bar width = 0.1
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index = range(num_cols)
# Plot each correlation line as a set of bars
for 1, column in enumerate(cols):
ax.bar(
[x +1* bar width for x in index], # shift each group
corr[column],
width=bar_width,
label=column )
# Formatting
ax.set_xticks([r + bar_width * (num_cols // 2) for r in range(num_cols)])
ax.set_xticklabels(cols)
ax.legend()
plt.tight_layout()
plt.show()

. HlL.1

H1.1 H1.2 H2.1 H2.2 H3.1 H3.2 H4.1 H4.2

Figure 1. Graphical representation of the correlation between hypothesis

factors using Python 3.9.1 software
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The results of the analysis indicate that the most influential factors in
addressing the issue of managing lean production to reduce production costs are:

- Optimization of logistics (K = 0.910065),

- Ensuring workflow rhythm (K = 0.904928),

- Improvement of auxiliary production (K = 0.903238), and

- Elimination of company losses (K =0.895509).

Other factors such as:

- Minimization of work-in-progress (H3.2),

- Workload of employees and equipment (H4.1), and

- Optimization of workforce size (H4.2)

were found to have comparatively lower correlation coefficients, yet their
influence remains statistically meaningful.

Conclusions and perspectives of further development. This research has
aimed to empirically investigate the key factors influencing the management of
lean production for cost optimization within the context of Azerbaijan. To achieve
this, a conceptual framework was first developed to explore the impact of various
production factors on lean manufacturing systems. Based on this framework, a
research model was constructed, and analysis was conducted through hypothesis
testing to identify the most influential elements.

The findings can be summarized as follows:

- The strategic search for resource-saving opportunities in production
processes plays a central role in cost optimization and contributes to long-term
economic resilience.

- The optimization of logistics, production, and storage facilities emerges as
a crucial factor for the implementation of lean manufacturing principles. Effective

cost management depends significantly on these structural improvements.
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- The application of lean production tools to eliminate company losses at
specific stages of the technological process has shown considerable effectiveness.
Key directions for applying such tools in Azerbaijan were outlined in Section 2.3.

- The establishment of workflow rhythm and visual representation of
production and managerial processes serve as important facilitators for the
successful deployment of lean practices in Azerbaijan.

- Factors such as the level of employee workload, targeted elimination of
losses, and the reduction of work-in-progress are vital components of lean systems
and have proven to play an active role in cost optimization within Azerbaijani
manufacturing environments.

The method proposed in the paper can be used in future academic research

and industrial applications in Azerbaijan.
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