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EXTENDED ABSTRACT

1- Introduction

As coal remains a vital energy source worldwide, its extraction and production processes carry
significant economic implications. The intricacies of coal mining, whether conducted underground
or through open-pit methods, expose workers to challenging conditions and hazardous environments,
emphasizing the importance of optimizing operational efficiency (Saffari et al., 2013; 2017). With
production planning often structured around rigid annual schedules, the reliance on traditional
methods, such as the pressure method, can lead to inflated production costs, hindering
competitiveness in the global market (Yusefi & Ramazi, 2019).

In this field, the literature consists of many studies such as, Zahraee et al. (2013), Al-Odeh et al.
(2014), Zahraee et al. (2014), Rohani & Zahraee (2015). Zahraee (2016), Vermaet al. (2021), Zahraee
et al. (2021), Gunaki et al. (2022), Wang et al. (2023), carried out in recent years aiming to decrease
the cost and shorten production projects’ cycle time. Thus, one of the main objectives of research in
the mining field is the minimization of project cost and cycle time and, simultaneously, considering
limitations of available resources and the due date of the project in hand .

The aim of this study is using the Value Stream Mapping (VSM) to identify inefficiencies and
apply lean principles for enhancing development and exploitation within the Eastern Alborz Coal
Mines Company (EACMCO). The research encompasses a comprehensive approach, including
physical observations, current VSM, waste identification, improvement suggestions, future state
mapping, and process redesign based on waste elimination, culminating in executive solutions aimed
at eliminating losses and wastage in the development and exploitation section of underground coal
mines within the EACMCO. This contribution seeks to propel the ongoing discourse on lean
production in mining contexts, ensuring continued efficiency and competitiveness within the
industry.

In summary, the goal of this paper is to apply one of the most significant lean manufacturing
techniques called VSM to improve the production line of development and exploitation sections in
underground coal mines as a case study, and to how VSM can be used to identify and eliminate the
most significant waste within development and exploitation section process, leading to improved
efficiency and customer satisfaction.

2- Methodology

The current study, characterized by its descriptive and applied nature, scrutinizes the current and
anticipated states of the development and exploitation section within the underground coal mines
operated by EACMCO. This investigation hinges on collaborative teamwork between the researcher
and research group members, all operating within the authentic working conditions of EACMCO.
Engaging in a cyclical process of planning, action, observation, measurement, and feedback,
researchers aim to discern time losses and their underlying causes within the development and
exploitation section of these mines. The primary objective is twofold: to identify time losses and their
origins, and subsequently, to streamline material flow within the value stream, thereby reducing
production time and costs. This endeavor unfolds through a series of steps, including:

- Selecting a specific product group for review and evaluation.

- Itis assessing the current state of the company's production of the examined product.

- Quantifying losses using the current state map.

- Analyzing the underlying causes of current losses.

- Proposing solutions to mitigate or eliminate losses.

- Formulating a future state map based on proposed solutions.
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To gather requisite information and data, the research draws upon the 20-year experience of the
lead researcher and mining colleagues, collaborative observations, and document reviews, including
daily operation logs, mining operations records, and meetings. Additionally, a range of analytical
methods such as logical analysis, Kaizen meetings, worker and expert interviews, value flow
mapping, fishbone diagrams (to ascertain cause-effect relationships), bar diagrams (for assessing
system inefficiencies and identifying waste), time data tapes, and cumulative review of tables and
charts are employed.

3- Findings and Argument

After identifying the various processes in the development and exploitation section and field
measurements, in order to consult and use the experiences of experts in determining the losses and
types of losses in this section, the factors of losses in different and multiple brainstorming sessions
were determined and provided to the experts and senior managers of EACMCO in the form of
questionnaires.

Figure (1) shows the types of time waste in different processes in the development and exploitation
section of the underground coal mines of Eastern Alborz along with the type of waste. As can be seen
from this figure, the most frequent waste is related to waiting waste with 52 repetitions, followed by
the defects processes, over processing, and knowledge disconnection with 11, 8, and 6 repetitions,
respectively.

Examining the VSM of the current state in the development and exploitation section of EACMCO
shows that this company is in an optimal state regarding the number of human resources in this
section, however section has a high volume of time losses. The aim of drawing the VSM of the future
state is to eliminate wastes that extended the processes of the development and exploitation section;
therefore, in order to eliminate or reduce these losses, several corrective or Kaizen bursts have been
presented to reduce the times. Also, the resulting times after implementing these Kaizen are given
under the title A/T in Table (1). The time cycle and production waiting time in VSM (current and
future status) in the development and exploitation section of EACMCO is given Table (1).

After the implementation of the Kaizen burst, the Wood Supply process time was decreased from
693 minutes to 480 minutes, the Man Way Gallery Drilling process time was decreased from 1260
minutes to 900 minutes, the Drilling of the Main Raise process time was decreased from 4200
minutes to 3360 minutes, the 2nd Gallery Drilling process time was decreased from 1330 minutes to
900 minutes, the Drilling, ... process time was decreased from 2181 minutes to 2000 minutes, the
Discharge process time was decreased from 560 minutes to 480 minutes, and the time between
Drilling of the Main Raise and 2nd Gallery Drilling processes was decreased from 70 minutes to 25
minutes, which reduced the total lead time from 10469 minutes to 8206 minutes, and the total process
time was reduced from 22 shifts to 17 shift.
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Figure 1- Diagram of types of time losses in different processes are described in the ""Development and Exploitation*
section of EACMCO

Table 1- Different sections of the timetable in the time cycle and production waiting time in VSM (current and
future status) in the ""Development and Exploitation® section of EACMCO
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4- Conclusions

The main aim of this study is to demonstrate the application of value stream mapping (VSM) in
moving towards lean manufacturing in the development and exploitation section of non-mechanized
underground coal mines in the Eastern Alborz Coal Mining Company, in a way, to design a lean
production system with an emphasis on value stream mapping methods.
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Initially, the sources of waste were identified and types of waste were determined in the form of
39 items and 8 types of waste for each waste were also determined. The most frequent waste was
related to waiting waste with 52 repetitions, followed by defects processes, over processing, and
knowledge disconnection with 11, 8, and 6 repetitions, respectively. The purpose of drawing a future
value stream map is to eliminate wastes that extended the processes in this section; therefore, to
eliminate or reduce these losses, several corrective or Kaizen suggestions were presented in the
continuation of the research to reduce inter-process time and process execution time.

After implementing corrective Kaizens, the total process time was reduced from 10224 minutes to
8120 minutes, the inter-process time of the wood supply and discharge processes was reduced from
245 minutes to 86 minutes, and the total time of the development and exploitation section was reduced
from 10469 minutes to 8206 minutes, and the total process time was reduced from 22 shifts to 17
shifts.
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(2006) [31], Abdulmalek and Rajgopal (2007) [6], Lasa et al. (2008) [32], Serrano et al. (2008) [12],
Chowdary and George (2012) [33], Nash and Poling (2011) [34], Myerson (2012) [35], Rocha-Lona

et al. (2013) [36], Gupta et al. (2014) [10], Kumar (2014) [14], Saraswat et al. (2014) [4], Tamas

(2016) [8], Andreadis et al. (2017) [22], Shou et al. (2017) [37], Behnam et al. (2018) [27], Kumar

et al. (2018) [26], Singh et al. (2018) [38], Dadashnejad & Valmohammadi (2019) [13], Razali &

Ab Rahman (2019) [39]
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Rother and Shook (2003) [3], Abdulmalek and Rajgopal (2007) [6], Lasa et al. (2008) [32], Serrano
et al. (2008) [12], Lasa et al. (2009) [40], Pepper and Spedding (2010) [41], Singh et al. (2011) [11],
Saraswat et al. (2014) [4], Andreadis et al. (2017) [22], Shou et al. (2017) [37], Garza-Reyes et al.
(2018) [42], Kumar et al. (2018) [26]
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Lasa et al. (2008) [32], Braglia et al. (2009) [16], Pepper and Spedding (2010) [41], Nash and
Poling (2011) [34], Seyedhosseini et al. (2013) [43], Belekoukias et al. (2014) [15], Dal Forno et al.
(2014) [44], Dinis-Carvalho et al. (2015) [45], Seifullina et al. (2018) [46]
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Abdulmalek and Rajgopal (2007) [6], Barber and Tietje (2008) [47], Grewal (2008) [48], Serrano et
al. (2008) [12], Seth et al. (2008) [49], Singh and Sharma (2009) [50], Chen et al. (2010) [51], Bo
and Dong (2012) [52], Joshi & Naik (2012) [53], Rosienkiewicz (2012) [54], Teichgraber and de

Bucourt (2012) [55], Jasti and Sharma (2014) [56], Kumar (2014) [14], Manjunath et al. (2014)
[57], Parthanadee and Buddhakulsomsiri (2014) [58], Saboo et al. (2014) [59], Saraswat et al.
(2014) [4], Venkataraman et al. (2014) [19], Tyagi et al. (2015) [60], Henrique et al. (2016) [61],
Andreadis et al. (2017) [22], Makwana & Awasthi (2017) [23], Romero & Arce (2017) [24], Shou
et al. (2017) [37], Stadnicka & Litwin (2017) [62], Suryoputro et al. (2017) [25], Behnam et al.
(2018) [27], Garza-Reyes et al. (2018) [42], Kumar et al. (2018) [26], Dadashnejad &
Valmohammadi (2019) [13], Knoll et al. (2019) [63], Wicaksono & Setiawan (2019) [64], Kant &
Shrutika, (2020) [65], Martin et al. (2020) [66], Zahraee et al. (2020) [5], Jing et al. (2021) [28],
Gunaki et al. (2022) [29]
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Rother and Shook (2003) [3], Rivera and Chen (2007) [67], Lasa et al. (2008) [32], Serrano et al.
(2008) [12], Nash and Poling (2011) [34], Bo and Dong (2012) [52], Venkataraman et al. (2014)
[19], Henrique et al. (2016) [61], Shou et al. (2017) [37], Knoll et al. (2019) [63]
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Table 4- Characteristic of experts participating in brainstorming
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Table 5- Types of time losses with the type of waste in ""Development and Exploitation™ section
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Table 6- Types of time losses with the type of waste in ""Wood supply'* process
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Table 7- Types of time losses with the type of waste in "'Drilling the Man way raise Gallery" process
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Table 8- Types of time losses with the type of waste in " Drilling the main raise'" process
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Table 9- Types of time losses with the type of waste in ""Coal cutting, etc' process
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Table 10- Types of time losses with the type of waste in ""Discharge’ process

S go
L 3|23
% t’ ji 1) 3 \%\ ;g: % cdy yun o,
AEIEIE
2 :) ' ixe)
4 2

gl i g ghSl (e pliiel gaingle; | Y

slogm il wslyz ((Jad pé g Jid slag)lon) 4505 5 95
(o g GBop wole> 31 5L S,

PG LRV

BUREIE )BTQlﬁ} Jelse

By ks

ww.la...nb 6‘)"’”"‘"‘&5‘)"" pas

> <|>v|e| -

g geome wal pie

W ¢ 95 ol yo 41 W 3 oo HUail ity 30 (Sloj 2y o glgil 1) Jgur

Table 11- Types of time losses with the type of waste in ""Waiting between processes'" process
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Fig 9- Diagram of types of time losses in the ""Coal
cutting, etc"' section
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Fig 10- Diagram of types of time losses in the
"Discharge" section
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Fig 11- Diagram of types of time losses in the ""Waiting
between processes' section
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Fig 6- Diagram of types of time losses in the ""Wood
supply"" section
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Fig 7- Diagram of types of time losses in the "' Drilling
the Man way raise Gallery" section
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Table 12- Types of time losses in different processes in the "'Development and Exploitation® section of EACMCO with the
type of waste
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Fig 12- Diagram of types of time losses in different processes are described in the "'Development and Exploitation' section of
EACMCO
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Table 13- Different sections of the timetable in the time cycle and production waiting time in VSM (current and future status)
in the ""Development and Exploitation' section of EACMCO
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