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Abstract: Applying Value Stream Mapping (VSM) in the mining industry can increase productivity in production
process activities. The coal mining industry has a vital role in life and is an essential investment in the regional
economy. However, since 2017, coal production has experienced instability based on data from the Central Bureau
of Statistics for East Kalimantan Province (2021) and has yet to meet consumer demand. Previous studies have
only shed light on the critical theory that VSM has extended to many industries. However, those studies need to
explain the concept of applying VSM to the mining industry. Therefore, to support this theory, a case study from
the mining industry was conducted to determine cycle times and identify value-adding and non-value-adding
activities. A current state map is developed after making the necessary observations and calculations. Different
improvement proposals are identified, and a future state map for the industry is constructed. As a result, a 23.4%
reduction in cycle time and 56.1% reduction in lead time ensure its applicability in the mining industry to increase
productivity and meet customer demands. VSM is a powerful tool that helps mining managers and operators
identify waste and opportunities for improvement. Efficiency is one of the most important things to consider in this
industry. This study is especially true in the coal mining sector.

Keywords: Lean mining, process activity mapping, value stream mapping, current state map, future state map,
waste identification

1. Introduction

Indonesia is one of the World's largest coal-producing countries. In addition, based on BP statistics, the World's
energy review (2021) is the World's second-largest coal exporter (Looney, 2021). East Kalimantan has the most
significant resources and reserves of 70,642.52 million tons (Adi Cahyono et al., 2020). In addition, East Kalimantan's
Gross Regional Domestic Product (GDP) in 2020 contributed up to 41.43 per cent (Juriana S & Anggara W, 2020).
This record shows that the coal mining industry is the most important in East Kalimantan's economy. As a result, coal
mining continues to concentrate on increasing production.
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However, since 2017, coal production has experienced instability based on data from the Central Bureau of
Statistics for East Kalimantan Province (2021) and has failed to meet consumer demand (Fig. 1). The sustainability of
the business is impacted; thus, coal mining needs to maximize resources to boost production. A production method that
fully contributes to productive activities related to added value (VA) can increase productivity (Dinesh et al., 2022).
Furthermore, wasteful or non-value-added (NVA) activities are the root of inefficient industrial processes (Baby et al.,
2018).

Lean production techniques are needed to support these operations. Lean is a systematic approach that uses several
improvement techniques to eliminate waste (Kundgol et al., 2019). The lean tool used to map the entire flow of
information and material and identify waste is Value Streaming Mapping (VSM) (Zahraee et al., 2020)

Value Stream Mapping (VSM) is a visual method to describe a company's current situation with the flow of
information, solve developing problems, and improve the situation in the future (Amin et al., 2019). According to
Mertens et al. (2020), the purpose of the current situation assessment is to collect data to examine value-added (VA)
and non-value-added (NVA) operations. Improvements can be made in the future (L66w, 2019). In addition, previous
research only described the critical theory of VSM that has been extended to many industries. However, the previous
article did not explain the concept of implementing VSM in the mining industry (Romero & Arce, 2017).

Furthermore, the article explains that Kumar (2014) successfully applied VSM to the mining industry. However,
this research only explains the application of lean principles to mining. Therefore, this study focuses on applying Value
Stream Mapping (VSM) methods to meet customer demands and increase coal mining production activities'
productivity.

1.1 Demand for Coal and the Production Gap

Demand for coal in 2020 continues to increase, with an average monthly demand of 22,741.83 tons. However, coal
production only reached 20,359.75 tons on average per month (figure 1). The causes of the non-fulfillment of
production targets often face problems such as scheduling delays, product quality declines, equipment damage, and
human resource control (Khaba et al., 2021).
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Fig. 1 - Gap Demand and Produced
Source : Coal mining industry in Samarinda, East Kalimantan Province, 2020

Eight categories of waste have been identified in the mining industry: overproduction, waiting, transportation,
overprocessing, inventory, unnecessary motion, defects, and people (N. P. Kumar, 2014a; Seifullina et al., 2018).
Therefore, this paper attempts to eliminate waste in the coal production process.

1.2 Coal Production Process Flow

The coal production process flow is a process that includes steps from product input to the output stage (figure 2).
The first stage of coal production is receiving, or the receipt of, orders received via email, which will be negotiated, and
then an MoU will be made indicating an agreement. After that, the procurement of heavy equipment will be carried out
in preparation for mining exploration. The exploration process starts with land clearing, topsoil removal, stripping of
overburden, stockpiling of overburden, coal cleaning, coal getting, coal transportation, crushing, stockpiling, and coal
barging. Then the subsequent delivery is transshipment to the mother vessel.
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Fig. 2 - Coal Production Process Flow

The exploring phase is a step in the coal-getting process. As a result, the calculation used to create the current
condition map is based on this process.

2. Lean Mining

The mining sector is similar to other industries needing boosting output and eliminating waste. The key driver
behind mining's opening to the lean concept is the high degree of task complexity. Therefore, Lean Mining emphasises
results and transforms the workplace culture, which will help produce successful outcomes.

Suyanto & Noya (2017) explain the lean approach as a continuous improvement technique for identifying and
eliminating waste or activities that do not provide value. Lean is also a set of tools that eliminate waste, accelerate
production, and raise quality (Azizi & a/p Manoharan, 2015; Jacobs & Chase, 2014; Lonnie Wilson, 2010)

As stated in the lean philosophy, the fundamental objective of lean is 1) Cost reduction through waste elimination
in the manufacturing process. 2) Reduce the cost of equipment, materials, and labour. 3) Improving people's
development and utilisation. This approach can streamline manufacturing, service industries, and mining waste. (S.
Kumar et al., 2018; Mostafa et al., 2015; Wickramasinghe & Wickramasinghe, 2017).

According to Khaba et al. (2021), lean mining can increase the productivity and performance of the mining
industry. Although it, the capacity of lean in mining to produce real business gains continuously is also stated by
(Makumbe et al., 2018). This study may be seen in US and Canadian mines, where lean implementation can result in
significant changes in work patterns, demonstrating that mines are comfortable with the concept (L66w, 2019).

3. Value Stream Mapping in Mining

Value Stream Mapping (VSM) is a lean tool companies use to examine the flow of materials and information from

the start of production to the finished product. Primarily used to analyze, implement, and maintain a lean approach. The
goal of VSM is to identify opportunities for improvement and eliminate waste in production processes.
According to Martin & Osterling (2014), the term "value stream" was coined by James Womack, Daniel Jones, and
Daniel Roos in the book that launched the Lean movement, The Machine that Changed the World (1990) and further
popularized by James Womack and Daniel Jones in Lean Thinking (1996). Value stream mapping (VSM) is a
technique developed by Toyota and popularized by Rother and Shook in their 1998 book Learning to See (The Lean
Enterprise Institute). VSM is an essential component of every activity. It provides a detailed understanding of the
current state by clarifying flows and using detractors to smooth them (Jimmerson, 2010; King & King, 2015; Nash &
Poling, 2008).

Furthermore, VSM maps material flows described as all actions, whether value-added (VA) or non-value-added
(NVA), that can eliminate waste, reduce waiting times, and lower costs to optimize production processes. (Mudgal et
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al., 2020a). Masuti and Dabade (2019) say that the current condition map has standard icons for future state maps.
(Faridah & Lestari, 2016; Ghushe et al., 2017; Keyte & Locher, 2016; Lacerda et al., 2016; Rohani & Zahraee, 2015;
Setiawan et al., 2021; Singh et al., 2011; Stadnicka & Ratnayake, 2016; Zahraee et al., 2020) explains that this
approach is not limited to the automotive and service industries. Furthermore, according to Romero (2017), in a
literature article, VSM can also be used in the mining sector.

In the mining industry, Value Stream Mapping can be crucial in optimizing operations and improving overall
efficiency. Mining involves a complex value chain, from exploration and site development to mineral extraction,
processing, and transportation. VSM can help in the following ways (William & Fazleena, 2014):

1. Identifying inefficiencies: Value Stream Mapping allows mining companies to identify bottlenecks,
redundancies, and waste. By visualizing the entire process, they can pinpoint areas where resources and time
are underutilized.

2. Improving flow: VSM helps streamline the flow of materials, information, and processes, thus reducing lead
times and cycle times. This flow, in turn, can lead to faster production and improved customer response times.

3. Waste reduction: The mining industry can be resource-intensive and generate substantial waste. Value
Stream Mapping helps identify non-value-adding activities and waste, such as overproduction, excess
inventory, and unnecessary transportation, which can be targeted for elimination.

4. Enhancing safety: Mapping out the entire value stream can also highlight potential safety hazards and risks,
allowing companies to implement measures to improve the safety of their operations.

5. Supporting continuous improvement: Value Stream Mapping is not a one-time exercise. It forms the basis
for continuous improvement efforts, encouraging mining companies to regularly reassess and optimize their
processes as conditions and requirements change.

6. Collaboration and communication: VSM promotes cross-functional collaboration and communication by
involving various stakeholders from different departments in the mapping process. This fosters a shared
understanding of the value stream and encourages teamwork towards common improvement goals.

In conclusion, Value Stream Mapping is a valuable tool for the mining industry to optimize operations, eliminate
waste, and enhance overall efficiency. By visualizing the entire value chain and identifying areas for improvement,

mining companies can work towards becoming more competitive, sustainable, and responsive to customer demands.

4. Methodology

4.1 Application Areas and A Concept of A Value Stream Mapping Approach Implementation

The VSM technique was applied in the coal mining industry East Kalimantan Province, to eliminate waste that is
not value-added in the coal production process. Coal production continues to be below consumer demand (fig. 1).
There are various problems, such as delivery delays often occur in the heavy equipment procurement process, high
incidence of accidents in the transportation process, sudden burning of coal in the stockpile, and sometimes a reduction
in the number of cargo processing loads that are not under the storage plan, thus making production not reach the target
and the length of the completion process have an impact on the high cost of production. Table 1 describes the outline of
the VSM implementation carried out.

Table 1 - A description of the VSM technique's implementation

Steps Task

1 Identify the coal production process by looking at the process flow, number
of operators, machine usage, and processing time.

2 Make a current state VSM that details the procedure with the steps, delays,
and information flowing as at the time.

3 Evaluate the current VSM to create flow by removing waste, particularly
unneeded NVA waste.

4 Create a future state VSM

5 Implement future state VSM

4.2 Waste Identification

The Toyota Production System (TPS) defines "waste" objectively using a core concept known as "the seven
wastes." But as per (Seifullina et al., 2018), the mining industry produces eight wastes:

1. Overproduction: The mining industry and TPS view overproduction as waste. Overproduction in the
context of coal mining refers to mining or processing more coal than is required for immediate usage or customer
demand. This overproduction can result in unneeded inventory accumulation, the sapping of important resources, and,
eventually, higher costs and inefficiencies.
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2. Transportation: TPS and the mining industry identify wasteful transportation as waste. This waste occurs
when transporting supplies, machinery, or coal-related products farther than is necessary. Excessive transportation can
cause delays and inefficiencies in production by using up time and resources.

3. Inventory: Both the mining industry and TPS view inventory as a waste. Inventory waste in the coal
mining industry is the surplus of coal products or raw resources. Excessive inventory ties up operating capital, takes up
valuable space and could cause the coal that is being stored to deteriorate or become obsolete.

4. Motion: TPS and the mining industry know the waste of motion. Motion waste can happen throughout coal
mining due to excessive worker or equipment movement. Such motion waste can be identified and reduced to increase
efficiency and safety.

5. Defects: The mining industry and TPS view defects as waste. Defects in the extraction and processing of
coal might appear as subpar coal products or as mistakes. Faults must be reduced to preserve product quality, lower
rework, and boost overall efficiency.

6. Overprocessing: TPS and the mining industry identify overprocessing as a waste. When too many
resources or stages are used in the production process in coal mining, overprocessing waste can happen, resulting in
inefficiencies and higher prices.

7. Waiting: TPS and the mining industry consider waiting for waste. Waiting for waste in the coal mining
industry refers to downtime that personnel, machinery, or supplies endure during production. A mining operation can
become more efficient and responsive by reducing waiting times.

8. People: According to Seifullina et al. (2018), "people" is one of the wastes in the mining industry. The
underutilization or improper allocation of human resources, a lack of training, or ineffective work methods are all
examples of "waste of people” in this context. Getting rid of this waste can improve employee engagement, skill
development, and productivity.

These detected wastes closely match the waste kinds defined by TPS in our study on implementing VSM in the
coal mining industry. We focused on reducing these wastes through VSM to improve productivity, streamline
production processes, and decrease inefficiencies. We significantly reduced cycle time and lead time, as shown in the
study's results, by detecting and getting rid of these wastes.

The similarity in the waste kinds recognized by TPS and Seifullina et al. (2018) and their correlation highlights the
applicability and universality of waste reduction principles in various industries, including the mining industry. We
showed how the mining industry might gain from systematically identifying and eliminating waste to increase
efficiency and production by using VSM and addressing these wastes in the coal mining process.

Table 2 - Lean’s 8 wastes in the mining sector

Wastes Description

1. Waiting Unsuitable working conditions or the environment are
to blame for this waste.

2. Transportation Inefficient transportation design and excessive stages
result in wasted transportation.

3. Overproduction without understanding the purpose, sustainable
production has more capacity than is required.

4. Motion excessive job variety and ineffective equipment use.

5. Defects product damage and equipment damage all result in
defective waste.

6. Overprocessing Too many steps redundant, one operator doing some
work more than one

7. Inventory Inefficient inventory management on stockpile

8. People Unskilled labor, absenteeism, assigning the wrong

person to a task, inappropriate communication.

4.3 Mapping the Current State

Current State Map (CSM) provides a detailed visual picture of the current state of the coal mining industry's
production process (Fig. 3). It provides stakeholders with insights into the current workflow. It identifies opportunities
for improvement by illuminating the information flow and operations involved in the mining process.

Based on Karim et al., (2012) Significant Elements of the Current State Map :

1. Process Flow: The CSM illustrates how the various steps in the coal mining process are carried out. Each
activity is denoted by a unique symbol, such as a rectangle for a phase in the process, a diamond for a choice, or an
arrow for moving materials or information. Maps can depict events in chronological order to understand information
and materials going through the production process.
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2. Value-Adding and Non-Value-Adding Activities: The CSM distinguishes between these activities. While
non-value-adding operations do not add any value to the finished product, value-adding activities directly contribute to
the manufacture of coal products. It is simple to spot areas of waste and inefficiency when coloured symbols or notes
indicate the nature of the action.

3. Wait Times and Delays: Any wait times or delays that arise during the production process are highlighted
by the CSM. These could happen due to slow-moving traffic, process bottlenecks, etc. The length of wait times is
indicated by arrows or notes, which aid in understanding how delays affect the total production schedule.

4. Inventory Points: Raw materials or coal products are held in inventory points on the CSM. These locations
show where inventory accumulates throughout production, possibly leading to waste and sapping essential resources.

5. Decision Points and Information Flow: Diamond-shaped decision points, which stand in for crucial
decisions in the production process, are used to denote these locations. The information flow, represented by arrows or
lines, illustrates how information is shared and used across the mining operation.

6. Data and Metrics: Pertinent data and metrics are incorporated into the CSM to offer quantitative insights
into the production process. To comprehend the current performance of the mining operation, cycle times, lead times,
production volumes, and other key performance indicators (KPIs) may be displayed alongside the process flow.

4.4 Process Activity Mapping (PAM)

All production activities are mapped into a table and categorised according to nature. As a result, it is possible to
distinguish between value-added (VA), non-value-added (NVA), and necessary but non-value-added (NNVA)
operations (Shou et al., 2020). The future state map can be improved by eliminating activities that don't provide value.

A detailed breakdown of the production activities mapped through the Value Stream Mapping (VSM) procedure in
the coal mining industry is shown in Table 3. Each activity has a unique Activity Code and a thorough description. In
addition, the activities are divided into three groups according to add value to the value stream:

1. Value-Adding (VA) Activities: These actions directly improve the final coal product's value and meet the
needs and preferences of the client. Value-Adding activities in the coal mining sector include coal extraction,
processing, shipment preparation, and customer order fulfilment. These operations are critical to the core production
process to meet consumer requests.

2. Non-Value-Adding (NVA) Activities: These actions are waste since they don't improve the ultimate result.
Quality inspection, coal storage, and internal documentation are examples of non-value-adding tasks that may be
performed in the coal mining sector. Although some of these tasks may be required for internal procedures or
regulatory compliance, they may not directly contribute to the client's needs. They can be targeted for deletion or
optimisation in the future state map.

3. Necessary but non-value-adding (NNVA) activities are required for the production process but do not
directly enhance the value of the finished good. Transportation of coal to processing facilities and equipment
maintenance are examples of necessary but non-value-adding tasks in the coal mining sector. Although these tasks are
crucial for streamlining the main manufacturing process, they have no direct bearing on the client's needs. In the Future
State Map, efforts can be taken to optimise and lessen inefficiencies related to these tasks.

The Future State Map's growth depends heavily on categorising the activities in Table 3. (FSM). Stakeholders can
concentrate their improvement efforts on streamlining waste reduction and production processes by clearly defining
Value-Adding, Non-Value-Adding, and Necessary but not Value-Adding activities.

Activities labelled Non-Value-Adding in the Future State Map might be targeted for deletion or process
optimisation to eliminate inefficiencies. The production process can be made more efficient by eliminating or
improving these steps, which reduces cycle time, lead time, and waste in general.

Additionally, identifying actions that are necessary but do not add value enables stakeholders to look into options
for process improvement. The utilisation of resources may be improved, and the production process can become more
responsive and agile by increasing the efficiency of these tasks.

Stakeholders use Table 3's Activity Classification as a crucial resource while creating the Future State Map (FSM).
It enables data-driven decision-making and guarantees that efforts to improve the coal mining production process are
focused on reducing waste and boosting the total value stream.

4.5 Mapping the Future State

The expected enhancements and optimizations done to increase productivity in the coal mining industry are
illustrated in Future State Map (FSM). After considering the suggested modifications found in the Value Stream
Mapping (VSM) analysis of the existing circumstances, it displays the manufacturing process's intended state.

By directly addressing non-value-adding operations, the proposed solutions immediately address waste in the
production process, as shown by the FSM (Fig.4). By doing this, the mining operation is made more productive overall,
resource consumption is optimized, and efficiency is increased.
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The quantitative evaluation of the anticipated benefits is made easier by including data and indicators on the FSM.
Stakeholders can verify the possible advantages of the suggested improvements and establish goals for the expected
performance in the future by comparing the FSM data with the data on the current state.

The FSM also offers a timeline for putting the suggested modifications into action. As the improvements are
gradually implemented, it acts as a roadmap for stakeholders to coordinate their efforts and monitor success.

In general, Figure 4: Future State Map (FSM) provides a useful tool to understand the anticipated enhancements
and optimizations in coal mining production. It helps stakeholders understand the predicted increases in productivity
and directs them on their route to achieving operational excellence and better meeting customer requests.

5. Results
5.1 The Making of The Current State Map (CSM)

The flow of the coal production process served as the basis for the creation and visual organization of the existing
state VSM. A high-level overview of the mining and processing of coal is shown in Figure 2, along with a list of the
important steps. It is a starting point for comprehending how mining operations progress from extraction through
customer order fulfilment.

In Figure 3, the Current State Value Stream Map (VSM), which builds on Figure 2, the production activities
involved in each stage of the coal production process are graphically organized and described. The VSM provides
stakeholders with a visual representation of the flow of activities, information, and materials so they can spot waste and
inefficiencies in the existing production process.

Stakeholders can learn more about the current state of the coal-producing process by analyzing the Current State
VSM. They can spot non-value-adding processes and areas for improvement to boost output, shorten turnaround times,
and maximize resource efficiency. The Future State Map (FSM), which incorporates suggested enhancements and
optimizations to optimize the production process and advance toward operational excellence, is developed using the
VSM as a powerful instrument for direction.
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5.2 Process Activity Mapping (PAM)

Process activity mapping provides an overview of the physical flow, information flow, and time allotted for each
activity; the number of operators, and the distance travelled. The activity category consists of value-added (VA),
necessary but non-value-added (NNVA), and non-value-added (NVA) and must be eliminated. In making process
activity mapping, there are five types of activities consisting of operation (O), transportation (T), inspection (1), delay
(D), and storage (S). The activity mapping process is in Table 3 below.

Table 3 - Process activity mapping of the coal production

Time Category
No. Process Code Activity Machine / Activity Man Process (VA.
Tools Tvoe power (Minute) NVA.
yp NNVA)
Order  coal excavator,
mining bulldozer,
POl equipment at backhoe, 0] VA
United drill, ! 1.440
Tractor (UT)  dumptruck
Awaiting the
availability
PO2 " of a mining D 28800 VA
machine
1 Procurement excavator,
Machine bulldozer,
PO3  checking ba_ckhoe, | 5 2 880 NVA
process drill,
dumptruck
excavator,
Machine sent bulldozer,
PO4 to the mine backhoe, T NNVA
- . 1.440
site drill,
dumptruck
. excavator,
PE1  Land clearing Bulldozer 0] 4 10.080 NNVA
Topsoil Excavator,
. PE2 removal dumtruck T 6 4.320 NNVA
2 Preparation Overburd Drill
verburden rill,
PE3 stripping blasting © 8 4.320 VA
Overburden Backhoe,
PE4 removal dumtruck T 6 2.880 NNVA
Excavator
MPL Coal cleaning /'t | NVA
Mining g cutting 2 4.320
3
Process blade
Coal getting Excavator,
MP?2 to loading dumtruck © 6 4.320 VA
Coal hauling
TP1  from pit to dumtruck T NNVA
ROM stock 6 4.320
4 Transport )
Process Coal hauling
from ROM
TP2 stock to dumtruck T 4 2 880 NVA
crusher
Crushing
ST1 process to crusher S 6 2880 NNVA
5 Storage stockpile
Coal quality
ST2 check Lab | 5 600 NNVA
6 Delivery DE1 Coal transfer conveyor, T NNVA
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from dumptruck 12 4.320
stockpile to
barge
Transhipment
DE2 process to barge T 6 4320 NNVA

mother vasel

Tl G2 77 84120

Based on the table, the following types of activities have been recognized in the coal-producing process:

1. Operations: 4 activities fall under this category. These actions involve fundamental production procedures
that directly support coal extraction and processing. Coal extraction, processing, shipping preparation, and order
fulfilment are all possible operations in the coal mining sector.

2. Transportation: Seven activities fall under this category. These tasks entail moving supplies or coal-
related goods around the manufacturing process from one place to another. Transportation tasks could involve moving
coal from the mining site to the processing facility, moving coal between processing steps, or delivering coal products
to customers or storage.

3. Inspection: Three different actions fall under the inspection category. These activities involve quality
control and inspection procedures to ensure the generated coal fulfils the necessary quality requirements. Examining
the quality of the coal after processing and doing quality checks before shipping it to consumers are examples of quality
inspection activities.

4. Delay: One activity is categorized as a delay. This activity represents the waiting or idle time that happens
during the production process. Equipment failure, a lack of resources, or logistical problems are a few causes of delays.

5. Storage: One activity is categorized as storage. After processing, this activity includes keeping and storing
coal products in specified storage areas. Storage is necessary to control inventories and enable prompt client delivery.

The total processing time, or 84.120 minutes, is the entire amount of time needed to finish all tasks involved in
producing coal. It considers all wait times, process delays, the processing time for each activity, travel time between
activities, and any wait times.

Overall, the activity breakdown and overall processing time offer useful quantitative insights into the current state
of the coal production process. Stakeholders can identify areas for improvement and focus on particular activities for
optimization to increase productivity and decrease inefficiencies by understanding the types of activities and their
associated durations. The Current State Value Stream Map (VSM) is crucial in helping stakeholders visualize this data,
build the Future State Map (FSM), and put the suggested changes into practice for a more effective and streamlined
coal mining production process. As a result, Table 4 below shows the data that was obtained.

Table 4 - The Type of Activities that Provide Added Value

Category Activitys Time (minute) Percentage (%0)
Operation 4 20.160 23.97
Transportation 7 24.480 29.10
Inspection 3 7.800 9.27
Delay 1 28.800 34.24
Storage 1 2.880 3.42
Total 16 84.120 100%
Value Added (VA) 3 10.080 11.98
Non Value Added (NVA) 4 38.880 46.22
Necessary Non Value Added

35.160 41.80
(NNVA)
Total 16 84.120 100%

298



Menik Yuni et al., International Journal of Sustainable Construction Engineering and Technology Vol. 14 No. 5 (2023) p. 290-304

Actions that do not add value but are necessary (NNVA) dominate the coal-producing activities. As a result,
while this activity cannot be removed entirely, it can minimize the production process's time. Furthermore, non-value-

added activities (NVA) can be eliminated. Activities that add value (VA) can therefore be optimized.

5.3 Waste Identification

The following is a list of wastes identified based on the current state map and scheduled activities as an
improvement process in the future state map. Activities for producing coal with improvement phases are shown in table

5.
Table 5 - Activities to improve the coal production process

No Before After

1 Procurement
Purchase of coal mining equipment with United Collaborating with several vendors with a ready
Tractor (UT) is carried out with a Pre Order stock system
(PO) system

2 Waiting for the availability of mining machines Heavy machinery can be sent directly to the mine
sent from Jakarta site

3 Twice the machine inspection process was Machine inspection can be done once when the
carried out; at the UT office and at the mine site machine is received

4 ) ) _ To shorten the delivery time can use the river route
Heavy equipment delivery is done by land and reduce the risk of damage to heavy machinery
route.

5 Land clearing
Land clearing of 10ha is only done with two Land clearing can be focused on reducing waiting
heavy machinery time by increasing the use of machines and

operators so that it is quickly resolved

6 Topsoil removal
The soil layer is moved to the bunker with a The bunker layout should not exceed 10 km.
distance of 15 km

7 Stripping overburden
Preparing explosives, ensuring spare parts, Avoid work accidents; signs are observed, tighten
g;ﬂ:mg work to insert explosives, blasting and the application of standard operating procedures

8 Overburden removal
material is transported to be moved to the Exhaust distance of 550 meters is enough
disposal site with a distance of 900 meters

9 Coal cleaning
Material cleaning before coal extraction This process can be omitted because it has been

carried out at the time of overburden removal.
10 Coal getting

Coal extraction using an excavator

The condition of the machine can be given more
attention so that activities run smoothly.
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11 Coal hauling from PIT to ROM stock It can be whittled down to one stage in this activity.
The coal from the ROM stock is ultimately taken to

the crusher for stockpile storage.

12 Coal hauling from ROM stock to crusher Storage layout on the stockpile is 4.5 meters with a

volume of 7,400 m3

13 Crushing process to stockpile It is necessary to ensure that the crusher is not

hampered in this process

14 Coal quality check Sampling collection is carried out every five hours,

after which it will be tested in the laboratory

15 Delivery Coal shipped using the FIFO method

5.4 Future State Map

A future state map is a proposed improvement of the current state map by eliminating activities considered waste
or no added value (NVA). The following is the Future State Map in Figure 4. below.
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Fig. 4 - Future state map of coal production
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As a result of eliminating non-value-added operations (NVA) and reducing processing time (NNVA), the coal
production process time was 37,140 minutes.

5.5 Process Cycle Efficiency (PCE)

Process Cycle Time (PCE) is one sign of how well a process works. In PCE, Value Add (VA) and Total Lead
Time are compared. When the PCE value is 230, the process may be seen as having adopted the lean philosophy or
being more productive. The following is a comparison of the cycle time process against the current state VSM with the
future state VSM (Fig. 5)

Current State
(%); 11,98%

Future State
(%); 52,34%

Fig. 5 - PCE Current State vs. Future State

Based on the comparison results of the current state PCE, which is 11.98 percent and the future state PCE is 52.34
percent, there are differences in the proportion of coal mining activities, which indicates that using the value stream
mapping method can reduce activities that do not provide value for benefits and wasteful activities to encourage
increased work to become more efficient and effective to give results the best to customers regarding the fulfillment of
coal mining production demands.

6. Discussion

VSM determines the current state of qualitative analysis in the manufacturing process. The current state depicts a
map containing information about the current production process to facilitate the identification of the waste generated
in the process (Kundgol et al., 2019; Lugert et al., 2018; Manjunath et al., 2014; Mertens et al., 2020; Mudgal et al.,
2020b; Pathania et al., 2021). The results of this study indicate that the average production (AP) is 20,359.75
tons/month, and the average demand (AD) is 22,741.83 tons/month. The production process time is 84,120 minutes,
and the cycle time is 5,107 minutes. Furthermore, takt time is 1.16 minutes with an available time (AT) of 1,020
minutes per day.

Furthermore, the activity mapping process results show that the current production process has 3 VA with a
presentation of 11.98%, NVA with a presentation of 46.22%, and NNVA with a presentation of 41.80%. So it is
necessary to optimize VA, minimize NNVA, and eliminate NVA.

As a result, the comparison of the current state's process cycle time (PCE) is 11.98%, and the future state is 52.34%.
Thus, this process could have adopted a lean philosophy or been more productive. Another finding in the future state is
that the lead time (LT) is 37,140 minutes, and the cycle time (CT) is 3,916 minutes. So, it can be seen that there is a
significant time reduction in the coal production process.

7. Conclusions

The VSM tool is used to analyze the current state of the coal production process and its prospects in the future. The
application of VSM is carried out as an identification of waste, namely activities that do not provide added value
(NVA), activities that are needed but do not provide value (NNVA), and activities that provide added value (VA),
which can be optimized.

As a result, based on the future state map going forward, as a result of the improvement process, PCE increased
from 11.98 percent to 52.34 percent. Thus, the production process can be categorized as having adopted lean principles

301



Menik Yuni et al., International Journal of Sustainable Construction Engineering and Technology Vol. 14 No. 5 (2023) p. 290-304

and can be said to be more productive. In addition, the average production only reached 20,359.75 tons/month of coal
demand, which was 22,741.83 tons/month. Based on the improvement process results, the lead time was reduced from
84,120 minutes to 37,140 minutes, with 26 working days available in a month. So, the average production is 26,380.65
tons, which means that the mining industry can meet consumer demand.

The research results can help mine managers and operators gain knowledge about updating production processes by
implementing VSM to increase productivity and meet customer demands. In addition, efficiency is an essential issue in
the mining sector. So, this shows that the application of the VSM concept also applies to the coal mining sector.
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