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Abstract

This study aims to explore factors that contribute to mine plan achievement which further impact
the coal discrepancy phenomenon or the variance between actual coal mined and planned.
Secondly, the purpose is to develop a reliable monitoring tool for accurate implementation of
mining activities at each stage, particularly for short-term periods such as daily and weekly
plans. Data collection was carried out using empirical data collection of coal mined achievement
from some pits, along with monthly data on the technical aspects contributing to this
achievement. The coal discrepancy phenomenon is significantly influenced by four major
factors, namely the accuracy of the geological model, change in mining sequence, operational
loss and optimized mining. Implementing this new planning monitoring system has significantly
increased compliance with planned mining sequences, facilitates the achievement of the final
form of the mine in each period impacting short-term coal mined achievement. This research
utilizes original digitalization in mine planning monitoring systems to optimize the mining
sequence and improve the coal discrepancy phenomenon. It is critical since in coal mines,
different stages of the mining process impact not only the amount of coal mined but also the
aggregate properties of coal produced. It supports a resilient coal value chain, especially in the
overburden removal phase, as an upstream area of coal mining.
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1. Introduction

Coal has long been one of the most abundant fossil fuels on earth (Evans & Ramani, 2024) and
has supported the energy systems of various countries around the world (Busch et al., 2023) as
well as being a key energy source for industrial development (Lian et al., 2023). It is the most
important energy source for electricity generation; 38.0% of global power generation (Zhang et
al., 2022), half in the United States, was produced from coal, and in China, it was two-thirds of
all electricity generated by coal (npr.org, 2024). It also forms an essential fuel for the production
of steel and cement (Indonesia Investments, 2023). Currently, coal consumption accounts for a
large proportion of world energy consumption because of its lower cost and will remain the
major energy source of the global energy structure in the coming decades (Zhang et al., 2022).
Meanwhile, coal companies have increasingly recognized the significance of coal discrepancies,
which refer to the variance between the coal mined and the planned amount. Over the last two
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decades, scholars have become increasingly aware of the importance of coal discrepancies to the
company’s growth. It is a phenomenon that normally occurs in every coal mine and can arise in
all mining value chains, from upstream to downstream, from mines to ships. This phenomenon is
complex because it involves various internal and external factors, including the physical
availability (PA) and utilization of equipment, changes in mining sequence due to internal
concerns and environmental issues, mud handling, geological model, land acquisition issues, and
fulfillment of demand on the marketing side (Bakkula et al., 2022). It is a critical phenomenon
that mining companies must address in order to maximize profits in volatile conditions. A
continuing significant coal discrepancy will have a detrimental impact on the company's growth.
Achieving the mine plan is important considering that the production plan that has been
developed is used in scheduling production, transportation, processing, shipping, and sales,
which will then have an impact on the company's cash flow performance. In some cases, when
shipments cannot be made according to the schedule agreed in the contract, the mining company;,
as the provider, will bear a penalty for the delay or demurrage.

Meanwhile, monitoring including evaluation is widely recognized as essential aspect of
management aspect in many industries since it provides not only early and ongoing information
to help shape implementation in advance of evaluations (ILO, 2011; Hall, 2022) but also
constantly modifying and improving a project or program and the basis for evaluation and review
(Gosling & Edwards, 2003) including policies in private and public sector organizations. It is the
systematic and continuous collection and analysis of information about the progress of a piece of
work over time (Gosling & Edwards, 2003). It also a comparison of a program, policy, or
activity that is being implemented with the expected results to actively manage performance,
maximize positive impacts, and minimize the risk of adverse impacts. Monitoring focuses not
only on processes (activities and outputs) but also on outcomes and impacts as guided by an
accompanying evaluation plan (Markiewicz, 2014).
The research questions for this research are as follows:
1) What are the contributing factors on the mine plan achievement which have a significant
impact on the coal discrepancy phenomenon?
2) How does the role of digitalization and technology play in optimizing the significant
contributing factors to this phenomenon?

The primary aim of this paper is to design a real-time monitoring system and tools to monitor the
sequence of the pit and dump to ensure the optimal implementation of short-term mining phase
plans. Implementing the latest technologies allows for the acquisition of real-time information
from the monitoring tool. Based on the acquired information, the monitoring tool can display the
real-time progress of the pit and dump, which enables the implementation of real-time
performance analysis for pit and dump sequences, achieving efficient operation in a knowledge-
based manner. This case study was conducted at PT XYZ, one of the largest coal mining
companies in Indonesia, with a production capacity of around 50 million tons per year. The
paper is organized as follows: Section 2 describes the previous monitoring system for the short-
term mine plan implementation. Meanwhile, Section 3 briefly introduces the current literature on
coal reconciliation and the mining industry's field monitoring aspects. In Section 4, we describe
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the research method. Section 5 illustrates the data collection and results of a new monitoring
system design. Section 6 presents the findings and discusses them. Section 7 concludes the
research, detailing its contribution, limitations, and future research opportunities.

2. Previous Monitoring System of the Short-Term Mine Plan Implementation

PT XYZ has implemented a fleet management system for managing trucks and shovels since
1995. This system regulates trucks from each digger (loading point) to each dumping point either
automatically (unlocked system) or manually (locked system). It was also equipped with closed-
circuit television (CCTV) at each pit to support pit monitoring. The existing fleet management
system cannot directly control the implementation of mining plans in the field optimally. This
system only focuses on the aspect of managing truck allocation to and from the digger in real-
time to ensure that the usage of diggers and trucks can be optimized to support the achievement
of the mining plan. In addition, the system generates report of various production KPIs,
including overburden (OB) removed production, coal mined, productivity, loading time, spotting
time, cycle time, etc., including forms a production database that can be accessed for reporting
and evaluation purposes. To achieve consistency and integrity, planning and operating processes
must aim to increase coal recovery as well as operational and governance needs. Furthermore,
outputs from production measurement and reporting are required for the successful reconciliation
of coal recovery and mining performance against the plan (Tetteh & Cawood, 2017). This
research provides a novelty in mining monitoring, including fleet management systems since the
mining sequence plan is not included and monitored in the most of existing fleet management
system. The fleet management system is controlled by a group of people called dispatchers from
the central control room who coordinate with the operation team in the field during the shift
takes place.

For a long time, mining monitoring has been the main aspect of mining operations. In large-scale
mining companies, real-time mining monitoring has become one of the main needs, considering
that mining is a capital-intensive business. The monitoring process starts with the short-term
engineer developing a weekly or daily plan regarding the shovel movement in the pit and also the
dumping plan. The plan also includes detailed blasting boundaries, coal expose boundaries and
other related boundaries. This plan will then be discussed with the pit management, such as the
pit manager, superintendent pit technical, and superintendent pit production. After being
reviewed and approved by the pit management, the short-term engineer inputs the detailed daily
plan into the daily logbook manually as guidance for plan execution in the field, which will be
updated daily. While the plan is executed in the field, there will be daily field coordination that
involves the field supervisor, pit technical and pit geologist. Regularly, the field coordination is
also attended by the pit management. However, the monitoring of plan implementation is still
using the updated manual of pit progress by stake-out in the field run by the pit survey team. The
result of the stake-out data is then downloaded manually and processed on a computer before it
can be compared with the original plan. Usually, it takes time to process, at least a day before the
data can be shown on the map. While waiting for the progress, the only way pit technical as a
planner can check the implementation is by checking the progress directly in the field and
supported by the pit survey team since the detail coordinate is critical in mines. During the
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execution in the field, the pit survey will install the pegs as the limit of digging for the digger,
dump limit, progress elevation, coal plan boundary, broken boundary, & etc., as shown in Figure
1 below.
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Figure 1. Flowchart of the previous planning, execution, and monitoring process

3. Literature Review

Previous studies in the field of mine reconciliation and discrepancy include Thomas & Snowden
(1990), Schofield (2001), Morley (2003), Morley & Thompson (2006), Bester et al. (2016), Jang
et al. (2016), and Otto & Musingwini (2019). According to Holtham et al. (2011), reconciliation
enables the continuous refinement and improvement of both planning and production processes
by comparing achieved results with expected outcomes. Similarly, according to Musmualim et
al. (2015), mining reconciliation is the comparison between the mine plan and the actual
realization in the field. So, it is critical to ensure the monitoring of mine progress to ensure the
targeted pit’s face position or pit development will be achieved to ensure the coal flow from pit
to port.

Monitoring is a fundamental and universal management technique for identifying program
strengths and weaknesses (Gosling & Edwards, 2003), as well as a vital communication tool
between the project and its stakeholders (USAID, 2014). It is critical to determine whether the
intervention is required to attain the overall objectives. The theory of change explains how an
intervention will produce the desired outcomes. A causal-result chain (or logical framework)
describes how a program's sequence of inputs, activities, and outputs will produce certain results
(ILO, 2011). This is also a key principle in performance management systems, or results-based
management (RBM), which emphasizes continual monitoring rather than merely at the end of a
project. RBM is a management strategy or approach in which all actors, whether directly or
indirectly, ensure that their processes, products, and services contribute to achieving desired
outcomes (United Nations Development Group, Results-Based Management Handbook, 2011).
RBM also provides broad principles for what should be addressed when planning, managing, and
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evaluating projects and activities. It is more of a "mind-set,” in the sense that it specifies what,
but not how, each stage of the project and operations cycle must be handled in order to
accomplish good planning, follow-up, and control. However, individuals in charge of executing
change processes through projects and programs require clear guidance on how to establish a
strategy and monitor results (Ortengren, 2016). Given the importance of monitoring, a systemic
thinking approach is essential, which includes three key principles: interrelationships, multiple
perspectives, and boundaries. It underlines the importance of adopting systems concepts when
monitoring, regardless of whether the monitoring approach is based on systems or is more
traditional. Complexity-aware monitoring aids adaptive management by helping us understand
interrelationships, engage with multiple perspectives, and reflect on boundary judgments
(USAID, 2014).

On the other side, mining technology continues to develop to support operations today. However,
studies of monitoring in mining still focus on aspects of monitoring environmental impacts
(Radulescu & Buia, 2002; Juciano & Katia, 2021; Sucui et al., 2021; Liu, Yuntao et al., 2022;
Liu, Yajing et al., 2023; Bae et al., 2023; He et al., 2023), dust and atmospheric particulate
matter (Sondergaaard, 2021; Xiang-ying, 2022; Zafra-Perez et al., 2023); water quality (Loredo,
2010; Wang et al., 2023; Kazapoe et al., 2023), monitoring the stability of mine slopes (Ulusay
et al., 2014; Obregon & Mitri, 2019; Bastola et al., 2020; Yi et al., 2021; Su et al., 2022; Nguyen
et al., 2024), and monitoring the impact of vibrations from blasting (Xu et al., 2023; Rao et al.,
2023; Mohanty et al., 2023). However, studies related to digitalization in monitoring mining
stages in the field are still not well developed. Meanwhile, the accurate monitoring and timely
maintenance of mining equipment have become the prerequisites for constructing the smart mine
and the efficient management of coal mining operations (Zhang et al., 2022). In small to
medium-scale mines, the mining sequence monitoring process in the field is still carried out in a
conventional way, namely by carrying out manual pick-ups or stake out using survey equipment
such as theodolites, lasers, etc., which are then inputted into mining software and then processed
until analysis can be done. The development of the industrial 4.0 era is expected to support the
mine monitoring process. Due to the potential advantages of promoting the automation of coal
mining, smart mining has attracted wide attention from industry and academia (Zhang et al.,
2022). Thus, considering the dynamic and capital-intensive nature of the mining industry, a
reliable monitoring system for the implementation of each mining stage is needed to ensure the
achievement of short-term mining plan targets and to support a resilient coal value chain.

4. Research Method

To obtain a complete picture of the factors that have an impact on the coal discrepancy
phenomenon, data collection was carried out using empirical data related to coal discrepancy.
We conducted empirical data collection of coal mined achievement from seven pits, along with
monthly data on the technical aspects contributing to this achievement. The planner team or
engineering team, namely the mine engineer and pit geologist, jointly validate this reason, which
is then approved by the mine manager as the person in charge of the mine. The team collected
data from the beginning of January 2023 to the end of May 2023. Then, we grouped the reasons
for the emergence of discrepancies or differences in coal achievement and resulted into four
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main sections: geological model, operational loss, change in sequence and optimized mining.
The optimized mining is carried out optimally in an effort to conserve reserves, especially at the
end of the finishing pit with a vertical mining process or in seams near the fault area. Included in
this effort is the optimisation of thin-seam mining recovery with a thickness of less than 50cm.
Prior to the optimisation effort of coal deeper than design, a feasibility study on the safety,
economic, and technical side, including a geotechnical assessment, must be conducted first.

5. Results

5.1 The result of empirical data

The reasons related to the emergence of discrepancies or differences in coal achievement were
then analysed and resulted in four main groups, namely those related to geological model,
operational loss, change in sequence and optimized mining as shown in Table 1 below.

Table 1. The Actual Cumulative Discrepancy Based on Causes

Cause of Variance (Tonnes)
Discrepancy Original Absolute
Geological model -318,165.4** | 819,992.10
Operational loss -222,031.80 | 222,031.80
Change in 300,980.0%** | 603,560.00
sequence

Optimized mining | 403,095.80 403,095.80
Total 163,878.60 2,048,679.70
Note.* The negative sign (-) indicates it has impacted the negative coal discrepancy (less than the
initial plan). ** Cumulative of model impact, both negative and positive. *** Include 151,290
tons of negative coal discrepancy.

The data shows that there was a significant variance between the actual coal achievement and the
plan. The biggest negative contributing factor is the geological model, followed by operational
loss and changes in sequence. So, it is critical for mining company to optimize those contributing
factors through reliable real-time monitoring system especially to address loss due to operational
mishandling and change in sequence. Therefore, monitoring the mining progress is crucial
because any variations, particularly those that result in a reduction in quantity of coal (negative
discrepancy), can have a significant impact on the coal value chain. One of mining's most
important features is the geological model. This is quite reasonable because it is the basis for
making pit designs related to deposit distribution, deposit characteristics, detailed stratigraphy,
the geological structure around the deposit, and subsurface properties (Wang, 2020). However,
uncovering the structure of different subsurface features with rarely measured data is difficult
(Zhao et al., 2023), and it greatly affects the clarity of the amount of deposit projections (Jessel et
al., 2018), which has a direct impact on project feasibility (Roux, 2021). Furthermore, the
geological model is also an important basis or guide during the mining process (Jessel et al.,
2018). Meanwhile mining production is very much determined by the accuracy of plans that
have been made spatially and have been outlined in projections map of the final shape of the
mine at the end of each period, such as weekly, monthly, and yearly. This projection map is
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known as a face position map. Differences in the final shape will have an impact on changes in
coal flow achievement, not only in terms of quantity but also in terms of quality. This, of course,
will have a significant impact considering that these two aspects also influence the sales aspect
especially in mines that already have contracts with customers regarding sales, including product
quality. Changes in aspects of the mining stages can be caused by changes in the plan made by
the pit technical planner with the approval of the mining decision maker or by deviations that
occur when the plan is executed by the operations team. A regularly used control tool for this
purpose is the rainbow contour map, which visually represents the scale of variations through
different colors. The colors also indicate the amount of variation in the plan, with a base interval
of 10 meters per elevation of excavation or digging progress. In the context of monitoring the
implementation of medium to long-term plans to evaluate the implementation of plans over a
monthly, quarterly, or annual duration, the use of the rainbow contour can be implemented.
However, in the context of short-term monitoring plans that are daily to weekly in nature, the use
of the method will be difficult to apply considering that the process of providing daily data takes
a longer time. It will not applicable considering when the daily data is ready, the period to be
evaluated changes. Thus, a real-time planning monitoring system needed is not only precise but
also can be accessed more quickly to facilitate monitoring of plan implementation in the field to
support decision-making and follow-up on the achievement of short-term plans that have been
made.

5.2 Design of improved monitoring system of the short-term mine plan implementation

In the new improved planning process, a weekly plan will be presented through a digital
presentation. Meanwhile daily plan, and all critical boundaries, including the log book, will be
uploaded to the server and can be accessed through the real-time monitoring application using a
tab by the field supervisor or a PC desktop by pit technical as a planner. All of the stages of
digger movement in the pit as well as dumping progress can be accessed through the application
as inputted by the planner. So, the plan implementation will be precise and will prevent mis-
execution in the field since the stage can be accessed directly. This new application is tailor-
made by the planner team and supported by the Information Technology (IT) consultant in the
development process. It utilizes the global positioning system (GPS) data of each digger and
truck position in the field that is already available in the fleet management system, as shown in
Figure 2 below. For the progress of the pit, the GPS position is combined with the targeted face
position and critical boundaries that have already been input in the application by pit technical as
planner. In the dumping or disposal area, the GPS of the truck assigned to the dump area is
utilized to check the progress of the dumping area.
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Figure 2. Flowchart of the improved plan implementation monitoring process

The GPS service in the application is in real-time, so both planner and supervisor in the field can
optimize the action plan faster. As the monitoring tool, this application is already equipped with
early warning system. In some cases, the digger in the pit will operate out of boundary, so a
potentially hard digging event will happen, which will impact productivity. In the new
monitoring system, the alarm will be triggered by a specific radius, which can be setup. It can
also be setup for specific purposes, such as safety, to prevent the digger from getting bogged
down while operated in a known potential soft area, at the limit between hard and soft material,
or near the potential failure area to keep the safe distance. The operator at the cabin will get the
notification or reminder, as well as the field supervisor or planner, to prevent the incident. In the
dumping area, the benefits are to prevent the dumping being out of design or to prevent material
type misallocation, as shown in Figure 3 below.

Pit and Dump

Weekly Plan Monitoring
(Pit XvZ)

Real-time
digger position
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Figure 3. Pit and dump real-time plan implementation monitoring

The spatial compliance is critical for the pit and dumping area since a little mishap will impact
the high cost. In the dumping area, it will assist in material allocation since there is a
specification of rehabilitation that must be complied with, such as the limits of potential acid-
forming (PAF) and non-acid-forming (NAF) material. The breaches in this specification will

www.ijebmr.com Page 206




International Journal of Economics, Business and Management Research
Vol. 8, No.11; 2024
ISSN: 2456-7760

impact environmental issues, especially water quality issues, due to acid mine drainage. In the
specific case of coal discrepancy, this real-time system will ensure the operational loss event will
be minimized since the limit of coal is already in the system, and there will be an early warning
system for the operator as well as the field supervisor and planner. Regarding the compliance of
the sequence by the operation crew, this system will ensure all of the stages and movement
sequence can be seen in the application, so it will minimize mis-sequence events. In the aspect of
the geological model, this system can support awareness for the operation crew regarding the
coal limit since the existing coal boundary can be uploaded by the planner and geologist team, so
the operation team will be more aware of the coal position and the digger will not operate in the
unplanned area with high stripping ratio (SR) or area where no coal exists.

Through this latest monitoring system, the progress of the execution of the plan stages in the
field can be monitored at any time compared to the plans that have been made. So that when
there is a deviation from the sequence that has been created, each party, in terms of the technical
team or planner, operations crew, and mine management, can provide feedback to the operations
crew for immediate improvements before the deviation from the plan gets bigger and has an
impact on achieving the mining targets that have been made. This monitoring system was created
to complement the existing fleet management system and is focused on monitoring the suitability
of the implementation of mining stages in the field to the plans that have been made for both the
pit and dump areas.

Below are the summary benefits of this real-time monitoring system.

Real-time monitoring of planning implementation on field operations

Improve accuracy in planning and implementation

Quick coordination and follow-up action related to short-term planning on field operations
Real-time safety control and monitoring

Fast and real-time stage plan update

Mitigate low productivity of diggers by preventing them from digging outside the boundary
of the blasted material

g. Environmental compliance by mitigating material misallocation, & etc.

+o Q0o

6. Research finding and Discussion

6.1 Finding

Once the new real-time planning monitoring system is completed, we carry out a socialization
process and field trial to assess its impact on the planning process and production achievements
in the field. In the initial stage of the trial, the planning display was used for the monitoring
process by installing a big screen to be placed in the office so that the mine monitoring process
could be carried out by pit technical as a planner and mine management. Apart from that, screens
to monitor mining progress are also installed in the muster area where the operation crew carries
out the over-shift process. It is hoped that with a screen to monitor mine conditions in real-time
basis, crew members who will work, both supervisors and all operators, will aware about the
real-time progress in the field so that they are more aware of their duties on the next shift. This
will also support the continuation of information about hazard conditions in the field, which will
ultimately support safety aspect. Since this monitoring tool was installed in the office for
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planners and management so they could easily monitor the real-time field conditions and provide
appropriate feedback.

To measure the effectiveness of implementing the real-time planning monitoring system, the
level of compliance with the sequence was measured in pit A, in a specific time range randomly
during February 2024. The level of compliance is obtained by dividing the number of diggers
working within the boundary plan by the total number of diggers operating in pit. After
implementing this initiative for the planning and operation crew to monitor the achievement of
the mining sequence, it was seen that there was a significant increase in the percentage of
compliance with the plan in daily basis. Before implementing the new monitoring system in pit
A, the percentage of daily compliance with the plan only 82.2% in average. At several events,
there was still excavation outside the planned work area. Since the use of the new monitoring
system, average compliance with planned sequences has increased by 14.1% to 96.3%, and to
date, daily compliance has reached 100%, as shown in Figure 4.
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@ 80.0%
2 0,
S 70.0%
S 60.0%
£
S 50.0%
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Figure 4. Pit sequence compliance monitoring in pit A

The same monitoring system can be used also for each dumping location compared to the weekly
plan face position for dumping area. The increasing of compliance levels is expected to minimize
variations between the actual face position and the planned one, ultimately optimizing the
planned coal achievement performance. Since the utilization of this new monitoring system in
week 8" February 2024, the increase in plan compliance has significantly contributed to the
increase in average daily coal exposed achievement in pit A, as shown in Table 2 below.

Table 2. Average daily coal exposed achievement in Pit A

Coal exposed

Week (in ktonne) Plan Achievement
Actual Plan

6 9.3 8.7 106.9%

7 9.2 8.7 105.0%

8* 11.4 8.7 130.6%

Note: * The implementation of new planning monitoring system
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Furthermore, the effectiveness of this new planning monitoring system can be assessed also by
observing the decrease in hard digging events caused by diggers operating outside the boundary
of the blasted material (free dig). With the early warning system, as one of the features of this
system, it is hoped that supervisors and digger operators will be aware of the condition of the
material being excavated. By reducing excavation events outside the blasted boundary, digger
productivity will be maintained as planned, mine productivity will be optimized, and this will
then have an impact on achieving the planned coal targets.

6.2 Discussion

Coal discrepancies is directly related to the attributes of the mining industry, which is dynamic
and impacted by a range of internal and external factors. There are a lot of uncertainties in the
mining world, such as uncertainty due to equipment availability (physical availability or PA),
equipment utilization, geological model, weather conditions, market demand, fluctuations in coal
price, fuel price, and other elements related to production, and so on (Ramazan &
Dimitrakopoulos, 2012; Liu & Kozan, 2012; Naworyta et al., 2015; Chieregati et al., 2019; Gong
et al., 2020; Kumar & Dimitrakpoulos, 2021; Ediiriweera & Wiewiora, 2021; Armstrong et al.,
2021). At present, productive and cost-effective mining operations have become a necessity. To
accomplish this, the phenomenon of coal discrepancies, including deposit reconciliation, must be
closely monitored. Integrated coal mine planning, which requires the integration of mine
planning technical inputs such as survey, geology, planning, mining, processing, and finance, is
one of the key to support this effort. Hence, a thorough approach for tracking, measuring, and
reconciling coal from the mine plan to the customer is required.

Our research aims to fill the knowledge gap on the causes of coal discrepancies as a
phenomenon. We employed an approach that utilizes empirical data on discrepancies from
January to May 2023, we also collected information on the actual cause of the coal discrepancy
over the same period. The data demonstrates that the geological model's accuracy, change in
sequence, operational loss, and optimized mining are the primary determinants. This provides us
with a clear understanding of the crucial variables that require careful consideration and close
monitoring to address the coal discrepancy issue. Given that the phenomenon of coal discrepancy
will always occur in mining operations, the company can develop initiatives to monitor these
contributing factors and prepare the necessary controls to minimize their impact by identifying
the factors that have a significant impact (Chieregati et al., 2019).

This study has practical implication since it identifies the key factors that significantly impact the
coal discrepancy issue. Mine management, as decision-makers at the mine, can create measures
to monitor and optimize these key effects by being aware of them. We can put in place a number
of programs to deal with those main contributing factors: first, we may improve the accuracy of
geological models by continuously evaluating how well the current models match the real field
conditions. In order to support the operations, the pit geologist (grade control) must constantly
improve the current model as mining advances. In order to meet production targets and avoid
losses, the company (pit technical, planner, and decision maker) should take a proactive
approach by reviewing the current plan, including the mining sequence, as soon as they
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implement the mine plan sequence and find significant differences between actual conditions and
the geological model. When field conditions allow, it is necessary to either prepare an efficient
drill pad to minimize material rehandling and optimize costs or add additional drill holes in areas
characterized by high uncertainty, such as the location of soft material, swamps, areas near
faults, and potential washout areas. Secondly, the mining plan's field implementation calls for a
tremendous deal of cooperation and support. It is essential that the operations crew, pit technical,
and pit geologist (grade control) work together. It is important that the planner and geologist
team work in collaboration with the operation crew to minimize operational losses that may arise
during mining. The pit geologist and pit technical or planner must provide the operations crew
with reliable information regarding the mining plan. To optimize this contributing aspect, they
must then set coal boundaries—designated by pegs in the field—and maintain daily
coordination. Thirdly, we require daily collaboration regarding the sequence change, especially
between the operations crew, pit geologist, and pit technical (planner). Through this
coordination, mine management is directly involved in the field, ensuring alignment between the
stages of the mining plan and the field's actual progress. Additionally, to maintain continual
implementation of the developed plans, we must execute the specific stages of the mining plan
during each shift, provide them in writing, and implement an appropriate over-shift procedure
among the operation crews to guarantee the continuous implementation of each mining plan in
the field.

The digital real-time planning monitoring system will provide speedy feedback and enabling
operational strategies to be enriched without delay. It will support efforts to achieve coal targets
and minimize the emergence of coal discrepancy phenomenon. This new planning monitoring
system will also transform the delivery of planning process from a manual system outlined in a
manual plan via a daily log book to a digital system that can be directly accessed via an
application in the field. The existence of a real-time monitoring system for the actual
implementation of the mine plan in the field is beneficial for the operations team to ensure that
the plan execution is in accordance with each work stage made by the planner team. On the
technical team'’s side, as planners, this monitoring system helps the planning team oversee and
participate in controlling the plan execution process by the operations team, as well as provide
evaluation material for the progress of achieving the mine plan. This planning monitoring system
also makes it easier for planners team to carry out the delivery plan process for operations, as
well as for the operations team to immediately access any changes. The initiative also has a
positive impact on mine management to monitor the performance of the team, both planning and
operations teams, on the plans that have been made. The existence of real-time planning
monitoring also facilitates the evaluation and decision-making process by mine management. In
this way, the accuracy of planning achievements can be increased to support the achievement of
mine plan targets. With this monitoring system, it is hoped that events related to key
performance indicator (KPI) production, such as hard-digging events related to productivity, can
be minimized. Through a real-time planning monitoring system and direct alerts and
notifications, this can mitigate the occurrence of hard digging events and the occurrence of coal
losses in operational. In addition, the system will enhance safety in operations by eliminating
digger events in areas with safety concerns, such as potential collapse areas, swampy, high cliffs,
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and buried old pit boundaries. Thus, with this digital monitoring, it is hoped that mine
productivity will increase, including accuracy in implementing planning in the field, and
ultimately will have an impact on achieving the mine plan while optimizing the coal discrepancy
phenomenon.

This real-time planning monitoring system has made a positive contribution to the level of
compliance with the planned sequence. It is also has a positive impact on achieving planned coal
targets and has been proven to have a positive impact on optimizing the coal discrepancy
phenomenon. It is beneficial to support ensuring the continuous optimization mainly two of the
four significant contributing factors in optimizing the coal discrepancy phenomenon as the
finding of this research, which are operational losses and change in sequences due to internal pit
concerns to support the resilience of the coal value chain, especially in the upstream area of coal
mining.

7. Conclusion

Coal discrepancy as a phenomenon is inseparably linked to the characteristic of the mining

sector, which is dynamic and influenced by a variety of internal and external causes. The

analysis used empirical data related to reason of actual discrepancy from some pits during

January to May 2023. Finally, the following conclusions are drawn:

1. The coal discrepancy phenomenon is significantly influenced by four major factors, namely
the accuracy of the geological model, change in sequence, operational loss and optimized
mining. The research results can provide theoretical guidance for the development of an
application of technology to monitor these contributing factors.

2. During that period, there was a total discrepancy of 2,048,679.7 tonnes. The causes of this
discrepancy consist of a geological model accuracy of 819,992.1 tonnes (40%), a change in
sequence of 603,560 tonnes (29.5%), operational loss of 222,031.8 tonnes (10.8%), and
optimized mining of 403,095.8 tonnes (19,7%).

3. The new real-time mining sequence monitoring has proven beneficially to address the
phenomenon by supporting the achievement of plan target. Since the use of the new planning
monitoring system, average compliance with planned sequences in pit A has increased by
14.1% to 96.3%, and to date, daily compliance has reached 100%.

4. Since the utilization of this new planning monitoring system in week 8™, February 2024, the
increase in plan compliance has significantly contributed to the increase in average daily coal
exposed achievement in pit A from 106,9% up to 130,6%.

As theoretical contributions, we contribute to the literature on the coal discrepancy phenomenon,

including how to improve it through a real-time planning monitoring system. This will enrich

existing science and practice. As a novelty of this research, the digitalized real-time planning
monitoring system using GPS, from the planning of pit and dump to execution, has not been
developed before. This study is not without limitations, which represent opportunities for future
research. Firstly, the tools to measure the overall level of compliance with the plan. Quantitative
demonstration of the other benefits of the monitoring tool, from many pit samples is also
required. Secondly, this study has focused on the coal discrepancy issue in the operational aspect
of the mine. Since the contributing factor of discrepancy has a wide scope, not only internal but
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also external to the company, and based on the findings of the study, it is also critical to monitor
the discrepancy related to geological model in real-time basis. The early monitoring system
regarding indications of discrepancies should be developed to prevent losses in mine operations.
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