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Abstract: - The adoption of the lean concept as a company strategy to creates competitive advantages and provides important 

savings opportunities has been increasing recently. Its application has been extended from manufacturing to almost all types 

of industry including coal mining under the realization of the need for productivity improvement and the need for efficient 

operation.  However, published information and articles showing the real application of lean in the mining sectors are still 

scarce. The objective of this paper is to show the application of lean production method in coal hauling operations in one of 

coal mining company in Indonesia. The lean method with Plan, Do, Check, Act (PDCA) cycle has been utilized to identify, 

analyze and improve productivity. The main result of this study reveals that implementing lean increase the productivity of 

coal hauling operations from 115 to 129 tons per hour. Statistical test using two sample t-test confirmed the significance of 

the result. This paper demonstrates lean application in coal hauling operations and bring significant result. 

Keywords: Productivity, Improvement, Lean, Hauling, Mining. 

 

I. INTRODUCTION 

 

Business around the world are facing new challenges to improve and sustain their performance in today's 

competitive environment. The business environment requires companies to make the most of effort to remain 

competitive in the marketplace. Business markets are demanding and diverse, customer choices are changing 

rapidly, and global competition among industries to maintain profitability is intensifying every day. In this 

competitive environment, companies are looking for productive and innovative ways to compete and survive in the 

global market. Only company who are agile, cost-effective, flexible and of high-quality will survive.  

As a successful strategy, implementation of lean principles and techniques can improve business performance in 

many aspects such as quality, quality, and cost reduction. Significant productivity improvements have been 

observed in various industries where lean is used [1]-[3]. Lean has brought significant impact on company 

performance [4]. To follow this concept, many companies have become lean by eliminating waste across their 

value chain. Lean is the integration of principles, practices, tools, and techniques to eliminate activities that do not 

add value [5]. Eliminating these activities improve both the cycle time and production lead time which leads to 

productivity improvement. Lean is a systematic method of eliminating waste within a manufacturing system.  

Lean practices have received special attention in various industries outside manufacturing sectors to exceed 

customer expectations by improving product quality, reducing production lead times, and minimizing costs. The 

lean concept is also being adopted in the mining industry [6]. Mining industry today, faced with increasing 

operating costs, more and more coal mining companies are looking of ways to eliminate waste and improve their 

processes and productivity to remain competitive. Therefore, implementing lean in the coal mining is very 

appropriate because of the tangible benefits. However, its application in the mining environment faces big 

challenges. Lean application in mining context facing difficulties due to dynamic nature of mining operations, 

which leads to high levels of uncertainty in various unit operations [7]. Mining operation are characterized by a 

dynamic, unstable, uncertain, and risky working environments.  

Despite a large amount of relevant research on lean concepts in the manufacturing environment, more empirical 

research in the mining sector is needed to apply this method. Application of this method in the mining environment 

is limited, with very little research on the topic of lean mining [8]. Therefore, this article aims to discuss the case 

study in this field. The purpose of the research is to improve coal hauling productivity using the lean method.  
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II. LITERATURE REVIEW 

Lean Philosophy 

Lean manufacturing is a workplace improvement method chosen by many manufacturing and processing 

industries around the world. Lean grew out of Henry Ford's early mass production efforts in the auto industry. Its 

modern roots lie in the production system developed by Toyota starting in the 1950s, initially for vehicle assembly 

lines and later expanding to other aspects of the business [6]. The Toyota Production System has helped make 

Toyota one of the most successful auto companies in the world. Since then, lean manufacturing has been one of the 

most powerful manufacturing systems in the world today.  

The lean philosophy, also known as lean, includes proven tools and techniques focused on eliminating waste in 

operations and adding more value to the final product or service by meeting customer needs. In the Lean 

philosophy, two types of activities are clearly distinguished: Value-added activities and non-value-added activities. 

Value-added (VA) activities are those processes that contribute directly to the value creation of the final product or 

service, and customers are willing to pay for these “value-creating” activities. The higher this ratio the greater 

efficiency [9]. Non-value-added (NVA) activities are regarded as waste and must be eliminated. Lean philosophy 

can be applied to help companies or organizations examine their business processes, minimize unnecessary costs, 

reduce waste, and make processes more efficient and effective. 

Lean is increasingly recognized as an important improvement concept for organizations of all types to improve 

their operations [10]. Previews study show the positive impact of lean on the overall organization performance [11] 

[12]. The adoption of lean brings a positive effect on efficiency and delivery [13]. Lean implementation brings lead 

time reduction and productivity improvement [14]. The study also indicated that there is a significant difference in 

firm performance between lean and non-lean companies, lean adoption improved firm performance significantly 

due to its ability to reduce inventory and cost of goods sold [15]. Previews studies on lean implementation has a 

significant impact on productivity improvement [16][17][18][19][3]. When companies implement these lean 

methods, several outcomes consistently result in increased production velocity by eliminating movement, waiting 

time, and unnecessary process steps [18]. Due to its benefits, many industries around the world are implementing or 

trying to adopt this concept to increase efficiency [20][21].  

The application of lean concepts beyond the manufacturing sector has increased recently. In line with this, its 

scope has been expanded to the mining industry, considering the need to improve productivity and leverage 

efficient operations. There is little research regarding lean implementation in the mining sector. There is a lack of 

conceptual and coherent models to guide lean implementation in this field [22].  

 

Lean Philosophy in Mining 

 The mining industry is one of the basic, major industries that underpin economic and social development 

because it provides raw materials and resources, including crude oil, natural gas, coal, copper, iron, etc. for other 

industries. Coal is one of the most important resources for energy production and space heating, especially in 

developing countries. Coal mining considered a labour-intensive industry faces many challenges including 

environmental, safety issues, low operational efficiency and productivity [23]. The main obstacles to improving 

productivity in the coal mining industry are lack of personnel training and equipment maintenance, improper 

operation management, and lack of awareness of operation efficiency. 

 In the coal industry, low productivity and operational efficiency are one of the biggest challenges due to the 

existence of a lot of waste such as waiting, inventory, etc. Before applying the lean philosophy in the coal mining 

industry, we must first understand that lean principles originated in the automotive industry and were therefore 

designed to regulate some specific characteristics of the automotive manufacturing system, which may not be 

suitable for certain operations in the coal mining sector. Compared to the automobile manufacturing process, coal 

mining is characterized by a higher risk of uncontrollable conditions. In addition, Table 1 presents some 

differences between the coal mining industry and the automobile industry [7]. These differences must first be 

considered when the Lean philosophy is applied in the coal mining industry to avoid potential pitfalls. 

 

 

Table 1. Comparison of Coal Mining and Automotive Industry 

Coal mining industry Automotive industry  

Physically challenging 

environment 

Ambient environment 

Inherently variable 

environment  

Stable work environment 

Compact 

Geographical dispersion Compact plants 

Remote locations Industrial clusters 

Impact of weather Indoor environment 
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High environmental impact Small environmental impact 

Inherently variable raw 

materials 

Controlled raw materials 

 

Lean production systems require a highly stable operation to ensure production flow without any delay. A stable 

process that produces products of 100% quality and consistently completes this task within a defined operating 

time. To make production flow required stability, standardized work, quality at the source, minimizing equipment 

breakdown, and flexibility of manpower and production equipment [24]. These are some challenges in applying 

lean production in mining, however, this difficulty is not an excuse for the absence of waste elimination in the coal 

mining industry. There are potential lean practice applications in mining, such principle of single-minute exchange 

dies (SMED) to reduce delay time when repairing assembling parts, truck mechanics can perform external setup to 

reduce breakdown time. Flexibility of manpower allocation also can be adopted by multiple skill training between 

truck drivers and heavy equipment operators to reduce silo organization structure. 

To date, most of the production and logistics systems used in the coal industry are "push" systems. The logic of 

push production systems is determined by the requirement to maximize the use of expensive fixed assets. The 

equipment should not idle [25]. The negative impact of the push system is slow response to changes in customer 

demand. Reduction in reaction time for fulfilling customer demand required production system transition to 

become a “pull” production system which is just in time production mode. The consequences of this approach are 

a reduction in work in progress, and coal stockpile reduction which lead to the reduction of production cost.  

Previous studies on lean mining implementation have utilized man rider system to reduce waste and improve 

Overall Human Effectiveness (OHE) to achieve better productivity [26]. The article identifies some typical wastes 

in coal mining such as coal spillage and re-handling process of spilled coal, bottleneck of the coal transportation 

system, variation in coal seams height, thin and thin coal is very difficult to excavate and it is not allowed to be left 

un-mined. 

Unlike manufacturing, there is little information or research on the lean implementation in the mining industries. 

Although, the adoption of lean tools in the mining industry has been discussed in the previous paper. Increased 

productivity in underground coal mining has revealed that the key factors influencing productivity are the 

operating cycle, equipment utilization, manpower utilization, and material transportation. Preventing equipment 

failure in underground coal mining is essential [27]. Lean practice: time study, cycle time reduction, standardized 

truck manoeuvre, balancing between truck and conveyor capacity have been used to improve coal barge loading 

conveyor productivity [28].  Lean tools such as 5S and TPM can positively impact daily mining speed, and Kaizen 

can increase miner safety by reducing the risk of object collisions in the workplace [29]. Waste identification in 

gold mining was studied, using Waste Assessment Model (WAM) tool. The results showed that the biggest waste 

in gold mining are defects, unnecessary motion, and waiting [30]. To eliminate waste and improve the overall 

efficiency of coal hauling operations in conjunction with operation improvement in the coal mining transportation 

process, the mining transportation overall vehicle effectiveness indicator has been developed [31] [32].  

Limited lean tools have been used for productivity improvement such as sort, set in order, shine, standardize, 

sustain (5S), Total Productive Maintenance (TPM), Value Stream Mapping (VSM), kaizen [29]. Kaizen is the 

Japanese term for continuous improvement. A study on added value and waste activity has been conducted in 

underground fluorspar mining in Brazil using the action survey method [33]. The study map the production process 

based on lean concepts and techniques. 

III. RESEARCH METHODOLOGY 

 This paper employs a case study as the research methodology. A case study is an empirical investigation aimed 

at identifying a contemporary phenomenon in a real-world situation. To perform this case study, Plan, Do, Check, 

Action (PDCA) step steps have been carried out. PDCA cycle is the lean working cycle structure [34]. The PDCA 

step is described below [35]: 

Plan: Planning consist of two-step, where the first step is to identify and define the problems that exist within the 

process. The second step is to analyze and identify the activity plan for improvement solutions. 

Do: Once the solution plan is created and the schedule is created, it's time to execute the plan. 

Check: Once a solution using a PDCA has been implemented, the performance of the solution due to the applied 

technique should be observed over time. 

Act: If the proposed solution works, each process improvement solution must be standardized and implemented 

across all business practices. 

 

Case Study Overview 

 This case study was conducted in one of the coal hauling company in Indonesia. The hauling contractor worked 

to transport coal from the pit to the port stockpile. The mining is open-pit coal mining.  The annual hauling capacity 
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is about 1 million tons per year, with a hauling distance of 32 kilometres. The company utilized trucks HINO JD 

series with a capacity of 24 tons. The company owns 12 fleet trucks to perform this duty. The main hauling process 

consists of loading, traveling to port, dumping, and traveling back as described in Figure 1. To perform coal 

loading into the truck the company utilized excavator Komatsu PC300 with bucket capacity 1.8 meter cubic. The 

company work 24 hours per day which is divided into 2 working shift. 

 

 
 

Figure 1. Coal Hauling Process Cycle 

 

IV. RESULT AND ANALYSIS 

Result divided into four sections following PDCA cycle:  

 

1. Step Plan 

This phase incorporates the definition of the problem. The company realized that productivity should be improved 

and sought way to increase productivity. The initial step is to collect the existing data. To get a picture of the whole 

activities during one shift operation, the team used time study to collect operation data. The data has been collected 

for five days operation consecutively. The summary of time allocation during one working shift described in Figure 

2. 

 
 

Figure 2. Hauling Time Allocation before Improvement 

 

 

Travel to 

Port 

 

 

Dumping 

 

 

Loading 

Travel 

back to 

pit 



J. Electrical Systems 20-4s (2024): 850-859 

 

854 

 

 

 Hauling time allocation is divided into three categories: added value, non-added value, and Muda as described in 

Table 2. Added value is the process that give value to customer, including loading, traveling to port, dumping, and 

travel back to mining pit. Non-added value is the activities that did not give added value but must exist to support 

operation, including refuelling, truck manoeuvres in the loading point, weighing process, etc. Muda is the Japanese 

term for waste activity including queuing in front loading, truck breakdown, queuing in weight-bridge, and waiting 

at the end of the working shift.  Based on data in Table 2, the added value activity 69%, non-added value 13%, 

and Muda 18%.   

 

Table 2. Hauling Time Allocation before Improvement 

Activity Hour Percentag

e 

Added Value (AV) 8:19:2

7 

69% 

Non-Added Value (NAV) 1:33:0

0 

13% 

Muda 2:07:3

3 

18% 

 

 Non-added value activities have been breakdown into detail as described in Table 3. The non-added value 

activities include housekeeping at the beginning of the shifts, safety talk, daily inspection, refuelling, etc. Most of 

the activities are required to perform the hauling process. However, some of them could be minimized.  

 

Table 3. Non-added value (NAV) activities 

Activities 

Time 

(minutes) 

Percentage 

(%) 

Housekeeping 0:21:52 30% 

Safety talk 0:11:24 16% 

Daily inspection 0:08:54 12% 

Refueling 0:06:59 10% 

Traveling to Office  0:05:32 8% 

Absent / Finger print 0:05:12 7% 

Traveling to unit 0:04:54 7% 

Standby (parking) 0:02:22 3% 

Picking Ticket 0:02:00 3% 

Maneuver at stockpile 0:01:46 2% 

Maneuver at front loading 0:00:53 1% 

Send ticket 0:00:45 1% 

Filling time sheet 0:00:36 1% 

 

The team also identified Muda activities, including dust at the hauling road about 29%. When hauling road dusty 

the operation must be stopped for safety reasons, where the driver's sight was not clear. To prevent this, usually, the 

hauling road needs water spraying to reduce the dust. Waiting at the end of shifts 18%, this happened since the 

driver stopped operation at 16:30 PM. They are afraid of being late for bus picking up. The bus will pick them up 

at 18:00. Since the hauling cycle time is about 122 minutes, there was not enough time to deliver the coal to the port 

and back again to the mining pit before 18:00 PM.  

Most of Muda activities are waiting. Combining waiting time at the end of working shift 18% and waiting at 

front loading 17% resulted total waiting time of 35%. Waiting at front-loading due to queuing time, since cycle 

time for loading one truck required 7 to 8 minutes. The next truck will line up in front loading. The rest of Muda's 

activities are described in Table 4. 

 

Table 4. Muda Activities 

Muda Activity 

Time 

(minutes) 

Percentage 

% 

Dusty road 0:38:44 29% 

Waiting (End of shift) 0:23:51 18% 

Waiting at front loading 0:22:20 17% 

Others 0:16:54 13% 
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Rest (Early shift) 0:11:52 9% 

Break Down 0:10:00 7% 

Meal 0:05:12 4% 

Waiting at weight bridge (WB) 0:04:00 3% 

Queuing at fuel station 0:01:50 1% 

 

 At the same time, the improvement team collects the existing productivity data.  Existing truck fleet productivity 

was 115 tons per hour (TPH) on average. There are opportunities for improvement since the time study data show 

18% of Muda and 13% NAV. Minimizing Muda and NAV will lead to productivity improvement. The team 

discussed a solution plan, the idea was to implement kaizen activities. Kaizen activities are described in Table 5. 

 

Table 5. Kaizen Plan 

No Kaizen Plan Remark 

1. Relocate water fill Reduce water truck filling time 

2. Split truck starting point Reduce queuing time  

3. Fix access to weight bridge Reduce waiting time in WB 

4. Refuelling schedule Reduced queuing at fuel station 

 

2. Step Do 

 To reduce loss time due to dusty roads, the team relocated the water fill station. To reduce dust the water truck 

must spray the dust immediately and continuously. The water truck has a capacity of 20.000M cubic. After the 

spraying activity, the water truck will be empty and need to be refilled immediately to perform continuous spraying. 

The existing refiling time required about 30 minutes. After the relocation water truck, the re-filling time was 

reduced to 15 minutes. This happened because the section head is shorter than the previous location increasing the 

water pump capacity. This relocation improved the capacity of water fill by nearly 50%. 

               The next kaizen execution is performed by splitting the truck starting point. 6 trucks were assigned to 

front-loading and the rest of the trucks were assigned traveling to port. It will reduce half of the queuing time. To 

perform this, 6 trucks should be loaded at the end of the shifts. Based on the time study data, there are waiting time 

of 18% at the end of the working shifts. At this time the drivers waiting for the bus to pick up. The team used this 

time to add time by asking the driver to load 6 trucks at the end of the shifts.  At the end of the shift, there are 6 

trucks with full load positions, ready to travel to port at the beginning of the next shift.  

Before dumping the coal into the stockpile, the truck must enter the WB. There were waiting times at WB due to the 

access road being damaged and narrow. The space for truck manoeuvre was very narrow causing the next truck 

must line up in front of WB. To reduce waiting time at WB the team fixed the access to WB by compacting and 

making the access for manoeuvre more comfortable for driver and truck could enter WB continuously without 

waiting. 

 One of the loss times during the hauling operation was queuing at fuel station for refuelling. After several trips, 

the truck must enter the fuel station for refuelling. It was found the truck lined up in the fuel station. The trucks enter 

the fuel station randomly. The fuel station serves all equipment in mining including truck, road maintenance 

equipment, light vehicle, bus, etc. The team arranges a schedule for truck refuelling time to prevent queuing time. 

 

3. Step Check 

 After kaizen activity was carried out, the team collecting data after kaizen.  The improvements have been made 

and the result is shown in Figure 3. Kaizen activities resulted in a reduction of Muda and NAV thus making AV 

increase. 
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Figure 3. Hauling Time Allocation after Improvement 

 

  NAV activities reduced by 14% and Muda reduced by 56%. This is because some of the waiting times at 

the end of the working shift have been reduced and converted to AV. The driver performed loading for 6 trucks 

at the end of the working shift. At the same time reduce queuing time at the loading point at the beginning of 

the working shift. Waiting time at WB and refuelling time has been reduce which resulted in Muda and NAV. 

Kaizen activities made AV increase by 17% and hauling productivity improved by 12% from 115 TPH to 129 

TPH as described in Table 6. 

    

Table 6. Improvement Result 

Remark Added 

Value 

Non-Added 

Value 

Muda Productivity 

(TPH) 

Before 8:19 1:33 2:07 115 

After 9:44 1:19 0:55 129 

Result 17% (14%) (56%) 12% 

 

4. Step Act 

 After obtaining the good result from the kaizen activity, to sustain the result the team developed a standard 

operational procedure that cover all improvement item. 

  

 The result of kaizen solution shows the average productivity increased from 115 TPH to 129 TPH. To evaluate 

the significance, statistical two sample t-test has been performed using Minitab software. The p-value 0.000 which 

indicate there is significant difference of productivity before and after improvement. To provide visual summary of 

the result, a boxplot has been made as described in Figure 4.  

 

 
Figure 4. Boxplot Hauling Productivity 
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V. CONCLUSION 

 This research used time study to identify added value, non-added value and Muda activities in coal hauling 

operations. Non-added value and Muda activities that contribute to productivity have been identified.  PDCA and 

kaizen resulted in a reduction of non-added value and Muda which lead to productivity improvement. This study 

shows added value increased 17% and hauling productivity improved from 115 to 129 TPH. This paper 

contributed to how to implement lean in the coal mining business, especially in coal hauling operations.  

               The limitation of this study is that it was conducted in one of the coal mining operations processes called 

the hauling process. In addition to hauling processes, there are also other processes in mining. In the future, lean 

implementation in the mining industry will need to be carried out on a larger scale. In addition to the fact that this 

study collected operational data manually, significant effort was also expended in collecting data from trucking 

vehicles. Future research should consider implementing the Internet of Things (IoT), which allows managers to 

collect real-time data using modern devices. 
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