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 Abstract  

This study was conducted at PT PLN Nusantara Power UP Gresik, 

focusing on enhancing the effectiveness of the High Pressure Boiler 

Feed Pump (HP BFP) at PLTGU Block I. The main issue addressed was 

the high level of maintenance waste, negatively impacting Overall 

Equipment Effectiveness (OEE). To overcome this, Lean Maintenance 

was applied in conjunction with Value Stream Maintenance Mapping 

(VSMM), Mean Time Between Failure (MTBF), Mean Time to Repair 

(MTTR), and Root Cause Failure Analysis (RCFA). Findings revealed 

dominant wastes such as Unproductive Work, Delay in Motion, and 

Poor Inventory Management. Post-improvement, OEE increased from 

67% to 87%, while maintenance time was reduced from 9,780 minutes 

to 3,300 minutes. The study proves that Lean Maintenance 

implementation significantly enhances operational efficiency and 

reduces downtime. 

Introduction 

PT PLN Nusantara Power UP Gresik is a power generation unit under PT PLN Nusantara 

Power that operates PLTG, PLTU, and PLTGU. Machine maintenance is very important to 

maintain the performance and continuity of energy production. One of the machine 

performance indicators used is Overall Equipment Effectiveness (OEE), which assesses 

efficiency from the aspects of availability, performance, and quality, and helps identify the 

causes of the Six Big Losses (Al Hazza et al., 2021; Ullah et al., 2023; Gymnastiar & Hartono, 

2025; Sobirov, 2025; Sathler et al., 2023; Kechaou et al., 2024). 

Lean Maintenance is a method that focuses on eliminating waste in the maintenance process, 

such as wasted time, excess labor, and inefficient use of spare parts (Subandi et al., 2023; 

Gomaa, 2025; Ramiya & Suresh, 2021; Karningsih et al., 2023; Quiroz-Flores et al., 2023). 

With the application of Lean Maintenance, it is expected that the engine maintenance system 

at the PLTGU can be more efficient and effective. This becomes very relevant in the context 

of PT PLN Nusantara Power Gresik Generating Unit (UP) which must be able to maintain 

and increase the availability of electrical energy. 

In energy production at PT PLN Nusantara Power UP Gresik, the High Pressure Boiler Feed 

Pump (HP BFP) machine often experiences downtime and a decrease in performance from 

85% to 70% due to more than 20 years of age and component wear. This has an impact on 

operational efficiency and achievement of production targets. The implementation of Lean 
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Maintenance is an important strategy to reduce waste, improve machine reliability, and 

increase the overall OEE value (Almahdy et al., 2021; Jurewicz et al., 2023; Singha Mahapatra 

& Shenoy, 2022; Quiroz-Flores & Vega-Alvites, 2022; Bakri et al., 2021). 

Gas and Steam Power Plant (PLTGU) 

PLTGU (Gas and Steam Power Plant) is a combination of PLTG and PLTU which functions 

to convert heat energy into electrical energy. The process starts from burning fuel in the PLTG 

which produces hot gas to heat water in the Heat Recovery Steam Generator (HRSG) to 

become steam (Syahrir et al., 2024; Subati, 2022; Hernawan, 2022; Muhammad et al., 2024). 

The steam is used to rotate the steam turbine in the PLTU, which then drives the generator to 

produce electricity. PLTGU can use fuel oil (BBM) or natural gas such as LNG, and the 

efficiency of the system is greatly influenced by the type of fuel and combustion process. The 

hot gases from combustion are also directed to the turbine to turn the generator, while the 

remaining hot gases are exhausted through a chimney, and the turbine is cooled to prevent 

damage from high temperatures (Wachjoe, 2023; Chopra, 2021). 

High Pressure Boiler Feed Pump (HP BFP) 

HP BFP is a type of high-pressure centrifugal pump designed to deliver feedwater to boilers 

at high pressure and temperature. This pump usually has several stages (multi-stage) to 

achieve the required pressure. The design prioritizes hydraulic efficiency, material strength 

against high pressure and temperature, and operational reliability. The performance of the HP 

BFP is critical as its failure can lead to the cessation of the generating unit operation (Sari et 

al., 2024; Yazdi, 2024; Osuchukwu et al., 2024; Radwan et al., 2024). 

Distribution of Reliability 

Each machine component has its own failure characteristics. The reliability distribution can 

be determined from the time interval between machine or component failures. In analyzing 

and identifying the reliability of a machine or component, there are four distributions used to 

recognize the data patterns formed, including Normal, Lognormal, Weibull, and Exponential 

distributions (Erlangga, 2023; Woo, 2023; Yazdi, 2024; Radwan et al., 2024). 

Mean Time Between Failures (MTBF) 

MTBF (Mean Time Between Failures) is the average system operating time between two 

failures, which reflects the level of equipment reliability. MTBF is calculated by dividing the 

total operating time by the number of failures. A high MTBF value indicates the system is 

more reliable and rarely experiences breakdowns. This metric is useful for planning 

maintenance, determining repair intervals, and reducing the risk of downtime (Kumar et al., 

2013; Schneidewind, 2002; Moghadam et al., 2024; Bafandegan Emroozi et al., 2024; Mohad 

et al., 2025). 

Mean Time to Repair (MTTR) 

MTTR (Mean Time to Repair) is the average time it takes to repair a system until it is back in 

operation. This metric shows the speed and efficiency of repairs, calculated as the total repair 

time divided by the number of repairs. A low MTTR indicates a good repair process and helps 

minimize downtime. Strategies to reduce it include technician training, proper use of tools, 

and effective maintenance planning (Aguilar, 2023; Rahman, 2024; Gulati & Smith, 2009). 

Maintenance 

In operations management, maintenance is an important activity to keep facilities ready and 

reliable. Maintenance has a direct effect on capacity, production costs, quality, safety and 

customer satisfaction. Depending on its strategic role, this function can fall under the 
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operations department or be directly supervised by the board of directors, and is usually 

divided into building and machinery maintenance (Harsanto, 2017). 

Lean Maintenance 

Lean Maintenance is a maintenance system that aims to eliminate waste in the maintenance 

process, making it more efficient and effective. It manages inputs such as labor, parts, and 

energy to improve quality, machine performance, and profitability (Wicaksono, 2023). In 

contrast to lean manufacturing, the main focus is efficiency in machine repair through MVSM, 

5S method, and visual management (Wijaya, 2019). 

Maintenance Value Stream Mapping (MVSM) 

MVSM (Maintenance Value Stream Mapping) is a technique to systematically identify and 

eliminate waste in the machine maintenance process. By mapping all maintenance activities 

from start to finish, MVSM helps to develop a more efficient preventive maintenance plan, 

reduce costs, and improve efficiency, productivity, and product quality (Roysen et al., 2024; 

Ramadhania et al., 2024). 

Overall Equipment Effectiveness (OEE) 

Overall Equipment Effectiveness (OEE) is a method to assess how effectively operations 

management is running in a company. OEE is not an absolute measurement tool, but it can be 

used to evaluate the performance of an operational process and find ways to improve it. In 

addition, OEE can also be used as a Key Performance Indicator (KPI) in the company 

(Ahmad, 2018). 

Root Cause Failure Analysis (RCFA) 

Root Cause Failure Analysis (RCFA) is the process of identifying the root cause of a failure, 

then using that information to determine corrective or preventive measures so that a similar 

failure does not occur again. A simplified flowchart of the RCFA process is shown in the 

figure below, which helps illustrate the process flow in the analysis (Hidayat and Warjito, 

2019). 

Methods  

This research was conducted at PT PLN Nusantara Power UP Gresik from January 2025. The 

study used qualitative and quantitative approaches. 

Identification and Operational of Variables 

The dependent variable in this research is the level of maintenance waste, which is expected 

to decrease through Lean Maintenance implementation. This waste is identified based on eight 

categories: Unproductive Work, Delay in Motion, Poor Inventory Management, 

Overprocessing, Unnecessary Transportation, Excessive Waiting, Defect Rework, and 

Underutilized Talent. The independent variables are improvement strategies derived from 

Lean Maintenance principles, including the application of Value Stream Maintenance 

Mapping (VSMM), calculation of Mean Time Between Failures (MTBF), Mean Time to 

Repair (MTTR), and Root Cause Failure Analysis (RCFA). 

Data Collection Methods 

Data was collected through three primary methods: (1) Direct observation of maintenance 

activities on HP BFP units to identify real-time workflow inefficiencies; (2) Analysis of 

maintenance records and documentation to obtain failure frequencies, repair times, and work 

order history; and (3) Structured interviews with technicians and assistant managers to gather 

insights into root causes and improvement ideas.  
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All collected data was then processed through the VSMM framework to map valuable and 

non-valuable activities. Failure data was statistically adjusted using Weibull, Lognormal, and 

Exponential distributions to determine the best model for reliability analysis. The findings 

from this analysis became the basis for the proposed improvement actions in the Lean 

Maintenance strategy. 

Results and Discussion 

Data Collection 

Researchers collect data and information from the company PT PLN Nusantara Power UP 

Gresik to solve the problem. The data collected are primary and secondary data. Primary data 

is obtained from direct interviews with field supervisors in the form of qualitative and 

quantitative data, while secondary data is data that has been collected in advance by someone 

and becomes the company's historical data. The data needed includes High Pressure Boiler 

Feed Pump (HP BFP) machine maintenance activities, failure records, data related to waste 

and weighting questionnaires, machine running time data, machine downtime, machine 

breakdown, actual production, ideal production, average production, production defects, and 

production scrap. 

Table 1. Company machine data collection 

Machine 

Total 

Service 

Hours 

(Hours) 

Total 

Standby 

Time 

(Hours) 

Total 

Period 

Hours 

(Hours) 

Total Flow 

Output 

(Ton/Hours) 

Total Ideal 

Flow Output 

(Ton/Hours) 

Total Average 

Flow Output 

(Ton/Hours) 

HP BFP 1A 10918.17 6292.67 17544 3306.65 4464.00 3582.20 

HP BFP 1B 7962.25 9185.83 17544 2946.17 4392.00 3191.68 

HP BFP 1C 8282.17 9087.17 17544 3085.99 4344.00 3343.15 

HP BFP 1D 9056.58 8172.08 17544 3025.07 4320.00 3277.16 

Source: PT PLN Nusantara Power UP Gresik Company 

Based on the data in Table 1, it shows operational data and production results over a period 

of 2 years. 

Table 2. Company machine data collection 

Machine 
Total Breakdown 

Time (Hours) 

Ideal Cycle Time 

(Hours/Ton) 

Total Defect 

(Ton/Hours) 

Total Scrap 

(Ton/Hours) 

HP BFP 1A 333.17 0.0134 0.00 0.00 

HP BFP 1B 395.92 0.0137 0.00 0.00 

HP BFP 1C 174.67 0.0138 0.00 0.00 

HP BFP 1D 315.33 0.0139 0.00 0.00 

Source: PT PLN Nusantara Power UP Gresik Company 

Based on the data in Table 2, it shows data on damage time, ideal cycle time, production 

defects, and production scrap within a period of 2 years. 

Table 3. Collection of company machine failure data 

Machine Name Start Finish TBF TTR 

ST 1.0 HP Boiler Feed Pump (A) 17/04/2023 08:45 28/04/2023 00:00  255.25 

ST 1.0 HP Boiler Feed Pump (A) 29/05/2023 08:47 31/05/2023 00:00 1008.03 39.22 

ST 1.0 HP Boiler Feed Pump (A) 28/08/2023 09:04 04/09/2023 00:00 2184.28 158.93 

ST 1.0 HP Boiler Feed Pump (A) 11/09/2023 09:56 21/09/2023 00:00 336.87 230.07 

ST 1.0 HP Boiler Feed Pump (A) 16/07/2024 09:01 22/07/2024 00:00 7415.08 134.98 

ST 1.0 HP Boiler Feed Pump (B) 20/03/2023 09:25 29/03/2023 14:45  221.33 

ST 1.0 HP Boiler Feed Pump (B) 24/03/2023 12:38 12/04/2023 00:00 99.22 443.37 
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ST 1.0 HP Boiler Feed Pump (B) 26/05/2023 08:51 29/05/2023 15:08 1508.22 78.28 

ST 1.0 HP Boiler Feed Pump (B) 11/09/2023 09:27 12/10/2023 14:09 2592.60 748.70 

ST 1.0 HP Boiler Feed Pump (B) 09/10/2023 09:20 24/10/2023 00:00 671.88 350.67 

ST 1.0 HP Boiler Feed Pump (B) 17/10/2023 08:49 07/07/2024 15:51 191.48 6343.03 

ST 1.0 HP Boiler Feed Pump (B) 21/11/2023 09:22 08/01/2024 15:09 840.55 1157.78 

ST 1.0 HP Boiler Feed Pump (B) 06/12/2023 08:41 03/06/2024 00:00 359.32 4311.32 

ST 1.0 HP Boiler Feed Pump (B) 16/05/2024 08:43 31/07/2024 16:11 3888.03 1831.47 

ST 1.0 HP Boiler Feed Pump (B) 21/05/2024 14:00 28/05/2024 00:00 125.28 154.00 

ST 1.0 HP Boiler Feed Pump (B) 03/07/2024 08:59 07/07/2024 15:17 1026.98 102.30 

ST 1.0 HP Boiler Feed Pump (B) 30/07/2024 08:48 30/08/2024 15:52 647.82 751.07 

ST 1.0 HP Boiler Feed Pump (B) 05/09/2024 17:46 06/09/2024 15:07 896.97 21.35 

ST 1.0 HP Boiler Feed Pump (B) 26/09/2024 10:02 15/05/2025 11:00 496.27 5544.97 

ST 1.0 HP Boiler Feed Pump (B) 15/10/2024 08:54 17/10/2024 00:00 454.87 39.10 

ST 1.0 HP Boiler Feed Pump (C) 06/04/2023 08:44 28/04/2023 00:00  519.27 

ST 1.0 HP Boiler Feed Pump (C) 27/07/2023 08:43 20/09/2023 15:58 2687.98 1327.25 

ST 1.0 HP Boiler Feed Pump (C) 11/09/2023 09:54 20/12/2023 00:00 1105.18 2390.10 

ST 1.0 HP Boiler Feed Pump (C) 28/11/2023 09:19 06/07/2024 15:49 1871.42 5310.50 

ST 1.0 HP Boiler Feed Pump (C) 27/02/2024 08:54 28/02/2024 15:07 2183.58 30.22 

ST 1.0 HP Boiler Feed Pump (C) 27/02/2024 09:00 25/03/2024 00:00 0.10 639.00 

ST 1.0 HP Boiler Feed Pump (C) 28/02/2024 10:50 26/04/2024 00:00 25.83 1381.17 

ST 1.0 HP Boiler Feed Pump (C) 08/05/2024 08:52 09/05/2025 10:00 1678.03 8785.13 

ST 1.0 HP Boiler Feed Pump (C) 16/05/2024 09:09 17/05/2024 00:00 192.28 14.85 

ST 1.0 HP Boiler Feed Pump (C) 11/07/2024 09:08 27/08/2024 15:58 1343.98 1134.83 

ST 1.0 HP Boiler Feed Pump (C) 15/07/2024 09:23 07/08/2024 15:01 96.25 557.63 

ST 1.0 HP Boiler Feed Pump (C) 03/10/2024 08:46 08/10/2024 00:00 1919.38 111.23 

ST 1.0 HP Boiler Feed Pump (C) 21/11/2024 08:45 04/12/2024 15:08 1175.98 318.38 

ST 1.0 HP Boiler Feed Pump (D) 22/05/2023 08:47 23/05/2023 15:11  30.40 

ST 1.0 HP Boiler Feed Pump (D) 04/06/2023 09:04 05/06/2023 09:00 312.28 23.93 

ST 1.0 HP Boiler Feed Pump (D) 21/11/2023 09:18 25/11/2023 00:00 4080.23 86.70 

ST 1.0 HP Boiler Feed Pump (D) 06/12/2023 08:46 26/03/2024 14:09 359.47 2669.38 

ST 1.0 HP Boiler Feed Pump (D) 27/12/2023 09:33 13/12/2024 15:19 504.78 8453.77 

ST 1.0 HP Boiler Feed Pump (D) 13/02/2024 10:14 22/04/2024 15:01 1152.68 1660.78 

ST 1.0 HP Boiler Feed Pump (D) 26/02/2024 09:44 01/03/2024 15:09 311.50 101.42 

ST 1.0 HP Boiler Feed Pump (D) 07/03/2024 09:10 07/03/2024 14:09 239.43 4.98 

ST 1.0 HP Boiler Feed Pump (D) 06/05/2024 09:02 13/12/2024 15:06 1439.87 5310.07 

ST 1.0 HP Boiler Feed Pump (D) 26/08/2024 09:11 16/10/2024 15:30 2688.15 1230.32 

ST 1.0 HP Boiler Feed Pump (D) 30/12/2024 22:48 28/02/2025 00:00 3037.62 1417.20 

Source: PT PLN Nusantara Power UP Gresik Company 

Based on the data in Table 3, it shows the failure record data on the PLTGU Block 1 high 

pressure boiler feed pump (HP BFP) engine within 2 years. The collection of machine failure 

data is carried out with the aim of documenting the frequency, duration, and type of damage 

that occurs in the High Pressure Boiler Feed Pump (HP BFP) unit at PLTGU Blok I. The data 

is obtained through daily log records and maintenance reports during certain operational 

periods. Data is obtained through daily log records and maintenance reports during certain 

operational periods. The information collected includes Time Between Failures (TBF) and 

Time To Repair (TTR), which are key indicators in evaluating the reliability and efficiency 

of machine maintenance. The results of the data above show that HP BFP Unit A had 5 engine 

failures, HP BFP Unit B had 15 failures, HP BFP Unit C had 13 failures, and HP BFP Unit D 

had 11 failures. 

It is necessary to analyze failure patterns based on machine type, time of occurrence, and 

operational conditions. The results of this analysis show that there is a correlation between 

certain failure modes and the operational characteristics of each machine, which is important 
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to serve as a basis for developing predictive maintenance strategies. By identifying recurring 

patterns and unit-specific vulnerabilities, companies can design more proactive maintenance 

schedules, reduce downtime, and significantly improve Overall Equipment Effectiveness 

(OEE). 

Maintenance Activity Time Data 

Table 4. Observation of Repair Activities on HP BFP machines 

No Maintenance Activities 

Time 

Duration 

(Minutes) 

MMLT 

Category 

Activity 

Category 

1 The operator reported a machine failure 15 MTTO NNVA 

2 

Maintenance management assigns a technical 

team to inspect the damage in detail and 

identify the cause 

30 MTTO NNVA 

3 

Maintenance management records incidents in 

the ILS containing damage, cause, time, and 

handling plan 

30 MTTO NNVA 

4 

Maintenance management holds a morning 

meeting with related teams to discuss ILS, set 

priorities, prepare work plans, and coordinate 

between teams. 

90 MTTO NNVA 

5 

Maintenance management prepares Work 

Orders containing instructions, schedules, and 

repair tasks 

15 MTTO NNVA 

6 

Tool management ensures the availability, 

suitability and standards of maintenance tools 

and components 

9360 MTTO NNVA 

7 

The team (2 mechanics, 2 electricians, 1 tool 

management) prepares equipment, spare parts, 

safety equipment, and supporting equipment 

before repairs 

15 MTTO NNVA 

8 
Two mechanics disassemble the engine for 

inspection and repair access 
60 MTTR VA 

9 

After disassembly, two mechanics clean the 

engine components to remove dirt that 

interferes with inspection and repair 

30 MTTR VA 

10 

Two mechanics repair problematic components 

through replacement, adjustment, or direct 

repair 

30 MTTR VA 

11 

After repair, five personnel (2 mechanics, 2 

electrical, 1 control & instrument) test the 

machine to ensure it functions according to 

standards 

60 MTTY VA 

12 
After successful testing, WO is completed as 

proof of improvement 
15 MTTO NNVA 

13 

Maintenance management updates machine 

results and status into SIT ELLIPSE for 

documentation and monitoring 

30 MTTO NNVA 

Source: Data Processing Results 
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Based on the data in Table 4, there are 13 activities in the High Pressure Boiler Feed Pump 

(HP BFP) engine maintenance process. One example of waste is activity no. 6 which has been 

identified as the activity with the longest waiting time (9360 minutes). Based on the results of 

direct observations and interviews with parties in the field, it shows that this time is dominated 

by delays in spare parts procurement due to a less responsive inventory management system. 

In addition, the approval process for tool procurement takes a long time due to the 

unavailability of components locally. 

Calculation of Current Stream Mapping (VSMM) 

Preparation for

 Maintenance Work

Creation of 

Work Orders

Completing 

Work Orders

Morning Meeting

Breakdown Maintenance 

HP Boiler Feed Pump

 

Damage Report

Damage Identification

HP Boiler Feed Pump

HP Boiler Feed Pump 

Machine Disassembly

Machine Component Repair

HP Boiler Feed Pump

Testing After

 Maintenance

HP Boiler Feed Pump 

Machine Cleaning
Update Report 

in SIT ELLIPSE

Incident Log Sheet (ILS) 

Creation

15 Minute

1 Person

30 Minute

3 Person

30 Minute

1 Person

90 Minute

8 Person

15 Minute

1 Person

15 Minute

5 Person

60 Minute

2 Person

30 Minute

2 Person

30 Minute

2 Person

60 Minute

5 Person

TOTAL

MMLT : 9780 Minute

MTTO : 9585 Minute

MTTR : 135 Minute

MTTY : 60 Minute

MTTO : 9540 Minute

MTTO : 45 Minute MTTR : 135 MinuteMTTY : 60 Minute

15 Minute

1 Person

30 Minute

1 Person

156 Hours

2

 

Figure 1. Current Stream Maintenance Mapping of HP BFP Machine Repair 

Questionnaire 

This questionnaire contains several statements presented in the form of a Likert scale with a 

range of 1-5. The distribution of the questionnaire was aimed at 10 respondents consisting of 

the relevant management. The questionnaire was conducted to find out which waste has a 

large weight or impact on the maintenance process. To ensure the validity of the responses, 

the questionnaire was distributed to 10 selected respondents who were directly involved in 

the maintenance process of the High Pressure Boiler Feed Pump (HP BFP) machine, 

consisting of EQA (Engineering, Quality, and Assurance) performance specialists, PLTGU 

operation performance specialists, maintenance managers, EQA (Engineering, Quality, and 

Assurance) managers, Assistant Manager of Maintenance Planning & Control, Assistant 

Manager of PLTGU Machine & Civil Maintenance, Assistant Manager of PLTGU Control & 

Instrument Maintenance, Assistant Manager of System Owner, Assistant Manager of 

Operations Planning & Control, and Assistant Manager of PLTGU Operations. These 

individuals were selected using a purposive sampling method based on their technical 

experience and operational knowledge, ensuring that the insights gathered reflect real-world 

conditions. 

Table 5. Waste Maintenance Weighting Value Results 

No Waste 
Respondents 

Average Ranking 
1 2 3 4 5 6 7 8 9 10 

1 Unproductive Work 
4 4 4 4 3 3 4 4 4 3 

34.5 2 
3 3 4 3 3 3 3 3 4 3 

2 Delay in Motion 
3 3 4 4 4 4 4 4 4 4 

34 3 
3 3 3 3 4 2 5 1 3 3 

3 Unnecessary Motion 2 1 1 1 1 1 1 1 1 1 11.5 8 
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1 1 1 1 1 1 1 1 2 2 

4 Poor Inventory Management 
4 4 4 4 4 4 4 4 4 4 

40 1 
4 4 4 4 4 4 4 4 4 4 

5 Rework 
1 2 2 2 1 1 1 1 1 3 

13 6 
1 2 1 1 1 1 1 1 1 1 

6 Ineffective Data Management 
1 1 1 1 1 1 1 1 1 1 

16 4 
2 2 3 2 2 2 1 3 2 3 

7 Under-utilization of Resource 
2 1 2 2 2 1 2 2 2 2 

16 4 
2 1 1 1 2 1 1 1 2 2 

8 Misapplication of Machinery 
1 1 1 1 1 1 1 1 1 1 

12 7 
2 1 1 1 2 2 1 1 2 1 

Source: Data Processing Results 

Based on table 5. shows the weight value generated for each type of maintenance waste. Waste 

with the highest weight is determined as critical waste that causes other waste to appear. In 

the table above, the 3 highest types of waste are Poor Inventory Management, Unproductive 

Work, and Delay in Motion. 

Identify Maintenance Waste 

After weighting, the waste that occurs in the maintenance process will be identified through 

brainstorming. Identification of waste is based on eight (8) types of maintenance waste, 

including unproductive work, delay in motion, unnecessary motion, poor inventory 

management, rework, ineffective data management, under-utilization of resources, and 

misapplication machines.  

Table 6. Types of Waste from HP BFP Machine Maintenance Activities 

Maintenance Waste Waste Indicator Impact 

Unproductive Work 
Waiting time in Morning 

Meeting decision results 
Increasing downtime duration 

Delay in Motion 

No procurement of machine 

spare parts 
Increasing downtime duration 

Long distance and 

displacement 

Maintenance time efficiency 

decreases 

Unnecessary Motion 
Less ergonomic layout Worker fatigue increases 

Inefficient work processes Waste of processing time 

Poor Inventory 

Management 

Lack of spare part inventory 

control 

Over/Under stocking of spare 

parts 

The repair process is 

hampered 

Downtime duration increases 

due to waiting for spare parts 

availability 

Rework 
The intensity of breakdowns 

occurs quite frequently 
Downtime increases 

Ineffective Data 

Management 

Manual recording on 

Incident Log Sheet 

Inaccurate data complicates 

maintenance performance 

analysis 

Reports on SIT ELLIPSE Prone to input errors 
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Under-utilization of 

Resource 

Man Power Maintenance 

limited 

Technicians are overwhelmed 

because many machines are 

experiencing breakdowns 

Repairs are slow and need to 

be prioritized 

Misapplication of 

Machinery 
- - 

Source: Data Processing Results 

Although the waste category “Misapplication of Machinery” is not accompanied by specific 

indicators in Table 6, this does not imply negligence. Based on field observations and 

interviews, it was found that these categories were not significant in the context of HP BFP 

maintenance. For example, no improper use of machinery was observed during the data 

collection period. Therefore, these items were deliberately marked with a hyphen (–) to reflect 

their irrelevance in this specific study. 

Calculation of Index of Fit and Distribution Selection for Mean Time Between Failure 

(MTBF) Data and Calculation of Mean Time To Repair (MTTR) 

After collecting the HP BFP engine failure data in table 3. the next step is to determine the 

distribution of time between failures that will be tested for Goodness of Fit. The distribution 

that will be tested for Goodness of Fit is in Table 7. 

Table 7. Calculation of Index of Fit and Selection of Distribution 

Distribution 
Calculation Result 

HP BFP 1A HP BFP 1B HP BFP 1C HP BFP 1D 

Normal 0.92994 0.88814 0.96504 0.92968 

Lognormal 0.99927 0.98836 0.80235 0.95511 

Eksponensial 0.98965 0.98592 0.89043 0.96817 

Weibull 0.99538 0.98247 0.89412 0.92932 

Source: Data Processing Results 

After collecting data on HP BFP engine failures in table 3. the next step is to determine the 

distribution of time between failures that will be tested for Goodness of Fit. The distribution 

that will be tested for Goodness of Fit is in Table 7. From the results of the index of fit 

calculation, it shows that the HP BFP 1A engine has a Lognormal distribution; the HP BFP 

1B engine has a Lognormal distribution; the HP BFP 1C engine has a Normal distribution; 

the HP BFP 1D engine has an Exponential distribution.  

The last stage in identifying the distribution is the Goodness of Fit Test (distribution suitability 

test), which is a statistical suitability test based on the sample time between damages. This 

distribution suitability test is carried out with the help of Minitab 18 software. 
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Figure 2. Goodness of Fit Test of High Pressure Boiler Feed Pump (HP BFP) machine 

based on figure 2, shows the test results using minitab software. after that, the MTBF 

recapitulation is based on the selected distribution. 

Table 8. Recapitulation of MTBF output from Minitab software and MTTR calculation 

Factor of 

Maintenance 

Company 

Standard 

Calculation Result 

HP BFP 

1A 

HP BFP 

1B 

HP BFP 

1C 

HP BFP 

1D 

MTBF (Hours) 2000.00 1531.41 610.07 1190.00 979.14 

MTTR (Hours) 72.00 163.68 1473.24 1732.27 1908.08 

Source: Data Processing Results 

Based on table 8. Recapitulation of MTBF output from Minitab software and MTTR 

calculation, it shows the comparison between Mean Time Between Failure (MTBF) and Mean 

Time To Repair (MTTR) on all HP BFP units. When compared to industry standards, the 

MTBF value should ideally exceed 2000 hours for critical equipment, while the MTTR should 

not exceed 72 hours. From the table above, it can be seen that only the HP BFP 1A unit is 

close to the MTBF standard with a value of 1531.41 hours, while the other units are still far 

below the reliability threshold, indicating a higher frequency of damage. Although the MTBF 

on this unit is already relatively good, its MTTR value still exceeds the ideal limit of industry 

standards which generally ranges from 72 hours. 

In contrast, the HP BFP 1B unit showed the most critical condition with an MTBF of only 

610.07 hours and an MTTR of 1473.24 hours. Similar conditions also occur in HP BFP 1C 

and 1D, where the MTBF and MTTR of HP BFP 1C machines are in the range of 1190.00 

hours and 1732.27 hours. The MTBF and MTTR of HP BFP 1D machines are in the range of 

979.14 hours and 1908.08 hours. This significant difference between MTBF and MTTR 

indicates that the high frequency of damage and the very long duration of repairs in addition 

to the low level of reliability, the main problem lies in the slow recovery after damage. This 

indicates the low effectiveness of the maintenance system. After the MTBF and MTTR 

calculations are carried out, the OEE calculations are then carried out on each High Pressure 

Boiler Feed Pump (HP BFP) machine. 

Calculation of the Overall Equipment Effectiveness (OEE) 

Data processing is carried out using the Overall Equipment Effectiveness (OEE) method 

which is based on three factors, namely availability, performance efficiency, and quality rate. 

Availability calculation describes the utilization of High Pressure Boiler Feed Pump (HP 

BFP) machine time available to perform operations, Performance rate describes the actual 

ability of the machine to operate at ideal speed based on capacity, and quality rate is carried 

out using data on the amount of water flow that is successfully supplied and the amount that 

is not successfully supplied.  



1010 

ISSN: 2716-3865 (Print), 2721-1290 (Online) 

Copyright © 2025, Journal La Multiapp, Under the license CC BY-SA 4.0 

After obtaining the availability, performance efficiency, and quality rate values, the OEE 

value can be measured on each High Pressure Boiler Feed Pump (HP BFP) machine. The 

results of the OEE calculation can be seen in Table 7. 

Table 9. Calculation of Machine OEE at PT Nusantara Power UP Gresik Company and 

OEE Classification according to JIPM 

Factor of OEE 
Standard World 

Class 

Calculation Result 

Average HP BFP 

1A 

HP BFP 

1B 

HP 

BFP 1C 

HP BFP 

1D 

Availability Rate 90% 98% 98% 99% 98% 98% 

Performance Rate 95% 74% 67% 71% 70% 71% 

Quality Rate 99% 92% 92% 92% 92% 92% 

OEE 85% 67% 61% 65% 63% 67% 

Source: Data Processing Results 

From table 9 above, it can be seen that the results of the calculation of the OEE value of the 

High Pressure Boiler Feed Pump (HP BFP) machine at the Company at PT. PLN Nusantara 

Power UP Gresik for the period January 2023 - December 2024 are still below standard, which 

is around 67% on the HP BFP 1A machine; HP BFP 1B is 61%; HP BFP 1C is 65%; HP BFP 

1D is 67%, this shows that the value is still below the standard recommended by the Japan 

Institute of Plan Maintenance (JIPM), which is 85%. 
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Calculation of the Six Big Losses 

The second stage after getting the OEE value from each High Pressure Boiler Feed Pump (HP 

BFP) machine is to calculate the six big losses. Six big losses are six factors that affect the 

OEE value. The six big loss values of each High Pressure Boiler Feed Pump machine that are 

not yet ideal are calculated to determine the most dominant factors that influence the OEE 

value. The six big losses are represented by downtime losses (damage, preparation, and 

standby losses), speed losses (losses when idling and minor stops and reduced speed losses), 

and defect losses (rework losses and scrap losses). 

Table 10. Calculation of Six Big Losses of HP BFP Machines at PT Nusantara Power UP 

Gresik Company 

Factor of Six Big 

Losses 

Calculation Result 

Total % Ranking HP 

BFP 1A 

HP BFP 

1B 

HP BFP 

1C 

HP 

BFP 1D 

Equipment 

Failure Losses 
1.899 2.257 0.996 1.797 6.949 2% 3 

Setup And 

Adjustment 
35.868 52.359 51.796 46.581 186.604 47% 2 

Idling And Minor 

Stoppage Losses 
0.089 0.113 0.099 0.103 0.403 0% 4 

Reduce Speed 

Losses 
61.980 45.155 46.965 51.383 205.482 51% 1 

Process Defect 

Losses 
0.00 0.00 0.00 0.00 0.00 0% 5 

Reduce Yield 

Losses 
0.00 0.00 0.00 0.00 0.00 0% 5 

Total 399.438 100%  

Source: Data Processing Results 

Based on the results of the calculation of the percentage of the six big losses factors above, it 

shows that the biggest root problem that affects the OEE value is caused by Reduce Speed 

Losses with a value of 51% and Setup and Adjustment with a value of 47%. 

Problem Analysis Using Root Causes Failure Analysis (RCFA) 

Poor Inventory

Management

The Inventory Team

 is not authorized 

or does not take 

the initiative to submit 

spare parts before 

damage occurs.

Over/Under stocking 

Important spare parts 

The spare part procurement

 process is too complicated 

and time consuming.

 

Figure 3. RCFA of Waste Poor Inventory Management 
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Unproductive Work

Technician waiting 

for work instructions

The technician does 

not have the authority 

or initiative to execute directly.

All decisions 

are determined 

from the results 

of the morning meeting

 

Figure 4. RCFA of Waste Poor Unproductive Work 

Delay in Motion

Lack of preparation 

and no prediction 

of spare part needs

Spare part storage is far 

from the machine location.

Technician waiting for 

instructions or 

work orders
Spare parts are not 

immediately available because 

you have to wait from the vendor

No spare parts needed

There is no reorder point 

system or minimum stock 

for critical spare parts.

 

Figure 5. RCFA of Waste Delay in Motion 

Setup and Adjustment

The machine is not 

operating because there 

is no demand for production.

Unpredictable operating patterns

Inflexible 

operational processes

Operating the unit 

entirely depends 

on PLN P2B demand

The decision to operate 

PLN P2B units is based on 

the established laws

 

Figure 6. RCFA of Setup and Adjustment Losses 
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Reduce Speed Losses

There is an 

operational disruption

Damage to the drive motor

Damage to the gearbox 

or transmission system

Wear on the pump impeller

Damage to the control 

system or sensor

 

Figure 7. RCFA of Reduce Speed Losses 

Improvement Recommendations with Total Productive Maintenance (TPM) Bundle 

The TPM bundle is designed to combine various practices to maximize equipment 

effectiveness. The TPM concept, developed by Seichii Nakajima in Japan, aims to achieve 

zero losses. TPM can be integrated with a lean approach to identify and eliminate six big 

losses, namely: breakdown losses, setup losses, idle losses, reduced speed losses, defect 

losses, and start-up losses. The TPM bundle consists of : 1) Autonomous Maintenance; 2) 

Planned Maintenance ; 3) Root Cause Analysis (RCA) and Problem Solving; 4) Safety 

Improvement; 5) Overall Equipment Effectiveness (OEE); 6) Work Order System 

Table 11. Recapitulation Index of Fit to Failure 

Units Distribution MTBF (Hours) Index of Fit Reliability 

HP BFP 1A Lognormal 1531.41 0.999272 100% 

HP BFP 1B Lognormal 610.07 0.988364 99% 

HP BFP 1C Normal 1190.00 0.965044 97% 

HP BFP 1D Eksponential 979.14 0.968166 97% 

Source: Data Processing Results 
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Preventive Maintenance Scheduling 
HP BFP ST 1.0 2025

January 25

Mo Tu We Th Fr Sa Su

1 2 3 4 5

6 7 8 9 10 11 12

13 14 15 16 17 18 19

20 21 22 23 24 25 26

27 28 29 30 31

February 25

Mo Tu We Th Fr Sa Su

1 2

3 4 5 6 7 8 9

10 11 12 13 14 15 16

17 18 19 20 21 22 23

24 25 26 27 28

March 25

Mo Tu We Th Fr Sa Su

1 2

3 4 5 6 7 8 9

10 11 12 13 14 15 16

17 18 19 20 21 22 23

24 25 26 27 28 29 30

31

April 25

Mo Tu We Th Fr Sa Su

1 2 3 4 5 6

7 8 9 10 11 12 13

14 15 16 17 18 19 20

21 22 23 24 25 26 27

28 29 30

May 25

Mo Tu We Th Fr Sa Su

1 2 3 4

5 6 7 8 9 10 11

12 13 14 15 16 17 18

19 20 21 22 23 24 25

26 27 28 29 30 31

June 25

Mo Tu We Th Fr Sa Su

1

2 3 4 5 6 7 8

9 10 11 12 13 14 15

16 17 18 19 20 21 22

23 24 25 26 27 28 29

30

July 25

Mo Tu We Th Fr Sa Su

1 2 3 4 5 6

7 8 9 10 11 12 13

14 15 16 17 18 19 20

21 22 23 24 25 26 27

28 29 30 31

August 25

Mo Tu We Th Fr Sa Su

1 2 3

4 5 6 7 8 9 10

11 12 13 14 15 16 17

18 19 20 21 22 23 24

25 26 27 28 29 30 31

September 25

Mo

1

Tu We Th Fr Sa Su

2 3 4 5 6 7

8 9 10 11 12 13 14

15 16 17 18 19 20 21

22 23 24 25 26 27 28

29 30

October 25

Mo Tu We Th Fr Sa Su

1 2 3 4 5

6 7 8 9 10 11 12

13 14 15 16 17 18 19

20 21 22 23 24 25 26

27 28 29 30 31

November 25

Mo Tu We Th Fr Sa Su

1 2

3 4 5 6 7 8 9

10 11 12 13 14 15 16

17 18 19 20 21 22 23

24 25 26 27 28 29 30

December 25

Mo

1

Tu We Th Fr Sa Su

2 3 4 5 6 7

8 9 10 11 12 13 14

15 16 17 18 19 20 21

22 23 24 25 26 27 28

29 30 31

HP BFP 1A

HP BFP 1B

HP BFP 1C

HP BFP 1D

ALL UNIT HP BFP BLOK I

 

Figure 7. Preventive Maintenance Scheduling 

Results After Implementation 

After identifying and analyzing various problems in the maintenance process, corrective 

measures have been implemented to improve the efficiency and effectiveness of machine 

operations. The researcher evaluated the impact of the improvements that had been made, as 

well as measuring how much change was achieved in aspects of machine performance and 

the overall maintenance process. 
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Preparation for

 Maintenance Work

Creation of 

Work Orders

Completing 

Work Orders

Morning Meeting

Breakdown Maintenance 

HP Boiler Feed Pump

 

Damage Report

Damage Identification

HP Boiler Feed Pump

HP Boiler Feed Pump 

Machine Disassembly

Machine Component Repair

HP Boiler Feed Pump

Testing After

 Maintenance

HP Boiler Feed Pump 

Machine Cleaning
Update Report 

in SIT ELLIPSE

Incident Log Sheet (ILS) 

Creation

15 Minute

1 Person

30 Minute

3 Person

30 Minute

1 Person

90 Minute

8 Person

15 Minute

1 Person

15 Minute

5 Person

60 Minute

2 Person

30 Minute

2 Person

30 Minute

2 Person

60 Minute

5 Person

TOTAL

MMLT : 9780 Minute

MTTO : 9585 Minute

MTTR : 135 Minute

MTTY : 60 Minute

MTTO : 9540 Minute

MTTO : 45 Minute MTTR : 135 MinuteMTTY : 60 Minute

15 Minute

1 Person

30 Minute

1 Person

48 Hours

2

 

Figure 8. Future State Maintenance Mapping of HP BFP Machine Repair 

After evaluating the maintenance activities on the High Pressure Boiler Feed Pump (HP BFP) 

machine, the next step is to evaluate the direct impact of the improvements made on the three 

main components of OEE, namely Availability, Performance, and Quality. By measuring 

OEE after improvements, a clearer picture of the improvement in machine operational 

performance is expected, as well as how effective the improvement measures are in increasing 

productivity and reducing downtime. 

Table 12. Machine Data Collection After Implementation 

Machine 

Total 

Period 

Hours 

(Hours) 

Total 

Service 

Hours 

(Hours) 

Total 

Standby 

Time 

(Hours) 

Total Flow 

Output 

(Ton/Hours) 

Total Ideal 

Flow Output 

(Ton/Hours) 

Total 

Average 

Flow Output 

(Ton/Hours) 

HP BFP 1A 2160.00 804.75 1355.25 483.24 558.00 483.24 

HP BFP 1B 2160.00 1609.75 550.25 475.67 549.00 475.67 

HP BFP 1C 2160.00 1508.25 651.75 479.97 543.00 479.97 

HP BFP 1D 2160.00 1615.17 544.83 470.42 540.00 470.42 

Source: Data Processing Results 

Table 13. Calculation of OEE of High Pressure Boiler Feed Pump (HP BFP) Machine at PT 

Nusantara Power UP Gresik Company after Implementation 

Factor of OEE 
Standard 

World Class 

Calculation Result 

Average HP BFP 

1A 

HP BFP 

1B 

HP BFP 

1C 

HP BFP 

1D 

Availability Rate 90% 100% 100% 100% 100% 100% 

Performance Rate 95% 87% 87% 88% 87% 87% 

Quality Rate 99% 100% 100% 100% 100% 100% 

OEE 85% 87% 87% 88% 87% 87% 

Source: Data Processing Results 

From table 11 above, it can be seen that the results of the calculation of the OEE value of the 

High Pressure Boiler Feed Pump (HP BFP) machine after the implementation of the proposed 

improvements to the Company at PT PLN Nusantara Power UP Gresik for the period January 

2025 - March 2025 are still below the standard, which is around 87% on the HP BFP 1A 
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machine; HP BFP 1B at 87%; HP BFP 1C at 88%; HP BFP 1D at 87%, this shows that this 

value is in accordance with the standards recommended by the Japan Institute of Plan 

Maintenance (JIPM), which is 85%. 

Comparison of Results Before and After Implementation 

Comparison between the calculation results of the current state maintenance mapping and the 

future state maintenance mapping on the improvement activities of the High Pressure Boiler 

Feed Pump machine maintenance activities presented in Figure 1 and Figure 7. 

 

Figure 9. Comparison of MMLT Categories Current State Maintenance Mapping and Future State 

Maintenance Mapping 

Based on Figure 8. shows that the implementation of the improvements made succeeded in 

reducing the MMLT (Mean Maintenance Lead Time) time showing a significant decrease 

from 9,780 minutes before improvement to 3,300 minutes after improvement, a decrease of 

6,480 minutes or 108 hours. This decrease reflects an increase in efficiency in the maintenance 

process, which means that the time required to complete the entire series of machine 

maintenance has become faster after the implementation of improvements. This indicates 

success in reducing time wastage in the maintenance process. 

 

Figure 10. Comparison of OEE on High Pressure Boiler Feed Pump (HP BFP) Machines Before 

and After Implementation at PT PLN Nusantara Power UP Gresik 
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Future State Mapping Current State Mapping
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Quality Rate OEE

Before 98% 71% 92% 67%

After 100% 87% 100% 87%
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Based on Figure 9, all units experienced a significant increase of 20% from 67% to 87%. This 

increase indicates effective improvements to the machine's operational performance, reduced 

waste, and improved overall operational efficiency after the improvements were 

implemented. This indicates that the corrective measures taken have been successful in 

improving machine performance, which contributes to reduced downtime and increased 

machine availability. 

Conclusion  

This study shows that the implementation of Lean Maintenance at the HP BFP unit of PT 

PLN Nusantara Power UP Gresik significantly improves operational performance. The 

implementation of VSMM, MTBF, MTTR, and RCFA successfully identified and reduced 

critical maintenance waste. As a result, Overall Equipment Effectiveness (OEE) increased 

from 67% to 87%, and total maintenance time decreased from 9,780 minutes to 3,300 minutes. 

These improvements indicate the success of the transition to a more efficient and reliable 

maintenance strategy. Further work is recommended to expand Lean Maintenance practices 

to other critical units in the power plant and continue to improve documentation and 

technician training systems. 

Acknowledgment 

The author would like to express his deepest gratitude to PT PLN Nusantara Power UP Gresik 

for providing access, data, and facilities during the research. Special thanks to the assistant 

managers and technicians involved in the maintenance of HP BFP for their cooperation and 

input. This research was conducted as one of the requirements for writing a thesis in the 

Department of Industrial Engineering, Faculty of Engineering and Science, National 

Development University “Veteran” East Java. 

References 

Aguilar, A. (2023). Lowering Mean Time to Recovery (MTTR) in Responding to System 

Downtime or Outages: An Application of Lean Six Sigma Methodology. In 13th 

Annual International Conference on Industrial Engineering and Operations 

Management. http://dx.doi.org/10.46254/AN13.20230039  

Ahmad, G. N. (2022). Manajemen operasi. Bumi Aksara. 

Al Hazza, M. H. F., Ali, M. Y., & Razif, N. F. B. M. (2021). Performance improvement using 

analytical hierarchy process and Overall Equipment Effectiveness (OEE): Case 

study. Journal of Engineering Science and Technology, 16(3), 2227-2244. 

Almahdy, I., Kholil, M., Haekal, J., Firmansyah, A., & Rukmayadi, D. (2021). 

Implementation of Lean Manufacturing to Reduce Waste in the Maintenance Section 

in National Automotive Sub Companies of Indonesia. International Journal of 

Engineering Research and Advanced Technology (ijerat)(E-ISSN 2454-6135) DOI: 

10.31695/IJERAT, 7(9), 5-12. http://dx.doi.org/10.31695/IJERAT.2021.3729  

Bafandegan Emroozi, V., Kazemi, M., Doostparast, M., & Pooya, A. (2024). Improving 

industrial maintenance efficiency: A holistic approach to integrated production and 

maintenance planning with human error optimization. Process Integration and 

Optimization for Sustainability, 8(2), 539-564. http://dx.doi.org/10.1007/s41660-

023-00374-3  

Bakri, A., Alkbir, M. F. M., Awang, N., Januddi, F., Ismail, M. A., Ahmad, A. N. A., & 

Zakaria, I. H. (2021). Addressing the issues of maintenance management in SMEs: 

towards sustainable and lean maintenance approach. Emerging Science 

Journal, 5(3), 367-379. http://dx.doi.org/10.28991/esj-2021-01283  

http://dx.doi.org/10.46254/AN13.20230039
http://dx.doi.org/10.31695/IJERAT.2021.3729
http://dx.doi.org/10.1007/s41660-023-00374-3
http://dx.doi.org/10.1007/s41660-023-00374-3
http://dx.doi.org/10.28991/esj-2021-01283


1018 

ISSN: 2716-3865 (Print), 2721-1290 (Online) 

Copyright © 2025, Journal La Multiapp, Under the license CC BY-SA 4.0 

Chopra, S. (2021). A Multi Physics Integrated Solution for a High-Pressure Stage Turbine 

Efficiency and Durability (Doctoral dissertation, University of South Carolina). 

Erlangga, M. (2023). Usulan Perencanaan Perawatan Mesin dengan Metode Reliability 

Centered Maintenance (Rcm) dan Age Replacement pada Mesin Raking Intake 

(Studi Kasus: PT. XYZ) (Doctoral dissertation, Universitas Islam Indonesia). 

Gomaa, A. H. (2025). Enhancing Lean Performance through TPM–VSM Integration: A Case 

Study in Spare Parts Production. Critical review, 20(32), 61. 
http://dx.doi.org/10.32692/IJDI-ERET/14.1.2025.2501  

Gulati, R., & Smith, R. (2009). Maintenance and reliability best practices. Industrial Press 

Inc. 

Gymnastiar, M. I., & Hartono, R. (2025). Analysis of Production Machine Effectiveness in 

Line A Using OEE and Six Big Losses Method. Jurnal Teknologi dan Manajemen 

Industri Terapan, 4(3), 747-756. https://doi.org/10.55826/jtmit.v4i3.988  

Harsanto, Budi. 2017. Dasar Ilmu Manajemen Operasi. Jawa Barat : Unpad Press. 

Hasya, Alfina dkk. 2024. Manajemen Operasional. Jawa Timur : CV. Duta Sains Indonesia. 

Hernawan, D. (2022). Penjadwalan Ekonomis Unit Pembangkit Gas Pada Pembangkit Listrik 

Tenaga Gas Uap Sengkang Blok I= Economic Dispatch Of Gas Generating Units At 

Sengkang Steam Gas Power Plant Block I (Doctoral dissertation, Universitas 

Hasanuddin). 

Hidayat, M. F, & Warjito. (2019). Closed Drain Transfer Pump Failure Analysis using Root 

Cause Failure Analysis (RCFA) Method. In IOP Conference Series: Materials 

Science and Engineering (Vol. 694, No. 1, p. 012013). IOP Publishing. 
http://dx.doi.org/10.1088/1757-899X/694/1/012013  

Jurewicz, D., Dąbrowska, M., Burduk, A., Medyński, D., Machado, J., Motyka, P., & 

Kolbusz, K. (2023, September). Implementation of total productive maintenance 

(tpm) to improve overall equipment effectiveness (oee)-case study. In International 

Conference on Intelligent Systems in Production Engineering and Maintenance (pp. 

543-561). Cham: Springer Nature Switzerland. http://dx.doi.org/10.1007/978-3-031-

44282-7_42  

Karningsih, P. D., Puspitasari, W., & Singgih, M. L. (2023). Cost-Integrated Lean 

Maintenance to Reduce Maintenance Cost. Jurnal Optimasi Sistem Industri, 22(1), 

69-80. http://dx.doi.org/10.25077/josi.v22.n1.p69-80.2023  

Kechaou, F., Addouche, S. A., & Zolghadri, M. (2024). A comparative study of overall 

equipment effectiveness measurement systems. Production Planning & 

Control, 35(1), 1-20. http://dx.doi.org/10.1080/09537287.2022.2037166  

Kumar, U., Galar, D., Parida, A., Stenström, C., & Berges, L. (2013). Maintenance 

performance metrics: a state‐of‐the‐art review. Journal of Quality in Maintenance 

Engineering, 19(3), 233-277. http://dx.doi.org/10.1108/JQME-05-2013-0029  

Moghadam, M. A., Bagheri, S., Salemi, A. H., & Tavakoli, M. B. (2024). Long‐term and 

multi‐objective maintenance scheduling of medium voltage overhead lines based on 

LP metric method. IET Generation, Transmission & Distribution, 18(7), 1478-1493. 
http://dx.doi.org/10.1049/gtd2.13139  

Mohad, F. T., Gomes, L. D. C., Tortorella, G. D. L., & Lermen, F. H. (2025). Operational 

excellence in total productive maintenance: statistical reliability as support for 

http://dx.doi.org/10.32692/IJDI-ERET/14.1.2025.2501
https://doi.org/10.55826/jtmit.v4i3.988
http://dx.doi.org/10.1088/1757-899X/694/1/012013
http://dx.doi.org/10.1007/978-3-031-44282-7_42
http://dx.doi.org/10.1007/978-3-031-44282-7_42
http://dx.doi.org/10.25077/josi.v22.n1.p69-80.2023
http://dx.doi.org/10.1080/09537287.2022.2037166
http://dx.doi.org/10.1108/JQME-05-2013-0029
http://dx.doi.org/10.1049/gtd2.13139


1019 

ISSN: 2716-3865 (Print), 2721-1290 (Online) 

Copyright © 2025, Journal La Multiapp, Under the license CC BY-SA 4.0 

planned maintenance pillar. International Journal of Quality & Reliability 

Management, 42(4), 1274-1296. http://dx.doi.org/10.1108/IJQRM-09-2023-0290  

Muhammad, R., Rahman, A., & Jamil, M. F. (2024). A Linear Regression Modeling Analysis 

of the Energy, Water, and Chemical Consumption in the Operating Configuration at 

740 MW Priok Combined Cycle Power Plant. Journal of Mechanical Design and 

Testing, 6(1), 26-36. https://doi.org/10.22146/jmdt.97748  

Osuchukwu, O. A., Salihi, A., Ibrahim, A., Audu, A. A., Makoyo, M., Mohammed, S. A., ... 

& Obada, D. O. (2024). Weibull analysis of ceramics and related materials: A 

review. Heliyon, 10(12). https://doi.org/10.1016/j.heliyon.2024.e32495  

Quiroz-Flores, J. C., & Vega-Alvites, M. L. (2022). Review lean manufacturing model of 

production management under the preventive maintenance approach to improve 

efficiency in plastics industry smes: a case study. South African Journal of Industrial 

Engineering, 33(2), 143-156. http://dx.doi.org/10.7166/33-2-2711  

Quiroz-Flores, J. C., Pineda, J., Anis, W., & Nallusamy, S. (2023). Enhancement of On-time 

Delivery Maintenance Services by Lean Manufacturing Tools in an Automotive 

Industry. International Journal of Engineering Trends and Technology, 71(5), 372-

385. http://dx.doi.org/10.14445/22315381/IJETT-V71I5P238  

Radwan, O., Salem, A. M., Ghareeb, M., & Ibrahim, F. (2024, October). Leveraging Weibull 

Analysis and Python Automation for Enhanced Failure Prediction of Electrical 

Submersible Pumps. In Mediterranean Offshore Conference (p. D011S005R006). 

SPE. https://doi.org/10.2118/223341-MS  

Rahman, M. (2024). Strategies for improving maintenance efficiency and reliability through 

wrench time optimization. J. Ind Intell, 2(3), 172-188. 
https://doi.org/10.56578/jii020304  

Ramadhania, S., Rini, A. S., Mislan, M., Rahmatulloh, A., & Mustofa, M. (2024). 

Perencanaan Perawatan Mesin Genset Pendekatan Metode Reliability Centered 

Maintenance Dan Maintenance Value Stream Mapping (Studi Kasus: PT Taco 

Anugrah Corporindo). Innovative: Journal Of Social Science Research, 4(4), 4004-

4017. 

Ramiya, S., & Suresh, M. (2021). Factors influencing lean-sustainable maintenance using 

TISM approach. International Journal of System Assurance Engineering and 

Management, 12(6), 1117-1131. http://dx.doi.org/10.1007/s13198-021-01304-7  

Roysen, U., Jaqin, C., Hasibuan, S., Juniawan, S., Alam, F., & Daruki, D. (2024). Peningkatan 

Produktivitas Maintenance Menggunakan Metode OEE dan MVSM pada Industri 

Jasa Penerbangan Nasional. JISI: Jurnal Integrasi Sistem Industri, 11(2), 123-134. 

https://doi.org/10.24853/jisi.11.2.159-170  

Sari, T. P., Saputro, W., & Issafira, R. D. (2024). Konsep Dasar dan Profil Energi. Gresik : 

Thalibul Ilmi Publishing & Education. 

Sathler, K. P. B., Salonitis, K., & Kolios, A. (2023). Overall equipment effectiveness as a 

metric for assessing operational losses in wind farms: a critical review of 

literature. International Journal of Sustainable Energy, 42(1), 374-396. 
http://dx.doi.org/10.1080/14786451.2023.2189490  

Schneidewind, N. F. (2002). Measuring and evaluating maintenance process using reliability, 

risk, and test metrics. IEEE transactions on Software Engineering, 25(6), 769-781. 
https://doi.org/10.1109/32.824387  

http://dx.doi.org/10.1108/IJQRM-09-2023-0290
https://doi.org/10.22146/jmdt.97748
https://doi.org/10.1016/j.heliyon.2024.e32495
http://dx.doi.org/10.7166/33-2-2711
http://dx.doi.org/10.14445/22315381/IJETT-V71I5P238
https://doi.org/10.2118/223341-MS
https://doi.org/10.56578/jii020304
http://dx.doi.org/10.1007/s13198-021-01304-7
https://doi.org/10.24853/jisi.11.2.159-170
http://dx.doi.org/10.1080/14786451.2023.2189490
https://doi.org/10.1109/32.824387


1020 

ISSN: 2716-3865 (Print), 2721-1290 (Online) 

Copyright © 2025, Journal La Multiapp, Under the license CC BY-SA 4.0 

Singha Mahapatra, M., & Shenoy, D. (2022). Lean maintenance index: a measure of leanness 

in maintenance organizations. Journal of Quality in Maintenance 

Engineering, 28(4), 791-809. http://dx.doi.org/10.1108/JQME-08-2020-0083  

Sobirov, K. (2025). Overall equipment effectiveness (OEE) analysis in Solar Panel 

Manufacturing (Doctoral dissertation, Politecnico di Torino). 

Subandi, D. D., Sumirahwati, W. R., Saidah, D., & Binarti, I. (2023). Implementation of the 

lean manufacturing concept to reduce waste in spare part repair activities at PT. 

X. Int J Sci Soc, 5(2), 10-18. https://doi.org/10.54783/ijsoc.v5i2.638  

Subati, M. A. (2022). Analisis Teknis Dan Ekonomis Pemanfaatan Panas Buang Pltg Dengan 

Menggunakan Combine Cycle (Studi Kasus: PT. PLN (Persero) ULPLTG Teluk 

Lembu) (Doctoral dissertation, Universitas Islam Negeri Sultan Syarif Kasim Riau). 

Syahrir, I., Wibowo, P. N., & Jamaaluddin, J. (2024). Performance Efficiency of Heat 

Recovery Steam Generator (HRSG) Unit 822-B-202 at TPPI Refinery. JURNAL 

SURYA TEKNIKA, 11(2), 684-690. https://doi.org/10.37859/jst.v11i2.8340  

Ullah, M. R., Molla, S., Siddique, I. M., Siddique, A. A., & Abedin, M. M. (2023). Optimizing 

performance: a deep dive into overall equipment effectiveness (OEE) for operational 

excellence. Journal of industrial mechanics, 8(3), 26-40. 
http://dx.doi.org/10.46610/JoIM.2023.v08i03.004  

Wachjoe, C. K., & Iriani, P. 2023. Sumber-Sumber Dan Teknologi Energi. Jawa Barat : CV. 

Adanu Abimata. 

Wijaya, S., Prayogo, D. N., & Hadiyat, M. A. (2019). Perancangan dan Penerapan Lean 

Maintenance Management di PT. Hapete Surabaya. CALYPTRA, 7(2), 4855-4872. 

Woo, S. (2023). Probability and its distribution in statistics. In Design of Mechanical Systems: 

Accelerated Lifecycle Testing and Reliability (pp. 111-147). Cham: Springer 

International Publishing. http://dx.doi.org/10.1201/9780429022050-3  

Yazdi, M. (2024). Mathematical Models for Industrial System Reliability. In Advances in 

Computational Mathematics for Industrial System Reliability and 

Maintainability (pp. 17-42). Cham: Springer Nature Switzerland. 
http://dx.doi.org/10.1007/978-3-031-53514-7_2  

 

 

 

 

 

 

 

 

 

http://dx.doi.org/10.1108/JQME-08-2020-0083
https://doi.org/10.54783/ijsoc.v5i2.638
https://doi.org/10.37859/jst.v11i2.8340
http://dx.doi.org/10.46610/JoIM.2023.v08i03.004
http://dx.doi.org/10.1201/9780429022050-3
http://dx.doi.org/10.1007/978-3-031-53514-7_2

