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The increasing frequency of heavy equipment maintenance activities has led to a 

significant rise in hazardous waste generation, which may pose operational, 

environmental, and occupational health and safety (OHS) risks if not properly managed. 

This study aims to identify failure modes, prioritize risks using Failure Mode, Effects, 

and Criticality Analysis (FMECA), determine root causes through Root Cause Analysis 

(RCA), and develop improvement recommendations for hazardous waste management 

in heavy equipment maintenance activities at PT XYZ. A case study approach was 

employed, with data collected through field observations, interviews, documentation, 

and expert judgment involving four experts. Risk assessment was conducted using 

Severity (S), Occurrence (O), and Detection (D) scores to calculate the Risk Priority 

Number (RPN). Normalized RPN (NRPN) values were classified as high risk (NRPN > 

75%), moderate risk (50% < NRPN ≤ 75%), and low risk (NRPN ≤ 50%). The results 

identified 15 failure modes, comprising four high-risk, nine moderate-risk, and two low-

risk failure modes. FM-08, involving contamination of the drainage system by used oil 

and dirt, had the highest RPN of 324 (NRPN = 100%). The four high-risk failure modes 

were further analyzed using RCA, which identified human factors, work methods, and 

facilities as the predominant root cause categories, with material and environmental 

factors also contributing to several failure modes. Improvement recommendations were 

subsequently developed using the 5W+1H approach. The integration of FMECA and 

RCA provides a systematic framework for prioritizing risks, identifying root causes, and 

formulating targeted improvements in hazardous waste management during heavy 

equipment maintenance activities. 
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1. INTRODUCTION 

The growth of the industrial sector in Indonesia, particularly in 

Batam City, has driven an increase in the use of heavy equipment 

to support operational activities in the manufacturing, 

construction, and logistics sectors. According to data from the 

Batam City Statistics Agency (BPS), Batam City's economy grew 

by 6.69% in 2024, with the manufacturing sector making the 

largest contribution to the Gross Regional Domestic Product 

(GRDP), followed by the construction sector. This condition 

indicates a high level of industrial activity, which has 

implications for the increasing demand for heavy equipment and 

maintenance activities to maintain equipment reliability and 

reduce operational downtime [1], [2], [3] . 

Heavy equipment maintenance activities generate hazardous 

and toxic waste (B3 waste), such as used oil, used filters, 

contaminated wiping cloths, and other chemical residues, which 

require proper management in accordance with applicable 

environmental regulations. Improper hazardous waste 

management has the potential to cause environmental pollution, 

disrupt the continuity of company operations, and increase 

occupational safety and health (OSH) risks. Therefore, hazardous 

waste management is an important aspect of maintaining the 

sustainability of company operations while ensuring 

environmental protection [4], [5] . 

PT XYZ is a company engaged in heavy equipment rental, 

including forklifts, lorry cranes, and various other units 

supporting operational activities. Along with the increase in the 

company's assets from 31 units in 2021 to 394 units in 2025, the 

frequency of maintenance activities has also increased, resulting 

in a higher volume of hazardous waste generated. Based on 

observations conducted in the workshop area, several conditions 

with the potential to become failure modes were identified, 
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including oil trays left in the work area, used filters that were not 

immediately transferred to the designated waste storage area, oil 

spills on the workshop floor, and improper waste handling that 

did not comply with established procedures. These conditions 

have the potential to disrupt operational activities, increase the 

risk of workplace accidents, and cause environmental pollution if 

not promptly controlled. 

To systematically assess these risks, this study employs 

Failure Mode, Effects, and Criticality Analysis (FMECA) and 

Root Cause Analysis (RCA). FMECA was selected to identify 

potential failure modes and prioritize risks based on Severity (S), 

Occurrence (O), and Detection (D), which are used to calculate 

the Risk Priority Number (RPN) [6], [7]  . RCA was subsequently 

employed to investigate the underlying causes of the failure 

modes classified as high risk, supported by a fishbone diagram to 

organize potential contributing factors [8]  . The complementary 

use of these methods allows the study to prioritize risks and 

investigate their underlying causes, providing a basis for 

developing targeted improvement recommendations. 

Accordingly, this study aims to identify failure modes in 

hazardous waste management during heavy equipment 

maintenance activities at PT XYZ, evaluate and prioritize the 

associated risks using FMECA, determine the root causes of high-

risk failure modes using RCA, and formulate improvement 

recommendations using the 5W+1H approach. The study 

considers operational, environmental, and occupational health 

and safety (OHS) aspects to support systematic improvements in 

hazardous waste management practices. 

2. LITERATURE REVIEW 

2.1. FMECA and Root Cause Analysis 

The Failure Mode, Effects, and Criticality Analysis (FMECA) 

method is one of the risk analysis methods widely used to identify 

failure modes, evaluate the effects of failures, and determine risk 

priorities based on the parameters of Severity (S), Occurrence 

(O), Detection (D), and Risk Priority Number (RPN) [6], [9], 

[10] . However, FMECA primarily indicates risk priorities and 

does not fully explain the root causes of failures. Therefore, Root 

Cause Analysis (RCA) is used as a complementary method to 

identify the root causes of failure modes with the highest risk 

levels, enabling more targeted improvement recommendations to 

be developed [7], [8] . 

2.2. Previous Studies and Research Gap 

Previous studies have applied Failure Mode and Effects Analysis 

(FMEA), Failure Mode, Effects, and Criticality Analysis 

(FMECA), Hazard and Operability Study (HAZOP), and Hazard 

Identification, Risk Assessment, and Risk Control (HIRARC) to 

identify and evaluate risks across various industrial sectors [6], 

[7] . However, most of these studies have focused on specific risk 

aspects, such as equipment reliability, occupational safety, or 

environmental impacts, separately. In contrast, the application of 

FMECA combined with Root Cause Analysis (RCA) to 

hazardous waste management resulting from heavy equipment 

maintenance activities, while simultaneously considering 

operational, environmental, and occupational safety and health 

(OSH) aspects, remains limited [7], [8] . This condition indicates 

the need for an approach that is not only capable of determining 

risk priorities but also identifying their root causes as a basis for 

developing more effective corrective actions. 

Based on this research gap, this study aims to identify failure 

modes in the management of hazardous waste generated from 

heavy equipment maintenance activities at PT XYZ, determine 

risk priorities using the FMECA method, analyze root causes 

using RCA, and develop improvement recommendations using 

the 5W+1H approach. This study is expected to provide an 

integrated risk analysis framework to support improvements in 

the effectiveness of hazardous waste management by considering 

operational, environmental, and occupational safety and health 

(OSH) aspects. 

3. METHODOLOGY 

This study employs a mixed-methods approach through a case 

study at PT XYZ, a company engaged in heavy equipment rental 

in Batam City. The quantitative approach is used to determine risk 

levels using the Failure Mode, Effects, and Criticality Analysis 

(FMECA) method, while the qualitative approach is used to 

identify the root causes of risks using Root Cause Analysis 

(RCA). The combination of these two approaches enables a 

comprehensive analysis, ranging from the identification of failure 

modes and determination of risk priorities to root cause 

identification and the development of improvement 

recommendations. The study was conducted in the workshop area 

of PT XYZ from February to June 2026, with the research objects 

consisting of hazardous waste generated from maintenance 

activities, including used oil, used filters, contaminated wiping 

cloths, and other supporting waste. 

Data were collected through observations, interviews, 

documentation, and expert judgment. Observations were 

conducted to identify the actual conditions of hazardous waste 

management and the failure modes occurring in the workshop 

area. Interviews were conducted with personnel directly involved 

in maintenance activities and hazardous waste management to 

obtain information regarding work processes, potential risks, and 

existing control measures. Documentation was used as supporting 

data, including company procedures, photographs of field 

conditions, and operational documents. Subsequently, expert 

judgment was used to assess the Severity (S), Occurrence (O), and 

Detection (D) parameters required for the FMECA analysis [11], 

[12]  . 

The research respondents consisted of four experts, namely 

the Head Mechanic, Assistant Head Mechanic, Head of HSE, and 

Head of Facility. The respondents were selected using purposive 

sampling based on their experience, competencies, and direct 

involvement in heavy equipment maintenance activities and 

hazardous waste management. This sampling technique was 

employed to obtain relevant and representative information in 

accordance with the objectives of the study. The use of expert 

judgment in FMECA aims to obtain assessments of the Severity, 
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Occurrence, and Detection parameters based on the respondents' 

knowledge and experience of the system being analyzed [12], 

[13] . 

The analysis began with the identification of failure modes 

based on the results of observations, interviews, and 

documentation. Each failure mode was then assessed by the four 

experts using the Severity (S), Occurrence (O), and Detection (D) 

parameters. The value of each parameter was calculated as the 

average score given by all experts using Equation (1). 

𝑋̅ =  
(∑ 𝑥𝑖)𝑛

𝑖=1

𝑛
 (1) 

X̅ = average parameter score 

xi = score assigned by the i-th expert 

n = number of experts 

The average score was calculated to obtain a single 

representative value for each parameter before conducting the 

FMECA analysis. 

Next, the average values of Severity, Occurrence, and 

Detection were used to calculate the Risk Priority Number (RPN) 

using Equation (2) [6] . 

𝑅𝑃𝑁 = 𝑆 × 𝑂 × 𝐷 (2) 

S = Severity 

O = Occurrence 

D = Detection 

The RPN values were then normalized using Equation (3) to 

obtain the relative risk priority for each failure mode. 

𝑁𝑅𝑃𝑁 =  
𝑅𝑃𝑁𝑖

𝑅𝑃𝑁𝑚𝑎𝑥
 × 100%    (3)  

NRPN = Normalized Risk Priority Number 

RPNi = RPN value for the i-th failure mode 

RPNmax = Highest RPN value 

The normalized results were subsequently classified into 

three risk categories: High Risk (NRPN > 75%), Moderate Risk 

(50% < NRPN ≤ 75%), and Low Risk (NRPN ≤ 50%). Failure 

modes classified as High Risk were further analyzed using Root 

Cause Analysis (RCA), supported by a Fishbone Diagram, to 

identify their root causes based on the factors of man, method, 

material, facility, and environment. Based on the RCA results, 

improvement recommendations were developed using the 

5W+1H approach to ensure that corrective actions could be 

implemented systematically and appropriately target [14] . 

4. RESULTS AND DISCUSSION 

4.1. Failure Mode Identification 

Failure mode identification was conducted based on the results of field observations, interviews, documentation, and validation with 

experts. The identification process resulted in 15 failure modes related to hazardous waste management activities in the workshop area of 

PT XYZ. The identified failure modes covered operational, environmental, and occupational safety and health (OSH) aspects, thereby 

providing a comprehensive representation of the actual conditions of hazardous waste management during heavy equipment maintenance 

activities. The identification of failure modes served as the basis for the risk assessment using the FMECA method, as each failure mode 

was evaluated based on the Severity, Occurrence, and Detection parameters. 

Table 1. List of Failure Modes 

Code Actual Condition Rationale Status 

FM-01 The work area is poorly organized, 

obstructing work activities and 

worker movement. 

This condition indicates that the principles of Seiri and Seiton have not been 

properly implemented, as an unorganized work area can obstruct activities, 

make equipment access more difficult, and reduce work process efficiency 

[15] . 

Non-compliant 

FM-02 Dismantled components and spare 

parts are not properly organized. 

This condition is inconsistent with the Seiton principle, which emphasizes 

systematic arrangement of components so that they can be easily found, 

used, and returned to their designated storage locations, thereby supporting 

work efficiency [15], [16] . 

Non-compliant 

FM-03 Work equipment is not placed in its 

designated location. 

This condition contradicts the Seiton principle, as each piece of equipment 

should be placed in a designated location to facilitate retrieval, use, and 

return to storage [15], [16]. 

Non-compliant 

FM-04 Materials, equipment, and 

components are accumulated in the 

work area. 

This condition indicates that the Seiri principle has not been properly 

implemented, as unnecessary items should be separated to prevent 

accumulation that may obstruct work activities [16]. 

Non-compliant 

FM-05 Operational materials are not stored 

in an organized manner. 

This condition is inconsistent with the Seiton principle, which requires 

materials to be stored in an organized manner so that they can be easily 

identified and accessed, thereby supporting smooth operations [16]. 

Non-compliant 

FM-06 Oil spills or liquid waste are not This condition contradicts the Seiso principle, which emphasizes maintaining Non-compliant 
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properly handled. workplace cleanliness, and is also inconsistent with the Hazardous Waste 

Management SOP, which requires proper waste handling to prevent 

environmental pollution [17]. 

FM-07 Used oil waste is stored in inadequate 

containers. 

This condition is inconsistent with the Hazardous Waste Management SOP, 

as hazardous waste must be stored in containers that meet technical 

requirements to prevent leaks, spills, and environmental pollution [17]. 

Non-compliant 

FM-08 The drainage system is contaminated 

with used oil and dirt. 

This condition indicates that waste management has not been carried out in 

accordance with the Hazardous Waste Management SOP, as waste entering 

the drainage system has the potential to cause environmental pollution [17]. 

Non-compliant 

FM-09 Hazardous waste management is not 

carried out optimally. 

This condition constitutes non-compliance with the Hazardous Waste 

Management SOP, as all waste management stages should be carried out 

systematically to minimize risks to the environment and occupational safety 

[17]. 

Non-compliant 

FM-10 The waste storage area does not meet 

housekeeping standards. 

This condition contradicts the principles of 5S, which emphasize workplace 

organization and cleanliness, and does not meet the waste storage 

requirements stipulated in the Hazardous Waste Management SOP [17]. 

Non-compliant 

FM-11 Oil spills on the floor are not cleaned 

up immediately. 

This condition is inconsistent with the Seiso principle, which emphasizes 

maintaining workplace cleanliness, and contradicts the Hazardous Waste 

Management SOP because it may increase the risk of environmental 

pollution and workplace accidents [17]. 

Non-compliant 

FM-12 Materials, hoses, or components are 

located along work pathways. 

This condition contradicts the Seiton principle, as work pathways should be 

free of obstructions to ensure that work activities can be carried out safely, 

effectively, and efficiently [18]. 

Non-compliant 

FM-13 Maintenance activities are carried out 

in a narrow and poorly organized 

work area. 

This condition indicates that the Seiri and Seiton principles have not been 

properly implemented, as a narrow and poorly organized work area can 

obstruct maintenance processes and increase potential hazards in the 

workplace [16]. 

Non-compliant 

FM-14 Heavy components are placed in an 

unsafe manner. 

This condition is inconsistent with the Seiton principle, as materials and 

components should be arranged systematically and stored safely to facilitate 

handling and reduce the potential for workplace accidents [16]. 

Non-compliant 

FM-15 Used oil waste and flammable 

materials are stored improperly. 

This condition contradicts the Hazardous Waste Management SOP, as 

hazardous waste must be stored in accordance with technical requirements to 

prevent the risks of fire, environmental pollution, and hazards to workers 

[17]. 

Non-compliant 

Source: Authors’ analysis based on field observations, interviews, and documentation (2026). 

4.2. FMECA Analysis Results 

Risk assessment was conducted by four experts using the Severity (S), Occurrence (O), and Detection (D) parameters. The average value 

of each parameter was used to calculate the Risk Priority Number (RPN), which was subsequently normalized to determine the risk priority 

level. The analysis identified 15 failure modes, consisting of 4 High Risk, 9 Moderate Risk, and 2 Low Risk categories. These results 

indicate that most of the failure modes fall into the Moderate Risk category, while the four High Risk failure modes represent the highest 

priorities for the development of corrective actions. 

Table 2. FMECA Calculation Results 

Failure Mode S O D RPN NRPN (%) Risk Category 

FM-01 6 7 4 168 52% Moderate Risk 

FM-02 5 6 4 120 37% Low Risk 

FM-03 5 7 4 140 43% Low Risk 

FM-04 6 7 4 168 52% Moderate Risk 

FM-05 6 7 5 210 65% Moderate Risk 

FM-06 8 7 5 280 86% High Risk 

FM-07 7 6 5 210 65% Moderate Risk 

FM-08 9 6 6 324 100% High Risk 

FM-09 8 5 5 200 62% Moderate Risk 

FM-10 8 7 5 280 86% High Risk 
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FM-11 6 7 5 210 65% Moderate Risk 

FM-12 7 6 4 168 52% Moderate Risk 

FM-13 6 7 5 210 65% Moderate Risk 

FM-14 8 6 6 288 89% High Risk 

FM-15 9 4 6 216 67% Moderate Risk 

Source: Authors’ calculations based on expert assessments (2026) 

Based on the RPN normalization results, FM-08 had the highest risk level, with an RPN of 324, followed by FM-14 (288), FM-06 

(280), and FM-10 (280). These four failure modes were classified as High Risk and therefore required further analysis using the RCA 

method. The high RPN values indicate that these failure modes have a combination of severity, occurrence frequency, and likelihood of 

detection that warrants higher control priority compared with other failure modes. This finding is consistent with the FMECA concept, in 

which control priorities are determined based on the highest RPN values [6] . 

4.3. Root Cause Analysis (RCA) 

RCA was conducted on the four failure modes classified as High Risk, namely FM-06, FM-08, FM-10, and FM-14. The selection of these 

four failure modes was based on the RPN normalization results, allowing analytical resources to be focused on risks with the greatest 

potential impacts on operational, environmental, and occupational safety and health (OSH) aspects. The analysis was performed using a 

Fishbone Diagram with five categories of potential causes: man, method, material, facility, and environment. 

 
Figure 1. Fishbone Diagram of FM-08 

Source: Authors’ analysis based on field observations and interview results (2026). 

 

 



26JOURNAL OF GREEN ENGINEERING FOR SUSTAINABILITY (GREENERS)- Vol. 4 No. 1 (2026) 21-29 

Jesen & Kurniawan Hamidi  GREENERS- VOL. 4 NO. 1 (2026) 21-29 26 

 
Figure 2. Fishbone Diagram of FM-06 

Source: Authors’ analysis based on field observations and interview results (2026). 

 

 
Figure 3. Fishbone Diagram of FM-10 

Source: Authors’ analysis based on field observations and interview results (2026) 
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Figure 4. Fishbone Diagram of FM-14 

Source: Authors’ analysis based on field observations and interview results (2026) 

 

The RCA results indicate that the root causes of the risks were predominantly associated with the man, method, and facility factors. 

The man factor was related to low compliance with work procedures and housekeeping practices. The method factor was attributed to the 

inconsistent implementation of hazardous waste management procedures, while the facility factor was associated with limitations in 

supporting facilities for waste storage and handling. In addition, the material and environment factors also contributed to several failure 

modes, particularly those related to oil spills and drainage system contamination. These findings indicate that improving the effectiveness 

of hazardous waste management requires not only improvements in supporting facilities but also stronger work discipline and enhanced 

supervision of procedure implementation. 

4.4. Improvement Recommendations 

Improvement recommendations were developed based on the RCA results using the 5W+1H approach. This approach was employed to 

formulate corrective actions systematically by considering the objectives, rationale, location, implementation timing, responsible parties, 

and implementation steps. The recommendations focused on controlling High Risk failure modes and were therefore expected to reduce 

potential risks to operational, environmental, and occupational safety and health (OSH) aspects. 

Table 3. Improvement Recommendations Using the 5W+1H Approach 

Failure Mode What Why Where When Who How 

FM-08 

The drainage system or 

wastewater channel is 

contaminated with oil 

waste and dirt generated 

from maintenance 

activities. 

Improve waste 

control in 

drainage areas 

To prevent 

environmental 

pollution through 

wastewater 

drainage 

channels. 

Workshop area 

and drainage 

channels. 

Regularly and 

after 

maintenance 

activities. 

HSE, Head 

Mechanic, and 

Head of 

Facility. 

Conduct regular 

drainage inspections, 

clean the drainage 

system routinely, and 

install barriers or control 

systems to prevent waste 

from entering the 

drainage channels. 

FM-14 

Unsafe placement of heavy 

components may cause 

workers to be struck by or 

trapped beneath 

components. 

Improve the 

control of heavy 

component 

storage and 

placement. 

To reduce the risk 

of workers being 

struck by or 

trapped beneath 

components. 

Workshop area 

and component 

storage area. 

During unit 

disassembly and 

repair activities. 

Mechanics, 

Head 

Mechanic, and 

HSE. 

Designate a specific 

storage area for heavy 

components, provide 

area markings, and 

supervise the placement 

of dismantled 

components. 

FM-06 

Oil spills or liquid waste 

are not properly handled, 

resulting in contamination 

of the work area. 

Improve the 

control and 

handling of 

waste spills. 

To prevent 

contamination of 

the work area and 

reduce the 

potential for 

accidents caused 

by slippery floors. 

Workshop area 

and 

maintenance 

locations. 

Whenever a 

waste spill 

occurs. 

Mechanics, 

Head 

Mechanic, and 

HSE. 

Provide spill kits in 

work areas, conduct spill 

response training, and 

ensure that spills are 

cleaned immediately 

after occurrence. 
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FM-10 

The waste storage area 

does not meet 

housekeeping standards, 

increasing the potential for 

contaminant spread. 

Improve 

housekeeping 

and organization 

of the waste 

storage area. 

To maintain the 

cleanliness of the 

storage area and 

prevent the spread 

of contaminants. 

Hazardous 

waste storage 

area. 

Regularly 

according to the 

housekeeping 

schedule. 

Head of 

Facility, HSE, 

and relevant 

workers. 

Establish a 

housekeeping schedule, 

conduct periodic 

inspections, and 

organize the waste 

storage area in 

accordance with 

applicable standards. 

Source: Authors’ analysis based on RCA results (2026).

5. CONCLUSION 

This study successfully identified 15 failure modes in the 

management of hazardous waste generated from heavy 

equipment maintenance activities at PT XYZ. Based on the 

analysis using the Failure Mode, Effects, and Criticality Analysis 

(FMECA) method, four failure modes were classified as High 

Risk, nine as Moderate Risk, and two as Low Risk based on the 

Severity (S), Occurrence (O), Detection (D), and Risk Priority 

Number (RPN) values. The highest-priority failure mode was 

FM-08, involving contamination of the drainage system by used 

oil and dirt generated from maintenance activities, with an RPN 

of 324 and a normalized RPN (NRPN) of 100%, followed by FM-

14 (RPN = 288), FM-06 (RPN = 280), and FM-10 (RPN = 280). 

The Root Cause Analysis (RCA) results indicated that the 

root causes of the risks were predominantly associated with the 

man, method, and facility factors, while the material and 

environment factors also contributed to several failure modes. 

Based on these findings, improvement recommendations were 

developed using the 5W+1H approach to support the 

effectiveness of hazardous waste management, reduce potential 

operational risks, minimize environmental impacts, and improve 

occupational safety and health during heavy equipment 

maintenance activities. 

This study contributes to the integrated application of 

FMECA and RCA for risk analysis in hazardous waste 

management by simultaneously considering operational, 

environmental, and occupational safety and health (OSH) aspects. 

The findings can serve as a reference for companies in 

establishing risk control priorities in a more systematic manner. 

6. ACKNOWLEDGMENTS 

The authors would like to express their gratitude to PT XYZ for 

granting permission to conduct this research and for providing the 

necessary data throughout the study. The authors also extend their 

appreciation to the Industrial Engineering Study Program, 

Universitas Universal, and all experts who provided valuable 

input and assessments during the data collection process, enabling 

this research to be completed successfully. 

REFERENCE 

[1] Amanuel Daya and Joel Leonard, “Maintenance plan 

improvement using failure mode effect and criticality 

analysis: A case study on mining equipment,” 

Engineering Science & Technology Journal, vol. 6, no. 

3, pp. 86–103, Apr. 2025, doi: 10.51594/estj.v6i3.1879. 

[2] “Pertumbuhan Ekonomi Kota Batam, 2024 - Badan 

Pusat Statistik Kota Batam.” Accessed: Jun. 25, 2026. 

[Online]. Available: 

https://batamkota.bps.go.id/id/pressrelease/2025/02/28/

692/pertumbuhan-ekonomi-kota-batam--2024.html 

[3] C. Suwanasri, S. Saribut, T. Suwanasri, and R. 

Phadungthin, “Risk analysis using failure modes, 

effects, and criticality analysis for transmission network 

assets,” Energies (Basel)., vol. 14, no. 4, Feb. 2021, doi: 

10.3390/en14040977. 

[4] A. Munfarida, H. Hadiyanto, and B. Yulianto, “Analysis 

of Hazardous and Toxic Waste Management (B3) from 

the Perspective of Safety, Health, Productivity and 

Waste Minimization at PT X,” Formosa Journal of 

Science and Technology, vol. 3, no. 10, pp. 2211–2222, 

Oct. 2024, doi: 10.55927/fjst.v3i10.11625. 

[5] I. M. W. Widyarsana, A. A. Mulyadi, and S. A. 

Tambunan, “Automotive Hazardous Waste 

Management in Automotive Shops of Indonesia’s 

Metropolitan City. Case Study: Bandung City, West 

Java Province,” Environmental and Climate 

Technologies, vol. 26, no. 1, pp. 129–142, Jan. 2022, 

doi: 10.2478/rtuect-2022-0011. 

[6] A. Rahman and F. Fahman, “PENGGUNAAN 

METODE FMECA (FAILURE MODES EFFECTS 

CRITICALITY ANALYSIS) DALAM IDENTIFIKASI 

TITIK KRITIS DI INDUSTRI KEMASAN,” Jurnal 

Teknologi Industri Pertanian, pp. 110–119, Apr. 2021, 

doi: 10.24961/j.tek.ind.pert.2021.31.1.110. 

[7] H. Tian et al., “A novel FMECA method for CNC 

machine tools based on D-GRA and data envelopment 

analysis,” Sci. Rep., vol. 14, no. 1, Dec. 2024, doi: 

10.1038/s41598-024-77920-7. 

[8] S. Bastuti and E. TH, “IDENTIFICATION OF 

POTENTIAL HAZARDS ON PRODUCTION 

MACHINES WITH HAZOPS AND FISHBONE 

DIAGRAM IN PT. SILINDER KONVERTER 

INTERNASIONAL,” SINTEK JURNAL: Jurnal Ilmiah 

Teknik Mesin, vol. 15, no. 1, p. 17, Jun. 2021, doi: 

10.24853/sintek.15.1.17-25. 

[9] A. Buja et al., “Using Failure Mode, Effect and 

Criticality Analysis to improve safety in the cancer 

treatment prescription and administration process,” J. 

Pharm. Policy Pract., vol. 16, no. 1, Dec. 2023, doi: 

10.1186/s40545-023-00512-9. 



JESEN & KURNIAWAN HAMIDI / JOURNAL OF GREEN ENGINEERING FOR SUSTAINABILITY (GREENERS) - VOL. 4 NO. 1 (2026) 21-29 

GREENERS- VOL. 4 NO. 1 (2026) 21-29  Jesen & Kurniawan Hamidi 29 

[10] Z. Wang, R. Wang, W. Deng, and Y. Zhao, “An 

Integrated Approach-Based FMECA for Risk 

Assessment: Application to Offshore Wind Turbine 

Pitch System,” Energies (Basel)., vol. 15, no. 5, Mar. 

2022, doi: 10.3390/en15051858. 

[11] R. I. Riana, Y. Herdianzah, and N. Ilmi, “Published by 

Candela Edutech Indonesia 23 A Delphi-FMEA 

Framework for Proactive Risk Assessment in Smart 

Electrical Distribution Networks,” 2026, doi: 

10.63288/ciej.v. 

[12] A. A. Zúñiga, J. F. P. Fernandes, and P. J. C. Branco, 

“Fuzzy-Based Failure Modes, Effects, and Criticality 

Analysis Applied to Cyber-Power Grids,” Energies 

(Basel)., vol. 16, no. 8, Apr. 2023, doi: 

10.3390/en16083346. 

[13] O. Tajik, J. Golzar, and S. Noor, “| P a g e Purposive 

Sampling,” 2024. 

[14] R. A. Putri and A. Suryadi, “Journal of Artificial 

Intelligence and Engineering Applications Strategies for 

Reducing Defect Rates in Commercial Feed Production 

Using the RCA, FMEA, and 5W+1H Methods in the 

Feed Industry at PT XYZ,” 2025. 

[15] M. Reza and H. H. Azwir, “Penerapan 5S (Seiri, Seiton, 

Seiso, Seiketsu, Shitsuke) Pada Area Kerja Sebagai 

Upaya Peningkatan Produktivitas Kerja (Studi Kasus Di 

CV Widjaya Presisi),” 2019. 

[16] R. Afrilia, D. Wijayanto, and H. Batubara, 

“ASSESSMENT DAN IMPLEMENTASI METODE 5S 

(SEIRI, SEITON, SEISO, SEIKETSU, SHITSUKE) DI 

GUDANG LOGISTIK PT. XYZ,” 2025. [Online]. 

Available: 

https://jurnal.untan.ac.id/index.php/jtinUNTAN/issue/v

iew/2642 

[17] I. Universitas Airlangga, “Standar operasional prosedur 

(SOP) pengelolaan limbah B3. Direktorat Sarana dan 

Prasarana.,” 2021. 

[18] M. Reza and H. H. Azwir, “Penerapan 5S (Seiri, Seiton, 

Seiso, Seiketsu, Shitsuke) Pada Area Kerja Sebagai 

Upaya Peningkatan Produktivitas Kerja (Studi Kasus Di 

CV Widjaya Presisi,” Journal of Industrial Engineering, 

Scientific Journal on Research and Application of 

Industrial System, vol. 4, Number 2. 

  


	Hazardous Waste Risk Analysis in Heavy Equipment Maintenance
	1. INTRODUCTION
	2. LITERATURE REVIEW
	2.1. FMECA and Root Cause Analysis
	2.2. Previous Studies and Research Gap

	3. METHODOLOGY
	4. RESULTS AND DISCUSSION
	4.1. Failure Mode Identification
	4.2. FMECA Analysis Results
	4.3. Root Cause Analysis (RCA)
	4.4. Improvement Recommendations

	5. CONCLUSION
	6. ACKNOWLEDGMENTS
	REFERENCE


    X - =     (   ∑  i = 1  n    x  i )  n


   X -


   x i


  n


  R P N = S × O × D


  N R P N =       R P N  i    R P N  m a x   × 100 %


  NRPN


   RPN i


   RPN max

