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Abstract.  

Background. Belimo Food Industry factory is engaged in the production of crackers and kemplang 

with the Belimo brand. Observations made at the packing workstation indicate that there is still a 

buildup or bottleneck in the press machine that is not optimal, resulting in inefficient performance 
that violates many ergonomic principles in the manufacturing industry (Ergo-Manufacturing).  

Aims. This research explores the integration of Ergo-Manufacturing concepts with simulation. The 

study aims to improve performance and reduce process lead time.  
Methods. The research method employed is quantitative-descriptive, utilizing primary data. Data 

processing utilizes the integration method of the Ergo-Manufacturing concept with Arena software-

based simulation to provide solutions that optimize process waiting time, improve efficiency, work 
comfort, and production capacity at the packing workstation.  

Result. The results of the study, after applying Ergo-Manufacturing with work environment settings, 

can minimize the waiting time of the initial condition process, with a process time of 58.273 minutes. 

Under the conditions of improvement scenario 1, the process waiting time of 26,830 minutes can 
reduce the process time by 60%, under the conditions of improvement scenario 2, the process waiting 

time of 14,562 minutes can reduce the process waiting time by 80% and under the conditions of 

improvement scenario 3, the process waiting time of 12,483 minutes can reduce the process time by 
85%.  

Conclusion. The results of the BEP decision analysis for scenario one were selected by adding one 

press machine to 2 press machines, which can increase production capacity by 128 products. This 
also reduces overtime costs incurred by the company by 1.5 hours, amounting to IDR 40,500. The 

BEP investment in press machines takes 3 years. 
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INTRODUCTION 

The synergy of the ergonomics approach in the manufacturing industry (Ergo-

Manufacturing) and simulation to minimise production process time can simulate real 

situations and conditions of inefficient production processes combined with an approach to 

ergonomic principles can prevent and reduce the potential for occupational injuries and 

diseases, reduce physical and mental stress, which in turn will have an impact on improving 

the performance of organisations and management of industrial companies, especially the 

aspect of productivity in the manufacturing industry (Didik Hadiyatno, 2024; Lamers & 

Zelik, 2021). Considering the production trajectory in a manufacturing process to achieve 

the best quality is a key focus for the industry in winning the competition (Huda Nur 

Qodzbari & Andesta, 2023). Efforts that can be made include improving the performance of 

the production line system within the company. This can be achieved by increasing 

production output or enhancing the efficiency of the production line. In a manufacturing 

company engaged in food production, PT Belimo Food Industry also needs to implement 

these efforts to survive and compete with other companies. 

The production activities of a manufacturing industry must normally align with the 

designed production process to prevent problems during the continuity of the production 

process. Queues occur because service needs exceed capacity, resulting in a service backlog. 

Queuing is a situation where customers wait to receive service while others wait to get 

service (Iqbal Alfarizi & Andesta, 2023; Situmorang & Matondang, 2020). A queuing 

system in the production process is a method used to organize the order and production time 

of various elements or stages in a limited facility manufacturing operation. The purpose of 

this queuing system is to increase efficiency, reduce waiting time, and maximise resource 

usage (Yaqin et al., 2022). 

PT Belimo Food Industri is one of the companies engaged in food processing. The 

products produced are raw crackers and kemplang, which are still not fried using tapioca 

flour as the primary raw material. 

 

 

 

 

 

 

 

 

Figure 1. Stacking of Packing Station 
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Figure 1 above illustrates that a buildup occurs at the packing workstation during its 

operation, resulting in a bottleneck and prolonged process time. The number of incoming 

orders and the ratio of unbalanced machines cause a buildup of work in the queue. The 

occurrence of the buildup is due to the machine's capacity, which is limited to only one press 

machine, resulting in a backlog of products to be packed and lengthening the product 

process. 

As a result of the queues that occur, PT Belimo Food Industry often experiences 

delays in the production process, which forces the company to increase overtime, extend 

delivery times, and receive customer complaints about the long wait when picking up goods. 

Due to the lengthy process time, the company lost three customers, resulting in a loss of 

opportunity for profit and a decline in trust in the company. Queues are related to constraints. 

Based on the Theory of Constraints (ToC), this continuous improvement activity focuses on 

identifying and managing constraints within the company to optimize the use of these 

constrained resources and achieve ToC goals (Lidberg & Ng, 2024; Urban & Rogowska, 

2020; Inayati & Wahyuningsih, 2018).  

The Ergo-Manufacturing integration approach and Arena Software-based simulation 

have the advantage of improving workstations and work environments that are not yet 

ergonomic, as well as the ability of the model to represent the real system quite accurately, 

allowing bottlenecks to be identified and optimized accordingly. The experimental design is 

modeled after the real thing and then observed to determine what happens to the production 

process of PT Belimo Food Industry, aiming to minimize the process time, which will affect 

the buildup (Rahmawati & Donoriyanto, 2023; Dohale et al., 2021). The purpose of this 

research is to apply Ergo-Manufacturing by regulating the work environment, minimizing 

process waiting time, and determining the simulation of balancing model parameters to be 

used and forming an improvement model as an appropriate proposal scenario to increase 

output (Dube & Gupta, 2023). 

 

METHODS 

  The stages of this research are as follows: field studies and literature studies, problem 

identification, problem formulation, determination of objectives, data collection (work 

environment data, time data between each production process, data on the number of existing 

machines, and data on the choice of machine direction), data processing (improving the work 

environment with the Ergo-Manufacturing approach, determining system boundaries and 

assumptions, performing distribution fitting, developing conceptual models with Activity 
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Cycle Diagrams, problem solving with ToC, building system models with Arena software, 

determining the number of replicas and running simulations and verifying and validating 

simulation models), formulation and selection of alternatives for improving the physical 

environment based on Ergo-manufacturing and Arena software, analysis and discussion, and 

conclusions (Setyaningrum & Sari, 2023; egral Ergo-Value Stream Mapping in a Metal-

MechaDomínguez-Alfaro et al. , 2023). This research focuses on the production process of 

crackers and kemplang; 1 storage warehouse, one inventory, and five workstation sequences 

according to the work order.  

 

DISCUSSION 

The Ergo-Manufacturing approach enhances workplace design, product innovation, 

and system development to suit users better. Ergo-Manufacturing aims to provide a 

comprehensive overview of ergonomics practices in manufacturing, highlighting the 

importance of ergonomics practices in improving worker well-being and increasing 

operational efficiency (Mohammed et al., 2024; Erwanda, 2023). Ergo-manufacturing 

focuses on applying ergonomic principles in the design of production systems to minimize 

the risk of injury and improve work comfort. At the same time, Arena is a simulation 

software used to analyze and optimize production systems through process modeling and 

simulation. The application of Ergo-manufacturing at PT Belimo Food Industry, a 

manufacturer of crackers and kemplang, has increased efficiency and productivity, 

particularly in terms of production capacity. Ergonomic workplace design through work 

environment settings; additional light with a transparent roof, and additional air ventilation 

in the production process area (Aulia Chafifah Wulandari et al., 2023). 

Goodness of fit test results for determining the distribution of time data for each 

process with the help of fit-all in Arena software and distribution fitting results using input 

analyzer are presented in Figure 3 (Mohammed et al., 2024) (Javadi et al., 2023). 

 

Table 1. Doughing Process Time                              Table 2. Packing Process Time 
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Figure 2. Current State Mapping                                 Figure 3. Distribution Fittings 

 

 

Production Process of PT Belimo Food Industri From the distribution fitting results using the 

input analyser, it can be seen that the data is uniformly distributed (UNIF(11,13.8)).  

The conceptual model of the Activity Cycle Diagram (ACD) and simulation 

modeling for several processes involved in making crackers and kemplang, including 

kneading, molding, steaming, drying, and packing, is illustrated in Figures 4 and 5. The 

following (e.g., Ergo-Value Stream Mapping in a Metal-MechaDomínguez-Alfaro et al., 

2023; Ramawisari et al., 2023; Dina Rachmawaty, 2021).  

 
Figure 4. Activity Cycle Diagram                                Figure 5. Process Arena Model  

Cracker and Kemplang Production Process  

 

Problem-solving with ToC, the identification of constraints is characterized by the 

presence of overtime hours at the workstation of the cracker and kemplang production 

system (Kisanjani et al., 2023; Dube & Gupta, 2023). A lack of capacity causes the 

constraints that occur at the packing workstation, as the machine used is a single-press 

machine, resulting in product accumulation. 3) Subordination of constraints. At this stage, 

perform bottleneck workstation optimization by performing several alternative solutions, 

namely: bottleneck workstation optimization with the first solution adding one press 

machine, and the second solution adding two press machines + 1 labour, so that the waiting 

time of the process can decrease. Bottleneck workstation optimisation by increasing the work 
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shift from 1 shift to 2 shifts, so that production capacity increases (Rohmawati, 2023; Daffa' 

Muhammad Amjad et al., 2023; Suwandi et al., 2022). 

Furthermore, the determination of replication calculates the standard error and 

percentage as follows: standard error = 2.693 and percentage error = 4.621%. Based on the 

Arena software simulation running, the number of replications of 5 is sufficient because it 

does not exceed the error limit of 5%. The improvement scenario used in improving 

performance with the initial condition of a buildup with a process time of 58,273 minutes 

from the service system consists of 3 improvement scenarios which will be explained as 

follows: (1) improvement scenario one can be done by adding one press machine with a 

process waiting time of 26,830 minutes capable of reducing the process time by 60%, (2) 

improvement scenario two can be done by adding two press machines to 3 by adding more, 

the process can be adequately accelerated with a process waiting time of 14,562 minutes 

capable of reducing the process waiting time by 80%, (3) improvement scenario three can 

be done by combining scenario 2 with scenario 3 adding 1 number of employees in the 

packaging section because the worker's utility is very busy so that adding 1 can also speed 

up the process waiting time with a process waiting time of 12,483 minutes capable of 

reducing the process time by 85%. The results of the BEP decision analysis for scenario 1 

were selected by adding one press machine to 2 press machines which could increase 

production capacity by 128 products and reduce overtime costs incurred by the company for 

1.5 hours by IDR 40,500, if the number of products produced in one month is 8000 packs, 

then according to the calculation of the break-even point of BEP investment in a press 

machine it takes 3 years to be able to recover investment costs (Fauzi et al., 2024; Ibrahim 

& Djamaludin, 2022; Nabilasari et al., 2022). The application of Ergo-Manufacturing 

involves regulating the work environment. The increasing awareness of ergonomics in the 

manufacturing industry of kerupuk and kemplang producers has led to the emergence of 

specialized manufacturing practices aimed at improving worker comfort, safety, and 

productivity (Nizam & Ramlee, 2024; Flor-Unda et al., 2023; Mellasanti Ayuwardani, 

2022). 

 

CONCLUSION 

Based on the results of the research conducted, the following conclusions are drawn: 

(1) the simulation model of the production process and the packing process is created using 

a conceptual model with an ACD diagram. (2) The results of the simulation of the production 

process of queues that occur are found at the packing process workstation. In the initial 
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condition, there is a buildup with a waiting time of 58.273 minutes, resulting in 63 products 

being produced. According to the proposed scenario, the changes to the three improvement 

scenarios can reduce the waiting time of the most extensive process in Improvement 

Scenario 3 by 85%, in Improvement Scenario 2 by 80%, and in Scenario 1's waiting time 

process by 60%. (3) Based on the results of the analysis of the BEP calculation, the right 

decision is in scenario 1, a change is made by adding one press machine to 2 press machines, 

which can initially be processed from 58.273 minutes to 26.830 minutes, which can reduce 

the process waiting time by 60%. With the application of scenario one improvements, there 

is an increase in production capacity, resulting in 128 additional products, and a reduction 

in overtime costs incurred by the company of 1.5 hours, amounting to IDR 40,500. BEP 

investment in press machines takes 3 years to recover investment costs. The application of 

Ergo-Manufacturing carried out is the regulation of the work environment through the 

installation of a transparent roof, the addition of lights, and the addition of air vents in the 

production process room. The increasing awareness of ergonomics in the workplace of the 

manufacturing industry, particularly among crackers and kemplang producers, has led to the 

emergence of specialized manufacturing practices aimed at improving worker comfort, 

safety, and productivity. 

 

 

BIBLIOGRAPHY 

 

Aulia Chafifah Wulandari, Amal Witonohadi, & Fani Puspitasari. (2023). Perancangan 

Model Simulasi dan Perbaikan Lipni Produksi Pompa Air Tipe PS – 135 E 

Menggunakan Simulasi Diskrit dan Theory Of Constraint ada PT. Tirta Intimizu 

Nusantara. Jurnal Teknik Industri, 13(1), 16–33. 

https://doi.org/10.25105/jti.v13i1.17511 

Daffa’ Muhammad Amjad, Puspita Anugrah HIdayat, N., & Amaranti, R. (2023). Reduksi 

Jumlah Stasiun Kerja yang Mengalami Bottleneck pada Produksi Sarung Tenun 

Menggunakan Theory Of Constraint (Studi Kasus: CV. Patma Jaya Textile). 

Bandung Conference Series: Industrial Engineering Science, 3(1), 224–232. 

https://doi.org/10.29313/bcsies.v3i1.6477 

Didik Hadiyatno. (2024). Peran Pemimpin Transformasional Dalam Meningkatkan Kinerja 

Organisasi : Studi Kasus Pada Industri Manufaktur. Journal of International 

Multidisciplinary Research, 2(5), 45–57. https://doi.org/10.62504/jimr424 

Dina Rachmawaty, W. B. L. A. F. (2021). Pemodelan Dan Simulasi Sistem Antrian 

Pelayanan Server Terhadap Pelanggan Percetakan Xyz Menggunakan Arena. 

Journal of Industrial Engineering and Technology, 1(2), 10–16. 

https://doi.org/10.24176/jointtech.v1i2.6493 

Dohale, V., Ambilkar, P., & Bilolikar, V. (2021). Application of TOC Strategy Using 

Simulation: Case of the Indian Automobile Component Manufacturing Firm. 

Proceedings of the International Conference on Industrial Engineering and 

Operations Management, 500–508. https://doi.org/10.46254/in01.20210138 



https://annpublisher.org/ojs/index.php/improsci  Vol 2 No 6 June 2025 

 

Heri Setiawan 

DOI 10.62885/improsci.v2i6.773   | 337  

 

 

Dube, L., & Gupta, K. (2023). Lean Manufacturing Based Space Utilization and Motion 

Waste Reduction for Efficiency Enhancement in a Machining Shop: a Case Study. 

Applied Engineering Letters, 8(3), 121–130. 

https://doi.org/10.18485/aeletters.2023.8.3.4 

egral Ergo-Value Stream Mapping in a Metal-MechaDomínguez-Alfaro, D., Mendoza-

Muñoz, I., Montoya-Reyes, M. I., Vargas-Bernal, O. Y., & Jacobo-Galicia, G. 

(2023). Design and Implementation of Intnical Company to Improve Ergonomic and 

Productive Conditions: A Case Study. Logistics, 7(4). 

https://doi.org/10.3390/logistics7040100 

Erwanda, R. (2023). Layout Design of Copra Factory Facilities in Small and Medium 

Industry Centers Using Systematic Layout Planning Method. Jurnal Riset Ilmu 

Teknik, 1(2), 115–127. https://doi.org/10.59976/jurit.v1i2.13 

Fauzi, A., Rukmayani, E., Estevani, G., Gumelarasati, N., & Fahrezi, M. K. (2024). Analisis 

Break Even Point (BEP) Sebagai Alat Perencanaan Laba. Jurnal Bisnis Dan 

Ekonomi, 2(1), 83–102. https://doi.org/10.61597/jbe-ogzrp.v2i1.25 

Flor-Unda, O., Casa, B., Fuentes, M., Solorzano, S., Narvaez-Espinoza, F., & Acosta-

Vargas, P. (2023). Exoskeletons: Contribution to Occupational Health and Safety. 

Bioengineering, 10(9). https://doi.org/10.3390/bioengineering10091039 

Huda Nur Qodzbari, O., & Andesta, D. (2023). Analisis Simulasi Model Pada Sistem 

Antrian Bengkel Motor Di Cv. Xyz Dengan Simulasi Arena. JUSTI (Jurnal Sistem 

Dan Teknik Industri), 4(1), 91. https://doi.org/10.30587/justicb.v4i1.6715 

Ibrahim, M. M., & Djamaludin. (2022). Analisis Kelayakan Pengembangan Sistem 

Informasi Tugas Akhir Program Studi Teknik Industri Unisba. Jurnal Riset Teknik 

Industri, 35–46. https://doi.org/10.29313/jrti.v2i1.681 

Inayati, T., & Wahyuningsih, S. D. (2018). Pendekatan Theory of Constraint (TOC) dalam 

Meningkatkan Efisiensi Biaya Produksi (Studi ada PT. Perkebunan Nusantara X 

Pabrik Gula Tjoekir Diwek Kabupaten Jombang Propinsi Jawa Timur). Jurnal 

Manajemen Perbankan Keuangan Nitro, 1(2), 94–117. 

https://doi.org/10.56858/jmpkn.v1i2.10 

Iqbal Alfarizi, M. N., & Andesta, D. (2023). Analisis Simulasi Antrian Pada Proses Produksi 

Mesin Cutting di PT. Gloster Furniture Menggunakan Software Arena. JUSTI 

(Jurnal Sistem Dan Teknik Industri), 4(1), 17. 

https://doi.org/10.30587/justicb.v4i1.6188 

Javadi, S. M., Sadjadi, S. J., & Makui, A. (2023). Identification and fixing bottlenecks of a 

food manufacturing system using a simulation approach. Scientific Reports, 13(1), 

1–18. https://doi.org/10.1038/s41598-023-39025-5 

Kisanjani, A., Kurnia, W. I., & Harits, D. (2023). Usulan Perbaikan Sistem Kerja Membatik 

dengan Pendekatan Ergonomi Makro untuk Mengurangi Keluhan Musculoskeletal 

Disorders. Jurnal Surya Teknika, 10(1), 662–667. 

https://doi.org/10.37859/jst.v10i1.4970 

Lamers, E. P., & Zelik, K. E. (2021). Design, modeling, and demonstration of a new dual-

mode back-assist exosuit with extension mechanism. Wearable Technologies, 2, 1–

26. https://doi.org/10.1017/wtc.2021.1 

Lidberg, S., & Ng, A. H. C. (2024). A System Architecture for Continuous Manufacturing 

Decision Support Using Knowledge Generated from Multi-Level Simulation-Based 

Optimization. Advances in Transdisciplinary Engineering, 52, 231–243. 

https://doi.org/10.3233/ATDE240168 

Mellasanti Ayuwardani. (2022). Pengaruh Penerapan Keselamatan Dan Kesehatan Kerja 

(K3) Terhadap Produktivitas Kerja Karyawan Teknik Lapangan. Jurnal Ekonomi 

Bisnis Dan Akuntansi, 2(1), 73–84. https://doi.org/10.55606/jebaku.v2i1.1465 



https://annpublisher.org/ojs/index.php/improsci  Vol 2 No 6 June 2025 

 

Heri Setiawan 

DOI 10.62885/improsci.v2i6.773   | 338  

 

 

Mohammed, A. J., Abdulghafour, A. B., & Jabber Al-Enzi, A. M. (2024). Modeling of 

Automobile Assembly Line Performance Using ARENA Simulation Software. 

Salud, Ciencia y Tecnologia - Serie de Conferencias, 3. 

https://doi.org/10.56294/sctconf2024828 

Nabilasari, M., Windirah, N., & Sumantri, B. (2022). Analisis Titik Impas Usaha Pembuatan 

Ikan Kering Di Kota Bengkulu. Jurnal Agroindustri, 12(2), 129–135. 

https://doi.org/10.31186/jagroindustri.12.2.129-135 

Nizam, N. A. S. M., & Ramlee, S. N. S. (2024). Ergonomic Risk Factors and Job 

Performance of Electronic Employee in Malaysia. Malaysian Journal of Medicine 

and Health Sciences, 20(1), 112–118. https://doi.org/10.47836/mjmhs.20.1.15 

Rahmawati, N., & Donoriyanto, D. S. (2023). Sistem Informasi Layanan Rumah Sakit. 

Tekmapro, 18(2), 83–94. https://doi.org/10.33005/tekmapro.v18i2.341 

Ramawisari, I., Bahri, N. F., & Chalik, C. (2023). Analisis Pengaruh Poster Ergonomi Kerja 

Terhadap Manajemen Kinerja Pegawai Londri Cuci Kiloan. Journal of Scientech 

Research and Development, 5(2), 592–605. https://doi.org/10.56670/jsrd.v5i2.240 

Rohmawati, S. (2023). Simulasi Model Sistem Pelayanan Truck Pada Proses Muat Pupuk 

Dengan Menggunakan Software Arena Untuk Mengoptimalkan Fasilitas Pelayanan 

(Studi Kasus: Gudang Multiguna (GMG) PT Petrokimia Gresik). JUSTI (Jurnal 

Sistem Dan Teknik Industri), 3(2), 204. https://doi.org/10.30587/justicb.v3i2.4957 

Setyaningrum, R., & Sari, P. N. (2023). Organic waste management based on supply chain 

management using arena simulation and macro ergonomics approach. Opsi, 16(2), 

217. https://doi.org/10.31315/opsi.v16i2.11325 

Situmorang, H., & Matondang, N. (2020). Production Flow Optimization By Using Theory 

of Constraints. https://doi.org/10.4108/eai.16-11-2019.2293240 

Suwandi, Muhammad, C. R., & Amaranti, R. (2022). Pengurangan Work In Process 

Inventory di Stasiun Kerja Bottleneck Menggunakan Pendekatan Theory Of 

Constraint (TOC). Bandung Conference Series: Industrial Engineering Science, 

2(1), 133–140. https://doi.org/10.29313/bcsies.v2i1.1956 

Urban, W., & Rogowska, P. (2020). thodology for bottleneck identificaMetion in a 

production system when implementing TOC. Engineering Management in 

Production and Services, 12(2), 74–82. https://doi.org/10.2478/emj-2020-0012 

Yaqin, M. A., R, M. R. A., Syahfudin, A. D., & Andesta, D. (2022). E -ISSN : 2746-0835 

Volume 3 No 3 ( 2022 ) JUSTI ( Jurnal Sistem Dan Teknik Industri ) Sistem Antrian 

Pada Waktu Tunggu Pelayanan di Bengkel Pinatih Jaya Motor Dengan Metode 

Simulasi Menggunakan Software Arena Jejak Artikel Upload artikel : 12 Februari 

20. 3(3). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


