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PT MM aims to enhance efficiency in filling oxygen gas and reduce transportation 
routes by employing forklifts. They have reconfigured the company's oxygen gas 
supply area by eliminating damaged machines and relocating the functional ones to 
a new area. The proposed solution for the company involves redesigning the layout 
of the laser cutting machine area and optimizing it using the seven-waste method. 
The re-layout procedure comprises three steps: analyzing the initial layout, designing 
alternative layouts based on Lean Manufacturing principles, and evaluating and 
selecting the best layout. The alternative layout results in improved material handling 
efficiency and reduced transportation distances. The outcomes of this redesign 
included the removal of the MCP storage area, which was replaced by a minibulk and 
a pipe installation that connects the minibulk to each laser cutting machine. By 
eliminating the 20-meter square MCP tube storage area, forklift mileage in the laser 
cutting machine area was significantly reduced. Overall, these changes led to a 30% 
reduction in costs, calculated from the difference between monthly rental costs and 
usage costs. This initiative supports green manufacturing by decreasing Nox 
emissions through reduced forklift usage. 
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1. Introduction 

The COVID-19 pandemic has brought about 
significant changes in many daily behaviors and habits. 
Apart from its impact on the healthcare sector, various 
adjustments have been necessary in other fields as well. 
The manufacturing industry is one such sector that has 
felt the repercussions of this pandemic. There have been 
shifts in material requirements, including raw 
materials, support materials, and others. Some 
materials have experienced increased demand, while 
others have faced stockpiling issues. One critical item 
that has seen a significant surge in demand is oxygen 
gas, primarily due to the needs of COVID-19 patients 
for oxygen during the healing process [1]. This situation 
has had a notable impact on the manufacturing 
industry, particularly on those relying on oxygen gas as 
a key support material for their production processes. 

PT MM, a company specializing in sheet metal 
fabrication and the production of heavy equipment 
components, primarily employs laser cutting machines. 
These machines depend on oxygen gas as a vital 
support material. During the COVID-19 pandemic, PT 
MM encountered difficulties in sourcing oxygen gas, as 

suppliers prioritized its delivery to hospitals rather than 
industrial facilities. 

Problem-solving for this issue needs to be addressed 
through improvement efforts related to the 
procurement and inventory of goods. Large orders 
were placed during periods when demand from 
hospitals was decreasing, enabling the company to 
maintain its supplies and prevent shortages of oxygen 
gas. Changes in inventory capacity have, of course, 
affected the storage locations for oxygen gas. Before the 
pandemic, the company utilized cradles or MCP 
(Manifolded Cylinder Pallet) for storing and delivering 
oxygen gas to the laser cutting machines at the company 
[2]. 

MCP (Manifolded Cylinder Pallet) is a collection of 
16 gas cylinders with a capacity of 100–105 liters, all 
interconnected, filled or emptied together, and loaded 
and unloaded as a single unit. Manifold Cylinder 
Pallets are used in applications or industries where high 
volumes of gas need to be continuously supplied at 
regular flow rates and pressures, without interruptions 
[2]. In such applications or industries, the use of 
individual gas cylinders can be highly undesirable due 
to the time wasted in cylinder changeover, cylinder 
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handling, gas wastage, and other factors. Moreover, 
because gas must be supplied according to process 
requirements, single cylinders often prove impractical 
due to their limited gas storage capacity. 

While MCP is an improvement over single cylinders, 
there are still several drawbacks associated with MCP. 
It requires a considerable amount of storage and 
operational space, which becomes more apparent 
during situations like the Covid-19 pandemic when 
there is a shortage of oxygen gas. To address this, 
companies must become more adept at managing their 
oxygen gas supply. One way to mitigate the scarcity of 
oxygen gas is to place larger orders when suppliers 
have ample oxygen stocks. However, if MCP systems 
are still in use, it would require even more space to store 
the increased number of MCPs. To ensure a reliable 
supply of oxygen gas, we propose transitioning from 
MCP to Minibulk systems with a 100-liter capacity. 
Table 1 shows the data for the loading and unloading 
process. 

The transition from MCP to Minibulk was 
implemented to address the issue of oxygen gas 
availability and to optimize the storage layout for 
oxygen gas. Figure 1 illustrates the layout of the laser 
cutting machine area when MCP was used as the 
oxygen gas supply. The MCP storage area 
accommodates five laser cutting machines: A, B, C, D, 
and E. Receiving the MCP involves the operator 
accepting the delivery from the supplier and then 
transferring the MCP to the gas storage area using a 
forklift. Subsequently, the MCP is distributed to each 
laser cutting machine by forklift operators. The use of 
forklifts for transporting MCP requires an evaluation in 
terms of exhaust emissions, worker safety, and the 
space required for the forklift route. According to 
research conducted by Andrzej Ziolkowski, forklifts 
produce emissions, including NOx. Emissions of NOx 
during cargo transport averaged 30.06 g/km for indoor 
operation and 33.76 g/km for outdoor operation. On-
road emissions averaged 55.2 g/km in indoor yards and 
47.5 g/km in outdoor yards [3]. 

Observing this situation, the author suggests a series 
of enhancements within the laser cutting machine area. 
This includes transitioning from MCP to Minibulk for 
the supply of oxygen gas and incorporating pipelines to 
deliver oxygen to each laser cutting machine. This 
adjustment is anticipated to eliminate the need for 
forklifts in the laser cutting machine area, thereby 
reducing exhaust emissions, which aligns with the 
principles of green manufacturing [4], [5]. 
 

Table 1. 
Initial condition for loading and unloading gas 

No Description Condition 

1 Loading time from supplier trucks 3 min 
2 Delivery time to storage area 1 min 

3 Manpower required  2 persons 

4 Area of storage  20 m2 

5 Time of gas replacement   4 min 
6 Forklift usage frequency 10x/day 

 

Figure 1. Layout with MCP storage 
 
The aim of this research, aside from endorsing the 

green manufacturing initiative, is to create a more 
efficient layout design. This design provides additional 
space, enhances material handling efficiency, and 
reduces material handling costs by transitioning from 
MCP to Minibulk for oxygen gas supply [6]. The 
following image depicts a Minibulk unit, which will be 
situated outside the building, and illustrates the 
distribution of oxygen gas through the installation of 
pipelines connecting Minibulk to each laser cutting 
machine. 

2. Material and method 

This research commences with an examination of the 
background problems concerning the utilization of 
oxygen gas and tube storage facilities. Subsequently, a 
review of the relevant literature was conducted to 
identify methods that aligned with the encountered 
issues. In addition, on-site assessments were performed 
to gain firsthand insights into the situation. The 
literature review revealed that this issue could be 
addressed by implementing the seven waste method 
and conducting a green manufacturing analysis or 
adopting green industry practices. The process of 
reconfiguring the layout commenced with the vacating 
of the MCP tube storage area and was followed by the 
installation of pipelines to connect Minibulk to the laser 
cutting machines. The results were then subjected to a 
cost analysis to evaluate the efficiency of this layout 
reconfiguration and the transition from MCP tubes to 
Minibulk. 

This research primarily addresses the redesign of the 
laser cutting machine area, adjustments to the current 
production systems and sequences, and the evaluation 
of the efficiency of the new layouts. A well-planned 
layout and streamlined processes are anticipated to lead 
to reduced production costs [7], [8]. 

2.1. Laser cutting machine 

In the manufacturing industry, laser cutting is a 
frequently employed tool for cutting intricate parts of a 
product [9]. It operates by directing a high-power laser 
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at the material to be cut, with computer programming 
controlling the process [10]. PT MM relies on laser 
cutting as its primary machine in production, as 
indicated by the number of available machines. 

2.2. Gas and its use in laser cutting machine 

Additional gases used in laser machines include 
nitrogen gas, compressed air, and oxygen. Different 
gases are utilized for cutting various materials based on 
factors such as the material thickness, pressure, and gas 
flow rate. Varied gas flows and pressures directly 
impact the effectiveness of laser cutting. The selection of 
gases for the laser cutting process plays a crucial role. 
[11]. 

Nitrogen, being an inert gas, serves to prevent 
oxidation and combustion at the cut tip, particularly 
when dealing with relatively thick plates. Its usage is 
ideal for products demanding high-quality surface 
finishes at the exposed cut ends, such as in certain 
decoration industries, aerospace applications, and the 
manufacturing of specialized parts. 

Compressed air is well-suited for cutting aluminum, 
steel sheets, nonmetals, and galvanized materials. 
Under certain conditions, it can reduce oxidation and 
cost, particularly in cuts involving plates that are not 
excessively thick, where the final surface requirements 
are not stringent. 

Oxygen primarily functions in combustion, 
accelerating cutting speeds. It is well-suited for thick 
plate cutting, high-speed operations, and ultra-thin 
plate cutting, particularly in applications involving 
carbon steel plates. 

2.3. MCP and Minibulk in oxygen 

Generally, the MCP (Manifolded Cylinder Pallet) 
and MINIBULK are crucial components of the system. 
The MCP, serving as a housing for both oxygen and 
nitrogen, comprises 15/16 tubes per unit, maintaining a 
pressure of 150 Bar with 99.6% purity. This MCP is 
equipped with a regulator serving as an indicator and 
hoses connected to the laser machine [12]. 

On the other hand, the MINIBULK is a high-
pressure gas cylinder with a 1000-liter capacity. This 
cylinder significantly reduces the challenges associated 
with handling gas requirements and mitigates concerns 
stemming from lost or damaged cylinders. 

2.4. Lean Manufacturing  

Lean manufacturing is a process management 
philosophy rooted in the Toyota Production System 
(TPS). Renowned for its emphasis on eliminating seven 
types of waste, it aims to enhance overall consumer 
satisfaction [13], [14]. According to Monden, as 
mentioned in Taylor D. and Brunt D.'s book (2001), 
companies have three types of activities within the 
realm of internal manufacturing [15]. 

To enact significant changes within the operating 
system, it's crucial to eliminate waste from these 

operations, which can involve creating new layouts 
[16]. Here, the seven types of waste are outlined [13], 
[15]. 

Overproduction. Overporduction is characterized by 
excessive output, is a critical concern as it disrupts the 
balance between supply and demand. To maintain an 
optimal flow, emphasis is placed on providing excellent 
service in terms of quality and productivity. 
Overproduction or rapid production pace can result in 
detrimental consequences such as inventory buildup, 
extended lead times, inefficient information or material 
flow, and surplus inventory. 

Waiting time. Waiting time represents unproductive 
and wasted time within a process, leading to conditions 
that are far from ideal and ultimately slowing down the 
production process. It stems from human inactivity or 
prolonged periods of inactivity regarding information 
or material, significantly impeding the smooth flow of 
both material and information, resulting in extended 
waiting periods. 

Transportation. Transportation involves the 
movement of materials from one place to another, 
essential for their delivery. It's crucial to ensure that 
transportation does not involve unnecessary or 
excessive movement and aligns with its intended 
purpose. Delays in the transportation process can lead 
to losses, necessitating prompt repairs. While 
transportation cannot be eliminated, it can be 
minimized through two approaches: reducing distances 
between locations within and outside the company's 
supply chain and maximizing the efficient utilization of 
transportation facilities and infrastructure between 
these locations. 

Improper process. Implementing improper processes or 
using the wrong set of procedures and equipment can 
significantly impact the entire production process. Such 
instances often arise when machines are damaged. 

Useless inventory. Useless inventory not only 
increases lead times but also leads to higher storage 
costs. 

Excessive movement. The lack of ergonomic 
workplace and equipment forces operators to work 
under conditions involving excessive movement. Such 
conditions lead operators to perform unnecessary 
movements while carrying out their duties, ultimately 
impacting their safety and adversely affecting both 
productivity and the quality of the output within the 
system. 

Defect. Defects represent frequent errors in 
workmanship, issues related to product or service 
quality, and inefficiencies in product and service 
delivery. These occurrences signify that the resulting 
product quality does not meet expectations, 
necessitating rework and potentially leading to 
extended lead times. 

2.5. Green Manufacturing  

Green manufacturing denotes environmentally 
friendly manufacturing practices [17]. Ensuring the 
sustainability of manufacturing activities entails 
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consistent focus on environmentally responsible 
performance and assessing the impact of the production 
process[18], [19]. Moreover, manufacturing company 
management is obligated to actively engage in and 
support green manufacturing initiatives, making it a 
pivotal element on the company's agenda [20]. 

3. Results and discussions 

The research results are divided into three parts: 
firstly, the outcomes of the laser cutting machine area 
relayout; secondly, the analysis of the relayout using the 
seven types of waste; and finally, a comparative 
analysis of the costs associated with MCP and Minibulk 
usage.  

3.1. Relayout and lean analysis 

In the latest layout, adjustments were made by 
repositioning two machines to an adjacent building 
block and relocating the unused machine, thereby 
aligning the laser machine in a parallel setup. 
Additionally, the Minibulk is now placed outside the 
building, allowing the elimination of the 20m² gas 
storage area within. This positioning also ensures the 
safety of the panel by maintaining a distance not less 
than 20 meters from the Minibulk tube and a maximum 
pipe distance of 30 meters. These considerations were 
meticulously considered to ensure safety in the delivery 
process to each laser cutting machine. The new layout is 
depicted in Fig. 2. Table 2 illustrates the impact of the 
layout changes, process modifications, and elimination 
of the Seven Wastes in lean manufacturing. 

 
 

 
Figure 2. New laser machine area layout 

 

Table 2. 
Conditions by using Minibulk 

No Description Condition 

1 Oxygen gas charging time to Minibulk     15 min 
2 Oxygen delivery time to storage area - 

3 Manpower required  - 

4 Area of oxygen storage area  45m2 

5 
 

6 

Replacement time from storage to 
engine 
Duration of forklift used  

- 
- 
-  

Table 3. 
Nox emmisions for transporting cargo 

No Activity Mileage/day Emissions/day 

1 Inside buildings 2 km/day 60.06 g/day 
2 Outside building 1 km/day 33.76 g/day 

 
 

Referring to Table 2, this study focused on 
eliminating four out of the seven wastes, which include: 

• Inventory: No need for storage as the gas is 
filled outside the building area. 

• Transportation: Elimination of the use of 
forklifts as the tube positions are now fixed. 

• Motion: Removal of the process involving 
mounting and tightening the regulator bolt to 
the MCP. 

• Waiting: Unlike the previous setup where the 
engine had to be turned off to replace the 
Oxygen gas when using MCP, the engine 
remains charging ON. 

3.2. Cost analysis  

To assess and communicate the cost comparison 
between replacing MCP with Minibulk, it's crucial to 
involve management support for this change. The initial 
consideration involves the contract terms for Minibulk 
usage, inclusive of pipe installation connecting 
Minibulk to each laser cutting machine. The price 
analysis considers consistent monthly usage; for 
instance, with a gas consumption of 2400 m³ per month, 
using either cradles or MCP amounting to 24 MCPs, 
each with a volume of 100 m³.  

When utilizing Minibulk with the same 2400 m³ 
volume, a cost-saving of 30% is achieved. Detailed 
information is provided in Table 3. Table 3 illustrates a 
notable variance between MCP and Minibulk usage in 
a month, amounting to IDR 6,840,000,-. However, 
factoring in the Minibulk rental fee of IDR 1,500,000,-, 
the net difference becomes IDR 5,840,000,-, 
approximately 30%. 

3.3. Green Manufacturing analysis  

According to research conducted by Andrzej 
Ziolkowski, forklifts produce Nox as one of their 
exhaust emissions. During load transportation, the 
average NOx emissions measure 30.06 g/km inside 
warehouses and 33.76 g/km outdoors. Meanwhile, on-
road emissions average 55.2 g/km in indoor yards and 
47.5 g/km in outdoor yards [3].  

As part of the company's efforts to reduce Nox 
emissions, minimizing the use of forklifts for MCP 
transportation has been implemented [5], [21]. Table 3 
shows the emmisions of NOx for transporting the cargo 
inside and outside buildings. Table 3 demonstrates a 
reduction in daily Nox emissions, decreasing from 
60.06g/day to 33.76g/day as a result of transitioning 
from MCP tubes to Minibulk, thereby reducing the 
reliance on forklifts. 
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4. Conclusions 

MCP and Minibulk serve as oxygen gas filling 
systems compatible with laser cutting machines, each 
carrying its own set of advantages and disadvantages. 
Users can tailor their choice based on agreements 
between the gas supplier and the company. Through 
field knowledge and direct observations, it becomes 
evident that Minibulk proves more advantageous than 
MCP in terms of functionality and efficiency. Its 
utilization yields approximately 30% higher 
profitability for the company compared to MCP. 

Furthermore, the reorganization implemented, 
utilizing the seven-waste method and eliminating the 
MCP storage area, has freed up space within the laser 
cutting machine area. The absence of forklifts in this 
area contributes to reduced exhaust emissions within 
the factory premises. Undoubtedly, this initiative has 
positively impacted the environment and enhanced the 
health and safety of the company's employees. 
Considering the Minibulk's connection to the 
production area with its interconnected pipes prone to 
potential leakage, daily checks on components like 
naple drat or hose connections via hose clamps are 
prioritized to promptly identify any leaks. 

Further research could focus on establishing a 
maintenance system for Minibulk to ensure its 
durability without incurring high costs. 

Declaration statement 

Ayu Nurul Haryudiniarti: Conceptualization, 
Methodology, Supervision, Writing – original draft. 
Samsudin: Resources, Validation, Formal Analysis, 

Writing - Review & Editing. Sinta Restuasih: Data 

curation, Validation, Writing - Review & Editing. 

Acknowledgement 

The authors would like to thank Rector of 
Universitas Global Jakarta for supporting in this 
research, thank to one of the sheet metal fabrication in 
West Java who has been willing to become the object of 
research and the reviewers who have provided many 
inputs for this article and to Department of Industrial 
Engineering, Faculty o Engineering, Universitas Sultan 
Ageng Tirtayasa who has facilitated this study. 

Disclosure statement 

The authors report there are no competing interests 
to declare. 

Funding statement 

This work was supported by the RMC Department 
of Universitas Global Jakarta [grant number:  
018/L4/SP4/VII/JGU/2023]. 

Data availability statement 

The authors confirm that the data supporting the 
findings of this study are available within the article or 
its supplementary materials. 

References 

[1] E. V Mali, W. N. Hamidah, and F. Fitriani, “Peramalan 
Jumlah Permintaan Pengisian Tabung Oksigen di Jawa 
Timur Menggunakan Metode ARIMA,” … J. Math., vol. 
8, pp. 19–26, 2022, [Online]. Available: http://www.e-
jurnal.unisda.ac.id/index.php/ujmc/article/view/294
9%0A. 

[2]    A. Hendryani, V. Nurdinawati, and N. Dharma, “Desain 
Manifold dengan Monitoring Tekanan untuk Pertukaran 
Otomatis Tabung Gas Oksigen Medis di Rumah Sakit,” 
Teknik, vol. 42, no. 1, pp. 45–51, 2021, doi: 
10.14710/teknik.v42i1.33217. 

[3]   A. Ziółkowski, P. Fuć, A. Jagielski, and M. Bednarek, 
“Analysis of emissions and fuel consumption from 
forklifts by location of operation,” Combust. Engines, vol. 
189, no. 2, pp. 30–35, 2022, doi: 10.19206/ce-141741. 

[4]   M. Fauzi, D. B. Sopandi, and V. Hartati, “Perhitungan 
Reduksi Emisi Gas Buang Melalui Penentuan Rute 
Distribusi Beras di Kota Bandung Exhaust Emission 
Reduction Calculation Through Determination of Rice 
Distribution Routes di Bandung City,” J. Teknol. 
Lingkung., vol. 22, pp. 240–248, 2021. 

[5] M. I. Muzakki, A. Amalia, P. Studi, T. Lingkungan, U. 
Pembangunan, and N. Jawa, “Analisis Monitoring Emisi 
Sumber Tidak Bergerak di PT X di Provinsi DKI Jakarta,” 
vol. 2, no. 1, pp. 136–144, 2023, doi: 
10.55123/insologi.v2i1.1508. 

[6] L. A. Suminar, W. Wahyudin, and B. Nugraha, “Analisis 
Perancangan Tata Letak Pabrik Pt. Xyz Dengan Metode 
Activity Relationship Chart (Arc),” J. Sains dan Teknol. J. 
Keilmuan dan Apl. Teknol. Ind., vol. 20, no. 2, p. 181, 2020, 
doi: 10.36275/stsp.v20i2.276. 

[7] L. Non-tradisional, T. P. Hidayat, A. Sugioko, and Y. 
Lewi, “Penentuan Strategi Peralihan dari Tata Letak 
Tradisional Menjadi Tata Abstrak,” vol. 4, pp. 88–94, 
2022. 

[8] R. Sukmawati, W. Gunawan, and H. K. Gandhi, 
“Merancang tata letak mikro (micro layout) dengan 
pendekatan lean manufacturing (studi kasus di PT. ABC 
Indonesia),” J. InTent, vol. 1, no. 1, pp. 1–12, 2018. 

[9] R. R, K. BW, and A. I. Juniani, “Optimasi Parameter 
Mesin Laser Cutting Terhadap Kekasaran Dan Laju 
Pemotongan Pada Sus 316L Menggunakan Taguchi 
Grey Relational Analysis Method,” J@ti Undip  J. Tek. 
Ind., vol. 11, no. 2, p. 97, 2016, doi: 10.14710/jati.11.2.97-
106. 

[10] N. Satyawardhana, M. Sobron Yamin Lubis, and D. 
Prodi Teknik Mesin, “Optimasi Parameter Proses Laser 
Cutting Terhadap Kekasaran Permukaan Material 
Acrylictype Clear Dengan Menggunakan Metode 
Taguchi,” pp. 5–10, 2022. 

[11] U. G. Mada, “Analisis Pengaruh Tekanan Dan Jenis Gas 
Terhadap Karakteristik Baja SS400 Hasil Pemotongan 
Dengan Mesin Laser Fiber Cutting FITRIA NURJANAH, 
Lilik Dwi Setyana, S.T., M.T.,” pp. 4–5, 2021. 



106 

 
Haryudiniarti et al. (2023), Journal Industrial Servicess, vol. 9, no. 2, pp. 101–106, October 2023 

[12] R. H. Ritz and J. E. Previtera, “Oxygen supplies during a 
mass casualty situation,” Respir. Care, vol. 53, no. 2, pp. 
215–224, 2008. 

[13] T. Alawiyah, V. Devani, and N. Amalia, “Usulan 
Penerapan Lean Six Sigma Untuk Meningkatkan 
Kualitas Produk Semen,” J@ti Undip  J. Tek. Ind., vol. 16, 
no. 1, pp. 73–84, 2021, doi: 10.14710/jati.16.1.73-84. 

[14] H. Kurnia, O. S. P. Tumanggor, and C. Jaqin, “Lean Six 
Sigma: Literature Review and Implementation for 
Textile and Textile Product (TTP) Industries,” 3rd Mercu 
Buana Conf. Ind. Eng. 2021, vol. 3, pp. 1–11, 2021. 

[15] K. Lestari and D. Susandi, “Penerapan Lean 
Manufacturing untuk mengidentifikasi waste pada 
proses produksi kain knitting di lantai produksi PT. 
XYZ,” Pros. Ind. Res. Work. Natl. Semin., vol. 10, no. 1, pp. 
567–575, 2019. 

[16] D. Kurniadi and A. P. Pratama, “Relayout Tata Letak 
Fasilitas Produksi Untuk Meminimalisasi Material 
Handling Di Pabrik Tahu Tradisional Pangkalan,” J. 
Sains dan Teknol. J. Keilmuan dan Apl. Teknol. Ind., vol. 22, 
no. 1, p. 75, 2022, doi: 10.36275/stsp.v22i1.470. 

[17] B. Jannah, A. Y. Ridwan, and R. M. El Hadi, “Designing 
the Measurement of System Green Manufacturing Using 
SCOR Model in The Leather Tanning Industry,” J. 
Rekayasa Sist. Ind., vol. 5, no. 02, p. 60, 2018, doi: 
10.25124/jrsi.v5i01.301. 

[18] H. Kurnia, I. Setiawan, and H. Hernadewita, “Integrasi 
Lean dan Green Manufacturing Untuk Mengurangi 
Pemborosan Proses Rekrutmen Karyawan Pada Industri 
Manufaktur di Indonesia,” J. Rekayasa Sist. Ind., vol. 11, 
no. 2, pp. 145–156, 2022, doi: 
10.26593/jrsi.v11i2.5608.145-156. 

[19] T. Pujianto, A. Bunyamin, and S. Wafiyyah, 
“Pengukuran kinerja green manufacturing pada industri 
tahu sumedang untuk meningkatkan kinerja terhadap 
lingkungan menggunakan GSCOR dan LCA,” Agrointek  
J. Teknol. Ind. Pertan., vol. 16, no. 2, pp. 221–233, 2022, doi: 
10.21107/agrointek.v16i2.10831. 

[20] A. Haleem, M. Javaid, R. P. Singh, R. Suman, and M. A. 
Qadri, “A pervasive study on Green Manufacturing 
towards attaining sustainability,” Green Technol. Sustain., 
vol. 1, no. 2, p. 100018, 2023, doi: 
10.1016/j.grets.2023.100018. 

[21] Hendrialdi, B. K. Nugroho, and A. B. Sulistyo, “Strategi 
Pengendalian Emisi Gas Buang Kendaraan Bermotor 
Berdasarkan Model Regresi di Kota Denpasar,” J. Teknol. 
Transp. dan Logistik, vol. 1, no. 2, pp. 109–116, 2020. 


