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ABSTRACT  

 

The Lean Manufacturing (LM) approach is founded on two fundamental principles: 

producing high-quality products at low production costs and satisfying customer 

demands. Toyota Motor Company introduced LM in the 1940s. With the advancement of 
technology, a wide range of products need to be efficiently produced to contend with 

various organisations. This study attempts to determine the significance of LM 

application in the industries through the last 5 years (2018-2023), using "LM" as the 
keyword for searching the published studies. The researchers identified 119 research 

articles using the PRISMA literature review process. After reviewing the papers, they 

recognised that LM was still relevant even today since the traditional LM tools can 

resolve 8 waste-related issues noted in the manufacturing line. These problems could be 
solved by combining the Simulation (SM) process with the Internet of Things (IoT4.0). 

 

Keywords: IoT 4.0, lean manufacturing, PRISMA, simulation, waste  

 

 

1.0 INTRODUCTION 

 

Manufacturing and service industries are constantly working to satisfy the standards for 

implementing the lean manufacturing practices. This is because they need to enhance the 
performance of different aspects of their triple bottom line, which includes the economy, 

environment, and society. Despite major efforts, increasing the LM implementation in different 

organisations has not displayed the desired results (Maware et al., 2022). Each manufacturing 
organisation would attempt to maintain a dominant market share, and nearly all market sectors would 

compete for dominance. The primary goal of the organisations is to increase their profits, which are 

entirely dependent on their product and service quality (Faishal et al., 2023). As a result, the data 
collected throughout the engineering procedure can help the manufacturing sector acquire a 

competitive advantage in the market (Abd Rahman et al., 2020b). The LM philosophy is categorised 



25 

 

 
 

as a production approach as it attempts to maximise the product value and eliminate wastes generated 

throughout the manufacturing procedure (Mohamad et al., 2023). Although, many researchers 
support that lean improves performance, however it does not consistently true (Jacobs et al., 2015). 

Many industries struggled to achieve improvement in operational and financial performance by 

using lean manufacturing (Rosetti et al., 2023). This situation occurred due to the nature of the supply 
chain including the information flows are complex (Akin et al., 2022). A majority of Malaysian 

companies are still competitive in the market as they have applied the LM processes (Soufhwee et 

al., 2019). In this study, the researchers have investigated the significance of implementing the LM 

practices in the industry over the last half-decade. During World War II, Japanese mechanical 
companies were struggling to discover new ways to meet their resource shortages. As a result, the 

Lean Manufacturing (LM) process was first introduced by the Toyota Motor Company in Japan in 

the 1940s. This idea soon emerged as an effective technique for solving the problem of resource 
scarcity. When Toyota's founders assessed and determined the benefits and drawbacks of the large 

production framework applied by American organisations, they proposed the Toyota Production 

System as an alternative to the traditional one. Engineer Ohno primarily aimed to decrease the waste 

generated at every purchasing and production phase (Mady et al., 2020). This research study aimed 
to answer the below-mentioned questions: 

 

1.1: Is LM still important in the industry? 
1.2: How does LM influence LM performance and productivity? 

1.3: How can LM expand within the industry? 

 

 

2.0 METHODOLOGY  

 

The PRISMA technique used in this study generated a total of 251 papers between 2018 and 2023. 
Figure 1 displays a systematic review of all the results acquired by the PRISMA literature review 

approach. Phase 1 involved identification, wherein 251 studies were noted in the Scopus database 

when the researchers used "lean manufacturing" as the keyword. Phase 2 involved screening, 
wherein the researchers reviewed the article's title and abstract sections, and thereafter determined 

its eligibility. Finally, 119 papers were shortlisted for the systematic review. Figure 1 depicts the 

flowchart of the complete reviewing process included in this study.  
 

 

 

Fig 1: A flowchart of the systematic review process 
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3.0 FINDINGS AND DISCUSSION 

 
The selection of research publications from 2018 to 2023 is to ensure that this research is relevant. 

Analysis has been done by answering three questions such as “What LM used, which type of waste 

identified in their research and does it combine LM tool with simulation or IoT”. Hence, a summary 
of findings is as in Table 1 to Table 1. 

 

 

Table 1: Summary of findings Value Stream Mapping (VSM) 

 
Researcher Type of Waste Findings Simulation IoT 

Fitri Ikatrinasari & Kosasih, 2018 M/W The non- added value reduced by 46%   

Ahmad et al., 2018 UW/OP/M The lead time reduced by 137 minutes   

Baby et al., 2018 W/I/M/T The warehouse operations improved at least 40% x  

Ikatrinasari et al., 2018 W/M The lead time decrease by 15%   

Durakovic et al., 2018 W VSM is used to identify waste and lean tools used 

to solve the waste issue 

  

Mubiena & Ma’Ruf, 2018 W/D/OVP The sustainability of the product improved to 70%   

Kaiser et al., 2019 W/M/T/OVP The takt time increase by 10%   

Amin et al., 2019 W/M/I/OVP Improve the equipment efficiency, increasing 

productivity and reduced expenses 

  

Carvalho et al., 2019 W/I/OVP Reduced the usage of inventory   

Mascarenhas et al., 2019 W/OVP Waste reduced by 2.5% in a year   

Choudhary et al., 2019 W/M/OVP/T The lead time decreased by 63% and the carbon 

footprint decreased by 77% 

  

Tarigan et al., 2019 W/M/T The cycle efficiency increased by 34.15%   

Shams Bidhendi et al., 2019 W/I Detect the bottleneck through VSM x  

Abu et al., 2019 W/ OVP VSM is capable to identify waste and eliminating 

waste by continuous improvement. 

  

Martin et al., 2020 W Suggest an extension to the established VSM x x 

Mahmood, 2020 D/OP Lead time decreased by 45.19% x  

Yang et al., 2020 W Improved system performance by 6.42% x  

Singh & Singh, 2020 I/OP/OVP The cycle time reuduced by 87.59% x  

Mishra et al., 2020 UW/D/ OVP Reduce the cycle time by 30% x  

Midilli & Elevli, 2020 W/ OVP Stock level reduced by 50% while reducing the 

number of machines. 

x  

Lin et al., 2020 OP/OVP The total production lead time reduced by 11.10% x  

Setiyawan et al., 2020 W/OVP Increase the efficiency process by 22.81% x  

Zahraee & Tolooie, et al., 2020 W/OVP Reduced the production lead time from 17.5 days 

to 11 days 

x  

Zahraee & Esrafilian, et al., 2020 W/OVP Reduced the production lead time from 11 days to 

7 days 

x  

Mahmood et al., 2020 W Applied Automated Ground Vehicle in 

manufacturing environment 

x  

Arey et al., 2020 W The lead time reduced from 6 days to 1 days  x 

Mudgal et al., 2020 W/OVP The efficiency of the production line increase 

from 43.48% to 70.7% 

  

Suryanti et al., 2020 W 79 minutes non value added time is been reduced   

Ngadono et al., 2020 W Inventory in the building reduced from 7% to 

3.2% 

  

Lamani et al., 2020 W/M The lead time reduced by 29.06%   

Jasti et al., 2020 W VSM can bring out positive impact toward 

process ratio, takt time ,process inventory level, 

total lead time and bottleneck time 

  

Lu et al., 2021 W Value added time increased by 56.3% x  
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Lista et al., 2021 W VSM is used to identify the flow of material for 

their materials 

x  

Hernandez Marquina et al., 2021 W/M/I/OP/D The transportation of the products reduced by 6.46 

days 

  

Bouazza et al., 2021 W/M/I/OP The resources usage reduced by 20%   

Acosta-Vargas et al., 2021 W The efficiency improved by 76% x  

Ferreira et al., 2022 W Production lead time reduced from 12.81 minutes 

to 10.32 minutes 

x x 

Miranda-López et al., 2022 W Efficiency of the company increase by 24.39% x  

Sullivan et al., 2022 W/OVP VSM can be used to create the overview of the 

whole system to identify bottleneck of the system 

 x 

Pekarcikova et al., 2022 W/M Value added index increased from 0.0058% to 

0.23% 

x  

Hasnaoui et al., 2022 W The total cycle time increased by 4.6% x  

Gebeyehu et al., 2022 W Process cycle efficiency is improved by 25.59% x  

Poswa et al., 2022 W/D Productivity improved by 4% x  

Acosta-Ramirez et al., 2022 M The net promoter score increase to 35.53% x  

Zamalloa-Menacho et al., 2022 W/D/UW Labor productivity increased by 23.91% x  

Teriete et al., 2022 W Proposed event based framework through 

digitalization of VSM 

x x 

Guzel & Asiabi, 2022 W/D The waiting times reduced to 65%   

Dinesh et al., 2022 W The productivity of the process improved from 

5.83% to 58.2% 

  

Naeemah & Wong, 2023 W/D Used 12 lean manufacturing tool for 

improvements 

x  

Chen et al., 2023 W/M/D VSM used as a tool to visualize the system  x 

Keywords: W = Waiting, M = Motion, I = Inventory, D = Defects, OP = Over processing, UW = Unutilized Worker, OVP = 

Overproduction, T= Transportation 

 

 
Table 2: Summary of findings Single Minute Exchange of Die (SMED) 

 
Researcher Type of Waste Findings Simulation IoT 

Martins et al., 2018 W Setup time reduction reduced more than 50%   

Karam et al., 2018 W The change over time at bottleneck process 

decreased by 30% in 12 months 

  

Leme et al., 2018 W The idle time reduced up to 88%   

Almanei et al., 2018 W SMED can help in quick changeovers   

Antosz & Pacana, 2018 W The changeover time shortened by 64%   

Perico et al., 2019 W/D The framework assists SMED by providing 

automatic line setup procedures 

  

Vieira et al., 2020 D The average setup time reduced by 20%   

Silva et al., 2020 OP Reduce number of workers from 3 to 2 x  

Brito et al., 2020 M Reduce setup time by 15% x  

Pena et al., 2020 W/M/I The changeover process reduced by 14.9%   

Lora-Soto et al., 2021 W The setup time reduced by 42%   

Sahin & Kologlu, 2022 W Setup time reduced more than 45%   

Ribeiro et al., 2022 W Reduction of setup time by 58%  x 

Amiel-Reategui et al., 2022 W The machine preparation times reduced by 35%   

Orellana-Nuñez et al., 2022 W The setup times reduced from 17.4 minutes to 11.4 

minutes 

  

Liza Ludeña et al., 2022 W/I Reduced 22.05 minutes during tool change time   
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Almanei et al., 2022 W The setup times optimized through the kanban push 

system 

x  

Afonso et al., 2022 W 55% of the setup time is reduced.   

Braglia et al., 2023 W The author improved the support decision making 

for SMED implementation by creating a new 

framework 

  

Habib et al., 2023 W/M/D The setup time improves by 10.6%   

Toki et al., 2023 W Time consumption to finish the production reduced 

from 1.8 hour to 1.4 hour 

  

Keywords: W = Waiting, M = Motion, I = Inventory, D = Defects, OP = Over processing, UW = Unutilized Worker OVP = 

Overproduction, T= Transportation 

 

Table 3: Summary of findings Kanban  

 
Researcher Type of Waste Findings Simulation IoT 

Rocha et al., 2018 I/ OVP Kanban cards is used to organize the work 

information 

x  

Tortorella et al., 2020 D Kanban is used to during inspection session   

Ahmad et al., 2020 W/M Kanban is used to establish pull system   

Hemalatha et al., 2021 I The framework assist the author detect the 

bottleneck to implement Kanban 

  

Faisal & Karthigeyan, 2021 W Utilized 81.3% by the improved production line x  

Pekarcikova et al., 2021 W/T Increase in production times by 5% x  

Masmali, 2021 W Non value added time reduced from 23 days to 2 

days 

  

Eberlein & Freitag, 2022 W/I Work In Progress reduced by 37% x  

Naciri et al., 2022 OP The maintenance time reduced from 13.8% to 

5.1% 

x x 

Keywords: W = Waiting, M = Motion, I = Inventory, D = Defects, OP = over processing, UW = Unutilized Worker OVP = 

Overproduction, T= Transportation 

 

Table 4: Summary of findings Kaizen 

 
Researcher Type of Waste Findings Simulation IoT 

Hartmann & Metternich, 2020 W/M/OP/T Kaizen opportunities obtained through VSM  x 

Dossou et al., 2020 I/M/ OVP Improve the efficiency of the worker rate x x 

Barrientos-Ramos et al., 2020 W The lead times improved by 32% x  

Fortuny-Santos et al., 2020 W Kaizen by applying line balancing to reduce the 

takt time 

  

Banga et al., 2020 D The cycle time reduced from 58.64 seconds to 

50.2 seconds 

x  

de Assis et al., 2021 W/OP Decrease the total cycle time by 46.7 hour in total 

of the production line 

x  

McKie et al., 2021 W The process improves by 76.4%  x 

Mofolasayo et al., 2022 W/OVP Includes IoT in Kaizen  x 

Oliveira et al., 2022 W/M/I The quality and cost of the product improve by 

94.5% and 25.3% 

x  
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Mallikharjuna et al., 2022 W/T Utilization increased by 12.58% x  

Cáceres-Gelvez et al., 2022 W The setup time increased to 50.65% x  

Rajab et al., 2022 W/D/OP/M/I/ 

UW 

IoT 4.0 can solve the lean manufacturing waste 

issues 

x x 

Diaz et al., 2022 W Order fulfilments increase from 59.9% to 90.1%   

Dias et al., 2022 M/T The waiting time decreased by 18% x  

Mamede et al., 2023 W/M/I/OP/D Automation is used in Kaizen implementation   

Keywords: W = Waiting, M = Motion, I = Inventory, D = Defects, OP = over processing, UW = Unutilized Worker OVP = 

Overproduction, T= Transportation 

 

 

Table 5: Summary of findings Plan Do Check Act (PDCA) 

 
Researcher Type of Waste Findings Simulation IoT 

Realyvásquez-Vargas et al., 2018 D/T Defects decreased to 65%   

Pereira et al., 2020 OP Waste reduced from 12% to 4%   

Tilahun et al., 2020 W/OVP PDCA is used as check and balance to the system   

Peças et al., 2021 W Created a framework consist of PDCA combining 

with IoT 

 x 

Lai et al., 2022 UW The success rate of training increase to 95%   

Keywords: W = Waiting, M = Motion, I = Inventory, D = Defects, OP = Overprocessing, UW = Unutilized Worker OVP = 

Overproduction, T= Transportation 

 

 

Table 6: Summary of findings Total Quality Management (TQM) 

 
Researcher Type of Waste Findings Simulation IoT 

Akhmatova et al., 2022 OP TQM used to reduce environmental risk   

Komal & Saad, 2022 D TQM strategies need to be implemented to 

increase performance and gain competitive 

advantage. 

  

Keywords: W = Waiting, M = Motion, I = Inventory, D = Defects, OP = Over processing, UW = Unutilized Worker OVP = 

Overproduction, T= Transportation 

 

 

Table 7: Summary of findings Total Productive Maintenance (TPM) 

 
Researcher Type of Waste Findings Simulation IoT 

Chen et al., 2019 W Improve environmental sustainability performance   

Pinto et al., 2020 W/D Reduce the number of breakdowns failures by 

23% 

  

Klimecka-Tatar & Ingaldi, 2022 W Improve the efficiency of work  x 

Lagos et al., 2022 W The OEE increased by 3.47%   

Keywords: W = Waiting, M = Motion, I = Inventory, D = Defects, OP = Over processing, UW = Unutilized Worker OVP = 

Overproduction, T= Transportation 
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Table 8: Summary of findings Poka Yoke 

 
Researcher Type of Waste Findings Simulation IoT 

Antonelli & Stadnicka, 2019 D Implemented poka yoke by giving operator a 

robot to handle 

  

Bucko et al., 2022 W/D Placed sensor to detect error at the production line   

Keywords: W = Waiting, M = Motion, I = Inventory, D = Defects, OP = Over processing, UW = Unutilized Worker OVP = 

Overproduction, T= Transportation 

 

 

Table 9: Summary of findings 5s 

 
Researcher Type of 

Waste 

Findings Simulation IoT 

Veres et al., 2018 W 5s improved the cleanliness of the production, 

increase the safety of the operator and increase 

quality of the product 

  

Yik & Chin, 2019 I The shipment preparation reduced by 50%   

Verma & Jha, 2019 D 5s minimized the time to identify, gather tools and 

materials for the processing work. 

  

Paucar et al., 2020 D/M/UW Productivity improved by 38% x  

Arbieto et al., 2020 W The lead time reduced by 6.79% x  

Lira-Aquino et al., 2021 W/D Cycle time reduced by 68% x  

Silvestre et al., 2022 W/D/M/UW Productivity improves by 38% x  

Shahriar et al., 2022 W The total operational time reduced by 8%   

Keywords: W = Waiting, M = Motion, I = Inventory, D = Defects, OP = Over processing, UW = Unutilized Worker OVP = 

Overproduction, T= Transportation 

 

 

Table 10: Summary of findings OEE 

 
Researcher Type of 

Waste 

Findings Simulation IoT 

Abd Rahman et al., 2020 W Combined simulation with OEE to improve 

decision making 

x x 

Silva et al., 2021 W Improved the existing process chain x  

Iyer et al., 2023 W OEE is used for the system indicator  x 

Keywords: W = Waiting, M = Motion, I = Inventory, D = Defects, OP = Over processing, UW = Unutilized Worker OVP = 

Overproduction, T= Transportation 

 

 

3.1 Types of Waste Produced by the Manufacturing Industry 

 
The term "Lean Manufacturing" was coined several years after the introduction of the Toyota 

Production System. LM's primary purpose is to obtain comparable results while using lesser inputs. 

For example, few resources are required regarding time, space, human labour, materials, machinery, 
and expenditures. Some waste elimination strategies include Kanban, JIT, Kaizen, Value Stream 

Mapping (VSM), poka-yoke, and Total Productive Maintenance (TPM) (Wong et al. 2009). Figure 
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2 depicts the percentage of waste products produced in the industries. The industries generally 

produce 8 kinds of wastes, which include overproduction, transportation, defects, overprocessing, 
waiting, inventory, underutilized talent, and motion. According to the data shown in the figure, 45% 

of studies identified 'waiting' as their primary waste issue. Waiting is regarded as a significant issue 

in industries because when any process forms a bottleneck, the remaining processes have to wait for 
a long time before they are implemented. 

 

 

 

 

 

Fig 2: The types of waste produced by the manufacturing industry 

 

3.2 The Effects of LM on Lean Manufacturing Performance (LMP) and Productivity 

 
This study has investigated how LM helps in reducing waste within the industries. Studies have 

highlighted 10 kinds of LM strategies that can be applied for reducing wastes, which include poka-

yoke, TPM, Total Quality Management (TQM), Overall Equipment Effectiveness (OEE), Kaizen, 
VSM, sort, straighten, shine, standardise, and sustain (5s), Plan-do-check-act (PDCA), Single-

Minute Exchange of Die (SMED), and Kanban. Figure 3 illustrates the use of the LM tools in 

different organisations. It was noted that VSM was the most popular technique used for waste 

reduction, i.e., while OEE was the least popular, i.e., 2%. In their study, Durakovic et al. (2018) 
applied VSM to detect wastes and develop a waste-reduction solution. Other advantages of 

employing VSM as an LM tool include better process ratio, process inventory, overall lead times, 

takt time, and bottleneck time (Jasti et al., 2020).  
Almanei et al. (2018) employed SMED to reduce waiting time by enhancing the changeover 

times. Another study developed a framework to support SMED by offering automated line setup 

processes to eliminate waiting delays and flaws (Perico et al., 2019). Hemalatha et al. (2021) 

developed a framework for detecting bottlenecks using Kanban and resolving inventory issues. 
Kanban can also be utilised as the pull system to address waiting and motion waste problems (Ahmad 

et al., 2020). In their study, Tilahun et al. (2020) applied PDCA as a check and balance in the system. 

Another study found that using PDCA to conduct training to resolve the unemployed worker issues 
increased the training success rate by 95% (Lai et al., 2022).  

Pinto et al. (2020) employed TPM to reduce breakdown failures by 23% while addressing 

delay and defect problems. A different study found that TPM can increase environmental 
sustainability performance by minimising breakdown failure time (Chen et al., 2019). Komal & Saad 

(2022) mentioned that TQM was used to improve performance and achieve a competitive advantage 

within the industry. According to Akhmatova et al. (2022), TQM was adopted to minimise 

environmental risks by avoiding trash overprocessing. 
Bucko et al. (2022) installed a sensor to identify errors in the production line to address the 

waiting and defect issues. Subsequently, poka-yoke could be used as a guideline by the operator for 

Waiting Motion Inventory Defects 
Over 

processing 

Underutilized 

Worker 
Over 

Production 
Transportation 

45% 12% 8% 12% 6% 3% 10% 4% 
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handling a robot with minimal material faults (Antonelli & Stadnicka 2019). According to Veres et 

al. (2018), 5s improves production cleanliness while also boosting operator safety and product 
quality. The 5s method can also be implemented to reduce the time required to locate and acquire 

tools and materials for processing tasks (Verma & Jha 2019). 

LM emphasises the flexibility, efficiency, and improvement of the manufacturing process. 
To reduce waste, LM practitioners have to control their resources. Hence, the tools are powerful 

enough to be used without the addition of other technology. As a result, LM tools are still applicable 

and can be used in industries today. 

 

 

 

 

 

 

 

 

 

 

Fig 3: Types of LM tools 

 

3.3 How Does the Industry Combine Lean Manufacturing (LM) with Simulation (SM)? 

 

Figure 4 depicts the use of LM tools combined with SM to reduce industrial waste between 2018 
and 2023. According to Figure 5, VSM was the most frequently used LM tool that helped in reducing 

industrial waste, whereas OEE was the least popular found in the reviewed paper. It was noted that 

42 studies applied LM tools with SM to reduce industrial waste. 
SM such as Arena, Flexsim and Simio was used in the reviewed studies as a decision support 

in the industry (Zahraee et al., 2020). SM was employed to model and recreate specific parts of the 

manufacturing procedure (Kelton, 2002). Data such as machine parameters and cycle times is needed 
for each operation to conduct the SM (Kelton, 2002). To develop SM model, data collection can be 

done by “stop-watch” method then a probability of distribution function can be fitted in each activity 

by the data collected to complete a SM model (Zahraee et al., 2021). 

The researcher applied VSM and SM, reducing the value-added time from 3412 to 2415 s 
and the production lead time from 17.5 to 11 days. Takt time was also decreased from 250 to 192 s, 

resulting in increased output that was both timely and cost-effective (Zahraee et al., 2021). Paucar 

et al. (2020) used 5s to enhance the SM and process to develop a new scenario after applying the 
improvements, which resulted in increased profits and sales, and also satisfied the customer demands 

on time. 

By combining SM and LM, a researcher can investigate hypothetical situations and "what 

if" inquiries without testing the changes, lowering the possibility of failure or improvement at the 
existing production line. It also aids in identifying production bottlenecks and determining which 

variables are essential for the manufacturing process. 

 

2%
% 

3% 3% 5% 6% 6% 6% 9% 26% 34% 

OEE TQM Poka - yoke TPM 5s Kanban PDCA Kaizen SMED VSM 
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Fig 4: The combinations of LM tools with SM 

 

 
3.4 Can the Internet of Things (IoT) 4.0 be implemented in lean manufacturing (LM)? 

Figure 5 depicts the use of LM tools combined with IoT to reduce industrial waste between 2020 
and 2023. According to Figure 6, VSM combined with IoT is the most popular LM tool that was 

used by researchers to overcome industrial wastes, while the TPM, SMED, Kaizen, PDCA, and OEE 

technologies were each employed by one researcher to overcome industrial waste. It was noted that 
12 researchers employed the LM technique in combination with IoT to reduce industrial wastes.   

In an earlier study, the researchers developed a framework for Digitalisation Support 

Environmental Sustainability based on LM principles, which applied VSM as the visualisation tools 

with IoT to achieve zero emissions by maximising energy and resource utilisation (Chen et al., 
2023). The researcher developed the PDCA 4.0 framework wherein the IoT was used for applying 

data analytics using the real time data acquired from the machine to generate the PDCA database 

(Peças et al., 2021).  In their study, Iyer et al. (2023) integrated IoT4.0 into OEE by developing a 
novel software that determines efficacy using OEE strategies. 

IoT4.0 offers novel advantages to the LM tool, like process efficiency via automation, which 

increases production and streamlines industrial processes. In addition, it provides real-time data 
monitoring, which could help LM practitioners make better decisions and enhance the 

manufacturing line.  
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Fig 5: The combinations of LM tools with IoT between 2020 to 2023 

 

3.5 Can Lean Manufacturing (LM) Be Combined with Simulation (SM) and the Internet 

of Things (IoT) 4.0? 

 

         

 

Fig 6: The combinations of LM, SM, and IoT4.0 

 

Figure 6 depicts the use of LM tools, SM, and IoT to reduce industrial wastes between 2020 and 

2022. Figure 7 depicts the use of LM tools when combined with SM and IoT, demonstrating that 

VSM is the most popular LM tool that was combined with SM and IoT strategies by researchers for 

overcoming industrial wastes. On the other hand, Kanban and OEE were employed by one researcher 
each for overcoming the industrial wastes. It was noted that 7 researchers applied LM tools in 

combination with the SM and IoT techniques for reducing industrial waste. 

The article review identified 6 different frameworks that were combined with LM, SM, and 
IoT. The researcher suggested a framework known as the cyber-physical production system, which 
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1
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encompasses data collection, feedback, cyber world, and the actual world. Sensors will collect data 

and use it instantly for SM in the cyber world while generating feedback that enhances the efficiency 
of machines. Additional VSM analysis will be conducted using the examined data to improve the 

technique further (Martin et al., 2020). In an earlier study, the researcher integrated hybrid SM with 

VSM, which blends the discontinuous vent and agent-based modelling SM processes (Ferreira et al., 
2022). In a different study, the researchers designed an event-based structure to digitalise VSM that 

includes an interface between collection and processing, which leads to the development of multiple 

VSM apps with customisable reports (Teriete et al., 2022). In an earlier study, the researcher used 

Jidoka principles to halt the production line if they noted a problem immediately, and the machine 
would directly alert engineers to the problem. The researcher also employed arena SM for simulating 

the improvement and applied SMED as a solution for improving the production line (Naciri et al., 

2022). The researcher used Kaizen to improve the healthcare system by increasing the collaboration 
between humans and robots to deliver food and medicine. Dossou et al. (2020) used FlexSim SM to 

model automated intelligent vehicle actions. The author develops a framework model-driven 

decision support system that uses data simulation and communication technology to optimise 

industrial processes. An earlier study collected OEE data using an internet networking system and 
simulated the predictions of the improved outcomes (Abd Rahman et al., 2020b). 

The combination of SM, LM, and IoT4.0 technologies offers major advantages to the 

industry since IoT4.0 may offer real-time data to LM practitioners. Then, using LM tools, they can 
employ SM to model "what if" scenarios and implement changes in the manufacturing line. Hence, 

precise data and SM will reduce the likelihood of failure. 

 

 

 

Fig 7: The combinations of LM tools with SM and IoT between 2020 to 2022 

 

4.0 CONCLUSIONS 

 
In this study, the researchers reviewed several research papers that implemented LM. They reviewed 

119 research articles related to the LM production process that were published between 2018 and 

2023. This review focuses on the use of LM tools, waste generated during the production process, 
findings for improvement, and determined the relevance of LM even today. Traditional LM 

techniques are still useful for reducing waste in a manufacturing line, where 52% of the researchers 

applied LM tools to resolve industrial bottlenecks between 2018 and 2023. In future, LM would be 
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integrated with digital technologies to optimise the manufacturing line by integrating the LM tools 

with SM and IoT technologies. 6% of the researchers have already stated that the LM tool can be 
utilised with SM and IoT strategies, while 42% of the researchers have already integrated SM with 

LM tools. According to this study, the LM tools can eliminate all kinds of industrial waste and 

promote environmental sustainability by lowering waste generation during the production process. 
For instance, when production decreases, less energy is required to manufacture a product, 

enhancing environmental sustainability. By combining LM with modern SM and IoT4.0 tools and 

technologies, LM practitioners can address real-time issues and adapt to complicated production 

lines. It was noted that LM was compatible with IoT4.0 technology as it offers metrics and outcomes 
for monitoring the production line, resulting in an accurate perspective of the production line. In 

future, LM should be integrated with the SM and IoT4.0 technologies as they propel LM to new 

heights. IoT4.0 provides real-time data to LM practitioners, which is essential since real-time data 
shows a higher accuracy compared to the time study data. Thereafter, LM can be used as an effective 

tool for improving production by utilising real-time data, and subsequently, SM will offer 'what if' 

scenario data to the LM practitioners. 
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