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Abstract: Local manufacturing small and medium enterprises (SME) have faced 

continuous challenges in competing with manufacturing firms of scale on the global 

market. Factors such as the presence of a traditional organisational structure and inefficient 

utilisation of resources have contributed to the challenges faced by local SMEs in keeping 

up with regional and international competitors within the manufacturing sector. To 

investigate the aforementioned challenges, a case study was conducted on a local bottle 

manufacturing SME which sought to improve their system performance across their Plastic 

Injection Melding (PIM) operation. Using strategies in the form of lean manufacturing as 

well as ARENA® simulation software, the challenges identified within their operation 

were observed and mitigated using key performance indicators. Lean strategies such as 

Heijunka, Kanban and Six Sigma were utilised as possible methods of reducing waste 

within the existing simulation model. When comparing the key performance indicators 

from the simulation, findings highlighted improvements in the Work in Process (WIP) and 

Waiting Time (WT) by 84.78% and 98.03% for the entire operation. A cost-benefit analysis 

was carried out to identify the most financially feasible strategy in purchasing the resources 

that were required for the strategy’s integration into the actual system.  

Keywords: Discrete event simulation, Key performance indicators, Lean manufacturing, 

Plastic injection moulding, Small and medium enterprise. 

https://doi.org/10.47412/HQCS4121 

1. Introduction

Manufacturing has been deemed one of the engines of economic and social growth for countries among the 

global markets. Within the bottling industry, improved manufacturing processes have played pivotal roles  

in improving productivity and delivery of new products and services by incorporating intellectual properties 

such as product design, integrated manufacturing technology, production planning along with many other 

factors across various multi-disciplinary manufacturing industries [12]. For smaller regions such as 

Trinidad and Tobago (T&T), manufacturing within the bottling industry has dominantly been deemed a 

Small and Medium Enterprise (SME) [15]. However, local manufacturers over recent years have begun to 

experience challenges due to increasing competitive levels from foreign markets [16]. In light of this, this 

research was used to present a computer integrated simulated approach through ARENA® in order to 

highlight some of the required factors needed by local SMEs to remain competitive in the global market.  

https://doi.org/10.47412/HQCS4121
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2. Literature Review 

The injection moulding process, despite having obtained established standards and practices continues to 

facilitate room for improvement in quality and stability of the processes involved as well as the products 

produced [23]. Factors that were quite dynamic such as temperature, pressure and polymer quality of the 

raw materials in the case of PIM have required newer and more intricate methods of being carefully 

monitored to ensure maximum output quality of plastic products. As a result, improvements using general 

frameworks of real world processes have continued to be formulated for meeting the challenges that exist 

during PIM, which include better defect detection and delayed processing times. The parameters involved 

within PIM operations have been key, in the eyes of researchers to derive optimal methods in formulating 

solutions for maximizing the performance of PIM [6]. Research also identified the need to incorporate 

methods of improvement such as artificial neural networking and Particle Swarming Optimisation (PSO), 

along with facets of Taguchi method as a lean principle in cases where conceptual frameworks were unable 

to satisfy the challenges faced [5][22]. Additionally, researchers have turned to simulation to quantify the 

challenges faced in the industry. 

Solution through simulation using ARENA® as a tool for improving manufacturing processes has seen 

success in various manufacturing disciplines. Based on the case studies that were used to highlight current 

trends of Discrete Event Simulation (DES) and manufacturing, it was evident that solution through 

simulation using ARENA® was a viable tool for improving Plastic Injection Moulding (PIM) operations 

in the bottle manufacturing industry [4].  

To further emphasise the benefits of ARENA® simulation for manufacturing SMEs, the following 

examples were presented. In a case study, Kumar et al. highlighted improvements to the facility and process 

layout of a manufacturing SME in the automotive parts sector [13]. The overall aim of the company was 

geared towards improving productivity through the use of Key Performance Indicators (KPI) such as Value 

Added Time (VAT), Non-Value Added Time (NVAT), Cost, Throughput (TP), Capacity Utilisation (CU), 

Waiting Time (WT) and Work-in-Process (WIP). From the results observed, TP per month increased from 

1200 units to 1700 units, which resulted in a 37.5% with a decreasing in WT. Another related example 

included the improvement in productivity within a food processing plant of 50% in TP with a decrease of 

11.4% in average manufacturing time [1]. However, in order to satisfy the requirements for optimizing 

these operations in the industry, lean thinking strategies in the form of Lean Manufacturing have also been 

used as philosophical approaches for improving manufacturing processes and systems. 

Lean Manufacturing (LM) was notably developed from early practitioners in the Toyota Production 

System after the second world war in Japan [21] and experienced many evolutions to meet the demands of 

manufacturers of various levels of scale. Results highlighted from various case studies presented challenges 

with respect to the ease of implementation of LM into SMEs while revealing the solutions to tackling the 

aforementioned barriers [17]. Drivers such as financial benefits along with waste reductions supported 

earlier suggestions where intangible barriers, despite the different regions in which SMEs existed were able 

to be challenged through statistical means in order to encourage the integration of lean manufacturing 

practices. This gap in the form of intangible barriers as aforementioned existed in the areas of non-

familiarity to lean thinking, organisational culture, assumptions that LM was not possible in the company 

along with many others. This therefore supported the theory where using solution through simulation such 

as ARENA® to illustrate the results of LM in the company’s manufacturing process provided much benefit 
with minimum challenge in the statistical region by intangible barriers as mentioned in this research [18].  

3. A Case Study 

3.1 System Logic 

A local bottle manufacturing company was seeking ways to improve their plastic injection moulding (PIM) 

process. This process was responsible for the first stage of manufacturing their plastic bottle products. This 

stage of manufacturing was shifting to a semi-automatic structure to improve productivity. However, based 
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on feedback obtained from Quality Control and one of the senior technicians on the plant, it was revealed 

that the injection moulding process was not functioning at maximum performance to satisfy this continuous 

shift. Three major challenges which prohibited this task were subsequently identified: The reduction in 

system performance due to one of the company’s aging PIM machines; increasing the volume of inspected 
products without incurring substantial Waiting Time (WT) and Work in Process (WIP); inefficient Capacity 

Utilisation (CU) of one of the company’s PIM machines. In lieu of these findings, the overall aim of the 
company was geared towards improving productivity through the use of Key Performance Indicators, some 

of which were aforementioned. 

3.2 Brief Description of the Existing System 

The manufacturing flow layout in Fig. 1 of the injection moulding process was used in designing the 

simulation models to reflect the actual PIM operations. Upon visiting the manufacturing plant, data was 

collected for various processes. Two categories of raw material, P1 and P2 were documented along with 

the inter-arrival times (IAT) between each manufacturing cycle. The number and type of resources used for 

each process were also recorded. In addition, the injection moulding machines utilised different processing 

times (PT) for P1 and P2 respectively. Thus, the PT for each raw material was collected, which included 

the times for the injection moulding processes, conveyor transfer processes as well as the inspection 

processes over a period of ten manufacturing cycles, Table 8. 
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Figure 24: Flow of the PIM Operations. 
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Table 8: Raw Data of Processes and Processing Times. 

4. Development of the Simulation Model

A simulation model was developed using data obtained from the PIM operations. Since a continuous run-

time was needed so as to eliminate any errors within the system, a steady state simulation was chosen [10]. 

Figure 2 showed the model that was used for simulating the PIM operations. By documenting the schedule 

for products P1 and P2, simulation results were obtained over a one month, six months and twelve-month 

period. These periods were chosen so as to observe any potential trends in the performance of the PIM 

operations using the aforementioned KPI. The warm-up period used was eight hours. This value was chosen 

due since each working shift comprised of 8 hours, and thus, duties and operations would have already 

begun to meet the production demand of the plant.   
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Figure 25: Simulation Model of Existing PIM System. 

4.1 Validation of the Simulation Model 

To validate the model, constant values using the PT AVG data were used for each of the processes in order 

to confirm that the total processing time along with other statistics mirrored the PT of the actual system’s 
PIM operations [7]. When this was completed, the PT AVG times were replaced with calculated 

distributions of their respective constant values, as highlighted in Fig. 3 to complete the validation of the 

inputted data. Hence, using the input analyser within ARENA®, the distributions of each process was 

generated using the algorithms built into the simulation software. 

 

 
Figure 26: PT Distribution of Injection Moulding Process 1A. 
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4.2 Model Assumptions 

The following highlighted the assumptions of the research: 

• The simulation models were developed based on the assumption that the technicians remained at their

assigned processes constantly for the entirety of their shifts. 

• Since it was assumed that the cost of labour for each technician was the same, the technicians that were

assigned to each process persisted throughout the entire simulation lengths. 

• The cost to operate the forklift during the Transport Product Type process was calculated using typical

values obtained from secondary sources. The final costs that were used in the simulation models were 

calculated to mirror the total operational cost per hour over a period of twelve months [19].  

• Similar to that of mould changeover times, setup time for the injection moulding processes each week

incurred minimal NVAT since the PIM machines operated continuously until the end of the work week. 

4.3 Research Limitations 

The limitations in this research were as follows: 

• The information on an accurate cost of labour regarding the technicians was unable to be directly

received from the company due to confidentiality. Thus, a typical value of $40 per hour was used [8]. 

• Since ARENA® Student was unable to facilitate a 1:1 ratio of entities entering and leaving the

simulation model, numerical scaling using MATLAB was used due to sheer volume of numerical data. 

Hence, the KPI used in this research simulation did not 100% mirror the actual system performance on 

a true 1:1 scale. To account for this, each simulation was run using ten replications, after which data 

was tabulated for a one-month, six-month and twelve-month period.  

• Due to reasons of confidentiality, some financial information was unobtainable to account for the costs

incurred by the resources during the simulations. These included hourly operation costs for the injection 

moulding machines, total labour cost per hour for each allocated technician and the prices of each 

machines at the time of their purchase. Thus, values typical of the operational cost per hour for these 

resources were obtained using a secondary reference [2]. 

5. Analysis of Findings of the Existing Simulation

After running the simulations for the subsequent periods, the KPI revealed an increasing trend for VAT, 

NVAT as well as associated costs for P1 and P2 in Table 9. The WT incurred for both six and twelve month 

periods were higher than the results for VAT. The resource utilisation (RU) of the machines and technicians 

over both simulation periods retained similar values as was generated for the one-month period.  

Table 9: KPI for Six and Twelve Month Simulation Periods.

Simulation Length Six Months Six Months Twelve Months Twelve Months 

Product Types P1 P2 P1 P2 

VAT [hrs] 13.14 15.56 26.3 31.33 

NVAT [hrs] 17.57 13.49 34.41 29.62 

WT [hrs] 27.47 23.69 62.07 65.62 

TP 95.3 44.9 94.6 49.6 

WIP 2.02 0.86 2.1 1.12 

VA Cost [TTD] $3,581.50 $5,445.95 $7,188 $11,027 

NVA Cost [TTD] $702.89 $539.91 $1,376 $1,184 

Transfer Cost [TTD] $6.70 $5.47 $13.55 $10.94 
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When the results of the existing simulations were analysed, findings revealed that there continued to exist 

a high WT incurred compared to the associated VAT and NVAT values per product. This was notably seen 

within the conveyor processes and especially in the inspection processes. This suggested that waste in the 

form of NVAT and specifically WT contributed to 72.60%, 71.50% and 74.45% on average of the total 

processing time for the periods one month, six month and twelve months. 

Additional results from the simulation indicated bottlenecks within the manufacturing lines. Numerically, 

the injection moulding processes possessed WT from 58.80% to 66.32% whereas the inspection processes 

generated WT between 39.68% and 52.29% respectively. After further analysis, it was suggested that this 

high WT was a result of the inefficient utilisation of the technicians. By obtaining these results from the 

simulation, it was then paramount to devise methods for mitigating the bottlenecks that were found. Thus 

LM strategies were used to improve the efficiency and system performance of the PIM simulation models. 

6. Modifications and Improvements to the Existing Simulation

6.1 Lean Strategies 

After careful analysis was done on the results that were generated by the existing simulation models, 

strategies using lean manufacturing were devised for the purpose of mitigating the bottlenecks that 

contributed to the challenges faced. These strategies included Heijunka Methodology for improving batch 

production [11], Kanban to reduce inspection time [3], and Six Sigma for improving the CU within the PIM 

operations [20]. For the purpose of confirming where there existed greater potential for improvement of the 

existing model, What-if scenarios were used by combining these strategies subsequently. It was suggested 

that since each strategy targeted a specific challenge, the combinations of these improvements may have 

contributed to similar benefits when combined. 

Heijunka, as a lean strategy was used to mitigate the challenge where the loss of four working cavities 

for the Husky 300 injection moulding machine incurred a loss of approximately TTD $229,000 over a 

period of twelve months. Matzka, Mascolo and Furmans [14] defined Heijunka as a lean methodology that 

combined levelling and line balancing in production systems. After running the simulation models for all 

three periods, improvements were prevalent, notably for the total busy cost, which was the running cost 

incurred by the resources within the simulation models. For each period, there was an overall reduction in 

cost by approximately $8,000, $102,000 and $234,000 respectively when the Husky 300 injection moulding 

machine was replaced by the Husky 120 machine. 

To execute the second strategy using Kanban, the processing time was of the conveyor was adjusted to 

facilitate the processing time using imaging sensors for product inspection. By doing so, it eliminated the 

need for visual inspection to be conducted by technicians within the line. With this addition to the models, 

technicians would then be constantly scheduled to the injection moulding processes, thus reducing the WT 

for each product entering the simulation models. It was further noted that as these sensors were installed 

within the conveyor system, the standalone inspection process module that was implemented in the original 

framework and existing simulation models was instead integrated into the conveyor process to reflect the 

design of the actual system with greater accuracy.  

The third strategy using Six Sigma aimed at increasing the CU of resources within the existing simulation 

models using an improved routing system [9]. In the actual system, the routing of raw material entering the 

PIM machines indicated that there was some loss in equilibrium between the CU for each production line. 

With this in mind, Six Sigma was applied to the simulation model 20]. The challenge within the routing 

system of the original manufacturing line highlighted bottlenecks when routing the raw material into the 

injection moulding machines. This was observed through the KPI from the results obtained for the existing 

simulation models. The main modification which transpired was the addition of a decision module that was 

called Smart Routing to simulate the Automated Material Handling System (AMHS). It followed the 

expression as shown in the following: 
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If: 

Injection Moulding Process 1.WIP < 1 

or                Route Product Type P1 or P2 to       

           Inspect Product Line 1.WIP < 1            Injection Moulding Process 1 

Simulation results revealed a reduction in WT for the second injection moulding machine by 31.79% and 

an increase in VAT by 68.20% of the total time per product compared to that of the existing model which 

had a WT of 66.30% and a VAT of 33.69%. Furthermore, there was an overall reduction in total busy cost 

by 56.38%. 

6.2 Comparison of Simulation Results 

After each simulation model was run for the corresponding simulation periods, their results were 

subsequently analysed to compare with those obtained by the individual strategies earlier in this paper as 

well as to that of the existing models. Hence, the following graphical illustration, Fig. 4 highlighted the 

comparison of KPI between the existing models and the proposed strategies. These illustrations highlighted 

the comparative results of the twelve-month simulation period. 

Figure 4: Comparison of KPI between Simulation Models. 

7. Financial Impact and Inferences

The findings observed in this research paper thus far indicated the benefits of using LM strategies for 

improving system performance of PIM operations. In light of this, it was necessary to perform a cost-benefit 

analysis (CBA) if the company desired to implement these strategies into their PIM framework. In addition, 

understanding the return on investment (ROI) was another key facet to decide the feasibility in using the 

LM strategies for improvement of the system performance. From these calculations, Strategy Three not 

only possessed the fastest break even, where it indicated an ROI of 69.34% within the first year of initial 

investment, but the lowest CBAf of 0.59. This meant that it was the most feasible LM strategy in the context 

of financial investment to be implemented into the company. 
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8. Conclusion

In conclusion, the hypothesis of this research paper showed a positive relationship between the performance 

and cost incurred during PIM operations possessed notable relation with the resource utilization and how 

the processes were developed within the production line. In performing background research behind the 

SME within the global market, it was clear that there existed several challenges due to the prevalence of 

larger companies within the competitive world.  

It was in this regard that findings revealed improvements in KPI where, over the twelve-month simulation 

period for example the existing model saw an improvement in its WIP by 84.78% using a combination of 

three LM strategies, improvements in its WT by 98.03% and a TP increase by 2.49%. In terms of cost 

incurred by using the resources, the incorporation of an AMHS within strategy three reduced the usage cost 

by 37.55% which, based on the framework of the simulation would have saved the company a significant 

cost in RU. This, in combination with the CBAf of 0.59 and ROI of 69.45%, which indicated a break-even 

in revenue within the first year of investment highlighted the benefits of utilizing lean thinking as a means 

of improving the PIM operations within the company. 
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