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Abstract. This study analyzes the queuing system at a petrol station using discrete event simulation (DES) to identify operational bottlenecks and propose improvements. Data was collected through direct observation and customer arrival logs over a one-week period, focusing on key metrics such as waiting times and pump utilization. The simulation model, developed using Arena Software, was validated against observed data. Results show that reallocating pump resources can significantly reduce waiting times for diesel customers without adversely affecting petrol customers, thereby improving overall service efficiency. The findings provide actionable insights for optimizing queue management in petrol stations and similar service environments.
INTRODUCTION
Queueing systems are an integral component of service operations, particularly in industries where demand fluctuates throughout the day. Previous studies have explored the use of simulation modelling, particularly using discrete event simulation technique, to analyze and optimize queuing systems [1]. Queuing systems are critical in managing service efficiency and enhancing customer satisfaction across various industries, including petrol stations. Petrol stations serve as critical infrastructure for daily transportation needs, and their efficiency directly impacts customer satisfaction. Long waiting times and bottlenecks during peak hours can frustrate customers and decrease operational efficiency. Analyzing these queueing systems provides valuable insights for managing resources and improving service delivery. Petrol stations play a pivotal role in ensuring the smooth operation of transportation systems. Despite their significance, many stations encounter challenges in managing customer queues effectively. The inability to add or modify petrol pumps necessitates an analysis of the existing queueing system to identify bottlenecks and improve service efficiency. Understanding arrival and service patterns, peak hour dynamics, and resource allocation can offer practical solutions for enhancing queue management and customer experience. 
Petrol stations face persistent challenges in managing queues, particularly during peak hours. Common issues include long waiting times, uneven service distribution among fuel pumps, and customer dissatisfaction stemming from delays or perceived unfairness. These challenges are often exacerbated during high-demand periods, such as mornings, evenings, weekends, public holidays, or events like fuel price adjustments. These situations lead to congestion and operational bottlenecks. Currently, queuing at petrol stations is often managed manually, with attendants directing vehicles or observing queues to make decisions. This approach lacks standardization and can lead to inefficiencies, such as unorganized queue formations, misallocation of staff, and insufficient communication with customers. The impact of these issues is significant. Customers often face stress and dissatisfaction due to prolonged waiting times, which may lead to a decline in loyalty and trust in the service provided. 
This study aims to address the research questions through the following objectives, i.e., (i). to develop a Discrete Event Simulation (DES) model of petrol station; (ii). to analyze the queuing system and identify operational bottlenecks; (iii). To propose improvements for the queuing system. This study focuses on analyzing the queuing system at the petrol station. The analysis encompasses key metrics such as customer waiting times, time spent at the pump, and pump utilization to identify inefficiencies and propose improvements. 
LITERATURE REVIEW
Queuing theory is a mathematical approach to the study of waiting lines. It examines customer arrival patterns, service mechanisms, and the behavior of queues to optimize system performance. This theory is widely applied in various industries, such as transportation [2], healthcare [3], retail [4] as well as in petrol station [5], to minimize waiting times and maximize resource utilization [6]. According to [1], a queuing system typically consists of three components which are; 1) Input Process – customer arrival patterns, often modeled as a Poisson process; 2) Queue Configuration: Single or multiple queues with specified capacities.; 3) Service Mechanism: Service times, often modeled using exponential distributions. The principles of queuing theory provide a foundation for analyzing and improving operational efficiency in service-based systems, including petrol stations. 
Queuing issues are a prevalent challenge across various industries, often stemming from imbalances between service capacity and customer demand. Petrol stations frequently experience queuing problems, particularly during peak hours when customer demand exceeds service capacity. One of the primary challenges is the limited availability of fuel pumps relative to the number of arriving vehicles. This constraint often leads to long waiting times, especially when customer arrivals occur in quick succession. Additionally, inefficient payment processes, such as delays associated with cash transactions, contribute further to service inefficiencies. Variations in customer behavior also play a significant role in creating bottlenecks, as some customers combine refueling with other activities, such as visiting the convenience store. These combined factors often lead to reduced customer satisfaction and suboptimal pump utilization ([6]; [7]). 
Various techniques have been utilized to address queuing problems across different applications, each tailored to specific contexts and objectives. Mahrooqi and Ali [7] use an AI to predict total time need based on the vehicle size. Zulkepli et al., [1] use discrete event simulation (DES) to replicate real-world systems in a controlled environment. This approach enables the testing of potential improvement strategies without disrupting actual operations, as discussed by [7].
methodology
Discrete Event Simulation (DES) is widely regarded as a powerful tool for analyzing and optimizing queuing systems due to its numerous advantages. One of its primary strengths lies in its ability to replicate real-world systems with high accuracy, enabling detailed performance analysis. Amalina et. al., [6] emphasize that this realistic modeling capability allows researchers to gain a deeper understanding of system behavior under various conditions. Another significant benefit of DES is its capacity for scenario testing. Different operational scenarios can be simulated and evaluated without disrupting actual operations, making it both a safe and cost-effective approach [7]. The research design begins with identifying the problem, which involves understanding the existing challenges and defining the key issues to be addressed. In this study, the focus is on analyzing the queuing system at petrol stations, particularly problems such as long waiting times, uneven utilization of pumps, and bottlenecks during peak hours. 

Data Collection

To ensure the accuracy and reliability of the analysis, data was collected from one of the petrol stations in Changlun, Kedah, Malaysia, over a seven-day period, specifically from Monday to Sunday with specific time frame to represent each day and time. Conducting the data collection over seven days allowed for the inclusion of both weekday and weekend patterns, which are essential for obtaining a comprehensive understanding of customer behavior. Additionally, collecting data across multiple days provided a larger dataset, enabling more accurate and reliable results when analyzing trends and developing the simulation model. The data includes key variables relevant to the queuing system, such as pump usage, time spent in petrol station (in minutes), interarrival time (in minutes) and arrival times (in minutes). The data was collected through direct observation and manual recording during the specified hours. By observing operations over seven consecutive days, patterns in queuing behaviors and system performance could be identified with greater accuracy. This robust dataset serves as the foundation for developing the Discrete Event Simulation (DES) model and conducting subsequent analyses to identify bottlenecks and propose improvements to the queuing system.
[bookmark: _Hlk185687249]Conceptual Model Development
The conceptual model for this study represents the customer flow within the petrol station, incorporating the sequence of events and decision-making processes observed during data collection. This model serves as a framework for the DES, ensuring that all relevant aspects of the queuing system are accurately replicated. Figure 1 depicts the conceptual model of customer arrival up to leaving the station. In the model, the customer flow begins with the arrival of customers at the petrol station. Customers arrive randomly, following interarrival times observed during data collection. This step initiates the queuing process and determines the sequence of events that follow. Upon arrival, customers decide which pump to use based on their fuel type requirements. Customers requiring petrol are directed to directed to one of out of these 8 pumps, while those needing diesel are directed to pumps 9 or 10.
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FIGURE  1. Conceptual Model Development
Physical Model Development
The simulation begins with customer arrivals, where entities representing vehicles are created based on the interarrival times collected during data observation. Upon entering the system, each vehicle is classified as either a car or a truck, depending on its type. This distinction is critical, as it influences the assignment of fuel type and the allocation of pumps. This allocation process ensures that the simulation accurately reflects real-world operations. Each pump station is modeled as a separate service area where vehicles queue and proceed to refuel. The refueling process is governed by service times observed during data collection, ensuring that the model captures variations in fueling durations for different vehicle types. Once refueling is complete, vehicles leave the petrol station, freeing up the pumps for the next arrivals. The model also incorporates parking slots at each pump to account for spatial constraints and queuing dynamics. This physical model serves as the foundation for experimentation and scenario testing in the subsequent stages of the study, enabling the evaluation of potential solutions and their impact on system performance.
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FIGURE  2. Physical Model
Table 1 presents the probability distributions of the interarrival rate and service times for each pump in a petrol station, derived using the Input Analyzer in ARENA software. The interarrival rate follows a scaled Beta distribution, reflecting variability in customer interarrival times. Each pump is modeled with a different distribution type, such as Beta, Lognormal, Uniform, and Erlang, indicating that service patterns vary across pumps. Key assumptions for the model includes that all pumps remain operational throughout the observation period and customers always proceed directly to the pumps and leave immediately after refueling, besides that refueling time encompasses all related activities, including payment.

Table 1. Fitting Distribution for each Pump
	Variable
	Parameter

	Arrival
	

	Pump 1
	

	Pump 2
	

	Pump 3
	

	Pump 4
	

	Pump 5
	

	Pump 6
	

	Pump 7
	

	Pump 8
	

	Pump 9
	

	Pump 10
	


analysis and RECOMMENDATION
Base Case Result 
Table 2 provide insights into the average waiting times experienced by customers at each pump, differentiated between petrol and diesel services, for the base case scenario. Among the petrol pumps, the waiting times vary significantly, with the shortest average waiting time recorded at Pump 7 (0.33 minutes) and the longest at Pump 5 (4.5 minutes). Pumps 1, 2, 6, and 8 all maintain relatively low waiting times, ranging between 0.87 and 1.39 minutes, which indicates more efficient service at these stations. The average waiting time for all petrol pumps combined is approximately 1.92 minutes, reflecting a generally manageable queuing experience.

Table 2. Average Waiting Time for each Pump
	Pump No
	Average Waiting Time
	Specific service

	Pump 1
	1.32
	Petrol

	Pump 2
	1.39
	Petrol

	Pump 3
	2.6
	Petrol

	Pump 4
	2.24
	Petrol

	Pump 5
	4.5
	Petrol

	Pump 6
	0.87
	Petrol

	Pump 7
	0.33
	Petrol

	Pump 8
	1.07
	Petrol

	Pump 9
	7.69
	Diesel

	Pump 10
	6.46
	Diesel



For diesel pumps, the situation is notably different. Both pump for Diesel report much higher waiting times compared to petrol pumps, with averages of 7.69 and 6.46 minutes, respectively. This results in an overall average waiting time of about 7.08 minutes for diesel customers, which is significantly longer than that of petrol customers. The results suggest that diesel pumps face higher congestion and slower service rates, possibly due to fewer pump allocations or longer service times per customer. This imbalance highlights the need for resource adjustments, such as adding more diesel pumps or redistributing service capacity, to reduce long delays for diesel users and improve overall system efficiency.
The model was validated by comparing simulated results with observed data using formula as follows, 


 
The result shows only 7.81% which is below 10 percent. Therefore, we can assume that the developed model is mimic the current situation and can be further use for “what-if” experimentation. 
Model Experimentation
Table 3 depict the model experimentation, where Pump 8 was reassigned from petrol to diesel service. Based on Table 3, the intervention produced significant changes in the distribution of waiting times across pumps. For petrol pumps, the waiting times show both improvements and deteriorations. For instance, Pump 2 and Pump 5 experienced substantial reductions in average waiting times, dropping from 1.39 to 0.85 minutes and from 4.5 to 1.75 minutes respectively, which suggests that redistributing demand helped ease congestion at certain stations. 

Table 3. Comparison of Average Waiting Time between Base Case and Intervention
	Pump No
	Average Waiting Time (Base Run)
	Average Waiting Time (Intervention)
	Specific service

	Pump 1
	1.32
	2.13
	Petrol

	Pump 2
	1.39
	0.85
	Petrol

	Pump 3
	2.6
	4.81
	Petrol

	Pump 4
	2.24
	3.13
	Petrol

	Pump 5
	4.5
	1.75
	Petrol

	Pump 6
	0.87
	2.37
	Petrol

	Pump 7
	0.33
	0.55
	Petrol

	Pump 8
	1.07
	0.62
	Diesel

	Pump 9
	7.69
	3.02
	Diesel

	Pump 10
	6.46
	1.15
	Diesel



For diesel pumps, the intervention had a clear positive impact. Pump 9 and Pump 10, which previously had very high waiting times of 7.69 and 6.46 minutes respectively, experienced notable improvements, decreasing to 3.02 and 1.15 minutes. The addition of Pump 8 as a diesel service point further contributed to this effect, with an average waiting time of only 0.62 minutes, which is the lowest among all diesel pumps. This outcome highlights that increasing diesel pump capacity successfully reduced the long queues that were evident in the base run scenario, balancing the service provision between petrol and diesel customers. When comparing the overall performance, the intervention successfully reduced the average waiting time for diesel customers from around 7.08 minutes in the base run to about 1.60 minutes, showing that the intervention significantly improved the diesel service, which was previously under severe congestion. From a system-wide perspective, this adjustment created a more balanced service environment, particularly benefiting diesel users who faced disproportionately long delays in the base case.

Table 4. Comparison of Utilization Time between Base Case and Intervention
	Pump No
	Utilization (%) (Base Run)
	Utilization (%) (Intervention)
	Specific service

	Pump 1
	49.34
	49.91
	Petrol

	Pump 2
	45.06
	38.01
	Petrol

	Pump 3
	63.64
	70.08
	Petrol

	Pump 4
	51.28
	55.53
	Petrol

	Pump 5
	56.48
	51.64
	Petrol

	Pump 6
	39.22
	42.46
	Petrol

	Pump 7
	35.56
	15.55
	Petrol

	Pump 8
	55.17
	23.5
	Diesel

	Pump 9
	87.83
	58.32
	Diesel

	Pump 10
	77.82
	42
	Diesel



Table 4 highlight the impact of the intervention on both petrol and diesel pumps in terms of pump utilization. For the petrol pumps, the changes in utilization were mixed. Pumps 1, 3, 4, and 6 showed slight increases in utilization, with Pump 3 recording the highest jump from 63.64% to 70.08%. This indicates that these pumps absorbed a greater portion of petrol demand after Pump 8 was reassigned to diesel service. Overall, petrol utilization became more imbalanced, as some pumps became more heavily loaded while others were underused.
For the diesel pumps, the intervention produced a more balanced distribution of utilization. In the base case, diesel pumps were highly overburdened, with Pump 9 at 87.83% and Pump 10 at 77.82%, indicating excessive congestion. After the intervention, both pumps experienced large reductions in utilization, dropping to 58.32% and 42% respectively, which reflects a more sustainable workload. Pump 8, now serving diesel, recorded a utilization of 23.5%, showing that it helped absorb some of the diesel demand. Although Pump 8 is underutilized compared to the others, the redistribution successfully eased the previously high strain on diesel pumps.
When comparing these findings with the waiting time results, the intervention achieved its intended effect of reducing long delays for diesel customers, but it also introduced inefficiencies in pump utilization for petrol. Diesel pumps shifted from being heavily congested to more balanced, resulting in waiting times dropping from an average of 7.08 minutes to 1.60 minutes. However, petrol pumps became slightly less efficient overall, with average waiting times increasing from 1.92 minutes to 2.51 minutes. In conclusion, while the intervention improved fairness in service between petrol and diesel users, it also created underutilization in some petrol pumps. A refined adjustment, such as redistributing demand more evenly among petrol pumps or encouraging better pump assignment strategies, could further optimize overall system performance.
conclusion, limitation and future research
This study analyzed the queuing system at a petrol station to assess waiting times, pump utilization, and overall efficiency. The findings revealed that peak hours, particularly on Fridays and Saturdays, resulted in significantly longer waiting times and uneven pump utilization, with some pumps overburdened while others were underutilized. The simulation demonstrated that interventions such as reallocating pump capacity and optimizing service times could improve system performance, reducing delays and balancing utilization across pumps. These insights provide practical recommendations for enhancing operational efficiency and customer satisfaction at petrol stations.
Despite these valuable findings, the study faced several limitations. The data collection was restricted to seven days with different time frames, limiting the generalizability of the results. Assumptions made about arrival patterns and service times may not fully reflect real-world variability, while external factors such as weather conditions or unexpected customer behaviors were excluded. Furthermore, the study focused solely on technical aspects of queuing performance, without considering other important dimensions of customer experience, such as service quality or the availability of amenities. These limitations suggest the need for broader and more comprehensive analyses in future research.
To build on this work, future studies should extend the data collection period across different times, seasons, and multiple petrol stations to capture more representative customer patterns and operational variations. Comparative studies across locations could uncover best practices, while integrating advanced technologies such as real-time analytics and machine learning could enable dynamic optimization of queuing systems. Additionally, incorporating customer satisfaction surveys alongside technical analyses would provide a holistic perspective, combining efficiency improvements with service quality enhancements. Such research would not only strengthen the understanding of petrol station operations but also contribute to broader advancements in service system optimization.
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