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Figure 5:  Simplified Logic Flow Diagram 
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7. RESULTS OF SIMULATION 

Three of the technical system's output variables 

are tracked during the simulation and presented 

on graphs on the computer screen. Examples of 

the graphs for these three output variables for 120 

months of operation are given in figures 6-8. 

The simulation of the technical/maintenance 

system was run for 40 months (actual running 

time) with an operate to failure tactic for all 

items. At this stage the simulation was paused 

and time-based maintenance was selected as the 

tactic for 15 of the items of the mining section 

and the simulation was restarted. From figure 6 it 

is seen that the average monthly maintenance cost 

decreased from about R550000 to about 

R420000. From figure 7 it can be seen that the 

mean-time-to-failure increased from 60 hours to 

about 120 hours, which can be expected since the 

aim of TBM is to prevent failures from occurring. 

From figure 8 it is seen that the availability 

increased from about 0,40 to about 0,57. 

The simulation was paused again at 80 months 

and CBM was selected as tactic for 9 of the items 

and the simulation was then run up to 120 

months. A further increase in reliability (MTTF) 

is observed in figure 7, but the average 

availability only increased from 0,58 to 0,60, 

which is not significant. The average total cost 

increased from about R417000 to about R427000. 

This indicates that, although the availability is 

slightly better, the cost of the inspections counter 

the decrease in maintenance cost and lost 

production cost due to fewer failure-based 

replacements. 

It must be noted that no attempt was made at this 

stage to optimise the maintenance tactics for 

individual items. The different maintenance 

tactics can be applied for each item and cost 

calculations can be done to determine the best 

tactic and also to determine an optimum interval 

for replacement. 

 

0

100000

200000

300000

400000

500000

600000

700000

800000

900000

0 40 80 120

Total Time (months)

C
o
s
t 
p
e
r 
m
o
n
th
 (
Z
A
R
)

Monthly values

3-month average

 

Figure 6:  Maintenance Cost per Month from Simulation Run 
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Figure 7: System Reliability from Simulation Run 
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Figure 8: System Availability from Simulation Run 

 

8. CONCLUSION 

Many software tools are available for developing 

an operations and maintenance simulation for a 

specific technical system, e.g. an underground 

mining section. Not all these software tools are 

adaptable to model and simulate all possible 

types of systems and some are coded in 

simulation languages. 

The aim of this project was to develop a 

simulation for modelling the effect of different 

maintenance tactics for a system comprising 29 

items, each with its own failure distribution, 
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distribution for the PF interval if CBM is 

possible, and a repair (replace) distribution. 

The initial results of the simulation indicate that 

the computer simulation model can provide the 

three performance parameters, i.e. total 

maintenance cost (direct and indirect), 

availability and reliability as a function of 

operational time and represent this on graphs to 

track the performance as a function of time. 

The base case for this technical system, i.e. a 

mining section of a coalmine, is an operate to 

failure (OTF) tactic for all 29 items of the system. 

The total maintenance cost for this base case was 

also modelled using a Monte Carlo simulation in 

MS Excel and the average cost corresponded well 

with the steady state cost from the discrete event 

simulation described in this paper. 

The next step in the process of developing a 

simulation that might be useful as a training tool 

for maintenance managers is to modify the 

technical system to include some redundancy that 

will allow the total system to remain in an 

operational state while some items are in a failure 

state. 

The final step in the development process will be 

to include the maintenance resources, i.e. people 

and spares. Decisions on the number of artisans 

required for varying workloads, as well the 

number of spares to be kept in the maintenance 

store, are crucial to optimise the total cost of 

maintenance as well the reduction of risk. 
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ABSTRACT: 

In this paper, we present an approach for the de-

sign of facility layouts in stochastic environments. 

This case study is concerned with analysing al-

ternative facility layouts of petrol stations or road 

services for effective planning.  The objective of 

the project is to reconfigure the petrol station 

forecourt design and customer flows towards 

minimizing waiting times in periods of increasing 

demand and enhancing customer satisfaction. 

Discrete-event simulation is used to model the 

system by experimenting with different customer 

flows and determining resources utilisation and 

queuing times. In this paper we describe the 

model and present results for a representative 

small/medium-sized petrol station. The model can 

be used by business planners as a  decision sup-

port tool. 

 

Keywords: simulation; capacity planning, facility 

layout; petrol station; road services 

1 INTRODUCTION 

The design of a service facility involves decision 

making in a number of problems such as appro-

priate facility layout in conjunction with fore-

casted demand and capacity requirements. Facil-

ity layout is the arrangement of activities, features 

and spaces along with the relationship that exists 

between them (Hales, 1984). Moreover, capacity 

planning measures and adjusts limits or levels of 

capacity for alleviating bottleneck work centres, 

and for helping planners make the right decisions 

on scheduling before problems develop (Russell 

et al, 2003).  

 

Layout optimization and simulation are two tasks 

that are crucial to any facility planning and layout 

study (Grajo, 1996). However, services usually 

operate under dynamic conditions with an inde-

pendent demand and a large number of con-

straints. Mathematical programming techniques, 

e.g. linear and integer programming and the 

quadratic assignment problem, have proved to be 

useful in handling combinatorial optimization 

problems in facility design for these service type 

activities, but also tedious and time consuming, 

and moreover incapable of successfully dealing 

with stochastic utilization problems (Padney et al, 

2000). On the other hand, simulation models can 

capture more requirements and attributes of real 

life problems that are difficult to consider using 

analytical models for the layout optimization 

problems (Tam and Li, 1991; Tang and Abdel-

Malek, 1996; Castillo and Peters, 2002). Devel-

opment of an efficient decision support system 

for such a situation calls for the consideration of 

the stochastic nature of interaction between the 

system parameters,  and the relationship between 

the working environment and the resources 

within the system (Padney et al, 2000). Simula-

tion has been effectively used to incorporate 

many of these requirements into the facility lay-

out study (Aleisa and Lin, 2005).   

 

Simulation in service facility layouts is mainly 

used in order to contrast different layout configu-

rations in terms of operational parameters, such 

as utilization, flow-time and buffer sizes (Morris 

and Tersine, 1990; Huq et al, 2001; Adusumilli 

and Wright, 2004); identify potential problems 

and bottlenecks in proposed layout structures 

prior to implementation (Ramirez-Valdivia et al, 

2000), and develop a series of improved layouts 

(Altinkilinc 2004). Moreover, simulation is used 

to incorporate stochastic behavior and uncertainty 

of demand (Hamamoto et al, 1999; Kulturel-

Konak et al, 2004), and to generate random flow 

volumes to be subsequently supplied to tradi-

tional facility layout routines (Gupta 1986). 

 

This paper considers the case of a petrol station in 

order to investigate the facility constraints against 

the available capacity, and propose alternative 

ways of process design. Petrol station simulation 

models are very often discussed in lecture thea-

tres as a typical example for teaching the concept 

of queuing theory and simulation (Yazici, 2006; 

Proctor, 1994; Davies and Elder, 1993; Greasley; 

2004). Surprisingly, although over many years 

modeling of petrol stations is a common exercise 

of hands-on simulation, there seems to be a lack 

of papers in the literature which tackles the prob-

lem in real terms. This study is called to fill in 

this gap. It examines how different facility lay-
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 2 

outs and combination of services offered in such 

facilities can better satisfy customers over the 

rush hour.  

2 CASE DESCRIPTION AND DATA 

COLLECTION  

The following section attempts to describe the 

design of a typical service station as it appears in 

many countries around the globe, including the 

U.K and U.S. A service station usually provides 

the customers with the following service facili-

ties: 

 

a) Vehicle fuel. The station consists of usually 

one or in some cases more canopies, each one 

with a certain number of petrol pumps. Each pet-

rol pump has hoses of different fuels: super, ULG 

and diesel, available for any kind of motor vehi-

cles. All the dispensing pumps have the same ca-

pacity.  

b) Tyre service. An air pump unit is provided to 

fill air in the tyres. Only one or two customers 

can be served simultaneously from the same ma-

chine according to the number of air hoses and 

park lots available. This service is either free of 

charge or it requires a coin payable at the ma-

chine.  

c) A retail outlet which offers a number of facili-

ties to customers. Its main task is to provide pay-

ment facilities for customers who have purchased 

petrol from the forecourt. In addition, it sells 

snack foods, confectionery, as well as oil and 

other car accessories for the travellers. Moreover, 

a restroom service is also located in the shop. 

Usually, in medium-sided stations, there are two 

restrooms; one for the gents and one for the la-

dies. 

d) Car wash. It is provided in some, usually large 

in size,  service stations. The capacity of this fa-

cility is usually limited to one at a time.  

 

Service stations opening times differ. Some ser-

vice stations offer all their services 24 hours a 

day and others from 6/7 a.m. to between 9 p.m. 

and midnight. However, the peak load for fuel 

service occurs between 7-8 a.m. and 5-7 p.m. on 

week days and 9 a.m. to 8 p.m. on weekends. The 

maximum number of customers waiting for ser-

vice depends on the space available. During rush 

hour customers may be deprived from joining the 

queue because of space unavailability in the ser-

vice station forecourt. Usually, the petrol pumps 

are “self serviced” by the drivers/customers and 

thus no operators are needed for fuel filling. Nev-

ertheless, at least one operator is needed to run 

the shop and the fuel payment process.   

 

In general, the following operation rules apply in 

these services. a) There is a first come first served 

(FCFS) sequence in each of the different services 

offered; b) The customer will not leave the sys-

tem during work-in-process; c) Fuel customers 

will join the shortest of the two available queues 

and they won’t leave or change the queue until 

served; d) Fuel customers will not join any queue 

if there is no space. 

 

The experimentation process of this case study 

initiates with the analysis of the as-is model and 

then considers alternative ways of facility design. 

The particular simulation model is designed to 

capture the operations of a busy urban service sta-

tion which consists of four dispensing pumps. 

The four pumps are located under and in line 

across the canopy in groups of two, with their 

backs facing each other. Consequently, there are 

four service bays, and four customers can be 

served simultaneously, but there are only two 

lanes on the right and left side of the canopy. The 

space provided for queuing at the fuel pumps can 

accommodate four customers, two in each queue. 

There are two parking lots for the tyre service and 

oil checks.   

 

In more detail, in the as-is situation, customers 

drive off the road onto the forecourt area and, if a 

dispensing pump is available, park their vehicle 

alongside it to fill it with petrol. If all pumps are 

taken, they join the shorter queue, wait until one 

pump in that queue becomes available and then 

proceed to fuel filling. The lanes are large enough 

for two cars to fit in alongside each other. Thus if 

the one closest to the queue pump is busy, the car 

in the queue will have enough room to cautiously 

overtake the other car and park next to the one 

further from the queue pump. Fuelling takes 

around 1-2 minutes. Once the vehicle is filled 

with fuel, customers must pay at the adjacent 

shop; customers leave their vehicles by the pump 

and enter the shop where, as well as paying for 

their fuel purchase, they may use the other facili-

ties available, such as the restroom, or do some  

shopping. The time taken to perform these tasks 

is highly variable and much related to the number 

of services used, but also to the number of pas-

sengers per vehicle that use these services. They 

then return to their vehicles and either drive off 

the station or use the tyre service at the rear of the 

forecourt. There is usually no queuing space for 

the tyre service, however one car might find lim-

ited space to wait if both tyre services are busy. 

Drivers who do not require fuel may only use the 

shop facilities and the restroom or the tyre ser-

vice. However this is most noticeable in big road 

services, where there is ambient space for park-

ing. Thus, these customers are not included in the 

model. Moreover, it was observed that only 6.5% 

of the customers used the tyre service, which im-

plies that this service is not a bottleneck for the 
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particular system, and thus it is not incorporated 

in the simulation model. Overall, different cus-

tomers follow different routes but the bulk of cus-

tomers visit the service station for fuel. Figure 1 

shows a flow chart of the main processes. 

 

 
Figure 1: Petrol station process flowchart 

 

For this study, data was obtained by observation, 

and a stopwatch was used to measure customers 

inter-arrivals times by type of customer (services 

required), service times and the  mix of chosen 

services. Data was collected from 30 customers. 

A statistical package (Stat-Fit from Simul8 

www.simul8.com) was used to determine 

best-fitted distributions that fed the simulation 

model. Data measures are summarized in Table 1. 

 

Table 1: Distributions of model inputs 

Measures 

Distributions  

(parameters in min) 

Inter-arrival time of car en-

tries Exponential(0.91) 

Time spent fueling LogNormal(1.6, 0.6) 

% of customers shopping or 

using restroom 23% 

Time spent shopping and/or 

in restrooms LogNormal(0.9, 1.5) 

Time spent at  the counter LogNormal(0.6, 0.45) 

Time spent moving the car 

from the pump bay LogNormal(0.8, 0.3) 

% of customers using the tyre 

service 6.5% 

Time spent at the tyre service LogNormal(6.8, 2) 

3 SIMULATION EXPERIMENTATION 

AND RESULTS 

A snapshot of the model is shown in Figure 2. 

Each version of the model runs in minutes for 2 

hours imitating the practices of a specific petrol 

station during the rush hour, e.g. from 5pm to 

7pm on a Monday. Results are based on the aver-

age of 100 iterations. In addition, a warm-up pe-

riod of 1 hour before each run is exercised which 

assists the model to reach a steady state before 

any collection of results begins.  

 

The first scenario examines the system as it was 

observed. Customers arrive on average every 55 

seconds, fuel their cars with petrol and leave their 

cars by the pump in order to pay for the fuel at 

the counter, and simultaneously use the shopping 

services or the restrooms. Following that, the 

drivers collect their cars and the pump is free for 

the next customer. Results from the as-is model 

are shown in Table 2 ‘Pay at shop’ column. 

 

It is apparent that the average time spent in the 

system is quite long (17.2 min), and that there are 

queues  building up in both lanes for fuelling. The 

number of balks is extremely high, almost 57% of 

entries (77customers). In reality this is a phe-

nomenon difficult to observe. Usually cars do not 

physically enter the petrol station, but while driv-

ing check space availability and bypass the ser-

vice if the drivers get the impression of it being 

too full. The queue at the counter is at a reason-

able level. 

 
Figure 2: Screenshot  of 'as-is' model 

 

Alternative flows of customers in this petrol ser-

vice were examined in order to investigate possi-

ble improvements to the service waiting times. 

The second scenario explored the situation of 
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providing two parking spaces which are used as 

follows: After fuelling the car , the driver re-

moves the car from the pump space and parks it 

at the parking space in order to make the payment 

at the shop. The time span was assumed to be the 

same as moving the car from the pump bay to the 

tyre service space [LogNormal(0.7, 0.3)]. If there 

is no free parking space the car is left at the 

pump. Figure 3 shows the difference in customer 

flows under this scenario.  

 

 
Figure 3: Screenshot of model with parking 

lots 

 

The third scenario follows the same logic but has 

three parking spaces. The fourth scenario consid-

ers a very different idea, where there is no adja-

cent shop but there is an automatic payment sys-

tem instead at the exit of the petrol station. For 

this scenario the fuelling time together with the 

release of the pump time was assumed to take a 

bit less than the sum of the fueling and release 

time in the initial scenario, because there is no 

walking to and from the shop. As such the fol-

lowing distribution was used: LogNormal(2, 0.7). 

Moreover the variation of the time spent at the 

pay machine was assumed to be less than the one 

spent at the shop counter because there was no 

discussion involved. Thus,  for this parameter the 

following distribution was used: LogNormal(0.5, 

0.1). The fifth scenario has the same characteris-

tics as scenario four, however, the automatic 

payment is attached to the fuel pump and there-

fore all the three activities of fueling, pay and re-

lease pump are taking place there. The distribu-

tion used to describe all these activities is the 

following: LogNormal(2.4, 0.75) Consequently, 

the first three scenarios require at least one opera-

tor and the shop, and the last two scenarios dis-

card the need for the operator and  the shop. 

 

Results from all scenarios are summarized in Ta-

ble 2. From the findings it seems that scenario 

‘Pay at Exit’ experiences the shortest queues and 

balked cars (only 0.3%), and the pumps are util-

ised less than in every other scenario.  The maxi-

mum number of cars queuing to pay at exit comes 

to 3. So there should be available space in front 

of the exit to accommodate these cars. Neverthe-

less, the ‘Pay at pump’ scenario has the shortest  

average time spent in the system,  4.3 minutes al-

together, and it is the scenario that needs the least 

space overall. Furthermore, it is noticeable that 

between the scenarios with 2 and 3 parking 

spaces the former presents better results, which 

are much improved compared to the ‘as-is’ 

model. The addition of a parking lot does not 

seem to further improve the system, but actually 

slightly increases the time spent in the system 

even though the utilization of pump bays looks 

better under this scenario than scenario two. It 

seems as if the time taken to move the car be-

tween the pump bay and the park lot is greater 

than the reduction of the waiting time for fueling 

when the third parking lot is added under the spe-

cific entry arrivals. Another point is that the re-

sults from the first three scenarios might  worsen 

if we consider that the shop could be used from 

customers with no car. This will probably in-

crease the waiting time at the counter. 
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4 DISCUSSION 

This paper demonstrates the effectiveness of the 

proposed methodology by means of a real case 

study of a multi-functional gasoline service sta-

tion in London. Discrete-event simulation aims at 

alternate customer flows for reducing system lead 

time, waiting time, and improving facility utiliza-

tion.  

 

However, the proposed scenarios generate ques-

tions of space availability to accommodate park-

ing lots, and of whether this space could be better 

used for adding pumps and pump bays to maxi-

mize service resources. However, one must con-

sider the cost implications such a decision would 

raise. Nonetheless, the reader should note that 

this system is examined during what it is believed 

to be the rush hour. Overall demand may be much 

lower during other times of the day, which chal-

lenges the cost effectiveness of  purchasing  extra 

pumps.  

 

Moreover, although scenarios four and five seem 

to provide the fastest service, they also imply that 

customers lose the convenience of a quick shop-

ping during car fueling, which might be a sought 

after  service, especially in busy London where 

free parking space for quick, small shopping is 

rarely available. 

 

At this stage, a critical evaluation of the limita-

tions of this study is essential. The first limitation 

relates to the selection of a single case to study 

the petrol services, which naturally brings forth 

many restrictions as far as the generalisation of 

the results is concerned. Future studies may con-

centrate on a larger number of petrol stations with 

different numbers of fuel points and services of-

fered, and by collecting a larger number of obser-

vations. The second limitation relates to the mod-

eling constraints which generates a number of 

assumptions at the attempt to represent the behav-

ior of a real system. The main concern is that 

human behavior is difficult to understand com-

pletely and to capture in a set of logical rules.  

This case study is only an initial attempt to con-

sider more satisfactory fuel services facilities lay-

outs. 

 

This approach can be applied to other service 

type organization with similar characteristics. 

Thus, any business where customers are queued 

up at different points in order to  receive different 

kinds of services, e.g. banks, department stores, 

etc. will benefit tremendously from this design.  
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Table 2: Results from five scenarios 

Simulation Object 

Performance Measure/ 

Average Values 

Pay at 

shop 

2 parking 

spaces pay 

at shop 

3 parking 

spaces pay 

at shop 

Pay at 

exit 

Pay at 

pump 

Exit Average Time in System 17.2 12.9 13.4 7.7 4.3 

  Maximum Time in System 22.3 26.9 25.0 11.3 7.8 

  St Dev of Queuing Time 1.9 4.2 3.8 1.2 1.1 

Balk % of Entries 57.6 27.1 27.8 0.3 1.0 

Queue for Pumps 1 2 Average Queuing Time 7.4 2.9 3.2 0.1 0.2 

  St Dev of Queuing Time 1.6 2.4 3.0 0.3 0.5 

Queue for Pumps 3 4 Average Queuing Time 7.1 3.1 2.6 0.3 0.5 

  St Dev of Queuing Time 1.4 2.3 2.4 0.6 0.7 

Queue for Parking Average Queuing Time   2.4 1.3     

  St Dev of Queuing Time   3.1 3.2     

Queue for Pay Average Queuing Time 0.1 0.4 0.3 0.2   

  St Dev of Queuing Time 0.3 0.6 0.6 0.3   

Pump 1 Utilization % 100.0 92.9 90.3 50.3 59.0 

Pump 2 Utilization % 100.0 95.7 94.9 60.1 68.2 

Pump 3 Utilization % 100.0 95.9 93.5 53.4 65.9 

Pump 4 Utilization % 100.0 96.1 93.3 53.8 65.6 

Park 1 Utilization %   83.2 79.3     

Park 2 Utilization %   81.7 77.9     

Park 3 Utilization %     78.1     
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