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Improving efficiency of material flows in an automotive assembly 

plant: A case study 

This paper investigates the in-plant logistics processes in automotive 

manufacturing and specifically, the material flows between the storage facility, 

the production lines, and the internal returns area. The aim is to improve the 

efficiency of the plant by looking at the current material flows of the case study 

company. Qualitative and quantitative data were collected through interviews and 

personal observations and were analysed. Using discrete event-based simulation, 

the current material flows were investigated. Our analysis showed that in plant’s 

internal returns area efficiency gains are possible by reducing traffic congestion. 

A solution with minor changes in the layout was proposed and tested which 

showed an increase in the capacity of the system and a reduction in delays. 

Keywords: automotive; assembly plant; material flows; internal returns area; 

simulation 

1. Introduction 

Automotive manufacturers are facing enormous pressures to improve the efficiency of 

their plants (SMMT, 2020; Holweg et al., 2017; Parkin et al., 2017; Heid et al., 2018), 

whilst at the same time dealing with a very dynamic market environment, and ever 

increased product complexity (e.g. more derivatives, increased number of different body 

styles). Logistics and material flow processes play a critical role in plant’s assembly 

operations and any inefficiency in feeding the lines (e.g. due to disruptions, errors or 

delays) could have a significant negative impact on the performance of the whole 

manufacturing system (Li et al., 2020; Boysen et al., 2015; Alnahhal and Noche, 2015). 

It is estimated that one minute of an unplanned production stoppage can cost from 

$10,000 to $100,000 to an automotive company (DHL, n.d.; Galligan, 2016) and 

therefore, minimising the unplanned delays within automotive assembly plants is vital 

(Immerman, 2018). 



In the literature a significant number of studies has investigated material flows 

in assembly plants, focusing on the storage facility, the mixed-production lines and the 

material supply systems (Li et al., 2020; Alnahhal and Noche, 2015; Boysen et al., 

2015; Jainury et al., 2014; Dörnhöfer et al., 2016). The use of the supermarket concept 

for example is found to offer great advantages into the assembly plants such as fast and 

flexible logistics processes (Battini et al., 2013; Emde and Boysen, 2012). Mixed-

production lines operations as well as material supply systems that feed the production 

lines have been also closely reviewed (Jin et al., 2008; Dörmer et al., 2015) with 

researchers highlighting the positive impact of hybrid supply systems (e.g. increase 

efficiency by combining different materials supply systems and exploiting their 

advantages) on system’s performance (Caputo and Pelagagge, 2010; Limère et al., 

2012). 

However, despite the significant number of studies focusing on the flow of 

materials in automotive assembly plants, there is a number of shortcomings in the 

literature. One major gap is that previous research has ignored the returns flow in 

assembly plants. The internal returns area is where empty packages are picked up from 

the production lines, disposed to another area in the plant and prepared for returns. This 

is an important process because any delays in picking up the empty boxes can cause 

production delays, as the production lines will be occupied with empy boxes instead of 

boxes loaded with new parts required for the continuity of the production. Also, delays 

in the offloading processes in the returns area can result in the transport vehicles waiting 

in long queues instead of feeding the lines. Overall, internal returns area can be money 

and time costly if it operates inefficiently (Boysen et al., 2015).  

In light of the gap in the extant literature, this research makes a valuable 

contribution by focusing on the returns area operations, which has not received attention 



for its potential to improve the efficiency of the plant. More specifically, we review the 

material flows of the case study company’s assembly plant and propose, after testing, a 

feasible suggestion for improving efficiency. The assembly plant of the company under 

investigation (which from now on will be referred as Car Co.) consists of a centralised 

storage area, known as the marketplace, the production lines and the returns area 

between which the material flows take place (Figure 1). Using a combination of primary 

and secondary data we propose and test a simulation model that could be used after 

adaptations in the returns area of other automotive assembly plants in order to measure 

and improve the material flow system’s performance. 

The remainder of the paper is organised as follows. We start in Section 2 with an 

overview of the related literature followed by the research methodology in Section 3. 

Next, in Sections 4 and 5 the findings and the discussion are presented respectively, 

followed by conclusions and recommendations for further work in Section 6. 

 

Figure 1. Plant layout of the Car Co. 



2. Background on in-plant logistics processes 

In-plant logistics in the automotive industry have received considerable attention in the 

literature, mainly because of the complex operations involved and their impact on 

productivity (Li et al., 2020; Boysen et al., 2015; Jainury et al., 2014; Dörnhöfer et al., 

2016; Ellis et al., 2010). The term refers to the parts storage and packaging, as well as to 

the transportation of the parts to the production lines (material supply systems). It also 

covers the transport of empty boxes from the production lines to another station into the 

plant (internal returns) (Boysen et al., 2015).  

Centralised or decentralised storage areas are used by automotive companies to 

storage temporarily the parts and the literature has investigated the typical problems that 

emerge such as layout design, parts storage assignment, routing and order batching 

(Boysen et al., 2015; De Koster et al., 2007). The decentralised storage areas in 

particular (called supermarkets) have received most of the attention as they offer many 

advantages (e.g. flexibility, reduced delivery time) and appear to be a promising 

strategy (Emde and Boysen, 2012). Battini et al. (2013) explicitly defined the concept of 

supermarkets outlining also the problems related to the implementation of the concept. 

Prior research (Emde and Boysen, 2012; Golz et al., 2011) had also identified problems 

such as: location planning, vehicle routing, scheduling, and loading of transport.  

In the production lines, line balancing, model sequencing, production scheduling 

and workforce assignment are the four main problems that have received attention (Jin 

et al., 2008; Thomopoulos, 1967; Dörmer et al., 2015; Battaïa et al., 2015) and various 

approaches to solve them have been developed like heuristics and programming models. 

The material supply systems, also known as the line feeding systems, have 

received particular attention by several authors in an effort to control and optimise the 

processes taking place (e.g. Alnahhal and Noche, 2015; Ellis et al., 2010) as well as 



decide upon the most efficient feeding system. From an information management point 

of view, there is important research looking at the application and integration of latest 

technologies (e.g. robotics, modern information technologies such as web services) to 

support the operations planning and coordination and eventually, increase system’s 

efficiency as well as provide high quality solutions (Kousi et al., 2019; Kousi et al., 

2016; Makris and Chryssolouris, 2013). From a system’s point of view, four systems 

have been identified in the literature: line stocking, kitting, sequencing and minomi 

(Battini et al., 2009; Hanson, 2010). 

Line stocking is considered to be the traditional feeding system in which parts 

are stored in bulk into containers and then containers are delivered at the Border of the 

Line (BoL) (Caputo and Pelagagge, 2010; Hanson and Brolin, 2013; Hua and Johnson, 

2010; Limère et al., 2012; Sali et al., 2016). Kitting is technically more complex system 

than line stocking and requires preparation processes before the assembly operations. In 

this system, kits (specific assortment of parts for every end-product) are prepared and 

are assigned and delivered to a specific workstation. The preparation can be done 

manually, which requires long time of work or can be done by robots by an automated 

kitting system as recent studies have shown (Boudella et al., 2018). There are two types 

of kits: stationary and travelling. A stationary kit is delivered to the station and remains 

there until it is depleted, while the travelling kit moves with the end product and feed it 

in several stations (Battini et al., 2009; Bozer and McGinnis, 1992; Caputo and 

Pelagagge, 2010; Faccio, 2014; Hanson and Brolin, 2013; Hua and Johnson, 2010; 

Limère et al., 2012). Sequencing is considered as a particular form of stationary kit 

where the assortment is made of only one type of part (Sali et al., 2015) and similarly to 

kitting, it requires preparation before the assembly operations. Finally, minomi is a 

relatively new system, which has not gained much attention by the literature. In this 



system no containers are used, and the parts are stacked together in racks and hanging 

from hooks (Liker and Meier, 2016; Hanson, 2010). 

Past research has investigated and compared the performance of the material 

supply systems. It is generally accepted that line stocking is more appropriate when the 

production volume is high and the variety of parts is low, whilst kitting, sequencing and 

minomi should be chosen when production volume is low and variety is high (Caputo 

and Pelagagge, 2010; Sali et al., 2015, Limère et al., 2012). Caputo and Pelagagge 

(2010) and Limère et al. (2012) concluded that an optimal solution would be to adopt a 

hybrid system in which some parts will be kitted and sequenced, whilst some others will 

be stored to the line so that the advantages of the different systems can be exploited. 

This is in line with Hanson and Brolin (2013), Hua and Jonson (2010) and Sali et al. 

(2015) who formulated the conditions under which original equipment manufacturers 

should be applying line stocking, kitting, or sequencing. 

On the contrary, the internal returns processes have gained little attention by 

researchers and mainly from a purely theoretical standpoint. Boysen et al. (2015) 

described that there are two alternative logistics pathways in terms of the internal 

returns processes. The first one is when the same transport equipment is used for both 

the feeding route and the reverse route (leave one filled box and at the same time take 

one empty). The other way is when these two routes are planned separately. In that case, 

additional transport equipment is necessary, but time savings could be achieved. All in 

all, their research showed specific shortcomings in the literature particularly with 

regards to the internal returns processes.  

Internal returns processes are part of the reverse logistics activities, which have 

been highlighted in the literature for their strategic role and their contribution to a more 

environmental friendly company (Carter and Ellram, 1998; Tibben-Lembke, 2001; 



González-Torre et al., 2010). However, there are certain barriers that make it difficult to 

manage internal returns. These barriers are mostly organisational problems and the lack 

of the appropriate information and technological systems (González-Torre et al., 2010).  

In Table 1 below, a summary of the literature review is presented. The 

production lines, the storage area and the material supply systems have received 

significant attention by researchers, whilst the internal returns processes have been only 

theoretically described.



Table 1. Summary of the literature 

 Researchers Research focus Methods Findings 

Production 

lines 

Zeltzer et al., 2013; Thomopoulos, 1967; 

Jin et al., 2008; Dörmer et al., 2015; 

Battaïa et al., 2015 

• Line balancing 

• Model sequencing 

• Master production scheduling 

• Workforce assignment 

Heuristics & 

programming 

models 

Decision making models have 

been developed to address the 

problems emerge. 

Storage 

area 

Battini et al., 2013; Emde & Boysen, 

2012; Golz et al., 2012; De Koster et al., 

2007 

• Supermarket location planning 

• Vehicle routing 

• Scheduling of transport 

vehicles 

• Loading of transport vehicles 

Heuristics & 

mathematical 

models 

Decision making models and 

supporting tools have been 

developed to calculate optimum 

location, optimum resource 

allocation etc.  

Material 

supply 

systems 

Battini et al., 2009; Hanson, 2010; 

Hanson and Brolin, 2013; Hua and 

Johnson, 2010; Limère et al., 2012; Sali 

et al., 2016; Caputo and Pelagagge, 2010; 

Faccio, 2014; Liker and Meier, 2006; 

Wänström and Medbo, 2008; Boudella et 

al., 2018; Kousi et al., 2019 

• Line stocking 

• Sequencing 

• Kitting 

• Minomi 

• Planning and coordination 

• Optimisation 

Descriptive 

cost & 

mathematical 

models, 

simulation, 

information 

technologies 

• Advantages and disadvantages 

for each system 

• Appropriate part characteristics 

for each system 

• Hybrid systems can maximise 

system’s performance 

• Service-based control system 

Internal 

returns 
Boysen et al., 2015 

Part logistics processes and 

decision problems 

Theoretical 

description 
Research gap in this area 



3. Research methodology 

3.1 Research approach 

Due to the exploratory nature of our research and the prior limited knowledge in this 

area, a single case study method was employed. This allowed for an in-depth 

exploration of the material flows into the returns area of the assembly plant,  as well as, 

the collection and analysis of different data sources (i.e. interviews, and observations) 

(Yin, 2014; Myers and Avison, 2002; Mangan et al., 2004). The single case study 

approach has been also used in the past in exploratory research works in automotive 

industry (Dowlatshahi, 2010; White et al., 2015; Che Ani and Chin, 2016).  

A mixed-methods choice was also made in this research with regards to the data 

collection process and both qualitative and quantitative data was collected. The main 

sources of data were interviews for the qualitative part and CCTV footage for the 

quantitative part of the research. Interviews were used to provide explanations and 

personal views as it was important to explore and understand the processes taking place, 

as well as to identify potential problems and solutions. Also, CCTV footage (video-

based research methodology) was used to allow the collection of rich empirical 

quantitative data because of the ability to rewind the recordings and watch them over in 

order to collect additional data (Christianson, 2018; Seawright and Sampson, 2007).  

As Table 2 presents, the first step was to explore the overall material flows into 

the plant in order to decide the area of focus. For that reason, five semi-structured 

interviews were conducted with the planning/operations, logistics and material flows 

managers in order to map accurately the material flows into the plant. The interview 

guide included, but was not limited to, topics such as: layout of the plant, flows into the 

storage area, material supply system, which facilitated a more general discussion with 



the interviewees and included additional insights about the plant’s logistics processes. 

The interviews took place in the final assembly plant of the Car Co. and lasted ten hours 

in total. Based on the outcome of the interviews, the focus area was selected. The 

second step involved a detailed investigation of the area by conducting observations 

through CCTV footage that lasted 2 weeks. Next, potential solutions for efficiency 

improvements were identified and three more interviews (lasting in total an hour and a 

half) took place with the operations/planning managers in order to assess the 

“feasibility” of the potential scenarios. In this step, we used structured interviews 

because the goal was interviewees to provide specific data about the feasibility of 

potential solutions. So, extra data about the area was collected and a final solution was 

developed and further explored to test if improvements have been achieved. Car Co. 

decided to implement this solution since the forecasts suggested that efficiency 

improvements were possible. The fourth step involved a detailed investigation into the 

internal returns area (after the implementation of the proposed changes) by conducting 

observations through CCTV footage that lasted 2 weeks. The aim of this step was to 

review the area and to test if the expected efficiency improvements had been achieved. 

Table 2. Research process 

Step Goal Method Duration Location Key informants 

1 Explore the 

current 

materials 

flows 

5 semi-

structured 

interviews 

10 hrs Car Co. 

assembly 

plant & 

logistics 

offices 

Planning/operations, 

logistics & material 

flows managers 

2 Investigate in 

detail the 

returns area 

Observations 

(24hrs of 

production) 

2 weeks Car Co. 

internal 

returns 

area 

Car Co. CCTV 

footage 



3 Examine 

potential 

solutions 

3 structured 

interviews 

1.5 hr Logistics 

offices 

Planning/operations, 

logistics & material 

flows managers 

4 Review/assess 

outcome from 

changes 

implemented 

Observations 

(24hrs of 

production) 

2 weeks Car Co. 

internal 

returns 

area 

Car Co. CCTV 

footage 

3.2 Data collection 

A variety of data was collected in order to help achieving the aim of this research. 

Initially, five semi-structured interviews with the planning/operations, logistics and 

material flows managers of the Car Co. were conducted in the assembly plant of the 

company and lasted 10 hours. The interviews helped deciding the focus area of the 

analysis and also, provided detailed insights about the layout of the plant, the processes 

that take place in the marketplace, the production lines and the internal returns area. We 

collected data about how the marketplace was organised (e.g. where the parts were 

stored), but also about the mixed production lines (e.g. the processes that take place, 

how the parts were organised at the BoL and the supply system used to feed the 

production lines), the internal returns area (e.g. how empty boxes are transferred to this 

area and then go back to the suppliers) and finally, about any incidents (e.g. type of 

incident, location, frequency of occurrence, potential causes) and disruptions within the 

assembly plant  

We also investigated in depth the internal returns area. As shown in Figure 2, in 

the internal returns area, transport vehicles – called tugger trains – loaded with empty 

plastic boxes follow the first line and wait in the queue in order to be offloaded by 

forklifts in Station 1 and then exit through door 1. Also, tugger trains loaded with empty 

metal and sequence boxes follow the other two lines and wait in queues to be offloaded 



by forklifts in Station 2 and then exit through door 1 again. Forklifts remain solely in 

the internal returns area for the offloading of tugger trains. Quantitative data about the 

tugger trains arrivals to the returns area, the tugger trains process time for offloading, 

the departure rates, the tugger trains characteristics, the capacity of the system and the 

layout characteristics and plan were collected through CCTV footage of 24hours of 

production. Any additional movements, by other transport vehicles, performed in the 

returns area or any disruptions took place, were recorded.  

Next, we examined potential solutions for efficiency improvements. Alternative 

scenarios were developed and presented to the managers of Car Co. Three additional 

structured interviews were conducted with the managers of the company in order to 

validate and assess the alternative scenarios. The criteria used to assess the proposed 

scenarios were the feasibility of the proposed actions and/or changes, the time needed to 

implement them, the potential cost and the perceived overall effort needed to implement 

them. As a result of the interviews, it was decided to further analyse a particular 

scenario, which involved minor changes and invested effort, but at the same time could 

possibly reduce delays in the area. 

Finally, we reviewed and assessed the internal returns area after implementing 

the proposed solution collecting new data through CCTV footage of 24hours of 

production in the new layout. The new layout included the addition of a new doorway to 

exit the tugger trains, which were loaded with metals and sequence (Figure 3). Similar 

to the second step, quantitative data about the tugger trains arrivals rate, process times, 

departure rates and capacity of the system was collected. 



 

Figure 2. Initial internal returns layout and flows 

 

Figure 3. Final internal returns layout and flows  

3.3 Data analysis 

We analysed the qualitative data collected through semi-structured interviews with the 

managers of the company. The layout of the assembly plant as well as the processes 

taking place were explained by managers and maps were developed in order to 

understand and analyse the material flows. The assembly plant of Car Co. consists of 

the centralised marketplace, the mixed production lines and the returns area between 

which the material flows take place and follow a continuous circular route. This 



continuous circular material flow helps to optimise the flows, the space availability and 

the resources to the highest possible level. However, due to the route being circular, any 

inefficiencies or delays that occur either in the marketplace or in the productions lines 

or the returns area, will affect the performance of the whole material flow system. 

Analysing maps of the plant in line with managers’ experience and views, the internal 

returns area was identified as an area where efficient gains are possible –long queues 

and delays had been reported. 

Next step was the simulation analysis of the internal returns area and the 

representation of the actual system. The Arena 14.5 (Rockwell Software) with the 

SIMAN (Simulation Modelling and Analysis) programming language was used. A 

simulation model was built which represented the processes that take place in the real 

environment of the internal returns area. Figure 4 presents this model, which consists of 

various modules (i.e. the basic building blocks for Arena model), representing the 

flowchart and data objects that define the processes that take place (e.g. entities creation 

module, process module, decision module, transport module). Under each module, a 

box has been added to indicate the exact parameters used and a detailed explanation of 

these parameters as well as the logic of the model follows.  

 



Figure 4. Simulation model representing the internal returns area processes 

In order to build this model, we first analysed the quantitative data collected through the 

CCTV footage in the internal returns, using the SPSS software and the Arena Input 

Analyser (standard component of the Arena environment). The aim was to statistically 

analyse the data and determine whether they follow a particular distribution, which 

would then be inserted onto the simulation model. Tugger trains are considered to be the 

entities of the system which arrive in the returns area following an exponential (EXPO) 

distribution with a mean value of 0.58minutes, meaning that the tugger trains arrivals 

occur continuously and are independently at a constant average rate (poisson processes). 

The expression 0.36 + EXPO (0.225) gives the SIMAN code needed within Arena to 

generate the values from the exponential distribution and was automatically coded and 

generated from the Arena Input Analyser. Then, the model distinguishes the tugger 

trains based on the material that they carry. One third (33%) of the tugger trains is 

loaded with plastics, whilst the rest 67% is loaded with sequence and metals. Tugger 

trains with plastics will take the 1st line whilst the others will take the 2nd and the 3rd 

line (as previously showed in Figure 2). Regarding the tugger trains loaded with metals 

and sequence, the model sends 50% of them in the 2nd line and 50% in the 3rd line. 

Also, the time needed in order tugger trains to take the lines is at around 17 seconds. 

Forklifts are considered to be the resources of the system. Their capacity is two in 

station 1 and three in station 2. The offloading process time in station 1 follows an 

erlang (ERLA) distribution which is a probability distribution and the main parameter is 

its shape which is equal to 3. The expression 18.5 + ERLA (9.72, 3) gives the SIMAN 

code needed within Arena to generate the values from the erlang distribution and was 

again automatically coded and generated from the Arena Input Analyser. The offloading 

process time in station 2 follows a triangular (TRIA) distribution in which the minimum 



process is 14.5 seconds, the average is 30 seconds and the maximum is 60.5 and the 

SIMAN coded expression was TRIA (14.5, 30, 60.5). After the offloading process, 

tugger trains exit from the door. Tugger trains from station 1 need on average 11 

seconds to exit, whilst tugger trains from station 2 need on average 18 seconds to exit. 

The simulation model run for 24 hours and 100 times and after that, a report with 

outcomes about system’s behaviour was generated. The representation of the internal 

returns environment was useful for validation purposes and for providing a clearer 

picture of the system and the improvements needed. 

3.4 Verification and validation 

As far as the model verification is concerned, two techniques have been applied in order 

to ensure that there were no errors in the coding; tests runs and animation inspection 

(Greasley, 2004; Kelton et al., 2010; Sargent, 2011; Kleijnen, 1995). In the first 

technique, test runs were implemented, and the results were checked under specific 

scenarios. It was shown that the number of tugger trains offloaded in 24 hours, in the 

current scenario (arrivals distribution: 0.36+EXPO (0.225)), was 2,561 while in the 

extreme scenario of high demand levels (arrivals distribution: 0.45+EXPO (0.225)) it 

was 2,972 and in the extreme scenario of low demand levels (arrivals distribution: 

0.25+EXPO (0.225)) it was 2,131. Also, the queues length and the utilisation factors of 

the resources had been increased and decreased accordingly. Therefore, the model 

behaves reasonable and the output measures were the ones expected. 

In the second technique, animation inspection has been applied. The model’s 

operational behaviour has been displayed graphically as the model moves through time 

in order to check for suspect behaviour. The simulation model executed at a very slow 

speed in order to check all the entities flows. The outcome from this analysis was that 

the flows were correct. 



Regarding the model validation, the model needed testing against conceptual 

and operation validity. For the conceptual validity it was important to assure that the 

model is a simplification of the real world and the functions take place during the model 

execution are the ones that take place in the real system (Greasley, 2004; Kelton et al., 

2010; Sargent, 2011; Kleijnen, 1995). Therefore, after the development of the 

simulation model and the verification process, the model was presented to the 

planning/operations, logistics and material flow managers of Car Co. in order to receive 

feedback on whether the model and its behaviour was reasonable (i.e. face validity). In 

that way the model was tested and approved for its conceptual validity. 

For the operational validity, a comparison between observable results and 

simulation results was carried out (Greasley, 2004; Kelton et al., 2010; Sargent, 2011). 

Specifically, the results from the CCTV footage analysis (in the initial layout) were 

compared with the results from the simulation analysis (in the initial layout). It was 

found that the deviation between the results was less than 2% and that was presented to 

the managers of the company (who are the decision-makers) in order to accept or reject 

the model (Tsioptsias et al., 2016). They accepted the deviation and the simulation 

model and they concluded that the model behaves in a reasonable manner. 

4. Findings 

After the simulation of the current environment in the internal returns area, we 

examined potential solutions for efficiency improvements and found that traffic 

congestion in the area around door 1 was causing major delays, long queues and waiting 

times. Based on that, alternative scenarios were developed and presented to the 

managers of the company. These scenarios suggested changes like the addition of a new 

line by expanding the area, the increase in the number of resources and the addition of a 

new doorway. But limited space availability, physical obstacles and extra costs, made it 



difficult to implement changes like layout expansion and increase in the number of 

resources. So it was decided that the most practical and feasible scenario was the 

addition of a new doorway and minor changes in the route of the tugger trains. A new 

(based on the initial) simulation model, was developed to represent this scenario and 

make forecasts about the performance of the new system. The outcomes showed that 

efficiency improvements were possible and the company decided to implement the 

proposed changes. 

Table 3 below summarises the main findings of the analysis in the internal 

returns area. The queues length and the throughputs are reported in the initial layout 

before the new doorway, in the forecasts for a new doorway and in the final layout after 

the addition of a new doorway. Forecasts had shown that a new doorway would reduce 

queues length and would increase throughput by 1.6%. Indeed, queues length was 

reduced as projected, but the throughput was increased by 31%, much more than the 

projected number. A possible explanation is that the data collection in the new layout 

took place months after the data collection in the old layout and the company had 

already made plans for an increased capacity into the plant as customers’ demand was 

rising. 

In more detail, Figure 5 below illustrates the improvements achieved in the 

number of tugger trains offloaded per hour in the internal returns area by comparing the 

total throughput per hour before and after the new doorway based on the data from the 

observations. Despite the fact that the total throughput increased, the traffic congestion 

and the queues length was reduced. Also, the total throughput per door was reduced as 

the exits became two and this reduction is significant for two reasons: firstly, it reduced 

the traffic congestion around the initial door and secondly adequate space for an 

increased demand in the area was created. 



Table 3. Summary of the findings 

 

 

Before the 

new doorway 

Forecasts with 

a new doorway 

After the new 

doorway 

Observations  Simulation  Observations  

Q
u

eu
es

 l
en

g
th

 

Average no. of tugger 

trains waiting in the 

queue for Station 1 

2 1 1 

Average no. of tugger 

trains waiting in the 

queue for station 2 

6 5 5 

T
h

ro
u

g
h

p
u

t 

Total throughput  

in 24 hours 
2561 2601 3373 

Average throughput 

Exit through Door 1 

106 tugger 

trains/hour 

36 tugger 

trains/hour 

47 tugger 

trains/hour 

Average throughput 

Exit through Door 2 
- 

73 tugger 

trains/hour 

94 tugger 

trains/hour 

 

 

Figure 5. Comparison diagram before and after the changes 

5. Discussion 

Car Co. operates a functional centralised marketplace and uses a hybrid material supply 



system in order to feed the production lines. A combination of line stocking, sequencing 

as well as minomi systems help increasing the efficiency of the plant and this is in line 

with previous research on the benefits of hybrid systems (Caputo and Pelagagge, 2010; 

Limère et al., 2012). Each of these supply methods has a distinct area in the marketplace 

from which the parts are supplied and transported to the BoL. This centralised 

marketplace helps the company to save space and also to avoid the complexities of the 

supermarkets as the planning and logistics managers deal with the traditional decision 

problems of the centralised storage areas (e.g. layout of racks, storage location of parts), 

(Boysen et al., 2015). 

A continuous circular material flow is kept in the plant of the Car Co. which is 

performed by tugger trains and begin from the marketplace to the production lines, then 

to the internal returns area and finally, back again to the marketplace. This circular route 

optimises the flows, the space availability and the resources. However, it also means 

that any inefficiencies or delays occur, either in the marketplace or the production lines 

or the returns area, they will affect the performance of the overall material flow system. 

After the analysis of Car Co. layout and material flow system as well as the interviews 

with the company’s managers, it was revealed that the internal returns area is an area 

where there are opportunities for improvements and more effort is needed in order to 

increase efficiency. This is in line with findings from the literature (Boysen et al., 2015; 

Carter and Ellram, 1998) that also highlighted the need to investigate more in this area. 

The investigation into this area revealed traffic congestion causing major delays, 

long queues and waiting times. Interestingly this is a factor that has not received much 

attention in the literature. Most research works that investigated automotive assembly 

plants, focused on the mixed production lines, the materials flow systems, the transport 

logistics strategies and the use of robotics while little attention has received the traffic 



congestion factor into the plants (Li et al., 2020; Boysen et al., 2015; Michalos et al., 

2010). 

6. Conclusion and future research 

This research investigates the material flow processes into the automotive 

assembly plant of the case study company. The current environment of the case study 

company was analysed, using the discrete event-based simulation technique and the 

causes of inefficiencies were identified. Further analysis of the data led to the 

development of a new solution to reduce the congestion and to improve efficiency. A 

new simulation model was developed which showed that by reducing the traffic 

congestion, major improvements could be achieved in terms of capacity and efficiency. 

The case study company implemented the proposed solution which was shown to lead 

to efficiency improvements and to increased system capacity. 

Whilst the simulation method has been previously applied in the literature to 

optimise material flows in automotive assembly plants (e.g. Kousi et al., 2019), it has 

not been used to study the internal returns area and its impact on the overall efficiency 

of the plant. Therefore, a distinctive contribution of this research is the application of 

discrete event-based simulation to investigate the flows into the internal returns area for 

which prior knowledge in the literature is scant. In addition, the use of CCTV footage 

contributes to the literature on video-based research methodologies by demonstrating 

the ability to precisely collect various metrics such as frequency (e.g. tugger trains 

departure rate) and duration (tugger trains process time for offloading). This research 

also further support and extend the works of Li et al. (2020) and Kousi et al. (2019) by 

empirically demonstrating how the simulation technique can be used as a decision-

making support system in automotive assembly plants and have a direct impact on 

system’s performance. Regarding the practical impact, our research shows that even 



minor layout changes can have a notable impact on the efficiency of the plant. 

Moreover, our simulation model can be used with adaptations (e.g. changes in the 

number of resources) in the returns area of the automotive assembly plants and improve 

their efficiency. 

One of the limitations of this research is related to the data collected in order to 

build the simulation models. Specifically, the quantitative data in the internal returns 

area collected from one day (24 hours of production), so it lacked the ability to study 

change and development phases. Also, the human factor (e.g. tugger trains drivers’ 

behaviour) was not investigated in the current work but, future research should take that 

into consideration and especially, look at how the workflow might be affected. Finally, 

further work should be conducted that will integrate the in-plant logistics processes (i.e. 

flows between the storage area, the production lines, and the returns area).  
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