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Abstract - In a fast-paced and synchronised assembly line production an efficient material handling of parts to 

be consumed is crucial. In the automotive industry this problem is particularly significant due to the customisation 

of individual vehicles. Here not only parts need to be delivered to the line in the right place, time and quantity but 

also the lack of space to store such quantity has become an issue. Still, although a problem, it also offers 

manufacturers the opportunity to enhance their logistics operations and increase their competitiveness as they come 

up with strategies to address the issue through innovation and continuous optimization. 

In this sense, after a brief overview of the automotive industry, this work provides a theoretical background 

regarding the topic. Here, important concepts and current methodologies used by different original equipment 

manufacturers are identified and characterized in an in-house logistics perspective.  

To have a better grasp of the reality of this issue, contact was made with the biggest vehicle manufacturer in 

Portugal, Volkswagen Autoeuropa which accepted to collaborate. As a proposal by the company, the problem 

tackled concerned the optimization of the delivery of parts to an assembly line section. In this assembly line section, 

that goes by the name of engine assembly line, a mix of the kitting methodology used in the automotive industry 

as well as other concepts such as decentralized storage points, named supermarkets, and the sequencing of parts 

can be observed. Thus, having as objective the optimization of the process seen in the same, an on field data 

collection was accomplished and a simulation model developed. Scenarios were then built with the intent of 

solving the identified challenges.  Promptly, results were retrieved in the form of different performance indicators 

which are thoroughly analysed and discussed in this work. Lastly, key points to retain from the work, 

recommendations to Volkswagen Autoeuropa and guiding lines for possible future development are identified. 

 

Keywords: automobile; in-house logistics; mixed model assembly line; simulation; material handling; 

manufacturing; supermarket 
 

 

1 – Introduction 
  The automotive industry is a global industry, being 

its final product the motor vehicle, spread out through 

the four corners of the world. The car culture has 

become part of the human way of living and the 

vehicle is the main tool used for the transportation of 

individuals and goods in our society. An industry that 

has become the main driver for the economy of 

countries providing jobs, stability and growth, that 

shares some similar features with other global 

industry such as electronics and consumable goods, 

while also being distinct in many ways (Klink et al., 

2014; Sturgeon et al., 2009). In order to stay 

competitive, some original equipment manufacturers 

(OEM’s) are now offering a value-added service, 

where customers are able to choose specific parts that 

they want in the vehicle. Consequently, each vehicle 

at the assembly line is tailored, with a specific set of 

parts to be installed and, therefore, mixed-model 

assembly line (MMAL’s) have been adopted in the 

industry (Emde and Boysen, 2012). Of course, the 

complexity of the in-house logistics process 

concerning the handling of parts at the shop floor has 

exponentially increased. Different assembly line 

feeding policies, following just-in-time (JIT) 

philosophy, are being tested with the intention of 

securing a steady flow in production, decreasing 

operational costs, ensuring high quality standards 

(Faccio et al., 2013) and allowing for more flexible, 

faster and reliable logistics processes (Saaidia et al., 

2015). 

  Known for high investment in research and 

development (R&D), it is without a doubt a highly 

technological industry which is responsible for 
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spreading technology and innovation to other 

adjacent industries.  

  The real case study of this work is Autoeuropa (AE), 

the biggest vehicle manufacturer in Portugal, which 

is currently introducing a new vehicle model and at 

this moment suffering capacity limitations. The 

challenge focuses on the engine assembly line, where 

the transportation of parts goes from a decentralized 

storage point (also known as supermarket) to the 

assembly line by a combination of workers and 

automated guided vehicles (AGV’s). Here it is 

observed a low efficiency regarding the workers as 

arrival the of AGV’s at the collection point is not 

synchronised with the completion of parts collection 

tours. Thus, with the intent of moving towards 

optimization, a simulation model is to be developed 

where different approaches are experimented. 

 

2 – In house logistics literature review 
   According to Jonsson (2008), logistics systems are 

always open and exchanging information and 

material with its surroundings, but the boundaries can 

be different depending on the perspective (Granlund, 

2011). In-house logistics is one of these perspectives, 

where the boundaries in which the exchange happens, 

correspond to the physical limits of the company 

(Gupta and Dutta, 1995), meaning that the logistic 

process occurs within the company walls.  

    The main fields of in-house logistics are 

warehousing, transportation and production line 

organization (Battini et al., 2012). Regarding 

warehousing, there are two main options to choose 

from, which are the use of centralized or 

decentralized storage points. Traditionally, central 

storage points were always the option, but 

manufacturing facilities today are so large that this is 

no longer a viable possibility. The second function is 

transportation, whose task is the transportation of 

material inside the plant, after being delivered by the 

suppliers. Finally, the third function is production line 

organization, or more specifically line side 

presentation, that tackles the problem of how bins (or 

other objects able to carry parts) are placed in the 

border of line (BoL). This is one of the most relevant 

functions in in-house logistics since it is on the 

assembly line where the most value is created. Very 

expensive in terms of production costs, worker 

density and material optimization. Thus, it is 

necessary a continuous optimization to enable a 

steady flow in production mostly through ergonomic 

factors, which enable better working conditions for 

assembly line workers (Sali and Sahin, 2016). 

    Today, the complexity relative to the production of 

vehicles become so much more complex that 

concepts like part logistics and assembly line feeding 

systems following JIT philosophy (which aims at 

synchronizing the supply of parts with their demand 

(Golz et al., 2012) started to be adopted by OEM’s 

around the globe (Emde and Boysen, 2012) allowing 

more flexible, reliable and faster logistics processes 

(Saaidia et al., 2015). 

    In the automotive industry, the standard procedure 

in which parts are treated is depicted as in Figure 1. 

   The main goal is to have a secure and steady feeding 

of parts to the assembly line, avoiding stock-outs and, 

consequently, line-stoppage and idleness of 

workstations and workers (Faccio et al., 2013). The 

order in which these processes are executed is not 

rigid and can vary depending on the feeding policy 

applied. Still, it is important to notice that all of these 

processes are interdependent  (Kilic and Durmusoglu, 

2015), as decisions upstream of the logistics part 

process will influence decisions downstream and vice 

versa. 

    Material (parts) feeding systems have become an 

intrinsic part of today’s assembly line operations. 

These systems assure that parts are available where 

and when they are needed in diverse assembly 

operations. One which is the most relevant for the 

work developed is kitting. 

    Kitting, is when the delivery of components or sub-

assemblies to the assembly line is done in pre-

determined quantities and sequences, in specific 

containers which are called kits, following a JIT 

supply of parts to the assembly line. A kit, as defined 

by Bozer and McGinnis (1992), is a “specific 

collection of components and/or sub-assemblies that 

together (i.e., in the same container) support one or 

more assembly operations for a given product or shop 

order”, where a component is something that cannot 

be divided and sub-assemblies is a construction that 

is composed of two or more components.  

    In order to assemble the kit, it is required a prior 

operation to line feeding which concerns the 

sequencing of parts, much similar to order picking. 

After completed, kits can be stored in a special type 

of rack which can be fixed or movable and store 

various kits. The content of kits are constrained by 

Figure 1 - Part logistics processes (adapted from Boysen et al, 
2014) 
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maximum weight, volume and the order in which kits 

are assembled and delivered to the line, according to 

a pre-determined assembly line production schedule 

(Hua and Johnson, 2010; Limère et al., 2012). 

    Once the kit is fulfilled they need to be transported 

to the correct point-of-fit (POF)1 in the assembly line. 

The delivering is normally done by tow trains 

(automated or manual) that perform milk-runs (i.e 

loops) inside the plant. When delivered at the 

assembly line there are two types of kits: i) those who 

follow the assembly line products (i.e., travelling 

kits), so that the kit parts are used in more than one 

workstation (Sali and Sahin, 2016), and ii) those who 

remain at a workstation until it is depleted (i.e., 

stationary kits) (Bozer and McGinnis, 1992). Figure 

2 represents the kitting operation using travelling kits. 

 
Figure 2- Kitting operation with travelling kits (Caputo and 

Pelaggage, 2011) 

   Some works have been done regarding the subject 

such as those by Bozer and McGinnis (1992), Battini 

et al. (2009), Limère et al. (2011), Caputo and 

Pelagagge (2011) or Hanson and Brolin (2013) to 

name a few. Most of these works are done via 

comparison with other feeding policies such as line 

stocking. Conclusion from these various works 

accumulate in top of each other and are quite common 

between them. In summary kitting leads to lower 

stock levels at the line as well as diminish  work in 

progress (WIP) and more simple material flow at the 

shop floor. Kitting is best used when dealing with 

mass customization, and low standardised parts with 

small to medium physical dimensions. Its main 

disadvantages are the extra material handling needed 

(and associated costs) and the chance of having errors 

in the building of kits which can lead to line 

stoppages. 

   Another important concept related to the kitting is 

where the kit preparation is undergone. JIT-

Supermarkets are decentralized intermediate storage 

points for components and sub-assembles, that are 

                                                      
1 Point-of-fit (POF) – Location where the part is to be 
placed or consumed. 

strategically located at nearby line segments which 

they serve (Battini et al., 2012), allowing for flexible 

and frequent small-lot deliveries. Normally, 

replenished through tow trains or more capacitated 

transportation modes, from a central storage point. 

They are then delivered to the line segments also via 

tow-trains or automated guided vehicles (AGV). This 

concept has also been motif for attention as they have 

become widely used in the industry. Some works, that 

were reviewed regarding the subject where, Battini et 

al. (2010), Emde and Boysen (2012), Golz et al. 

(2012, for example and they mostly focus on four 

main topics which are: 1) localization of the 

supermarket; 2) routing of the tow trains/AGV; 3) 

schedulling and 4) loading. For clarification topic 3) 

refers to the delivey schedule of tow trains/AGV to 

the assembly line and 4) to the decision about lot sizes 

and types of parts for tow trains/AGV transport each 

time. Still from these four topics the one that has been 

a bigger target for research is the routing of the 

transport and its very similar to the vehicle routing 

problem (VRP).  

   Lastly, given the similarity between kitting and 

order picking some works were reviewed, having as 

focus pickers-to-parts systems using batching which 

is the collection of multiple orders at the same time. 

One of the most relevant work for our study was 

accomplished by Hanson and Medbo (2016). They 

state that the most important aspects regarding kit 

elaboration efficiency are picking density, size of 

area, racks for storage of packages (number of levels), 

area layout, moving or stationary kit rack, storage 

package (design of part), batch size, kit rack (how 

many racks, design) and finally information system 

(e.g. picking list, pick-by-light). Some of its findings 

show that a higher pinking density negatively 

correlates to the time spent picking parts, meaning the 

higher the density the shorter is the time needed to 

collect apart. The information system also plays a 

significant role as some require more administrative 

time than others (e.g. in order to activate the pick-by-

light system the picker must first scan a paper 

containing the requested kits). Also, the packaging of 

the stored parts if not readily accessible could 

decrease efficiency (e.g. parts wrapped on the plastic 

fin, among others). 

3 – Problem statement and model 

construction 

3.1) Case study general problem 
    The problem focused on a section of the assembly 

line called the engine dress line. This section itself is 

composed by 19 workstations divided in two areas: 

C1 and C2. In terms of supermarkets this line is fed 

by three different supermarkets. 

    Supermarket C3 (Suma C3), where the kit 
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assembly process undergoes, has the typical u-shaped 

layout seen in the automobile industry. Here a typical 

picker-to-parts system is used with a movable kit rack 

and a Tablet-Pc for the picking process. The storing 

applied at Suma C3, is based on the consumption rate 

of a given part and in the order in which kits are built 

(more than one kit type is assembled here).  

    Currently, the process is as depicted in Figure 3. 

For a better comprehension of the process, the 

explanation will be divided in three phases. Important 

to note that in this line, the rhythm is dictated by 

employees as the AGV’s work in a stop-and-go 

manner. 

    That sad, phase 1 begins with the picking of two 

different types of kits (named Kit_C and Kit_K) and 

two other parts (also considered as a kit, name Kit_S) 

at Suma C3. The correct engine and engine box are 

then picked in Suma Motores and Suma Caixas 

respectively. All these parts and kits are placed in a 

Logistics AGV (LAGV), which after the collecting is 

complete will reach phase 2.  

    Phase 2 begins as soon as the LAGV enters the first 

area of the engine dress line which is called C1. Here 

another AGV, Production AGV (PAGV), also enters 

the area carrying an empty coolant container from a 

previous milk run. After, checkpoint 1 is reached and 

both AGV’s come to a stop side by side. At this stage, 

a line operator switches the empty Kit_C container 

brought by the PAGV with the Kit_K and engine in 

the LAGV. Kit_K then becomes a travelling kit, as 

the PAGV goes from station ED 020 to station ED 

075. As this happens the LAGV also unloads Kit_S at 

station ED030.  

 
Figure 3- Problem scheme 

    Phase 3 begins as checkpoint 2 is reached. Here 

another exchange between containers happens as an 

empty Kit_K container (not the same as in phase 2) is 

exchanged with the full Kit_C container brought by 

the LAGV. After this exchange is completed the 

LAGV goes all the way back to Suma C3 carrying 

only empty containers, which will then be refilled and 

the process repeated. Checkpoint 3 marks the time 

where all parts from Kit_C have been consumed, 

from here the PAGV continues its way to another area 

(which is not in the scope of this study) where the just 

assembled engine is attached to the bottom of the 

vehicle. Two cycles (i.e milk runs) must then be 

considered: LAGV and PAGV. A LAGV cycle is 

considered complete when it reaches Suma C3 again, 

while the PAGV is considered complete as soon as he 

reaches checkpoint 1. The cycle time of the LAGV is 

approximately half of the PAGV.  

    The specific challenges observed were: 

    Firstly, often a mismatch between the sequencing done 

by the employees at Suma C3 and the arrival of the 

AGV’s can be seen. Employees take too much time for 

picking parts resulting in stacked LAGV’s waiting near 

the supermarket and idle employees at the assembly line, 

or the employees at the line take too long assembling the 

engine resulting in idle employees at Suma C3.  

    Secondly, the current infrastructure and methodology 

used in Suma C3, has proven to push pickers to physical 

limits and is currently identified by the quality 

department as critical. Here, pickers have to walk an 

average of 65 meters per run while pushing the kit rack. 

    The solution of these problems cannot be found by 

focusing solely in one of the components of this complex 

system (i.e assembly line feeding, supermarket or order 

picking optimization) as the intricate linkages that each 

category has with one another must be considered.         

    Also, uncertainties referring to the type of engine to be 

assembled (i.e more or less complex), sporadic events 

such as a missing part or an employee being slower than 

usual, for example, directly influence time and 

consequently increase the difficulty of reaching a 

solution for the identified problems (more precisely 

problem one and three). Given these reasons, a discrete-

event simulation model integrating all these problems is 

developed. Simulation is adequate to address complex 

systems and test different scenarios or configurations 

while analyzing the outcomes through a systematic 

evaluation of operational indicators. 

3.2)Model development 
3.2.1) Data collection 

    As a first step for developing the model, all the 

relevant data was gathered. The main sources for this 

collection was mainly through a on field observation 

at Volkswagen Autoeuropa, but also making use of 

the Enterprise Replenishment System (ERP). The 

data mainly consisted of: probabilistic distribution 

functions, objects independent behaviours, picker and 

AGV routes, manpower costs, line stoppage costs, 

picking locations (57 in total), various kits with 
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respective sequences (61 in total) and real life 

probabilities of being demanded, objects physical 

dimensions, distances, supermarket and assembly 

line layouts, work schedules and lastly velocities. All 

the probabilistic distribution functions were obtained 

using analytics software R.  

    The package used for the determination of the 

parameters was “fitdistrplus” were a maximum 

likelihood estimation method was applied. Then, to 

test the reliability of these estimated distributions a 

goodness of fit (GoF) test was used for estimating p-

values. The test chosen was the Kolmogorov-

Smirnov, results obtained were deemed reliable, still 

for time related observations that weren’t gathered 

through the ERP, greater deviations were observed as 

the size of the sample was considerably smaller.  In 

Figure 4 it can be observed how the real observation 

collected from the factory correlate with the estimated 

probabilistic distribution function.  

 

This one regards estimation of station ED030 

processing time.  

3.2.2) Model foundations 

    After the data was collected the model foundations 

were identified. Firstly, permanent and temporary (i.e 

leave the system) entities were considered. As 

temporary we have the three different families of kits 

and the PAGV and as permanent entities, the pickers 

and the LAGV’s.  

    The overall plan is the simulation of the picking 

process/kit elaboration undergone in the Suma C3. 

Nest the kit is transferred to a respective LAGV 

which passes in various stoppage points as presented 

in Figure 5, concluding in the delivery of kits to the 

respective stations. 

 
Figure 5 - Model scheme 

    Sources 1,2 and 3 represent the generation of the 

three different families of kits, while the actions in 

between refer to the picking process of the same. 

Source 4 represents the entrance of the PAGV’s into 

the system. Pickers are confined to the rectangle 

shape route while the LAGV’s to the one at the right 

(Figure 5). Actions “d” and “e” represent the picking 

of engines and gearboxes respectively, and actions 

“f”, “g” and “h” the stations where the different kits 

are to be unloaded. Due to simplification reasons they 

are considered as destroyed only as they reach the 

sink and the LAGV completes a loop. Queue 1 

represents the number of idle pickers waiting for 

LAGV or LAGV’s waiting for the picker, while 

queue 2 only represents idle LAGV’s waiting for a 

PAGV to enter the system and finally, queue 3 

represents idle PAGV’s. After, life cycle diagrams 

(LCD’s) were elaborated for each entity as well as the 

activity cycle diagram (ACD) of the whole system, in 

order to better understand the intricate linkages 

between the different components of the system.  

3.2.3) Computational development 

    With all the foundations firmly defined as well as 

all the relevant data gathered the computational step 

was accomplished. For that simulation SIMIO 

software was chosen as the most indicated. Through 

this software it was possible to input all the data 

gathered into the model with a high degree of detail.  

    Still before diving into the model elaboration, 

assumptions used must be discussed. First 

assumptions states that there is no stock out 

possibility at the supermarket. Second no shortcuts to 

the picking is allowed from the pickers. Third, kits are 

destroyed in the sink and not in the stations. Fourth, 

PAGV is merely considered as a resource for 

LAGV’s to be able to unload kits.  

    As all the data was inputted into the model, the first 

thing to be modelled was the run time of the 

simulation which was defined a full 24-hour day 

minus lunch and intermediate breaks. Secondly, 

sources 1,2 and 3 were modelled as to generate 

different types of kits based on their real probability. 

Figure 4 - ED030 processing time estimation 
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Each specific kit was also modelled as to have its own 

picking locations sequence. Next each picking 

location was assigned with a processing time. This 

processing time is based on a probabilistic function 

gathered which depicts the average collection time for 

part of a given family (i.e Kit_C, Kit_K or Kit_S). If 

a kit requested to pick more than one part at a given 

location then the processing time would be multiplied 

by the total quantity to be collected. 

    Considering that the average walking speed of a 

human is around 5.3 
𝑘𝑚

ℎ
 , and that pickers in the 

supermarket have push a movable kit while stopping 

at various locations, an average velocity of 4 
𝑘𝑚

ℎ
 was 

attributed to the same. Also, measures were put in 

practice, through programmable custom logic, that 

these as soon the grabbed a kit container were 

obligated to complete a full tour at Suma C3 to always 

perform the three kit collection in the respective order 

and only be able to perform a new one as soon as the 

same were unloaded onto the LAGV. Also here, 

measures were made so that pickers did not pass in 

front of each other as to not disturb the order which 

kits need to arrive at the assembly line, applying a 

first-in-first-out FIFO methodology when these 

entered in any intersection or any path were more than 

one picker was present.  

    Thus, for the LAGV’s a velocity of 1.2 
𝑚

𝑠
was 

assigned, this velocity is the maximum allowed speed 

at the factory due to safety reasons. Custom logic was 

also added to the LAGV’s which made them always 

respect the correct order when intersections appeared 

and were confined to the route shown in Figure 4. 

Lastly, an arrival rate in the form of probabilistic 

distribution function was added to source 4 to 

simulate the entrance of PAGV’s into the system.  

    With the computational modulation complete, it 

was possible to observe various performance indexes 

related to the system, and of course the ones that 

characterize the problems identifies before which 

were primarily the total idleness of pickers and 

LAGV’s and secondly the total distance walked in 

Suma C3.  

    It was decided that a minimum of 20 runs was 

needed in order to collect acceptable mean intervals 

applying a 95% confidence interval. After, results 

were extracted from the model they were directly 

compared to the real observation gathered in the 

factory. For that four main indicators were chosen:1) 

tour collection time; 2) LAGV cycle time; 3) Kit 

generation; 4) Engine production per day.   

    Regarding indicator 1, an average time of  00:03:36 

per tour collection was observed vs 00:03:48 with 

standard deviations of 1 second and from real life 

observation. For indicator 2, the simulated LAGV 

cycle time was 00:16:11 vs 00:15:36 with standard 

deviations of 00:00:17 vs 00:01:57 respectively. The 

kit generation was deemed reliable as well as the 

generated quantities throughout a whole day 

presented values in accordance with their associated 

real probability. Lastly average engine production per 

day from the model 894 vs 905 from reality with a 

standard deviation of 7 regarding the simulation value 

and 20 regarding reality. Some of these values can be 

consulted in Table 1. 

    When comparing these results, the model was 

deemed reliable and ready for experimentation. 

4 – Scenario elaboration and results 

discussion 
     For the evaluation and improvement of the current 

state of the system, seven scenarios were elaborated 

and identified with the letters A, B, C, D, E and F. 

Scenario A is the current state of the system, or as 

saying the base scenario. Scenario B is a layout 

optimization with the intent of optimizing the total 

distance pickers need to walk to collect parts distance. 

Scenarios C the removal of the most consumed parts 

at the supermarket with objective of assessing the 

impact it would have in the system. In scenario D a 

buffer was added near queue 1, as to make possible 

for pickers to store kits from already completed tours, 

enabling the same to start a new one without needing 

to wait for a LAGV. Scenario E is the addition of an 

alternative sequence to the system, where pickers are 

requested in intervals of 75 minutes and where they 

need to stay at the same for 45 minutes, meaning that 

by hour they spend only 15 minutes in Suma C3. 

Lastly scenario F is the reduction of manpower at 

Suma C3 from four pickers to three. 

 4.1) Performance indicators and current state 

analysis (Scenario A)   

    For assessing the different scenarios in terms of 

performance, key performance indicators (KPI) and 

performance indicators (PI) must be defined and 

standardized to serve as common comparison criteria. 

KPI’s are critical performance measures that any 

organization needs to correctly assess in order to 

increase their performance. KPI’s, according to the 

book Parmenter (2007), tell organizations what they 

need to do in order to dramatically increase overall 

performance of a given system.  

    Said that, for KPIs we selected performance 

measures that both represent operational efficiency of 

the system and also reflect financial impacts for the 

company.  

    As so, for our system two different KPI’s are used 

to access its performance. These are: 

• KPI1 – Idle time picker – This KPI is based 

on the idle time per day by the pickers. An 

obvious choice, since as referred, much of 

our optimization focuses on reduction of this 

idle time as it leads to wasted funds. A lower 

idle time is then a positive outcome. 

• KPI2 – Average PAGV queue 3 – One of the 

most important KPIs as having PAGV’s 

waiting in queue 2 for LAGV’s is an 
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indicator of a possible line stoppage which 

can lead to profound losses. A lower PAGV 

average in queue 3 is also a positive 

outcome.  

    Even so, these KPI’s are not enough to completely 

analyse our system. PI’s although not having the same 

impact in the system are also to be analysed as they 

can allow for a better understanding in how things can 

be optimized in a more general point of view. The 

PI’s chosen to assess our system are: 1) PI1 – Picker 

idle costs; 2) PI2 – PAGV idle costs; 3) PI3 – Overall 

costs; 4) PI4 – Tour collection time; 5) PI5 – Average 

LAGV queue 1; 6) PI6 – Total distance by picker; 7) 

PI7 – Produced engines; 8) PI8 – Average LAGV 

queue 2. 

    As for the analysis, each scenario will be 

approached independently comparing it directly with 

the base scenario, thus a primarily analysis to the 

current system state is needed in order to have a better 

visualization of the variations. Thus, Table 1 presents 

the values for the different key performance 

indicators and less impactful performance indicators. 

These values are the means resulted from 20 

simulation. For the width of the true mean, a 

confidence interval of 95% was applied. From a 

preliminary analysis we can see through Table 1 that, 

indeed, there is a lot of idle time regarding the pickers.     

    The average per day, considering the whole four 

pickers, is around 33 hours of idleness with a standard 

deviation of roughly 1 hour. According to the 

statistics provided by the model there is a 95% chance 

that the average idle time per run will hardly be less 

than 32 hours. This means that for a single picker he 

spends around 2 hours and 30 minutes idle for each 

of the three turns leading to an efficiency of only 

63.5% per picker. As for the performance indicators 

regarding AGV’s, ie KPI2, PI5 and PI8, the results 

also go in accordance with what is seen in real life. In 

queue 3 we can witness almost an inexistence of 

PAGV’s, the same goes for queue 1 regarding 

LAGV’s at the entrance of Suma C3. On the other 

hand LAGV’s are constantly stacked up at queue 2 

near station ED010 with an average of 5 LAGV’s 

throughout the whole simulation run.  

     According to Table 1, VW AE is losing 

hypothetically 300 
€

𝑑𝑎𝑦
 when pickers are concerned.  

We cannot state that these losses are directly 

correlated with the final product as the demand is 

always fulfilled. What we do have is an imbalance 

regarding manpower in Suma C3 since the current 

workforce is higher than it should be. These losses are 

then a representation of wasted manpower that should 

be reallocated to other area. On the other hand, the 

associated PAGV costs are to be considered as type 

of a micro line, with a 7.5 
€

𝑚𝑖𝑛
 cost regarding the 

idleness of PAGV’s.  

     By day, the company seems to lose around 57 
€

𝑑𝑎𝑦
 in 

this matter. How can this be possible if demand is always 

satisfied? The answer can be found in the model reports, 

where it is stated that for the 20 runs the maximum 

waiting time of a PAGV was 1 minute, and the mean 

average regarding the same 20 runs is 0.5 seconds with 

an upper bound of 1 second (95% CI). Knowing this, 57 
€

𝑑𝑎𝑦
 seems just as unavoidable operational costs and 

represents a good solution. 

4.2) Scenario comparisson 

     In Figure 6 it can be seen how these scenarios deviate 

from the current state of the system.  

    Beginning with scenario B (layout), not much is 

brought onto the system.     The main outputs are a small 

decrease in the total distance (4%), and a little higher idle 

picker time (1%) which regard PI6 and KPI1 

respectively. Still this led pickers to walk on average less 

700 
𝑚

𝑑𝑎𝑦
 which is a success regarding the distance issue.      

Base 

KPI1 - Picker Idle Time (hours/day) KPI2 - AVG Number PAGV Q2 (units) 

Lower Average Upper StDev Lower Average Upper StDev 

32,7 33,5 34,1 0,885 0,0000 0,0060 0,0113 0,015 

PI1 - Picker idleness costs (€/day) PI2 - PAGV idleness costs (€/day) 

Lower Average Upper StDev Lower Average Upper StDev 

294,2 301,6 306,7 8 5,7 57,7 109,7 113,1 

PI3 - Overall costs (€/day) PI4 - Tour collection time (hh:mm:ss) 

Lower Average Upper StDev Lower Average Upper StDev 

299,9 359,3 416,4 121,0 00:03:35 00:03:36 00:03:36 00:00:01 

PI5 - Average LAGV queue 1 PI6 - Distance (m/(picker.day)) 

Lower Average Upper StDev Lower Average Upper StDev 

0,0782 0,0859 0,0937 0,017 18660 18786 18912 269 

PI7 - Engines produced PI8 - Average LAGV queue 2 

Lower Average Upper StDev Lower Average Upper StDev 

888 894 900 7 5,4 5,5 5,6 0,168 

Table 1 - Current system state results (Scenario A) 
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    For scenario C, by removing the parts that have 

higher demand, PI4 was greatly reduced which in turn 

a decrease on PI5 as pickers complete tours more 

quickly, thus diminishing the average of LAGV’s 

waiting at queue 1. However, this also resulted in a 

considerable increasement in KPI1 of 7% (and 

consequently PI1) which goes against the main 

objective of this work. Still, it is relevant to note how 

the removal of only 7 parts led to such an 

improvement, going in accordance with the literature 

where it was stated that kitting compensates more 

with low standardised parts.  

     As for scenario D the buffer implementation 

results did go in accordance with the expectations, 

still it did not reach the dimension one was hoping for. 

Nevertheless, comparing with the previous scenarios, 

scenario D leads to a minor improvemen0t regarding  

KPI1 (3.50%) and a considerable one regarding KPI2 

as the queue average length is decreased by 82%. 

When analysing in further detail, the function of the 

buffer which was to promptly have completed kits 

always available for each LAGV  

arrival is true, and it is reflected on PI5 as the length 

of queue 1 becomes zero, however the buffer reaches 

full capacity rapidly hindering more positive results.  

    This problem is not observed in scenario E, as with 

the addition of the alternative sequence the buffer 

eventually gets depleted over time, and then 

restocked to safe levels as the picker chosen to leave 

the supermarket C3 returns, restocking the buffer to 

greater levels. Scenario E from this perspective is a 

well-rounded scenario incurring in low costs and low 

idle time. Still, scenario F, also provides good results 

but in contrast with scenario E most  

 costs derive from a huge increase in the average of 

PAGV’s in queue 3 (690%) as the idleness of pickers 

was greatly diminished increasing the efficiency of 

pickers from 63.5% in the base scenario to 88.86%. 

Still, another issue arises, ergonomics, as the pickers 

walk on average 2 km by tun, meaning a 32% increase 

in total average distance. 

    In Table 2 the percentual variations to the base 

scenario are presented. Positive impacts are coloured 

as green while negative ones as red and neutral ones 

as black. From this table it is possible to see that 

Scenario E and Scenario F presented a decrease of 

50% in terms of overall costs per day, which is very 

significate.  

    After analysing all the scenarios, one logical step 

to take next would be how to take the best advantage 

of them all by mixing it with one another. Thus, two 

new optimal scenarios were created: Beta and Alpha. 

     Scenario Alpha is a mix of scenarios B, D and F. 

The objective is to take advantage of the lower 

sequence time, lower distance, that scenario B 

provides while enjoying the stability that the buffer 

from scenario D provides to the pickers in Suma C3 

as a way to cope with the PAGV associated costs seen 

in scenario F. Scenario Beta is merely the mixing of 

the best overall scenario, E, with the addition of 

scenario B.  

From Table 3 it is possible to observe that the idle time 

regarding Alpha is a little bit higher than the one 

presented in scenario F, mostly due to the fact of the 

layout modification decreasing overall distance.  

Table 3 - Scenario F and Alpha variation 

Scenarios KPI1 KPI2 PI1 PI2 PI3 

Alpha 33,5 0,0060 301,6 57,7 359,3 

F 10,2 0,0082 91,8 78,5 170,3 

Alpha 10,7 0,0052 96,7 51,9 148,7 

Beta 19,7 0,0002 177,3 3,9 181,2 

 

As for KPI2, it is observed the positive effects of 

Table 2 - Percentual variation of indicators 

  KPI1 KPI2 PI1 PI2 PI3 PI4 PI5 PI6 PI7 PI8 
A - - - - - - - - - - 

B 1,01% -27,69% 1,01% -27,69% -3,16% -1,25% -12,56% -3,90% -0,03% -0,05% 

C 7,79% -63,06% 7,79% -63,06% -3,94% -5,26% -35,35% 4,36% -0,08% 0,70% 

D -3,50% -87,26% -3,50% -87,26% -17,72% -0,51% -100,00% -0,03% -0,21% 0,67% 

E -44,11% -74,52% -44,11% -74,52% -48,92% -0,72% -99,52% -0,36% 0,06% 0,74% 

F -69,56% 38,22% -69,56% 38,22% -52,60% -0,19% 692,99% 32,87% -0,13% -8,04% 

Figure 6 - Scenarios comparisson 
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applying the buffer as it decreases to 0.005 idle PAGV’s 

at queue 3, which in turn leads to 27 € saving per day 

when comparing with its older version (F). 

  Finally, diverse combinations or changes can be 

applied but as can be observed by PI7, the total engine 

production remains static. This is due to the fact that 

the greatest bottleneck of this system is the arrival of 

PAGV’s. In a general frame the total number of 

PAGV’s arrivals more or less represent the daily 

factory production as these are the only component of 

our system that is associated to the true rhythm of the 

assembly line.  

As to assess the implication of in the future the factory 

scaling up production, a sensitivity analysis was 

undergone, incrementing the arrival of PAGV’s by 

5%, 10% and 15%. The results showed that an 

increment of 5% and 10% the model still worked in a 

reasonable level, but for an increment of 15% 

scenario Alpha was unable to cope with the rhythm 

and led to line stoppage. Figure 7 shows the relation 

between stock levels in the buffer 

and idle PAGV’s at queue 3.  From this image it is 

possible to notice that while scenario Beta was able to 

secure a steady stock level as it switched from three 

pickers to four pickers, even if only for 15 minutes 

per hour, being able to satisfy demand. On the other 

hand in scenario Alpha we can that the PAGV in 

queue 3 grow almost linearly, which is physically 

impossible as currently there is only 21 PAGV’s in 

the factory, and this would result in line stoppage. 

    Since Alpha was deemed faulty with the 15% 

increment in Figure 8 it is shown how much losses it 

would induce with lower ones. Even for lower 

increments scenario beta still presented itself as the 

best candidate with value difference of 100€ in the 

5% situation and with a much higher margin of 2000 

€ in the 10% situation.

 

 

Figure 8 - Costs variation under stress 

Still, it is important to notice that even Beta presented 

considerable losses due to idle PAGV’s. 

Nevertheless, the model showed that for the current 

state of the system three pickers with a buffer should 

suffice to deal with production, however if demand is 

to increase for only 5% having a hybrid scenario 

where the workforce switches from three to four 

throughout the day, along with the buffer, is much 

more advisable. 

 

 

 

 

 

 

 

 

 

 

 

 

 

V – Conclusions 
As a way to cope with the magnitude of parts caused 

by mass customization of vehicles offered to clients, 

OEM’s have continuously tried to improve, innovate 

in their in-house logistics operations through the use 

of new technologies and with the creation of new 

concepts and methodologies. Having by basis the 

case study of AE, it was possible to have real grasp of 

the impact this immensity of parts perpetuates on in-

house logistic operations. Even more, as the company 

is currently undergoing an adaptation process where 

a new vehicle model was introduced. 

In this work, not only did simulation presented itself 

as the perfect candidate for finding a solution for the 

problems as it was something that the company was 

currently lacking. As a challenge for this work a 

section of the VW AE assembly line was studied. 

Here diverse challenges were seen, still the great 

focus was one balancing the current man power with 

Figure 7 - Buffer stock levels and PAGV's 
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satisfaction of demand. Thus, scenarios were 

elaborated mainly to cope with the total idleness of 

the workers while at the same time ensuring that it did 

not result in idle PAGV’s. Other than this main 

reason, scenarios were also elaborated with the intent 

of having a grasp of what would be the impact on the 

system if alterations were made at the supermarket as 

for example the removal of key parts. Results showed 

that there is in fact great room for improvement as the 

idleness of pickers could be reduced considerably and 

generate savings. 

That said, results regarding the present state of the 

system indicated that three pickers would be enough 

to satisfy demand and would result in a 52.60% 

decrease in costs, which in monetary units is 189 
€

𝑑𝑎𝑦
. 

Also using this approach it was observed that the total 

efficiency of pickers grew from 63.5% to 88.6% even 

tough these had to walk a greater distance per day. 

However, the scenario where an alternative sequence 

is considered, and manpower shifts between three and 

four pickers throughout the simulation run, also 

presented good results with a decrease of 49% in 

overall costs and did not present the same distance 

increment then the previous one. Other than that, the 

difference between these two scenarios is that one 

opts for a riskier approach as the PAGV queue grows 

(three pickers) while the other tries to find a balance 

between picker idleness and safe buffer stock levels. 

Despite these scenarios good results, it is important to 

note that the factory is in expansion and will most 

likely scale up its production. Thus, a robust analysis 

was made to the system, varying demand. As to make 

use of the knowledge obtained through the different 

experiments it was opted for the creation of two super 

optimized scenarios. These two scenarios consisted in 

making some alterations on the scenarios that showed 

better results in the current state analysis. Demand 

was then incremented, in 5%, 10% and 15%. Results 

showed that for a variation of 15% having only three 

pickers, even with the buffer, was not enough to cope 

with production and would lead to line stoppage. As 

for the smaller increments it did not lead to line 

stoppage but incurred in high costs as well, making 

the option of having manpower switch from three to 

four throughout the day even if in small intervals, plus 

a buffer, a much better solution.  
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