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Abstract 

In a production process the available resources take a major role when it comes to operating costs. The 

way in which these resources are optimized leads to the efficiency of the entire process. In a supply chain, as 

part of a production process, this applies concept in the same way, the more is optimized your logistics 

process, the higher your income and in turn, the lower the costs. 

This dissertation addresses this problem since the logistics of transporting parts for Volkswagen 

Autoeuropa, the Volkswagen Group company that produces cars, is not in its full optimization, at least when 

considering its inverse circuit. 

In this dissertation it was analysed the entire logistics process of incoming materials as well as the issues 

that cause inefficiencies along the supply chain and lead to a waste of resources. As a final part I have also 

analysed the impact of Lean measures taken by Autoeuropa in order to address these inefficiencies. 

Through this study it was possible to conclude that despite the Lean measures implemented by Autoeuropa 

to reduce waste, which have had led to a positive impact in terms of optimization of stock levels, in terms of 

total cost of renting of stocks, this measures have not had the same positive impact thus, the implementation 

of Lean measures with the objective of reducing waste, in order to be successful need to be done along with a 

cost/benefit analysis. 

 

Keywords: Reusable packaging, Inverse Logistics, Supply Chain, Lean, Automotive industry 

 

1. Introduction 

The lean philosophy was originated in the automotive industry, it is a management philosophy focused 

on eliminating waste and which was largely based on the Toyota production system. According to the Lean 

methodology by eliminating waste we are creating wealth. Today, producers that use the Lean 

methodology emerge as global leaders. The lean, producers define their goals perfectly: continually 

declining costs, zero defects, zero inventories, and an endless variety of products. No lean producer has 

ever reached perfection and this goal will never be achieved since there is always something to improve. 

But the relentless pursuit of perfection, by those who use the lean, continues to generate amazing results. 

(James P. Womack, Daniel T. Jones, and Daniel Roos., 1990). 

As in the Toyota case, in Volkswagen Autoeuropa there is also a major concern in optimizing processes 

by reducing waste and costs. In a context of great competitiveness and relocation of production units, this 

issue becomes critical while choosing the local for producing the new models of Volkswagen. Therefore, it 

is essential to identify opportunities for improvement in this field. 

There are numerous scientific studies conducted on the application of lean methodology in the process 

of producing cars, however no study was conducted in the context of Autoeuropa’s material logistics. Thus, 

conducting a deeper study on this topic is highly relevant to improving the logistics management of 

Autoeuropa (AE) along with the reduction of waste and costs. This study will constitute a basis for an 

efficient implementation of the lean methodology in the case of Autoeuropa. 

It is in this context that the present work studies the reverse logistics associated with an extended 

supply chain where not only are included the direct flows but also the reverse flow. This study aims at 

optimizing the reverse logistics of durable packages of the Volkswagen Autoeuropa plant. 
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2. Research Methodology 

The study methodology is developed for the reverse logistics optimization in durable packages (EPC) of 

Volkswagen Autoeuropa and which comprises a set of steps that I shall describe: 

1. In a first step it is analyzed a literature review where you can find the concepts used to in solving the 

issues featured in this study, these being the logistics management and the Lean methodology. 

Also in this step, we sought to characterize the case study with the objective of addressing the 

problem in question. We also conclude with the importance of these concepts in their application to 

the reverse supply chain and the importance they have been taking in the automotive industry. 

2. The second step consists in collecting and processing of relevant information to the resolution of the 

inherent problem in this study data. 

3. In the third step the data collected is used to construct an analysis of costs and stock levels of 

Autoeuropa. This analysis will be performed through the use of operating ratios with the final aim at 

of optimizing the logistics system. 

4. In the fourth step the obtained results are analyzed and discussed with the objective of identifying 

the main issues presented in this study. 

 

3. Literature review 

In the mid-90s the internet revolutioned the market with the e-business and generated a lot of 

expectations, but the logistics processes did not involve in the new business model and there were 

many losses in the supply chains due to a bad scaling of resources. Firms had to once again reinvent 

logistics in order to handle this new paradigm (Simchi-Levi et al., 2003) thus turned their attention into 

the efficient and effective management of the supply chain. 

According to the Supply Chain Management Professionals, “"The Supply Chain Management 

encompasses the planning and management of all activities involved in the supplying, procurement, 

conversion, and all logistics management activities. Importantly, it also includes coordination and 

collaboration with partners, intermediaries, service providers and customers. Essentially, the 

management of supply chain management integrates supply and demand among companies. ". 

Along this study three types of supply chain were considered, the traditional supply chain, the chain 

of reverse flow and the supply chain of closed loop supply. It will also be mentioned the Lean 

methodology and how it can be important in optimizing processes 

 

 

 

3.1. Traditional Supply Chain,  

There are several definitions for the reverse supply chain, but the best accepted is given by the 

European Working Group on Reverse Logistics which refers to it as the "The process of planning, 

implementation and control of reverse flows of materials in process inventory, of packaging and finished 

products, from points of production and distribution for waste recovery "(de Brito and Dekker 2004). 

 



 5 

3.2. Chains of reverse flow supply  

Chains of reverse flow supply have been analyzed in recent years, being that in 1997 Fleischmann 

et al. published an analysis to a quantitative model of reverse logistics. Ammons et al. developed in the 

same year (1997), an MILP model for designing and planning of an inverse system of used carpets. 

Later, in 1999, Krikke et al. presented an MILP for the design review of Océ copiers supply chain. 

Jayamaran et al.developed in 2003 a strong form and a weak form to the inverse distribution problem. 

In the same year 2003, Schultmann et al. studied the problem of recycling used batteries in steel 

production plants in Germany. The following year (2004) Le Blanc et al. studied the problem of 

redesigning a system of recycling of bottles of LPG (liquefied petroleum gas). More recently Listels and 

Dekker (2005) proposed a stochastic approach for the case study involving the recycling the sand 

existing the demolition waste in the Netherlands. 

 

3.3. Supply chain of closed loop 

Min and Zhou (2002) analyzed the modeling of consumer-oriented supply chains and the problems 

that this approach could take in terms of modeling levels. Goetschalckx et al. (2002a) analyzed the work 

developed in the strategic design of global supply chains. Since then, Shah (2005) has reviewed the 

papers published in the forum supply chain optimization for industrial processes. Also Klose and Drexl 

(2005) studied some models of location / allocation for the design of supply chains, discussing and 

comparing various models. Meixell and Gargeya (2005) did a review on the models of decision support 

in order to design the global supply chains. 

 

3.4. Managing Supply Chain and Inventory 

The recognition of the important role of the inventory reduction led to a series of improvement 

initiatives in the industry inventory processes, examples of these are the Efficient Consumer Response 

(ECR), the Efficient Foodservice Response (EFR) in the food industry, the Quick Response (QR) in the 

branch of the weaving industry, the continuous flow manufacturing (CFM) in the field of electronic 

production and the Just-in-Time (JIT) in the automotive industry (Frazelle, 2002). 

 

3.5. Lean 

The Lean methodology is more than an efficient method it is a way of living and thinking, only in this 

way you can operate fully. From an operational standpoint Lean establishes a series of tools and 

techniques with the objective of reducing waste inside plants and along the supply chain (Shah & Ward, 

2007).  

According to (Singh & Sharma, 2009) waste consumes resources without creating added value to the 

product. Thus in addition to not creating any added value it actually ends up not being necessary to the 

production system. Instead it turns out to be everything that the customer has not paid (Joseph C. Chen 

et al., 2010). 
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5. Case study 

5.1. Volkswagen Autoeuropa 

The Volkswagen Group is present worldwide, producing vehicles in 62 factories, which are located in 

fifteen European countries and six countries of America, Asia and Africa. The group workforce is 

represented by more than 370 000 employees which are involved in the production of more than 29,600 

vehicles produced daily. These vehicles are subsequently sold to over 150 countries around the world 

(www.volkswagenag.com). 

Volkswagen Autoeuropa Lda. is the plant number 43 of the Volkswagen Group and is located in 

Quinta da Marquesa, Palmela, district of Setúbal. It is responsible for producing four models of the 

Volkswagen Group, the Volkswagen Sharan, the Volkswagen Scirocco, the Volkswagen Eos and the 

Seat Alhambra, representing on its whole 0.9% of the worldwide production of Volkswagen. Autoeuropa 

is the largest foreign investment made to date in Portugal. It is ranked as the 3rd plant in relation to 

productivity within the group, while producing custom cars for Volkswagen dealers. 

 

5.2. Logistics and Supply Chain 

Autoeuropa’s area of Logistics of consists of two main areas, the area of Supply Chain and the 

Material handling & Transports. The first ensures the supply chain of Autoeuropa, specifically the overall 

management of flows of the various components that need to come to the plant. The second is related 

to the whole process of receiving materials in the plant and its organization within the plant. It is this 

second branch that this study is focused more precisely in the department of In Plant-Logistics. 

 

5.3. Packaging Management 

The management of empty containers is a very important point for Autoeuropa. This is an issue that 

is very relevant to the logistics of Autoeuropa in terms of costs since besides the cost of the rental itself, 

these packages must arrive in time for the suppliers to submit the content within the allotted time and to 

ensure the goals of the philosophy Just-in-Time implemented in Autoeuropa.  

 

 

 

5.4. Flows of content / packages in Internal Logistics 

The reception of material from the exterior is made by the logistics operators of Autoeuropa the 

Schnellecke and the FCC. This reception originates a set of procedures and flows which will be 

characterized. 

When the plant material arrives at Autoeuropa and before actually entering as stock it is given entry 

of this material into a computer system, which is performed by a department called Traffic Control 

Center (TCC) and that is located at the entrance of the plant. This department issues a checklist that 

needs confirmation upon the discharge by the 3PL. After unloading the truck there is a check of the 

packages, through the use of the supplier label. This is done in order to ensure that the item received 

corresponds to the correct item and through this procedure is not necessary to open the package. 

Additionally, it can also occur a "decanting", which is the exchange of one packaging material to 

http://www.volkswagenag.com/
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another, which occur in the case of the material that has arrive is not requested. Therefore, either for the 

production line or for the body assembly line, everything needs to be correct. 

Once included in the inventory of the 3PL, the material is stored until required for use either in, the 

assembly lines of the body or the plant final assembly. While ate the plant final assembly the material 

can go either directly to the assembly line or to supply supermarkets(1)
1
. The latter ones, are the areas 

where the picking is done, existing a total of 8 supermarkets in the final assembly. Transport of 

packages for the 3PL warehouse, from the exterior, is made in trailers where the only specification 

required is to have three meters in height in order to achieve the three-story stack of packaging sized 

from the VW standard. The reception of the packaging material is made in the canopy for loading and 

unloading, which is where trailers are unloaded. 

After sending the material to the production line, the empty containers will, in the case of the final 

assembly, to the loading / unloading dock where they will remain in a space determined for the empty 

packages. In the case of the car bodies, empty containers go to the EPC Body. The packaging of the 

final assembly will wait in this place until a truck that brings material downloads. Proceeding then, the 

loading of the empty containers in order to make its return. Once loaded with the packages of the car 

bodies, the trailer goes to the 3PL warehouse. After arriving at the warehouse, the trailer unloads the 

packages which are treated according to a procedure that consists of two stages, the cleaning of 

containers and the compactly and store for later shipment. After treated it is done a recording of empty 

packages and a report is sent to Autoeuropa on the whole plant available packages. There is a 

computer system that monitors all the material flows of the Volkswagen Group, including packages, 

which is named Lison  

 

5.5. Problem identification 

The problems associated with the management of packages is justified by its associated costs which 

results mainly due to the quantity and diversity of packages that cause problems in their treatment by 

the the 3PL. The aforementioned treatment, which includes cleaning, disassembly and organization of 

packages for shipment, currently takes longer than supposed. This is explained by the lack of 

organization on both the 3PL distribution of tasks and on the lack of know-how from the used workforce. 

These problems in the treatment, originate delays in the counting of packages in stock, which will end 

up delaying the inflow of packages into the system. The fact that some packages take longer than 

expected to be treated and shipped, leads to a situation where Autoeuropa has a higher inventory 

comparing what is strictly necessary for the normal functioning of the plant. It is estimated that this 

inventory is very volatile and sometimes can be very close to twice as necessary. The main problems 

identified in the treatment are, exchanges containers, lack of treatment capacity for the required 

containers and wrong counting of the available containers. These events cause a major disruption in the 

supply chain when considering production, not mentioning excessive rents associated with the 

excessive number of rented packages.  

 

                                                      

1
 The supermarkets are places in the middle of the final assembly line, where is located the parts stock and is where the 

piking in done to restore the production line. 
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5.6. Implemented measures 

After analyzing the processes of packaging in AE, the Lean methodology was applied and its tools 

where used to identify points where there where some sort of waste in its chain. More detailed points 

where you should make changes that were needed in order to optimize the process and with the aim at 

reducing costs and stocks. These improvements were implemented in phases, with visible results in 

monthly values.  

The problems described above relating to the the 3PL warehouse were mitigated by changes 

introduced by EA itself, as the fact reducing the use of special packages to replace the universal 

whenever possible, which have a lower cost and higher turnover, which would lead to the reduction of 

diversified stocks and create more areas of shared storage. 

In August 2013 there was a change in the logistics service provider (the 3PL), and this change was 

the reason why more changes were made in the procedures that the the 3PL had to perform, which lead 

to a better use of the workforce already used and improved their performance. The warehouse was 

"cleaned" with the aim at removing all types of damaged, or obsolete, or packaging without arrangement 

which for many reasons have been left behind and stowed in place with less rotation. After gathered all 

packaging identified with one of the types mentioned, it was requested the authorization to the 

packaging management department for these packages to be destroyed and subsequently sent to the 

company responsible for this action, Rari the company in charge of taking care of all the material for the 

AE called scrap (waste).  

The damaged packages began to be treated as soon as possible, avoiding occupation of sites that 

where needed for other priority functions.  

With facilities reviewed there was also the opportunity to review the procedures already implemented 

and improve them with the aim at increasing the efficiency of processes. 

 

 

 

 

 

In this way, the empty and the filled packages were physically separated, and the warehouse started 

to be separate into two warehouses, one that addresses the filled packaging of the supply line and 

another for the treatment of empty containers that are sent from Autoeuropa. In this warehouse, the 

plastic packages GLT's and KLT's are unloaded, separated by a package code, clean, gathered in sets 

and stored in the delimited spaces for each package type, while the metal packages are only unloaded 

and stored in the predefined spaces for each type. During one 8-hour shift arrive at the warehouse of 

the 3PL, on average, 12 complete trucks with packages for treatment, and arrive in equal number 

loaded with metal containers and with KLT's and GLT's. This loading arrives sometimes with all types of 

packages available together. 

The counting of the treated packages is made daily and sent to AE so that AE technicians can insert 

into the system the number of available empty containers on Wednesday. With an updated information 

it became possible to answer more promptly to the occasional transport providers, or to complete a 
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particular route truck with reverse distribution or transportation to a supplier who came into a rupture of 

packages to send materials. 

Until these moment these kind of transportations was impossible to completed by the AE, because 

the numbers received from 3PL were always outdated. This way, having AE to request an update of 

information for a specific package whenever it need to send a package in occasional transportation, 

since de number in the last list sent by the the 3PL would have been certainly out of date. 

 

 

6. Analytic Review  

This section intends to analyze the impact in costs and in the stock level of the changes already 

implemented in the packaging management process of AE. The studyed period was from April to 

December 2013 and 29,946 thousand packages were analysed. This section analyses costs and the 

evolution of stocks by the following packaging types: Filled, Empty, Damaged and Other. In this 

evolution it is represented the impact of the Lean measures en each type of packages. 

Through the collected data it was possible to conclude that the types of packages analysed, all 

except for the empty package present a reduction in costs associated with its rental along the studied 

period. The type of packaging that features the most significant cost savings are the damaged packages 

which have a compounded monthly growth rate of -56% (CMGR), followed by the filled containers which 

feature a CMGR of -4% and the type of packaging "other " which feature a CMGR of -3%. The rental 

costs with empty packages are the only ones which have a positive CMCR, with an average monthly 

increase in their rental cost of +4%. 

Tabela 1 - Tabela 1 - Evolução dos custos totais com o aluguer de embalagens por tipo de 

embalagem  

 

Regarding the number of packages analyzed, all without exception present a reduction in the 

number of rented containers. Again, the type of packages that features the largest reduction are the 

damaged containers, presenting a CMGR of -48% per month, followed by filled containers which feature 

a CMGR of -4.2% per month and empty containers that have a CMGR of -3.5%. The type of packaging 

“other” is the package that presents a lower growth rate with a CMGR of 3.1% per month. 

Tabela 2 - Tabela 2 - Evolução do número total de embalagens alugadas por tipo de embalagem  

 

Renting Costs APR MAY JUN JUL AUG SEP OCT NOV DEC Total
Month

Avg. CMGR

STOCK (€) 143.822 € 130.244 € 125.470 € 122.758 € 117.191 € 124.177 € 137.260 € 128.495 € 137.192 € 1.166.608 129.623 -0,6%

Empty (€) 54.583 € 44.719 € 44.328 € 45.549 € 42.967 € 51.229 € 60.425 € 56.385 € 74.248 € 474.432 52.715 3,9%

Empty (body) 3.799 € 2.613 € 3.100 € 3.327 € 3.421 € 4.824 € 3.553 € 3.852 € 4.906 € 33.397 3.711 3,2%

Empty (3PL) 50.784 € 42.106 € 41.227 € 42.222 € 39.546 € 46.404 € 56.871 € 52.533 € 69.341 € 441.035 49.004 4,0%

Filled (€) 44.477 € 44.983 € 43.062 € 39.439 € 33.814 € 38.825 € 38.277 € 38.637 € 31.972 € 353.487 39.276 -4,0%

Damaged (€) 3.609 € 1.742 € 2.026 € 1.333 € 1.315 € 318 € 295 € 5 € 5 € 10.647 1.183 -56,5%

Other (€) 41.152 € 38.800 € 36.055 € 36.436 € 39.095 € 33.805 € 38.263 € 33.468 € 30.967 € 328.042 36.449 -3,5%

Packaging (th) APR MAY JUN JUL AUG SEP OCT NOV DEC Total
Month

Avg. CMGR

STOCK (#) 3.567 3.604 3.693 3.462 3.081 3.122 3.509 3.254 2.654 29.946 3.327 -3,6%

Empty (€) 1.132 1.102 1.340 1.144 881 773 1.031 896 850 9.148 1.016 -3,5%

Empty (body) 32 22 25 28 28 40 31 34 42 281 31 3,6%

Empty (3PL) 1.100 1.080 1.315 1.116 853 732 1.000 862 808 8.867 985 -3,8%

Filled (€) 1.028 1.073 999 933 830 855 889 937 728 8.273 919 -4,2%

Damaged (€) 28,3 12,0 16,3 16,6 18,9 3,2 3,0 0,15 0,16 99 11 -47,8%

Other (€) 1.380 1.417 1.338 1.368 1.351 1.491 1.586 1.421 1.075 12.426 1.381 -3,1%
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Through the collected data, we can conclude that there is actually a decrease in the level of 

packages stocks, however this decrease of packages was not accompanied by a decrease in the total 

rental costs with packages, due to a rising rental costs with empty containers. This was due to the fact 

that, despite the reduction of its quantity, there was also a change in the type of packages used from 

April to December 2013, and which on average have a higher cost than the packages used in the 

beginning of this study. 

 

 

7. Conclusion 

7.1.  Main conclusions 

Over the last century, the automotive industry is recognized for its advances in the production 

management and continues to be recognized by advances in logistics since this is the last place where 

costs can be reduced. 

The development of this study focused on the optimization of the reverse logistics durable packages 

of Autoeuropa, based on logistics applied to inverse flows of used packages, in this case empty 

packages, and which must be returned to supplier. The optimization process of the inverse flows of 

empty packages passes through various stages which were at the responsibility of AE and shall be the 

responsibility of 3PL. The fact of being in possession of two entities, at a first sight, it does not 

accentuate the problem of each entity fulfilling the process. Although, in reality this is not true and the 

AE has little intervention on physical processing of packaging, without getting the domain over them, 

since they have to be treated electronically and to be sent later, often with unreliable data, causes quite 

a few errors. 

Finally, based on the implemented measures and on the quantitative review we can conclude that 

the implementation of Lean measures in AE had a positive in terms of reducing waste and stocks but it 

failed to reduce costs since it was not done along with a cost/benefit analysis. 

 

7.2. Limitations of the research  

All this analysis would have been more complete if historical data from the past two years was 

available which would have made this analysis more complete because it would give the opportunity to 

compare two full years of production with identified seasonalities, but this was not possible due to 

limitations of existing data. 
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