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Abstract - Currently the release of a new car model to the 

market is a very long and expensive process that no 

longer meets the growing need of the customers for 

customized products with increasingly reduced time-to-

market. This research was based on the release of the 

2017 Volkswagen T-Roc in Volkswagen Autoeuropa in 

order to analyze how the current process is carried out 

and why, and to understand how Industry 4.0 can be 

implemented and establish a roadmap that can guide this 

evolution. Finally, a prediction of the evolution of this 

process is made with the goal at the year of 2025. The 

development of Industry 4.0 within the automotive 

industry is only just beginning, however, it is already 

possible to predict that this implementation will 

revolutionize automotive production from its core. 

 

Index Terms – Industry 4.0, automation, customization, 

industrialization, Volkswagen T-Roc. 

INTRODUCTION 

Today, a concept has been gaining momentum in the 

world of industry as the future and the way forward. 

Starting in Germany, Industry 4.0 is a term that represents 

the 4th industrial revolution that promises to completely 

alter today’s production paradigm. This new stage in the 

industrial history of the world constitutes an evolution of 

the manufacturing paradigm that seeks to leverage the 

existing technology and market potential to improve 

processes, productivity and efficiency. The core idea of this 

new concept is to use the current technologies, especially 

the emerging Information and Communication 

Technologies (ICT), to implement the Internet-of-Things 

(IoT) and Services (IoS) and create a basis for integration 

and communication allowing production to become 

extremely flexible and efficient. This evolution of the 

manufacturing paradigm is leading to the convergence of 

the physical world with the virtual world through the 

development of Cyber-Physical Systems (CPS), intelligent 

systems with extreme communication capabilities that will 

reconfigure the way products are manufactured.  

Following the trend of Industry 4.0, the automotive 

industry is undergoing drastic changes both in automotive 

production where digitization is helping manufacturers to 

connect their factories and take advantage of the data 

produced to improve processes and products. 

 Particularly, the release of a new car model to the 

market is a long and expensive process with several phases 

until the new model is implemented in the factory plant, 

and it is produced in mass. The duration of this process is 

constantly being the target of investigations and researches 

in order to reduce as much as possible the time-to-market 

of the new model. Besides this, the reduction of costs is 

also very important in this process, once until the release 

of the new model several prototype vehicles are produced, 

and some have extremely high production costs. 

The objective of this research is to study the effects of 

the concepts of “Industry 4.0” and “Factory of the Future” 

in the process of prototyping and releasing of a new car 

model in Volkswagen in order to try to reduce several 

characteristics of a launching process such as the number 

of cars produce in pre-series stages, waste/scrap 

production, and duration of the whole process. To do so, 

the release process of the 2017 Volkswagen T-Roc in 

Volkswagen Autoeuropa was analyzed. 

STATE OF THE ART 

I. Historic Contextualization 

Throughout the history of mankind there have been 

some significant improvements on manufacturing process 

that led to the evolution of industry and production 

processes. The first industrial revolution began at the 1780s 

when the development of mechanical production 

equipment and a shift on power sources allowed a 

significant increase on productivity. The second industrial 

revolution began about 100 years later in the 

slaughterhouses in Cincinnati, Ohio but found its higher 

point with the famous Ford assembly line for the 

production of the Ford Model T in the United States. The 

third revolution happened in 1969 when Modicon 

presented the first programmable logic controller (PLC) 

that enabled digital programming of automation systems 

(Drath & Horch, 2014). At the present day, manufacturing 

is on the brink of the Fourth Industrial revolution, also 

called Industry 4.0. 



II. Need for Change 

Up until now, manufacturing has firstly turned from 

craft production to mass production where producers 

focused on simply increase outputs and productivity 

without paying attention to the consumer needs 

fluctuations. However, this production vision is becoming 

completely outdated and is underway a paradigm shift 

(Hagel III, Seely B., Kulasooriya, Giffi, & Chen, 2015). 
Manufacturing is no longer the simple production of 

“better” physical products. Consumers no longer just want 

to settle for mass-production products but rather want 

products suited for them individually. 

Along with the change in the consumer demand, also 

the actual products are going through a transformation. 

Added sensors and connectivity turn “dumb” products into 

“smart” ones, through connectivity, intelligence and 

responsiveness. 

III. Industry 4.0 

The term “Industry 4.0” was first introduced in 2011 at 

the Hannover Messe Trade Fair by a working group 

established by the German Federal Government and has 

been discussed intensively in every industry-related fair, 

conference, or call for public-funded projects.  

The core idea of this new concept is to use the current 

technologies, especially the emerging Information and 

Communication Technologies (ICT), to implement the 

Internet-of-Things (IoT) and Services (IoS) and create a 

basis for integration and communication allowing 

production to become extremely flexible and efficient with 

high quality at low cost (Wang, Wan, Li, & Zhang, 2016). 

The widespread adoption by manufacturing and traditional 

operations of ICT is leading to the convergence of the 

physical world with the virtual world through the 

development of Cyber-Physical Systems (CPS) 

(Kagermann, Wahlster, & Helbig, 2013).  

 
Source: (Rüβman, et al., 2015) 

FIGURE 1 - FROM CURRENT PRODUCTION TO INDUSTRY 4.0 

With Industry 4.0, components of the production 

system are no longer simply physically connected and 

sharing physical information, but also communicate, 

analyze, and use the information gathered to take 

intelligent decision to execute in the physical world 

(Sniderman, Mahto, & Cotteleer, 2016).  

CASE STUDY DESCRIPTION 

I. Volkswagen Autoeuropa 

Volkswagen is a car brand that belongs to the 

Volkswagen Group and has its headquarters in Wolfsburg, 

Germany.  The Volkswagen Group operates 120 

production plants in 20 European countries plus 11 

countries in the Americas, Asia and Africa. Every 

weekday, 626,715 employees worldwide produce around 

43,000 vehicles, and work in vehicle-related services or 

other fields of business. The Volkswagen Group sells its 

vehicles in 153 countries. 

Volkswagen Autoeuropa is the production factory of the 

Volkswagen group in Portugal. It is situated in the region 

of Palmela and began its effective production in 1995 with 

the production of the Volkswagen Sharan, Seat Alhambra 

and Ford Galaxy. 

II.  Current New Model Launching Process – Product 

Emergence Process (PEP) 

The release of a new car model is a very long and 

extremely complex process that requires the involvement 

of several areas of a brand (e.g. financial, engineering, 

management, design, etc.) in the planning and design of the 

car, as well as the planning of the actual launching process. 

The complexity of this process isn’t normally taken into 

account when the customer buys this new car model.  

In order for this process to be coordinated and as fast 

and efficient as possible, it is necessary to have a well-

established launching process with defined milestones for 

each department and division that will help all involved in 

this process to fulfill their duties in the predicted time. In 

this sense, the Volkswagen Group has developed a guide 

to accompany a new product to be launched in the market 

called Product Process (PP1). It incorporates the entire 

lifecycle of a product, from the definition of the product 

strategy to the End of Production (EOP). 

The Product Emergence Process (PEP), or Produkt 

Entstehungs Prozess, is an important tool in vehicle 

development and one of the most important and critical 

phases in the PP1. The PEP is a reference process with fixed 

milestones that is used as guidance for new car model 

development and release to the market. It describes rules 

for processes, methods, and responsibilities for vehicle, 

platform, and engine development that are required for a 

successful market launch of new vehicle models. This 

process takes place since the idea for the vehicle is 

accepted until the Start of Production, and successive 

Market Launch, and is measured in Months to SOP 

(MSOP).  

The factory where the production will take place for the 

new model starts its interaction with the project in the last 

stage of the PEP called Series Preparation that is divided 



in 3 stages – the first stage is called VFF, the second PVS 

and the last 0S.  

III. T-Roc Release 

In the process of launching to the market the new 

Volkswagen T-Roc, there are 4 factors that have been 

determined to be relevant for the characterization of the 

process and to evaluate it, and to do so some Key 

Performance Indexes (KPI) were created in order to 

measure how the release of the new model was 

accomplished: 

 Pre-series cars produced – The number of cars 

that were produced in the factory in the pre-series 

stages until SOP; 

𝐾𝑃𝐼 (𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑎𝑟𝑠) =  ∑ 𝑐𝑖

𝑛

𝑖=1

,  

𝑤ℎ𝑒𝑟𝑒 𝑐𝑖  𝑖𝑠 𝑡ℎ𝑒 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓  
𝑐𝑎𝑟𝑠 𝑝𝑟𝑜𝑑𝑢𝑐𝑒𝑑 𝑏𝑦 𝑠𝑡𝑎𝑔𝑒 𝑖 

(1) 

 Time – The time that took since the first 

interaction of the factory with the new model to 

Mass Production (MP) that correspond to the full 

implementation of series production of the new 

model; 

𝐾𝑃𝐼 (𝑡𝑖𝑚𝑒) = 𝑆𝑂𝑃 − 𝑉𝐹𝐹 (2) 

 Waste – Amount of waste produced in the same 

pre-series stages just for the production of the pre-

series vehicles; 

𝐾𝑃𝐼 (𝑤𝑎𝑠𝑡𝑒) =
𝑤

∑ 𝑐𝑖
𝑛
𝑖=1

, 

𝑤ℎ𝑒𝑟𝑒 𝑤 𝑖𝑠 𝑡ℎ𝑒 𝑡𝑜𝑡𝑎𝑙 𝑤𝑎𝑠𝑡𝑒 𝑝𝑟𝑜𝑑𝑢𝑐𝑒𝑑 
 𝑎𝑛𝑑 𝑛 𝑖𝑠 𝑡ℎ𝑒 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑡𝑎𝑔𝑒𝑠  

(3) 

 Operators Training – training of the line 

operators for the production of the new model. 

𝐾𝑃𝐼 (𝑜𝑝. 𝑡𝑟𝑎𝑖𝑛𝑖𝑛𝑔) = ∑ 𝑊𝑆𝑗 

𝑤ℎ𝑒𝑟𝑒 𝑊𝑆𝑗  𝑖𝑠 𝑡ℎ𝑒 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑊𝑜𝑟𝑘𝑠ℎ𝑜𝑝𝑠 

𝑝𝑒𝑟 𝑎𝑟𝑒𝑎 𝑗 

(4) 

The number of cars produced in these pre-series phases 

is one of the most relevant characteristics of the launching 

process. During these initial phases, several vehicles with 

an extremely high cost are produced in order to prepare the 

moment when this model is massively produced.  

This number varies from launch to launch in order to 

meet with the specific test and preparation needs of the 

factory and the brand for the production of the new model. 

The quantity of pre-series vehicles depends on certain 

characteristics of the model itself, but also on factors 

related to the factory and the brand: 

 New platform or not  

 Number of powertrains available  

 Countries where the model is commercialized 

 Number of paintjobs 

 Novelty for the brand 

 Maturity of the factory 

Taking into account these factors, for the launching of 

the Volkswagen T-Roc were produced in each pre-series 

phase in the factory the number of pre-series vehicles in 

TABLE 1. The values for the number of vehicles produced 

are relative to the VFF phase of the T-Roc release and the 

duration of each stage is in terms of t periods of time in 

order to preserve some confidentiality in the values. 

The analysis of the table shows that the number of 

vehicles produced increases as SOP approaches, since as 

more vehicles are produced, the production line and its 

tools and equipment are optimized and operators gain 

experience in the new processes for the new model, making 

the production of each vehicle a faster and cheaper process. 

Also, stress tests begin to be carried out where the 

conditions and sequence of production in the SOP are tried 

to be replicated in order to evaluate the production system, 

conditions of the operators, manipulators and their 

availability for the new model, quality and logistics. 

TABLE 1 - VEHICLES PRODUCED IN EACH PRE-SERIES PHASE 

(PROPORTION RELATIVE TO THE VFF OF THE T-ROC LAUNCH) 

Pre-series 

phase 

Number of 

vehicles 

produced 

% of cars from total 

of pre-series 

Pre-Series 

Approval 

Vehicles 

(VFF) 

(-2,66t) 

1 12% 

Pilot Series 

(PVS)(-2t) 
3.33 40% 

0-Series 

(0S)(-t) 
4 48% 

Furthermore, this growth is also defined taking into 

account the scheme of vehicles that will be produced after 

the SOP, called Ramp-Up Schedule (FIGURE 2), that 

approximates the number of vehicles produced over time 

to the value that needs to be produced when mass 

production is achieved. 

 

FIGURE 2 - RAMP-UP SCHEDULE FOR VOLKSWAGEN T-ROC 

IN PERCENTAGE RELATIVE TO SERIES PRODUCTION 

The total number of cars produced in the 3 stages of 

pre-series represents one KPI for the launching process and 
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its value corresponds to a total of 8.33 times the number of 

cars produced in the VFF phase. 

𝐾𝑃𝐼 (𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑎𝑟𝑠) = 8.33 (5) 

TABLE 3 compares the launch of the T-Roc with the 3 

previous launches in the factory. This comparison has a 

certain feature that is the fact that the launches of 2013 

Volkswagen Eos, 2014 Volkswagen Scirocco and 2015 

Volkswagen Sharan and Seat Alhambra correspond to 

Face-Lifts (FL). However, and despite the difference 

between the launches, it should be noted that the launch of 

the Volkswagen T-Roc corresponds to a number of pre-

series vehicles not much higher than the launches of the FL 

in the factory. This indicates that in the launch of the 

Volkswagen T-Roc there is a big improvement in terms of 

organization in the production scheme, once it was 

expected that this value should be much higher. 

In this launch, and despite being a completely new 

model for the brand and the factory, this launch only 

experienced a growth of 9.3% relative to the launch of 

MPV two years earlier. This reveals how the process of 

launching a new model is evolving and has grown at the 

factory gaining more maturity and organization. 

TABLE 3 – COMPARISON OF NUMBER OF CARS RELEASED 

IN PREVIOUS LAUNCHING PROCESSES (PROPORTION 

RELATIVE TO THE VFF OF THE T-ROC LAUNCH) 

Pre-

series 

phase 

T-Roc 

(2017) 

VW 

Sharan / 

Seat 

Alhambr

a  (2015) 

Scirocco 

FL 

(2014) 

Eos FL 

(2013) 

(VFF) 

(-8) 
1 - 0.1 - 

(PVS) 

(-6) 
3.33 3.56 0.93 1.5 

(0S)(-3) 4 4.06 6.13 1.27 

Total 8.33 7.62 7.16 2.77 

% to 

previous 
+9.3% +6,4% +158,5% - 

 

In terms of duration of the sequence of phases of pre-

series, the Volkswagen T-Roc launch followed the 

program established in the PEP in a way that it began 2,66t 

before the SOP with the VFF phase and finishes 1,66t 

months after when full capacity is achieved according to 

the ramp-up schedule in FIGURE 2. 

𝐾𝑃𝐼 (𝑡𝑖𝑚𝑒) = 4.33𝑡 (6) 

Not all the vehicles that are produced in pre-series reach 

the final stage where they are delivered to a specific 

customer or used for tests. Mainly along the initial stages, 

scrap is inevitable and many 

vehicles/parts/components/resources are wasted in the 

production process. This is due to the lack of experience of 

the operators on the processes that need to be carried out in 

the new model, but also due to the lack of maturity in tools 

and equipment that are not yet operational.  

The launch of this new model was a much cleaner and 

more efficient process than the last launch in the factory. 

This may be due to increased automation since the last 

launch that facilitated the implementation of the new model 

in the production line and reduced the risk of scrap 

production. 

The KPI for waste will be used for future comparisons 

and its value is merely representative, hence it appears as a 

proportion relative to itself: 

𝐾𝑃𝐼 (𝑤𝑎𝑠𝑡𝑒) = 𝑆𝐶 (7) 

The greatest difficulties encountered during this whole 

process was the training of the operators. This process is 

quite time-consuming since currently this training is 

carried out individually to each operator by a specialized 

team of the Pilot Plant, the section of the factory 

responsible for the implementation of the new vehicle.  

Many workshops were made across all the areas of the 

factory in order to prepare the production of the 

Volkswagen T-Roc. This value represents one KPI related 

to the operators training: 

𝐾𝑃𝐼(𝑜𝑝. 𝑡𝑟𝑎𝑖𝑛𝑖𝑛𝑔) = 60 𝑤𝑜𝑟𝑘𝑠ℎ𝑜𝑝𝑠 (8) 

MODEL LAUNCHING 4.0 

The trend of the launching of a new car model can be 

set as trying to achieve Model Launching 4.0 where there 

is no waste and the new product is produced with the 

quality desired at first try and with a much reduced 

planning phase. 

I. Advance Predictive Simulation 

Production planning and scheduling activities are some 

of the most important tasks that may reduce costs, waste 

and time-to-market of a new product. For this, digitization 

and simulation of various planning processes for the 

implementation of the vehicle is a huge step towards a 

launching process optimized by Industry 4.0. 

Combining sophisticated simulation processes with Big 

Data and Data Analytics it is possible to carry out detailed 

planning of the implementation of a new model in a 

production line in relation to the behavior of tools and 

implementation of new equipment, operator behavior and 

its progress, and logistics organization of the whole 

process. 

In a controlling point of view, this simulation process 

can be visualized as depicted FIGURE 3Error! Reference 

source not found..  

This type of planning, despite requiring more resources 

in computational terms, prevents errors from occurring in 

the future, requiring a new phase of planning with the 

necessary changes. It becomes a unique, more dynamic and 

faster process that ensures that the implementation of the 

model on the production line will already be at a very 

advanced stage of the current PEP and with many fewer 



errors, fewer waste and much less need for changes and 

corrections.  

 

 

FIGURE 3 - FEEDBACK LOOP IDEA OF THE SIMULATION 

PHASE 

The result of this idea is represented in FIGURE 4 where 

the first phase of the Series Preparation can be practically 

eliminated and substituted by a much smaller phase called 

Advance Predictive Simulation Phase. 

 

FIGURE 4 - EVOLUTION OF THE VFF TO ADVANCE 

PREDICTIVE SIMULATION 

II. 3D Printing 

Currently, additive manufacturing processes are being 

used for the production of tools in the pre-series process, 

which corresponds to a great advance in this process. Since 

the launch of the Volkswagen Sharan some test pieces and 

pre-series were produced by additive manufacturing. For 

the Volkswagen Sharan about 1% of the tools were 

produced by 3D printing, while in the launch of the 

Volkswagen Scirocco about 9% and in the Volkswagen T-

Roc launch about 90% of all production support tools were 

produced internally to the factory and through this 

technology. 

This growing use of additive manufacturing allows the 

expectation that all test tools will very soon be produced 

through this new technology at the next launch, and even 

expand this process for test parts in pre-series vehicles.  

III. Intelligent Automation 

The automation and digitalization of the production line 

is a process that is already being implemented in today’s 

automotive industry. This type of intelligent automation 

corresponds to a type of automation that incorporates 

artificial intelligence, through intelligent algorithms with 

learning ability, with collaborative robots in order to 

transform the current production line into a flexible, 

communicative and efficient production system.  

The next step in the evolution of production lines, as 

already mentioned, is the implementation of CPS’s,  

systems that constitute intelligent collaborative robots 

allied with connectivity that make production fully 

automatic, connected, efficient and productive. In a more 

technical way, each CPS will operate autonomously, 

making the best decision for each product according to a 

certain defined set of rules.  

This autonomous behavior of each CPS can be seen as 

a global behavior of the CPPS since each one takes into 

account the conditions of all other CPS relevant for its 

decision. An architecture that fulfill all the requirements 

for CPS is proposed in 5. 

 

FIGURE 5 - CPS FRAMEWORK FOR THE FACTORY OF THE 

FUTURE 

In this way, the first step should be the creation of a 

dynamic and robust database that will be a basis for the 

development of these systems. A database proposal is also 

provided in FIGURE 6. 

 
FIGURE 6 - E-R SCHEME PROPOSAL 

Sequentially, the communication between machines, 

equipment and the products themselves is fundamental for 

the development of processes more efficient and fast, once 

each CPS need to gather as much information from its 

surroundings as possible. 

The use of a tag system that identifies each product, 

locates it and obtains information about it from a database 

is important in order to assign a dynamic identity to each 

component in a much faster and cleaner way. Using an 

RFID tag system assigned to each plant component with an 

updated real-time background information database allows 



monitoring and tracking product progression without the 

need to be constantly reading a barcode to keep the system 

informed. FIGURE 7 provides an example of the structure of 

this connection scheme. 

In a next phase, in order to achieve a fully automated 

CPPS, the use of these tags will be replaced by 

communication systems incorporated in the equipment 

itself as their technologies evolve. 

This evolution of the production line will bring a great 

advantage to the process of launching a new product: 

increasing the flexibility and reliability of the production 

line will reduce the verification and confirmation phases of 

the production in the PEP. Eventually, production line will 

become so reliable that the phase of verification, that 

corresponds to 0-S where the production process is verified 

as well as all its equipment, operators, logistics and 

production system on conditions similar to those expected 

when production starts suffers a drastic reduction. It will 

not completely disappear once the need for verification will 

always exists, however its duration will reduce from t 

months to no more than 1/3 t as shown in FIGURE 8. 

 

 

FIGURE 7 - COMMUNICATION STRUCTURE WITH RFID TAGS 

 

FIGURE 8 - EVOLUTION OF THE 0S WITH THE DIGITIZATION 

AND INTELLIGENT AUTOMATION OF THE PRODUCTION LINE 

IV. Virtual and Augmented Reality 

As already mentioned, worker training is one of the 

most time-consuming and difficult stage in the entire 

process, and has been a critical issue in all vehicle 

launching processes in the factory. The trend in this process 

is the implementation of virtual and augmented reality 

technologies in order to accelerate the entire process and 

prevent operators from feeling the need to train on real 

objects that have now high risk of becoming scrap due to 

the lack of experience of operators in the new procedures 

of production. 

 

FIGURE 9 - EVOLUTION OF THE PVS WITH THE 

IMPLEMENTATION OF VIRTUAL AND AUGMENTED REALITY 

In the PEP, the phase where the training of the operators 

is most relevant is the PVS where all the equipment is 

tested individually. The use of augmented reality will 

reduce the duration of this phase from the current t months 

to about a few weeks where all the equipment verification 

tasks and operation training are carried out. This evolution 

is represented in FIGURE 9. 

V. Future Model Launching Process 

Since 1997, Volkswagen reduced the duration of its 

launching process from 21t months to 16t months that 

represents a reduction of about 25% in the duration of the 

process. According to this progression, it is expected that 

in 8 years this process has reduced at least 25% in terms of 

duration relative to today, corresponding to a reduction of 

about 0,66t in the Series Preparation stage.  

Relative to the ramp-up schedule this process will 

reduce its duration from the current 1,66t months to just a 

few weeks. A forecast for the evolution of this scheme is 

shown in FIGURE 10. 



 

FIGURE 10 - FORECAST FOR THE RAMP-UP SCHEDULE BY 

2025 

Taking into account this evolution, by 2025, the launch 

process of a new vehicle will have a KPI related to the 

duration of the process as: 

𝐾𝑃𝐼 (𝑡𝑖𝑚𝑒) = 3,42𝑡 𝑚𝑜𝑛𝑡ℎ𝑠 (9) 

Allied to the reduction of the duration of the process, 

the number of vehicles produced will also suffer a 

decrease; however, in this case, this variation is expected 

to be even higher, reducing the number of vehicles 

produced to about 70% due to the decrease of the need of 

the production of cars for testing and evaluation of quality, 

and new concepts in operator training. The value of the KPI 

related to the number of cars produced emerges then: 

𝐾𝑃𝐼(𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑎𝑟𝑠) =  5,84 (10) 

The predicted distribution of these 5.84 vehicles 

(related to the VFF phase of the T-Roc launching process) 

along the stages of the Series Preparation is presented in 

TABLE 4. 

Regarding waste, and taking into account that between 

the launch of the Volkswagen Sharan PA and the Seat 

Alhambra PA in 2015 and the Volkswagen T-Roc in 2017 

there was a significant reduction in the production of scrap, 

so it is expected that, in 2025 this reduction will be even 

more pronounced. 

𝐾𝑃𝐼(𝑤𝑎𝑠𝑡𝑒) =  0,75𝑆𝐶 (11) 

  This value is set at 75% so that if on 8 years there 

is a 25% reduction in scrap production, then at this pace of 

progression in 32 years it is possible to launch a new model 

without producing scrap.  

The training of the operators will undergo the biggest 

changes between all the major characteristics of the 

launching process. Initially, the use of virtual reality will 

allow operators to be prepared more consistently, quickly 

and effectively through simulations of their workspace and 

processes. The launching process will thus suffer a 

reduction in its duration, and also the number of 

workshops. The number of workshops will then result in 

about 90% of the Volkswagen T-Roc launching: 

𝐾𝑃𝐼(𝑜𝑝. 𝑡𝑟𝑎𝑖𝑛𝑖𝑛𝑔) =  54 𝑤𝑜𝑟𝑘𝑠ℎ𝑜𝑝𝑠 (12) 

The evolution of both the duration of the whole process 

and the scope of each phase of the Series Preparation is 

represented in FIGURE 11. In 2025 it is expected that the 

PVS phase will become a phase partially focused on 

training that combines virtual training with workshops and 

the usual “in loco” training in the production line. By 2035 

the Advance Predictive phase will be fully implemented so 

that the former VFF phase will have a slightly different 

scope and also a much shorter duration. Also by this time 

the training with augmented reality will begin its 

implementation process complementing the previous 

training phase. The duration of all phases will continue to 

decline to a future where each will last for only a few 

weeks. In addition, the last verification phase will 

successively decrease its duration to a point where its 

existence will no longer be necessary, however this future 

is still a bit far from today’s production reality. 

TABLE 1 - NUMBER OF PRE-SERIES CARS PRODUCED IN 

MODEL LAUNCHING 4.0 BY 2025 

Pre-series 
phase 

T-Roc 
(VW276) 

VWxxx 
(after 
2025) 

% 
Reduction  

Advance 
Predictive 
Simulation/ 
VFF 

1 0.17 ≈-80% 

Virtual and 
Augmented 
Reality/ PVS 

3.33 3 ≈-10% 

0-Series 4  2.67 ≈-30% 

Total 8.33 5.84 ≈-30% 

 

FIGURE 11 – EVOLUTION OF SERIES PREPARATION 

CONCLUSIONS 

The development of Industry 4.0 within the automotive 

industry is only just beginning, however, it is already 

possible to predict that this implementation will 

revolutionize automotive production from its core. In the 

case of the process of launching a new car model, this 
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whole process will undergo an enormous revolution with 

reductions in its duration and production of waste, and in 

improving its effectiveness and productivity. It is necessary 

to follow the needs of the consumer who already bets on 

the customization and speed of manufacture. 

Currently this process is still too time consuming, 

however it is expected that in the next launching process it 

will be possible to identify significant improvements, and 

later on this development will be further accentuated in 

posterior launches. Specifically for the implementation of 

the new model in the production factory this process will 

become much faster where new car models will be thought, 

designed, prepared, planned for production and 

implemented in a much shorter period than the current one. 

In particular, Volkswagen Autoeuropa already has a 

development policy which, if well exploited and with a 

clear initiative and a strong investment in innovation and 

the development of this process, can take major and 

important steps towards Industry 4.0. This development is 

still at an embryonic stage however it is expected that by 

2025 it will suffer its great explosion and that its growth 

will increase dramatically. 
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