
 

 

 

 

 

 

 

Bachelor’s Thesis in Industrial management and Logistics, 15 HE. 

 

THIRD-PARTY LOGISTICS SUPPLIERS UNDER 

JUST-IN-SEQUENCE 

A case in the Spanish Automotive Industry 

 

 

 

 

CARLOS GINER RODRIGO  

920125-T296  

 

Spring semester 

June 2015 

 

Supervisor: Robin von Haartman 

Examiner: Lars Bengtsson 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



ACKNOLEDGEMENTS 

 

First of all, I would like to thank the support and patience that I have received from 

Professor Robin von Haartman. Without his help I would not have been able to focus and 

develop the thesis. 

Secondly, this paper has been made possible by the interviewees and their companies, 

which have been critical to the case study.  

Finally, I would also like to express my gratitude to the Erasmus program, the University 

of Gävle and my family. They have made my time abroad, one of the most important 

experiences of my life. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



ABSTRACT 

 

Purpose - The purpose of the bachelor thesis is to describe the relationship between 

Third-party logistics (3PL) suppliers and car assemblers under Just-in-sequence (JIS). 

The paper refers to a case in the Spanish automotive industry and the main target is to 

identify and analyse the potential problems between both parts and explain how they work 

together. 

Methodology – The paper is based on a case study research, with the aid of interviews 

with people of the industry and participant-observations, to explain how this part of the 

supply chain works, the relationships along the chain and the difficulties of sequencing.  

Results – The paper identifies and analyses the potential problems between both parts 

and relates how a mistake from one of them can affect the other one. Then, the results are 

discussed and associated with some concepts of the theoretical framework. 

Limitations - The results of this case study can only be related to the Spanish automotive 

industry, for car assemblers that work under a JIS context with several 3PL suppliers. The 

case study only identifies and analyses the problems, solutions and measures for 

managing them are not provided. 

 

Keywords: Third-party logistics, 3PL, Just-in-sequence, JIS, Car maker, Mixed-model 

assembly line, Automotive, Spanish Automotive Industry. 
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1. INTRODUCTION 

 

The distribution process is a critical point in the automotive supply chain. It is also 

important to know the distribution channels to understand how the product reaches its 

final destination.  Furthermore, it should take into account the many factors that influence 

this process and it is necessary to appreciate the important role of intermediaries, such as 

third-party logistics companies, to make that the auto parts reach the end assembler. 

The use of appropriate distribution channels improves the efficiency of sales. Without the 

existence of these channels, automotive companies would fall into a huge mess of 

distribution and could not perform activities that nowadays are very common.   

More and more, the Spanish automotive industry has begun to outsource parts 

distribution, working with third-party logistics (3PL) that are located between parts 

manufacturers and car maker in the supply chain.  

This production model is often supplied Just-in-sequence (Meyr, 2004, cited in Boysen, 

Fliedner & Scholl, 2009), which allows to achieve short order lead-times and on-time 

deliveries to customers (Meissner, 2010) and to keep inventories low (Fisher 1997, cited 

in Wagner & Silveira-Camargos, 2011). 

In this case, these third-party logistics are responsible of receiving parts from 

manufacturers, storing them for a short time and deliver them just-in-sequence to the 

assembly line of the car maker. Based on information from car assemblers, the required 

parts are sorted according to each specified time, delivery point, and quantity, and are 

transferred onto the delivery trucks (Kaneko & Nojiri, 2008). 

With this, the car maker avoids tasks as parts reception, warehousing, sequencing and 

transporting to the line. Which means for the automaker, reducing staff and less need for 

storage space within the factory. By consolidating delivery from suppliers in this way, 

car assembles are able to manage their distribution costs, better (Kaneko & Nojiri, 2008). 

To conclude, there is not too much literature connecting the concepts of third-party 

logistics and just-in-sequence with automotive. From this point of view, the idea of 

developing this thesis serves as an approach to explain and understand these concepts in 

the automotive industry. 
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2. THESIS PURPOSE 

 

The purpose of the bachelor thesis is to describe the relationship between Third-party 

logistic (3PL) suppliers and car assemblers under Just-in-sequence (JIS). The paper refers 

to a case on the Spanish automotive industry and the main target is to identify and 

analyse the potential problems between both parts and explain how they work together. 

Figure 1 shows the part of the supply chain in which the bachelor thesis is going to focus. 

 

Figure 1 – Supply chain relationship by Carlos Giner Rodrigo. 

 

The purpose is specified in the following research questions: 

1. Which are the potential problems of a third-party logistics provider that supplies just-

in-sequence a car assembly line? 

2. How does a mistake of the automaker in the assembly line affect the 3PL supplier? 

3. When introducing new car models within normal production, what difficulties arise 

for 3PL suppliers and automaker’s assembly line? 
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3. THEORETICAL FRAMEWORK 

 

The theoretical framework is going to describe several concepts about the automotive 

industry and distribution networks. 

Firstly, the paper will start with distribution networks, which becomes very important 

within the automotive industry. Addressing this issue is a first step to introduce concepts 

about the distribution that will appear later within the auto-makers industry, such as 

“cross-docking”. In this section also will be presented six types of distribution networks 

that can be applied in other sectors, not only the automotive one. 

Secondly, the paper will focus on introducing production organization systems and 

several approaches in the automotive industry. We are talking about lean manufacturing, 

just-in-time (JIT), Kanban, mistake-proofing methods, mixed-model assembly lines, just-

in-sequence (JIS), third-party logistics (3PL) and modularization. 

Finally, to conclude the theoretical framework, several viewed concepts will be 

associated with the case study that will be done later in this thesis. 
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3.1. DISTRIBUTION NETWORKS 

 

Distribution relates to the steps taken to move and store a product from the first 

manufacturer to a customer in the supply chain. So, a distribution network is the system 

a company uses to get the products. 

According to Chopra (2003), there are six factors that influence distribution network 

design. The first one is response time, that is to say the time between ordering a product 

and receiving the delivery. The second one is product variety, the number of different 

products moved into the distribution network. Thirdly, product availability, that is to say, 

having a product in stock when a customer makes an order. Other factors are customer 

experience and order visibility, the customer’s capability to track the order made from 

placement to delivery. The last one is “returnability”, is the facility to return products and 

the ability of the network to handle them. 

In reference to costs and network design, making changes in a distribution network design 

influences inventories, transportation, handling and information. For example, “as the 

number of facilities in a supply chain increases, the inventory and resulting inventory 

costs also increase”. This affects total logistics costs, which are the sum of inventory, 

transportation, and facility costs (Chopra, 2003). 

 

3.1.1. TYPES OF DISTRIBUTION NETWORKS 

 

According to Chopra (2003), there are two decisions that affect the design of a distribution 

network: 

 “Will the product be delivered to the customer location or picked up from a 

preordained site?” 

 “Will product flow through an intermediary or intermediate location?” 

Depending on the choice for each decision, there are six possible distribution network 

options, which will be described below (Chopra, 2003). 



5 
 

Firstly, manufacturer storage with direct shipping. The manufacturer directly sends 

the product to the customer. The retailer is who handles the order of the customer and 

makes the solicitude to the manufacturer (Fig. 2). 

 

Figure 2 – Manufacturer storage with direct shipping (Chopra, 2003). 

 

Secondly, manufacturer storage with direct shipping and merge in-transit. In this 

one, the “merge in-transit” allows to get a single delivery combining pieces from different 

locations. It is a situation in which goods from multiple sources for an order are sent to 

a distribution center, where they are consolidated for shipment (Fig. 3). 

 

Figure 3 – In-transit merge network (Chopra, 2003). 

 

Thirdly, distributor storage with carrier delivery. With this option, the inventory and 

the orders are handled by a distributor in intermediate warehouses. The distributor sends 

the products from the intermediate location to the customers using a “package carrier” 

(Fig. 4). 

http://en.wikipedia.org/wiki/Distribution_center
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Figure 4 – Distributor storage with carrier delivery (Chopra, 2003). 

 

The next option is distributor storage with last mile delivery. Several distributors 

placed near the customers deliver the product directly to the home of the customer. Unlike 

the last type, this one doesn’t use package carriers (Fig. 5). 

 

Figure 5 – Distributor storage with last mile delivery (Chopra, 2003). 

 

Fifthly, manufacturer or distributor storage with consumer pickup. In this option, the 

inventory is consolidated at an intermediate warehouse. Customers place and e-order, the 

retailer handles the information process. After this, the orders are sent to concrete “pick 

up points” from the intermediate warehouse. Then, customers go to the “pickup points” 

to receive their products. (Fig. 6). In this model appears the concept of cross-docking, 

which will be introduced later. 
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Figure 6 – Manufacturer or distributor warehouse storage with consumer pickup (Chopra, 2003). 

 

Lastly, retail storage with customer pickup. In this option, retail stores have its own 

inventory. Customers can go there and pick the product up at the store. Another possibility 

is to make an online order in the page of the retail store and then go there to receive it. 

 

3.1.2. CROSS-DOCKING 

 

According to Kinnear (1997), a simple definition of cross-docking is “receiving the 

product from a supplier or manufacturer for several end destinations and consolidating 

this product with other suppliers’ product for common final delivery destinations”. The 

key elements of this system are integrated resources, no stockholding and sequenced 

operational process. 

 

Figure 7 – Operating methodology: Product sort (Adapted from Kinnear, 1997). 
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Cross-docking is getting more and more used in practices such as just-in-time 

manufacturing, electronic data interchange and advanced drop ship techniques. With 

cross docking, the product moves from receiving to shipping without storage at the 

warehouse. The key of cross docking is to have a minimum dwell period between 

receiving and shipping. “The shorter the period, the smaller the storage buffer needed” 

(Apte & Viswanathan, 2000). The material handling operations of receiving, 

redistributing and shipping represents the physical flow of product. Associated with this 

physical flow is the flow of information concerning the cross docked product. With 

increased volumes and product variety, the management of information flow has also 

become a critical factor in the success of cross docking operation (Apte & Viswanathan, 

2000). 

Cross docking uses full truck load shipments, whenever possible, to optimize 

transportation and inventory holding costs at the same time by reducing the level of 

inventory at the warehouse. Cross docking has other benefits, such as reduction of order 

cycle time, which helps improve the flexibility and responsiveness of the distribution 

network. These benefits can only be achieved by effective handling of physical flow of 

goods, effective managing of the flow of information with information technologies, 

effective use of full truck load shipments, and effective use of proper planning and 

management tools (Apte & Viswanathan, 2000). 

In reference to supply chains, there are at least three methods of cross-docking (Schaffer, 

2000, cited in Gümüs & Bookbinder, 2004): 

 Manufacturing cross-docking: There are two possibilities. The first one, 

finished goods move right off the production line to a waiting truck (Current). The 

second one, items produced are staged for later shipment (Future).  

 Distribution center cross-docking: We distinguish between “current,” “current 

in the same day,” and “future.” In the first, items are loaded immediately on a 

vehicle. In the second one, products are staged on a conveyor for release later that 

day. In the third one, future cross-docking involves the holding of items until they 

become current/same day.  

 Terminal cross-docking: Products from various distribution centers are sent to a 

break-bulk terminal for shipment of mixed loads to customers. 
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3.2. PRODUCTION ORGANIZATION SYSTEMS IN THE AUTOMOTIVE 

INDUSTRY 

 

Since the 1980’s new production organization ways, work management approaches, and 

new IT were introduced in the automotive industry, all around the world, based on the 

experience of Japanese industries in this sector. A new production and work practice 

appear, called lean manufacturing (Vanalle & Camarotto, 2009). 

Due to the competition in the automotive sector and the necessity of reducing costs, the 

automobile industries needed to develop new supply chain relationships and a new 

responsibilities in this productive chain. With these new configurations, the final 

manufacturer of the automotive sector becomes the assembler of the main parts of the 

product (Salerno et al., 1998; Costa and Queiroz, 2000; Humphrey and Salerno, 2000, 

cited in Vanalle & Camarotto, 2009). 

It occurs a change, competition focuses on product innovation instead on low costs, and 

production setting changes from supply-driven to demand-driven. The need for flexibility 

motivates the implementation of the just-in-time system (JIT), the multivalent and 

multi-qualified work, and a more active involvement of the suppliers in the project of the 

parts they manufacture (Hoffman & Kaplinsky, 1988; cited in Vanalle & Camarotto, 

2009).  

Consequently, new control techniques are introduced with just-in-time and lean 

manufacturing. For example, the Kanban system, a cards system for production, and the 

poka-yoke, a mistake proofing method. 

In the last times, auto makers use to manufacture several models of the same car. 

Therefore, auto makers are implanting mixed-assembly lines to produce different cars 

on the same line at once. With this model, a production system called just-in-sequence 

(JIS) gains importance inside the automaker industry. 

Usually, automotive part suppliers are located far from their respective car assembly 

plants. In order to implement just-in-time between suppliers and assembler and in order 

to accommodate distribution from remote locations, it has been more and more common 

to work with cross-docks located near car assembly plants. These cross-docks are usually 

operated by third-party logistics (3PL). What is more, 3PL cross-docks (also called 
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distribution depots) are performing and important function in making small-lot, high-

frequency deliveries to car assembly plants (Kaneko & Nojiri, 2008). 

Ultimately, it’s important to talk about modularization. This concept has attracted 

increasing attention in the auto industry in the last few years (Takeishi & Fujimoto, 2001). 

Besides, modularization together with globalization and “deverticalization” are three 

factors which can be described as being characteristics of the automobile industry 

(Surgeon & Florida, 2004; cited in Kaneko & Nojiri, 2008). 

 

3.2.1. LEAN PRODUCTION 

 

Lean production, have enabled companies to produce more intense when the demand for 

their products is high and reduce production when the demand decreases using their 

production approaches more rationally (Vanalle & Camarotto, 2009). 

According to Katayama & Bennet (2009), one key feature of lean production is that fewer 

resource inputs are required by the manufacturing system. We are talking about less 

material, fewer parts, shorter production operations, less unproductive time needed for 

setups, etc. At the same time there is pressure for higher output performance to be 

achieved, such as better quality, improve product specifications, better product variety, 

etc. This usually results in greater customer satisfaction which allows to gain a larger 

market share. These essential elements of lean production are shown in Figure 8. 

 

Figure 8 - The essential elements of Lean production (Katayama & Bennet, 1996) 

 

Concerning car assembly plants, JIT delivery and low inventories are the pillars of lean 

production systems. Normally, inventory buffers cover only unexpected problems such 

as supplier delays, defects, production troubles, or unforeseen demand fluctuations. To 
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eliminate this gradually, managers must reduce the source of the problems upstream and 

be more flexible in responding to demand fluctuations downstream. These efforts focus 

attention on improving the quality of inputs, keeping tight control over the production 

process, reducing lead and cycle times at every stage and reducing lot sizes. The result is 

continuous improvement in quality, productivity, and responsiveness. (Levy, 1997). 

 Just-in-Time Delivery and Low inventories: JIT is the most important pillar of 

lean production. It’s conditioned by geographical dispersion of the supply chain. 

Moreover, the distance increases the amount of inventories and the need of buffer 

inventories (Levy, 1997). 

 Flexible Manufacturing: Flexible manufacturing allows a company to respond 

more quickly to changes in demand and reduce the lot size and inventory (Stalk 

& Hout, 1990 cited in Levy, 1997). This concept requires rapid delivery from 

suppliers in order to avoid very high inventories. 

 Close Relationships with Suppliers and Customers: Lean production requires 

close coordination with suppliers to achieve the desired levels of quality and 

delivery. As in “Just-in-Time Delivery and Low inventories”, distance also 

difficult the face-to-face contact, which is often more useful than distance 

relationship (Levy, 1997). 

 

To sum up, when activities of the supply chain are geographically dispersed lean 

production is costly and difficult. This organization system requires fast and frequent 

flows of goods and information along the chain. 

 

3.2.2. JUST IN TIME  

 

JIT is a pull-type system, the process starts from customer orders and uses JIT 

manufacturing. Its basic concept is to “provide only the necessary products, at the 

necessary time and in the necessary quantity”, from incoming material to final deliveries. 

“It has been developed to increase productivity through waste reduction and increasing 

the value added on the production processes” (Lai, Lee & Ip, 2003).  
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Taiichi Ohno, a former executive vice president of Toyota Motor Corporation, gives the 

following points as the definition of JIT (Ohno, 1988, cited in Kaneko & Nojiri, 2008): 

 Teams of multi-skilled workers are needed to regulate the type and volume of 

manufactured products according to fluctuations in demand. 

 Total Quality Control (TQC) is implemented. 

 Process control is performed JIT. In response to demand generated by customers, 

JIT seeks to shorten production process times, eliminates excess inventories of 

parts and seeks the efficient utilization of equipment and labor. 

To sum up, JIT benefits the manufacturing firms by reducing inventory, increasing 

flexibility, high product quality and increase productivity. JIT promise to receive frequent 

and reliable deliveries of high quality parts in small lot sizes and exact quantities 

(According to Lai, Lee & Ip 2003). 

Very often the discrepancy of JIT occurs in the supplier’s failure, slow response to the 

customers and communication failure. Therefore, to avoid production stops, the supplier 

information is critical, so it has to be continuously updated, efficient and reliable. That is 

more, suppliers and the customer must work closely with transporters to ensure timely 

delivery of goods (Sadhwani, Sarhan & Camp, 1987 cited in Lai, Lee & Ip, 2003). Also, 

the fast and accurate information flow minimize the error and improve the communication 

in customer, supplier and the company (Fig. 9). 

 

 

Figure 9 – Relationship between suppliers, company and customers in JIT environment (Lai, Lee & Ip, 2003). 

 

According Monden (1998, cited in Kaneko & Nojiri, 2008), to implement JIT efficiently 

it is necessary an electronic information network between car assembler and suppliers 

(Fig. 10). This provides benefits that can be enjoyed by both parts, such as reducing 

transaction costs and accumulating production experience. 
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Figure 10 – Organization of Just-in-Time between car assembler and parts supplier (Kaneko & Nojiri, 2008). 

 

Additionally, there are some geographical implications of JIT to consider. We are talking 

about the implications of why JIT encourages part suppliers to be placed in areas around 

assembly plants: 

 Transportation costs reduced, easier quality control and inspections and less 

transactions costs (Sheard, 1983; Estall, 1985; Morris, 1988 & 1992; Hill, 1989; 

cited in Kaneko & Nojiri, 2008). 

 Easier exchange of information (Williams et al., 1992; Linge, 1991, Mair, 1992, 

cited in Kaneko & Nojiri, 2008). 

 Improvement of relationships between customers and suppliers, it becomes easier 

to maintain high quality, to make punctual deliveries and to respond promptly to 

unexpected problems (Mair, 1993; cited in Kaneko & Nojiri, 2008). 

 

From a distribution-centered perspective of these geographical implications, JIT 

increases the frequency of deliveries, so transportation costs and the costs for ordering 

and assembling parts will increase. “One measure to counter this is to attune and 

rationalize individual orders to match assembly schedules, thereby averting any increases 

in ordering/assembly costs”. As well, another common option is to reduce the distance 

needed (Van Egeraat & Jacobson, 2005; cited in Kaneko & Nojiri, 2008). 

However, there are several reasons to work with long-distance suppliers (Van Egeraat & 

Jacobson, 2005; cited in Kaneko & Nojiri, 2008): 
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 The area where the supplier is located has differences in labor costs. 

 Parts are produced in an intensive manner or there are economies of scale. 

 The accumulation of technical capabilities in a specific region. 

 Parts mass-produced with cheap labor costs. 

 Intensive production of high value-added parts. 

 

3.2.3. KANBAN AND E-KANBAN 

 

“A Kanban system is a manufacturing control technique used in just-in-time or lean 

management to efficiently and effectively improve the flow of goods and inventory within 

business processes”. In the Kanban system, “each workstation produces and delivers 

products or components only when it receives a Kanban card from the upstream 

workstation”.  That is to say, it’s simple, it only works when the order is received and 

needed.  Kanban helps production units to respond rapidly to changes in a supply chain 

by transferring production information (Jarupathirun, Ciganek, Chotiwankaewmanee & 

Kerdpitak, 2009).  

Regarding the generated document, the information listed on the paper includes pick up 

information, transfer information, and production information. It tells an employee the 

quantity and the type of pieces to pick up or to assemble. So, the Kanban system prevents 

the overproduction, because it starts in the final assembly and makes works backward to 

create a "pull" of parts through the process (Ohno, 1978). The functions of Kanban are: 

 Provides pick-up or transport information. 

 Provides production information. 

 Prevents overproduction and excessive transport. 

 Serves as a work order attached to goods. 

 Prevents defective products by identifying them in the process. 

 Reveals existing problems and maintains inventory control.  

 

The Kanban system described involves two types of methods. The first one is called the 

transfer Kanban card, this one authorizes and the movement of a specific quantity of 

material (production batch). The supplier receives it and the specific quantity is removed 
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from the inventory for production. With it, material flows are controlled from the supplier 

to final stage. On the other hand, the second one is the Production Kanban card. This 

one authorizes part’s production. It’s based on the consumption of the following stage 

operations. When all the materials of an order are used (the number of materials are 

limited to the batch size), the system will produce a new Kanban order for the precedent 

work-stage. 

The Kanban system controls the number of orders that are in course, that is to say the 

number of production batches. For this, the batch size has to be calculated precisely 

according to the cycle time, production needs and the necessary manufacturing setups. It 

directly affects the supply chain, for better or worse. 

The explained system can be used when departments or suppliers are distanced, but it also 

can be used for control manufacturing processes for these ones that are close (Kouri, 

Salmimaa & Vilpola, 2008). 

According to Ohno (1978), the Kanban system controls the flow of goods through the 

plant, but only works if practiced under strict rules: 

 One stage picks up the number of items indicated by the Kanban of the subsequent 

stage. 

 One process only produces items according to the quantity and sequence indicated 

by the Kanban. 

 No items are made or transported without a Kanban. 

 Goods have always attached a Kanban. 

 Defective products are not sent to the next stage.  

 

Over time, organizations are consistently looking for information technology (IT) that 

can improve performance and their bottom line (Jarupathirun, Ciganek, 

Chotiwankaewmanee & Kerdpitak, 2009). That’s the point where electronic Kanban 

appears, that is to say replace the card based Kanban with an electronic system. 

E-Kanban can be used to pull materials from the suppliers. For example, the suppliers 

attach a bar-code for each delivered container, which is used for batch identification. After 

the material is used the bar-code is removed from the container. However, the practice 

described above has some push control features. “The orders or pull signals are sent based 
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on the production schedule, not the realized production or system status” (Cullen, 2002; 

Chappell, 2005; Kärkkäinen & Holmströn, 2002; cited in Kouri, Salmimaa & Vilpola, 

2008). 

Most of the electronic Kanban systems use RFID-codes (Radio Frequency Identification) 

or bar-codes in production batch identification. Bar-codes are used more often to manage 

material flow between firms, because the containers are used for different lots. RFID-

codes are more common for internal situations in a company, because the same containers 

are used several times (Vernyi, 2005; Kochan, 2006; Cullen, 2002; cited in Kouri, 

Salmimaa & Vilpola, 2008). 

Comparing Kanban and e-Kanban, the second one has many advantages over the 

traditional Kanban system. For example, if the production increases and the calculated 

batch size is reduced, the number of card movement will increase. That can produce to 

lose or misplace cards, producing problems along the JIT part of the chain. 

According to Drickhamer (2005), Cullen (2002) and SAP (2006), cited in Kouri, 

Salmimaa & Vilpola, (2008), the e-Kanban system: 

 Removes the problem of lost cards and misplaced cards.  

 The demand need is delivered right time. 

 Time and effort needed cards handling is minimized. 

 Fast and effective optimization of Kanban cards. 

 Minimizes the material shortages Improves the supply chain transparency. 

 Helps to analyse the supplier efficiency. 

 

3.2.4. MISTAKE PROOFING METHODS: POKA-YOKE 

 

The Poka-Yoke is a technique for avoiding human error at work (Dudek-Burlikowska & 

Szewieczek, 2009). “It is any mechanism that either prevents a mistake or defect 

occurring, or makes any mistake or defect obvious at a glance”. (Shingo, 1987, cited in 

Shanin & Ghasemaghaei, 2010). Poka-yoke is a way to help people do things right the 

first time. One cannot prevent all mistakes, but can make it easier to do the job right. 

Poka-yoke could be used to stop them in the same moment instead of allowing processes 

to continue after a mistake has been made (Shanin & Ghasemaghaei, 2010). 
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The target of poka-yoke is re-designing the process to prevent, detected and correct the 

mistakes. Self-checks, and successive checks along the chain are used together to improve 

the feedback. With this, the process would be better understood and managed (Shingo, 

1986; 1987, cited in Shanin & Ghasemaghaei, 2010).  

According to Shingo (1989), there are three types of control poka-yoke: 

1. Contact method: identify defects by whether, or not contact is established 

between the device and some feature of the product's shape or dimension. 

2. Fixed value method: determines whether a given number of movements have 

been made. 

3. Motion step method: determines whether the established steps or motions of a 

procedure are followed. 

In reference to a car assembly plant, a poka-yoke can either be used as a control or a 

warning. As a control it stops the process (line) so the problem can be corrected. As a 

warning, a buzzer or flashing lamp alerts the worker to a problem that is occurring 

(Shingo, 1989). Also, combining poka-yoke devices with the use of checklists and check 

tables will also reduce the likelihood of operator errors such as absent-mindedness and 

lack of concentration (Patel, Shaw & Dale, 2001). 

 

3.2.5. MIXED-MODEL ASSEMBLY LINES 

 

“The assembly lines are flow oriented production systems which are still typically in the 

industrial production of high quantity standardized commodities [...] an assembly line 

consists of (work) stations arranged along a conveyor belt or a similar mechanical 

material handling equipment. The workpieces (jobs) are consecutively launched down 

the line and are moved from station to station. At each station, certain operations are 

repeatedly performed regarding the cycle time” (Becker & Scholl, 2006). 

A famous example of an assembly line is the mixed-model assembly line. These kind of 

lines are of great practical relevance and are widely used for the final assembly line of the 

automotive industry (Boysen, Fliedner & Scholl, 2009). It has the benefit of reducing 

facility and inventory costs, and allows a better balance in workload and part usage 

(Monden, 1998; cited in Ding & Sun, 2004). 
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According to Becker & Scholl (2006), mixed-model assembly lines manufacture several 

models (versions) of a standardized commodity (car) in an intermixed sequence. The 

models differ from each other with respect to size, colour, used material, or equipment so 

their production requires different tasks and task times.  

Mixed-model assembly lines are widely employed in assembly-to-order production 

systems (Mather 1989, cited in Boysen, Fliedner & Scholl, 2009) and enable modern 

production strategies such as mass customization (Pine 1999, Boysen, Fliedner & Scholl, 

2009). What is more, this production model is often supplied just-in-time or even just-

in-sequence (Meyr, 2004, cited in Boysen, Fliedner & Scholl, 2009), either by preceding 

in-house production levels and/or third-party logistics providers. As the just-in-time 

concept focus on minimizing inventory, the sequence of production orders directly 

determines the part consumption for each one (Boysen, Fliedner & Scholl, 2009). 

To work, the line must be flexible enough regarding to equipment, multi-skilled operators 

and local cycle time violations (Becker & Scholl, 2006). When mixed-model assembly is 

applied in an automobile assembly plant, a linear flow of cars can pass through the whole 

assembly system, and the model sequence can thus affect the production efficiency of 

various departments (Ding & Sun, 2004). 

The sequence of the linear flow of cars on a mixed-model assembly line can often be 

altered intentionally or unintentionally in an automobile assembly plant. In some cases, 

the sequence can be altered intentionally to achieve a better efficiency in a downstream 

department. On the other way, the sequence can also be altered unintentionally due to 

unavoidable reasons such as equipment breakdowns, defective products or problems with 

suppliers (Ding & Sun, 2004). 

At the final assembly department, where a notable number of parts are used, operators 

and suppliers can benefit from knowing the model sequence in advance. One important 

reason for needing to know the sequence in advance is due to the manufacturer’s desire 

to have parts delivered to the final assembly line, according to the sequence (Just-in-

sequence). Sequenced parts delivery has become an increasingly popular practice in 

automotive assembly operations (Bukey and Davies, 1991, cited in Ding & Sun, 2004). 

By this system, parts needed at many assembly stations on the line can be organized and 

delivered according to the mixed-model sequence. One of the benefits of this practice are 
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lower inventory level, reduced space requirements, and ease to retrieve parts for assembly 

operations (Ding & Sun, 2004). 

To sum up, there are intentional sequence alterations and also unintentional sequence 

alterations. An increasingly popular practice in sequenced parts delivery makes sequence 

alteration and restoration relevant topics in order to know the sequence in advance on a 

mixed-model assembly line (Ding & Sun, 2004). At this point, to correct the imbalances 

of the line produced intentionally or unintentionally it's common to use intermediate 

buffers or shuffling areas (Fig. 11). 

 

 

Figure 11 – Simple configuration for sequence alteration on the line (Ding & Sun, 2004). 

 

3.2.6. JUST-IN-SEQUENCE 

 

More and more, the automobile companies are introducing more module variants in each 

model of car. This increase in variety supposes enormous problems for the production-

logistics operations of automotive. In this manufacturing environment, just-in-time (JIT) 

delivers singular variant racks to the customer resulting in more factory space needed, 

higher stock levels, elevated handling costs and more confusion in the assembly line. The 

solution, the approach of just-in-sequence (JIS) to facilitate the production of mass 

customised end products “keeping inventories low, maintaining fast throughput and 

reducing the amount of working capital tied up in the process” (Fisher 1997, cited in 

Wagner & Silveira-Camargos, 2011). 

The concept of just-in-sequence allows to achieve short order lead-times and on-time 

deliveries to customers (Meissner, 2010). On the contrary, it’s needed a sequence stability 
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that is sometimes difficult to maintain. According to Meissner (2009, cited in Meissner, 

2010), there are five main influences on sequence stability: 

1. Process control effectiveness. 

2. Material supply reliability. 

3. Process quality. 

4. Product planning stability. 

5. Infrastructure and layout design of the plant. 

 

Comparing just-in-time and just-in-sequence, JIS tops JIT by adding the right sequence 

for supplying components (Werner et al. 2003, cited in Wagner & Silveira-Camargos, 

2011). The major difference between JIS and JIT is that parts are delivered in JIS frames, 

sequenced according to the customer’s production schedule. Consequently, it requires a 

superior level of synchronisation between customers’ and suppliers’ production and 

higher standards for the entire production system in terms of quality and monitoring” 

(Graf 2007, cited in Wagner & Silveira-Camargos, 2011). As a result short reaction times 

and contingency plans are crucial (Silveira-Camargos 2005, Lindner 2008, cited in 

Wagner & Silveira-Camargos, 2011).   

Table 1 shows several differences between both. 

 

 

Table 1 – Differences between JIT AND JIS (Wagner & Silveira-Camargos, 2011). 

 

Figure 12 shows a simple example of the buyer-supplier relationship. It should be taken 

into account that due to production problems is usual that the planned order sequence 

differs from the real sequence in the assembly line.  
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Figure 12 – Production control by fixed order sequence (Meissner, 2010). 

 

In reference to deliveries, JIS differs from JIT because parts are delivered in JIS frames. 

While JIT racks are simple containers or other devices used to transport and handle 

homogeneous and standardized JIT parts, JIS frames are frequently more complex. As a 

consequence, a superior level of process integration between buyers and suppliers is 

needed (Graf, 2007; Hüttmeier, Treville, Ackere, Monnier & Prenninger, 2009; Wagner 

& Silveira-Camargos, 2011; cited in Wagner & Silveira-Camargos, 2011). 

According to Graf (2007, cited in Wagner & Silveira-Camargos, 2011), although a 

“typical” JIS delivery process does not exist, three generic types of sequenced delivery 

from external suppliers can be observed: 

1. The supplier delivers directly to the buying firm from its plant. 

2. The supplier has an intermediate process step, it’s a delivery with a multi-stage 

manufacturing process (i.e., “the main plant delivers semi-finished modules to a 

final assembly plant located within the original equipment manufacturer’s plant 

prior to line feeding”). 

3. Similar to the second type, the location of the supplier’s final assembly within 

the perimeters of the original equipment manufacturer’s supplier park. 

Within these three JIS delivery setups, the added value of sequencing can either be created 

during the supplier’s manufacturing process (JIS production) or simply by sequencing 

finished modules prior to delivery. The latter task can be accomplished by the supplier 

himself or outsourced to a third party logistics (3PL) provider. The 3PL provider 

performs only sequencing and/or subassembly of the variant-specific modules (Howard, 

Miemczyk, & Graves, 2006; cited in Wagner & Silveira-Camargos, 2011). 
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3.2.7. THIRD-PARTY LOGISTICS (3PL)  

 

An important role is performed by 3PL cross-docks (distribution depots) and distribution 

depots inside the automotive industry. They are established close to car assembly plants 

and made possible punctual and frequent deliveries to car assembly plants.  

Without them, the arrival and departure of trucks between parts suppliers and car 

assembler would be irregular. Also, the assembler would need big areas for trucks to park 

and cargo. What is more, there would be additional costs for processing the loading, 

unloading and delivery of goods. So, in order to reduce these costs it becomes necessary 

to normalize the arrival of trucks and deliveries to the car assembly plants (Sugita, 1998, 

1999; cited in Kaneko & Nojiri, 2008). That’s the point where 3PL cross-docks make 

business.  

This system is called “system of punctual and frequent delivery”. First, the parts are 

collected, sorted and consolidated in the distribution depot. Then, when the car assembler 

demands it, the distribution depot delivers the parts at the specified time, in the specified 

quantity, to the work area for the specified process. That is to say, based on information 

from car assemblers, the required parts are sorted according to each specified time, 

delivery point, and quantity, and are transferred onto the delivery trucks (Kaneko & 

Nojiri, 2008). 

 

 

Figure 13 – Material and CPM flow for the organization examined in this study (Jarupathirun, Ciganek, 

Chotiwankaewmanee & Kerdpitak, 2009). 
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By consolidating delivery from suppliers in this way, car assembles are able to manage 

their distribution costs better (Kaneko & Nojiri, 2008). 

 

3.2.8. MODULARIZATION 

 

In recent years, module production has been introduced to the production of cars. A 

module refers to “a highly systemized part that has been pre-assembled up to the stage 

immediately prior to being fitted to the finished product” (Kaneko & Nojiri, 2008). 

According to Takeishi & Fujimoto (2001), it supposes having larger units during 

subassembly and also often involves outsourcing these subassemblies to suppliers (as 

most frequently observed in the European auto industry). What is called, “modularization 

in inter-firm system”. 

In reference to the European auto industry, the new auto-maker plants share two common 

characteristics: 

 The first characteristic is that they have assembled cars from subassemblies. A car 

is a system made up of numerous components. These individual components are 

sub-assembled on separated lines, and then installed as a module into a body in 

the final assembly line. 

 The second characteristic shared by these plants is that they have let outside 

suppliers develop and assemble subassemblies. 

There are three main reasons why European automakers have been expanding the concept 

of outsourcing. First, they want to take advantage of the suppliers’ lower labor costs. 

Second, they can cut investments costs and risk by giving more important responsibilities 

to the suppliers. Third, these moves toward modularization have also been accelerated by 

their policy of reducing the number of the first-tier suppliers (Clark & Fujimoto, 1991; 

Cusumano & Takeishi, 1991; Nishiguchi, 1994; cited in Takeishi & Fujimoto, 2001). 
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3.3.  SYNTAX 

 

This paper is going to focus on the relationship between Third-party logistics (3PL) and 

car assembler, under a Just-in-sequence (JIS) context. Explaining how they work 

together and identifying potential problems that often occur between both. 

Figure 14 shows in which part of the supply chain is going to focus the case study. 

 

 

Figure 14 – Purpose of the case study by Carlos Giner Rodrigo (2015). 

 

Note that the figure is a simple example that shows where this paper is going to focus. 

Usually, the reality is quite different. Automakers normally work with several Third-party 

logistics (3PL) at the same time and with many parts suppliers, what makes this case 

much more complex. 
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4. CASE STUDY METHODOLOGY 

 

 

4.1. THE CASE STUDY AS A RESEARCH STRATEGY 

 

One of the different ways of doing social science research is the case study. This strategy 

is usually used to answer explanatory questions like “how” and “why”. That is to say, the 

method achieves complete and meaningful characteristics of a contemporary event and 

explores its problems. What is more, it doesn’t require control behavioural events (Yin, 

2003). 

By the way, this strategy is not the only one in the social sciences. According to Yin 

(2003), there are other research strategies such as experiment, survey, archival analysis 

or history. Each strategy has its singular characteristics, what distinguishes all these from 

each other are three conditions: 

 The type of research question (How, why, who, what, where…). 

 It requires control of behavioral events?. 

 It focuses on contemporary events or historical events?. 

History and case study are kind of similar strategies, they have the same type of research 

questions and no control of behavioral events. Case study differs from the other one 

because it works in contemporary events and that has two extra sources of information. 

We are talking about direct observation of the event and interviews of persons involved. 

In addition, each research strategy can be used for three different purposes (exploratory, 

descriptive, or explanatory). Regarding to the type of research question, for example 

“what” would be exploratory, and “how/why” would be more explanatory. 

In order to design a case study, four essential test are needed to establish the quality of 

research designs (Yin, 2003): 

 Construct validity: Establish correct operational measures and judgements to 

collect the data. 
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 Internal validity (only for explanatory or causal case studies, not for 

descriptive or exploratory): Establish causal relationships between the factors 

and distinguish them from fake relationships. 

 External validity: Establish the domain until where can the investigation’s 

findings be applied and if they are generalizable. 

 Reliability: Prove that the operations of the study can be done again, with the 

same results. 

To conclude, there are also four specific types of case study designs. On the one hand, 

single-case designs, which can be holistic (single units of analysis) or embedded (multiple 

units of analysis). On the other hand, multiple-case designs, which can also be holistic or 

embedded. 

In reference to the first type, “a simple-case study is analogous to a single experiment, 

and many of the same conditions that justify a single experiment also justify a single-case 

study” (Yin, 2003). Simple-case designs are more appropriate under several 

circumstances. According to Yin (2003), there are five rationales: 

 The case is about a critical test of existing theory. 

 The case is about a rare or unique circumstance. 

 The case is about a representative or typical case. 

 The case serves a revelatory purpose. 

 The case serves a longitudinal purpose (studying an specific case in two or more 

different moments). 

Secondly, multiple-case designs would be the selection of two or more cases at the same 

time to predict similar results or contrasting results but for predictable reasons. 

 

 

4.2. CONSTRUCT OF THE CASE STUDY 

 

As stated above, this case study will focus on identifying the potential problems that often 

occur between third-party logistic (3PL) suppliers and car assemblers, under a just-in-

sequence (JIS) context. 
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To achieve this goal, the case study is going to have two kinds of information sources 

(sources of evidence). The first one, on-line interviews with people that work inside this 

industry: 

 On the one hand, from the 3PL supplier part: Jesús Volante and Salva Quilis, 

engineers of Walkerpack MPL (Almussafes, Spain). 

 On the other hand, from the Automaker part: Carlos Garcia and Luis Torán, 

engineers of Ford Spain (Almussafes). 

 

The interviews are focused in “identify problems” and in “understand how a mistake from 

one of the parts can affect the other one”. The questions of the interviews are found in 

Appendix 1 at the end of this document. Note that in these interviews the interviewees 

are not providing any official data from their companies, they are only talking generally 

about the Spanish automotive industry and the relationship of 3PL suppliers and car 

assemblers. 

 

In then, the second source of information of the case study are participant-observations 

based on my own experience. I’ve worked as an engineer in two different 3PL suppliers 

of Ford Spain (Almussafes): 

 

 MODULAR LOGISTICA VALENCIANA, from May to August (2014). 

 WALKERPACK MPL, from September to December (2014). 

 

While working in these companies, I have been able to see many situations related to this 

case study and experiment these problems from within. So, these observations along with 

the information from the interviews, are going to be sources of evidence of the case study. 

 

 

4.3. RESEARCH QUALITY OF THE CASE STUDY 

 

Research quality is a very important concept inside social science researches. As 

mentioned in the theoretical framework of the methodology, there are two essential steps 

to evaluate the quality of a research, in this case, the research quality of a case study. 
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First of all, we have to talk about the concept of reliability. That is to say that the results 

of a research must be repeatable if other investigator try to do the same research (Yin, 

2003). In reference to the case study, it was carried out with sources of information such 

as online interviews with people who know the industry and currently work within it, and 

secondary data extracted from the Spanish association of manufacturers of cars and trucks 

(ANFAC) to introduce the Spanish automotive sector. In reference to the interviews, the 

fact of having people from both sides (logistic suppliers and car assemblers) allows to 

know both points of view, what avoids to manipulate the reality in favour of one party. 

In addition, these online interviews have followed the same protocol for all the 

interviewees, the same questions in order to point the problems. These steps have allowed 

to minimize the prejudices and errors in the case study. 

 

Secondly, the other point of research quality is validity. According to Yin (2003) and in 

reference to this case study, inside this step we find three sub-points that define validity 

inside the case study: 

 

 Construct validity: The judgements to collect the data have been established 

correctly and equally, as mentioned in the point above. As the target of the case 

study is clear (identify problems), during the collection of information they have 

not appeared problems or obstacles. 

 Internal validity: The identified potential problems have been related with its 

causes. Knowing the causes and justifying the problems allows a better judgement 

to give them greater or lesser importance. 

 External validity: In reference to the domain, the results of this case study can 

only be generalizable for car assemblers that work under a JIS context with several 

3PL suppliers. 

 

In order to increase validity, the case study has followed some tactics such as addressing 

rival explanations to increase internal validity, that is to say to collect different theories 

from the original to explain the results, or in this case the problems (Yin, 2003). Lastly, 

another tactic followed was achieving multiple sources of information. This helped to 

know where to center more the research line. 
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5. CASE STUDY  

 

As mentioned before, this paper is going to focus on the relationship between Third-

party logistics (3PL) and car assembler, under a Just-in-sequence (JIS) context. 

Explaining how they work together and identifying potential problems that often occur 

between both, in the Spanish automotive industry. 

In order to introduce the case study, first of all a general description of the automotive 

sector in Spain will be done showing some basic information about the magnitude of the 

industry. After, the case study will be introduced, explaining how this part of the supply 

chain works. The business model, the distribution, the relationships along the chain and 

the difficulties of sequencing will be presented as a framework for later in the section of 

analysis and discussion (point 6), identify potential problems. 
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5.1. THE AUTOMOTIVE SECTOR IN SPAIN 

 

According to ANFAC (2013), the figures for the automotive sector show a sector with a 

promising present, but an excellent future. It is the third largest exporting sector, after the 

capital goods and the agri-food sectors, accounting for 16% of the country’s entire export. 

It accounts for 10% of the GDP and employs 1.8 million people, either directly or 

indirectly. 

Some basic information of the industry is shown in Table 2. 

 

MOTOR VEHICLES MANUFACTURING 

INDUSTRY 

2013 2012 

Number of vehicle manufactures in Spain 9 9 

Number of factories in Spain 17 17 

Motor vehicle production 2.163.338 1.979.179 

Passenger car production 1.719.700 1.539.680 

Industrial vehicle production 443.638 439.499 

Motor vehicle exports 1.879.974 1.729.172 

Passenger car exports 1.493.731 1.326.777 

Industrial vehicles exports 386.243 402.395 

% total exports over total production 86.9% 87.4% 

 

Table 2 – Basic information of the industry in Spain (source ANFAC, 2013). 
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5.2. PRESENTING THE CASE STUDY 

 

The case study is focused on the relationship between an automaker and its third-party 

logistics suppliers. This third-party logistics (3PL) suppliers are situated between parts-

suppliers (individual parts manufacturers) and the final assembly line of the auto-maker. 

That is to say, the automaker subcontracts 3PL suppliers and assigns them several families 

of parts to bring from the manufacturer to the final assembly line.  

For example, one family of parts would be the side mirrors. Usually a concrete model of 

a car includes different types of side mirror depending on the range (e.g. with electronic 

system or not and with or without anti-reflective system), also different colours and that 

for each side of the car the side mirror is going to be different. So, this increases the 

complexity of carrying each family of parts. 

In its simplest form, a 3PL receives a family of parts in their warehouse, and they store 

these pieces for a few time. Then, when the 3PL receives the order from the automaker, 

the 3PL sequences the ordered pieces in a special container following the order of the cars 

that are going to pass through the assembly line (just-in-sequence). For example, in 

reference to the left-side mirrors, you have to sequence these parts according to the colour, 

the model and other characteristics of the cars that are going to pass through the line.  

One time these pieces are prepared (sequenced), the 3PL load and send the container in 

trucks to the assembly plant. There, employees of the same 3PL download the container 

from the truck and bring it to a specific point in the assembly line at the appropriate time. 

Finally, the automaker operator that is in this place takes the first sequenced piece from 

the special container and directly assembles it to the right car.  

 

 

Figure 15 – Diagram of the steps of a 3PL provider. 
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Note that transporting with trucks is only one of several ways of transporting parts to the 

assembly line. There are other options, for example, conveyors connected directly from 

the 3PL warehouse to the assembly line. 

With this logistic service, the automaker avoids tasks as parts reception, warehousing, 

sequencing and transporting to the line. Which means for the automaker, reducing staff 

and less need for storage space within the factory. 

 

5.2.1. DISTRIBUTION MAPS 

 

The reality of these 3PL providers is much more complex. Usually, these companies have 

more than one warehouse, more than one family of parts and more than one sequencing 

point (normally, one per each family of parts). Moreover, in reference to the example of 

the side mirrors, the left-side mirror is going to be sequenced in a different “special 

container” and in a different point of the assembly line than the right-side mirror. This 

makes coordination indispensable for these kind of companies (Fig. 16). 

 

 

Figure 16 – Basic example of 3PL’s internal coordination 

 

Note that this is a simple example, usually 3PL’s have several points of receipt of 

materials, for example in the same sequencing warehouse. This is conditioned by the 

capacity of each distribution center because in some cases is more efficient to receive 

directly family parts in the sequencing warehouses, thus minimizing transport between 

warehouses. 
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In reference to the final distribution inside the factory, as mentioned before, inside the 

factory there is a space enabled for the logistic provider to handle the sequenced parts. 

The logistics and distribution of the 3PL do not finish in the sequencing warehouse. This 

place is the vital point to make all the system work. It has to be considered that there 

many “special container” are received every time, many different containers from 

different warehouses so if in this place, a mistake is done, all the previous work it is 

useless (Fig. 17). 

 

 

Figure 17 – Handling the sequenced parts to the assembly line 

 

As shown in Figure 17, the difficulty there is that each type of container has a different 

point of use in the assembly line. Furthermore, there must always be a container in the 

line, so each container that has just arrived with a truck, has to arrive to the line before 

the other one is empty. That is to say, the first sequenced piece of a container (for example, 

a left-side mirror with sequence number 24) has to be on the line when the car with the 

same sequence arrives to that point of the line (car number 24). That is another difficulty 
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for the 3PL, the situation of changing the containers in-time (in-sequence) and not stop 

the assembly line. 

 

5.2.2. SUPPLY RELATIONSHIPS 

 

To understand the relations along the supply chain, there are two notable parts to 

difference. The first one, the relationship between parts suppliers and 3PL provider. The 

second one, the relationship between 3PL provider and assembly plant, which is going to 

be the focus of the case study. 

In reference to parts supplier and 3PL provider, the relationship is simpler than the 

other one. The 3PL provider receives periodically families of parts from the manufacturer 

in its warehouses. The logistics provider does not demand pieces to parts suppliers, it is 

the automaker who keeps in contact with the suppliers and makes the orders. Only if the 

3PL provider notices that there are not enough pieces of one type to cover the daily 

production, the logistic provider would talk with automaker and parts supplier to order 

more. 

On the other side, the case study is going to focus more on the relationship between 3PL 

provider and assembly line. The 3PL provider receives the orders just-in-sequence from 

the automaker, these orders usually are all the pieces of a car before entering on the 

assembly line. The 3PL has to manage each document and consider that the reaction time 

is essential. For example, you receive the document with all the pieces, but each piece 

has a different point in the assembly line, so the 3PL cannot send all the pieces together 

because the car is going to arrive to each point at different times and this would produce 

an agglomeration of containers in the supplier’s zone inside the factory. That is to say, 

one piece that has a point of use at the beginning of the line needs to be delivered faster 

than another with a point of use at the end. 
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5.2.3. SEQUENCING: LOGISTICS PROVIDER DIFFICULTIES 

 

One critical point of the business of the 3PL provider is sequencing the pieces. The 

complexity here is really notable due to some reasons: 

 The number of families of pieces that 3PL has assigned. 

 The mixed-model assembly line, that is to say several car models mixed at the 

same time in the line. The more number of car models, the more number of 

families of pieces to carry. 

 The time between the 3PL receives the sequence (order of a car) and the car arrives 

to its different point of use inside the assembly line (where each specific kind of 

piece is used). 

 The capacity with which the “special” containers have been designed. For 

example, the more capacity, the more time needed to sequence the pieces. This 

can be translated in less reaction time, so if this kind of piece is at the beginning 

of the assembly line it is not a good idea to make containers with a big capacity. 

Sometimes is better to reduce the capacity and to increase the delivery frequency. 

 The capacity of the transportation to the factory. In the case of trucks, the space is 

limited, so not always all the containers can be sent at the same time. That is why 

some containers should be prioritized in the sequencing warehouse. 

The main concept of sequencing is simple, in each sequencing point there is a Kanban 

system. When the orders (sequences) are received from the car maker, the Kanban system 

indicates the operator what pieces he has to sequence and the order to follow in order to 

put these pieces in the container. Then, when this one is finished (full) the operator has to 

attach the Kanban card in the container, which indicates what car sequences are in the 

container and all the sequencing information. In case a problem appears, with the Kanban 

card of the container you can know, for example, which one is the right piece for a specific 

car. 

To avoid mistakes in sequencing, more and more 3PL providers are incorporating poka-

yokes in the sequencing points such as barcode readers to double check if the order and 

the pieces are correct. 
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At times, some pieces need a special treatment in the sequencing warehouse, like 

assembling small pieces (e.g. screws, small hoses and mouldings) in the piece to facilitate 

its final assembly in the factory. This is a process that is also paid by the automaker. In 

the case of hoses and mouldings, we are talking about the concept of modularization 

inside the automotive industry. One good example would be an engine part that needs to 

have hoses attached to it before assembling to the car. 

 

To conclude, once exposed and presented all the points of the case study, in the next 

section an analysis will be done in order to focus the study and identify the potential 

problems. Also, the theoretical framework extracted from the articles will be compared 

with this case. 
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6. ANALYSIS AND DISCUSSION 

 

In this part, according to the sources of information described in the section of the 

methodology, the problems between third-party logistic providers and assembly line are 

going to be discussed and analysed. In addition, they will also be taken into account the 

causes and effects in the chain. 

 

For this, the analysis is going to focus on the research questions posed at the beginning 

of this paper. The following questions are going to be answered and analysed: 

1. Which are the potential problems of a third-party logistics provider that supplies just-

in-sequence a car assembly line? 

2. How does a mistake of the automaker in the assembly line affect the 3PL supplier? 

3. When introducing new car models within normal production, what difficulties arise 

for 3PL suppliers and automaker’s assembly line? 

 

First of all, in reference to “the potential problems of a third-party logistics provider 

that supplies just-in-sequence a car assembly line”, we have to consider the problems 

that appear under normal production. That is to say just-in-sequence deliveries for a 

mixed-model assembly line.  

The car maker only receives the parts in the assembly line, so this question is going to be 

focused on the logistics part. For this, we identify the next problems related to third-party 

logistic suppliers: 

 Delivery delays: It is one of the most common problems in the business of the 

3PL supplier. The JIS context and the necessity of flexibility and a quick reaction 

time makes sometimes that 3PL’s do not arrive on time. In a high production day, 

sometimes the logistics supplier is not able to adapt itself to the production 

rhythm and its internal coordination collapses causing delays in delivery and 

stopping the assembly line. 

According to the theoretical framework, the "punctual and frequent deliveries" are 

directly affected by some geographical implications (Kaneko & Nojiri, 2008). 

These implications to consider are related to the just in time, but, because of their 
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similarities, it is also possible to relate these implications to the just in sequence 

context. We are talking about the fact that distance influences the shipping time. 

This becomes important in the deliveries between sequencing warehouses and the 

supplier’s zone inside the factory, and it has to be taken into account when 

calculating the batch sizes. To avoid delays, the more distance, the more 

container's capacity. 

 Bad sequencing or wrong piece: It is the case where the wrong piece is 

sequenced for a car and when it arrives to the assembly line the operator cannot 

assemble it and, consequently, the operator stops the line. The consequences are 

that the line is stopped until the 3PL brings the specified piece, which costs money 

to the automaker. Usually the automaker imposes a fine to the 3PL according to 

the line downtime. This case is due to do not have the appropriate control systems 

in the sequencing point, such as a poka-yoke. As mentioned in the theoretical 

framework, it is a system for avoiding human error at work (Dudek-Burlikowska 

& Szewieczek, 2009). 

 Not following FIFO in warehouses: A bad warehousing in the 3PL warehouse 

can produce the problem mentioned above. For example, with the time it is usually 

that the design of some pieces have been adapted to improve the assembling 

process. That is why, if a FIFO inventorying it is not followed, the sequenced 

pieces that arrive to the line can be rejected. 

 Wrong container: Bringing the wrong container to the point of use is more usual 

that it seems. The accumulation of containers in the supplier’s zone can lead to 

confusion. For example, in reference to the side mirrors, the container of the left-

side is going to be similar to the one of the right-side. In the assembly line, it 

would be normal that each container would be on a different side so, it is possible 

to mistake both containers, which would suppose a line stop.  

Another example would be to mistake the orders of the containers. That is to say, 

with many similar containers in the supplier’s zone it may happen that instead 

picking the container with the sequences 15-29, picking the one with the 

sequences 30-44. To avoid this, would be necessary to check the Kanban card of 

the container. 

 Defects in the piece delivered: The delivery of defective parts or in poor 

condition can produce the rejection of them and the consequently line stop. The 
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defect can be made by the parts manufacturer or by the same 3PL supplier during 

storage or shipping.  

 Non-stocked piece: It is a fault of the 3PL. Normally the logistic provider has to 

do a continuous inventory control. When missing parts in the stock are detected, 

the 3PL has to advise the automaker and this one will block the cars that require 

this kind of piece before scheduling the daily production. The problem of non-

stocked piece refers to the moment when the car order arrives and the 3PL cannot 

sequence it because they have run out of stock of this piece. 

According to Levy (1997), normally, inventory buffers cover only unexpected 

problems such as supplier delays, defects, production troubles, or unforeseen 

demand fluctuations. In this case study, the car maker doesn’t dispose of this, is 

the 3PL supplier who controls and manages the inventory, so if the 3PL fails, the 

car maker cannot immediately react to solve the problem. 

 Bad internal coordination – Prioritizing the wrong pieces: It is not related to 

sequencing. It is the situation after, in which the supplier has several containers 

ready to load on the truck and it has to choose which ones because all do not fit. 

This would be the case in the sequencing warehouse, but it also can happen in the 

supplier’s zone inside the automaker’s factory, referred to the movement of the 

containers to the point of use. A wrong decision under a JIS context can produce 

that the other containers do not arrive in-time because they have to wait until the 

next truck. 

 Kanban: It is the problem associated to “lost or misplaced Kanban cards” (Kouri, 

Salmimaa & Vilpola, 2008). Usually, the causes are operator's lack of 

concentration or technical problems in the IT system. This can affect sequencing 

and distribution. In the first case, losing a card can produce skipping a pair of 

sequences, and start sequencing the wrong ones. In the second case, in 

distribution, a misplaced Kanban card can produce to bring the wrong container 

to the assembly line. 

 

Secondly, in reference to “how does a mistake of the automaker in the assembly line 

affect the 3PL supplier”, the most common mistake of car makers has been identified 

and related to the effects on 3PL suppliers. We are talking about “bad assembling and 

breakage of pieces” in the line assembly line. If a part breaks, when it is tried to mount 
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in a car, the automaker orders a spare part of the logistic provider. In this situation there 

are two possibilities, the line goes on because the part can be recovered after (e.g. in line 

buffers) or the line stops. This last case is produced if without the piece cannot continue 

the assembly of the car. For example, other pieces are going to be mounted over the 

missing part. Depending on the situation, the 3PL would have to react and send an extra 

delivery in time. This extra delivery will be urgent, so the sequencing warehouse will 

have to sequence the part again, and the space in the trucks will be reduced because of 

this part, which could affect other containers that also have to be delivered. 

When a continuous breakage of pieces happens, the assembly line is affected by several 

stops. If these line stops are produced for a long period of time in a concrete part of the 

line, the “line buffers” located after the problem will begin to empty and this is going to 

produce an instability of sequences (sequence alterations) that directly affects 3PL 

suppliers. This results in a supplier’s uncertainty that can be explained with the next 

example. If a “line buffer” is empty due to continuous stops, a sequence that has just 

arrived to the buffer is going to pass directly to the next workstation without a period of 

buffering. Normally, for a piece located in a workstation behind a line buffer, the 3PL 

supplier calculates a batch size considering a buffering time (number of cars inside the 

buffer, and cycle time). If the 3PL is waiting in the sequencing warehouse to fill the 

container before sending it (there are not more cars entering the buffer and the 3PL does 

not receive signals), this can produce a delivery delay and the consequent line stop. 

Intentional and unintentional sequence alterations can be produced in the assembly line 

(Ding & Sun, 2004). The stops on the assembly line are more common than it appears, 

either by planned stops, problems with machines or broken parts. A line stop affects all 

the cars that are before the problematic point of use (station of the line) and the line buffers 

that are behind it.  

To sum up, sequence instability affects and unbalances 3PL suppliers in the following 

way: 

 The “line buffers” that are before the conflicting workstation are filled. 

 The “line buffers” that are behind are emptied. 

 Imbalanced “line buffers” create an uncertainty in the logistics providers to serve 

parts. 



41 
 

 For the workstations of the assembly line that are before the one with the problem, 

the 3PL providers have to stop sending car parts, which leads to an agglomeration 

of containers in 3PL warehouses. 

 For the points that are after the problem, the 3PL’s continue sending pieces. 

 

Given the above, in these first two research questions the causes and effects between both 

parts have been exposed, but it is needed to consider that there are two situations for the 

3PL supplier. Firstly, if the automaker fails, the distribution of the logistic supplier is 

affected and special deliveries are needed. Secondly, if it is a 3PL provider's problem, the 

automaker and 3PL supplier would need to do a re-work for the vehicles affected. This 

would also suppose economical penalties for the provider. 

 

Thirdly, the next research question gives a new context, “the difficulties that arise for 

3PL suppliers and automaker’s assembly line when introducing new car models 

within normal production”, and the following new factors have been identified: 

 New pieces to sequence: New pieces suppose a problem for both at the beginning 

of the launch phase. For the 3PL sometimes the pieces do not fit in their containers 

and they have to design a new one together with the automaker. Also, a usual 

problem is to sequence a wrong piece for not being familiar with it. For the car 

assembler, also the lack of experience and some design flaws can lead to break 

pieces when assembling. 

 Design changes in pieces: As mentioned in the first research question, it is usual 

to have design flaws. Over time, parts manufacturers and automaker introduce 

design changes to improve the pieces. Consequently, when a new design is 

introduced, the 3PL has to return all the old stock of the piece and start sequencing 

the new ones, which it is not always easy.  

 Assembly line not prepared: That is to say that the assembly line is not prepared 

at the beginning, for example, at the beginning, it is not common to have the poka-

yokes ready. This causes that the quality of the new car models is lower than usual 

for not detect the defects in the same moment of the assembling. 
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Comparing the exposed contexts, normal production and normal production mixed with 

new models, the second one is where more problems appear because it is a variation of 

the normal production and it includes its problems. Coordination failures and mistakes 

are not usual, but happen given the high volume of products this industry manages. 

 

To conclude the analysis some concepts of the theoretical framework are going to be 

associated with the case study. First of all, one characteristic of the JIS context is “keeping 

inventories low” (Fisher 1997, cited in Wagner & Silveira-Camargos, 2011). If the 

problem of defects and breakage of pieces increases considerably, low inventories can 

make the supply chain unable to react (e.g. the 3PL supplier finishes the stock of a piece). 

Car makers have to include a safety stock in the orders to the parts manufacturers, in order 

to increase the reaction capacity of the 3PL suppliers. 

Secondly, the frequent deliveries of parts in small lot sizes are totally conditioned by the 

batch size calculated for each type of piece (container). It directly affects the supplying, 

for better or worse. An inappropriate batch size leads to have delivery delays. That is 

why, according to Kouri, Salmimaa & Vilpola (2008), it has to be calculated carefully 

based on exact production needs, manufacturing setup and cycle time. It directly affects 

the supply chain, for better or worse. 

Thirdly, to remove the problem of lost cards and misplaced cards (lost or misplaced car 

sequences), an alternative would be changing the traditional Kanban system for an e-

kanban system with a poka-yoke in every point of the sequencing warehouses 

(Drickhamer, 2005; Cullen, 2002; and SAP, 2006; cited in Kouri, Salmimaa & Vilpola, 

2008). This would also allow decreasing the number of problems related to bad 

sequencing or wrong pieces. Sequenced parts delivery, ease to retrieve parts for assembly 

operations. 

Lastly, as mentioned in the theoretical framework (Table 1), the requirements of the just-

in-sequence context are that, for a good performance, a fully integrated IT system and 

sequence stability are absolutely necessary, which is an identified problem above. 

According to Meissner (2009, cited in Meissner, 2010), from the five main influences on 

sequence stability, we have identified three that agree with the analysis done:  
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1. Process control effectiveness: If the breakage of pieces is continued, “line 

buffers” will be unbalanced, creating an uncertainty in the logistics providers to 

serve parts 

2. Material supply reliability: In reference to continuous supplying faults such as 

wrong sequencing and delivery delays.  

3. Process quality: Applied for both parts, poka-yokes are necessary “to prevent, 

detect and correct the mistakes” (Shingo, 1986; 1987, cited in Shanin & 

Ghasemaghaei, 2010). 

 

Given the above analysis, it is possible to conclude that the JIS distribution network 

makes the car maker business simpler, but the risk of an external fault in the supply chain 

increases considerably and a flexible synchronization is vital. 
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7. CONCLUSIONS 

 

This paper has been based on a case in the Spanish automotive sector about the 

relationship between Third-party logistic (3PL) suppliers and car assemblers, under a 

Just-in-sequence (JIS) context. The main target has been to identify and analyse the 

potential problems between both parts. 

First of all, the bachelor thesis has shown a theoretical framework to describe concepts 

related with the automotive industry and distribution networks. After this, some concepts 

of the theoretical framework like just-in-sequence (JIS), mixed-model assembly lines, 

third-party logistics (3PL), kanban, poka-yoke and module production have been 

associated to make a first approach of the case study.  

Secondly, with the aid of interviews and participant-observations, the case study has 

explained how this part of the supply chain works, the relationships along the chain and 

the difficulties of sequencing. In addition, the interviews have been focused on identifying 

problems and in understanding how a mistake from one of the parts can affect the other 

one. 

Following, in the analysis part the research questions have been answered and analysed: 

1. Which are the potential problems of a third-party logistics provider that supplies just-

in-sequence a car assembly line? 

2. How does a mistake of the automaker in the assembly line affect the 3PL supplier? 

3. When introducing new car models within normal production, what difficulties arise 

for 3PL suppliers and automaker’s assembly line? 

 

With this, the problems between third-party logistic providers and assembly line have 

been identified and associated with its causes and effects in the chain. Problems such as 

delivery delays and bad sequencing have been identified like not usual problems, but 

happen given the high volume of products that this industry manages. On the other hand, 

breakage of parts in sequencing and piece defects are more common due to the large 

numbers of vehicles that the industry manufactures, as it has been seen in the sector data 

presented earlier (Table 2). Also, it has been exposed how a mistake of the automaker in 
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the assembly line affects its 3PL suppliers, referring to bad assembling and sequence 

instability. 

Then, the analysis has highlighted the difficulties that arise within the industry by 

introducing new models of cars in production (new pieces, design changes in pieces and 

inexperience on the assembly line). These difficulties are completely normal during a 

launch phase and, with the cooperation of all the supply chain, the problems must be 

resolved. Lastly, the analysis has compared the theoretical framework of the JIS concept 

with the case study. 

 

Within this paper, I have contributed to the theoretical development of this thesis with my 

knowledge and experiences obtained working with two 3PL suppliers of automotive. That 

is to say, I have explained how 3PL providers work under just-in-sequence, from inside. 

Also, this has helped me to focus more the interviews, in order to identify the problems 

that I have also experienced during my period there. 

This paper can be helpful when managing the supply chain that has been described. The 

managerial implication is that, with the identified problems and the analysis done, is 

possible to focus better the efforts to improve the synchronization between third-party 

logistic suppliers and car assembly line.  

To conclude, it has to be noted that this case study has only focused on identifying and 

discussing the problems, but not in providing solutions. In the presented context, a new 

possibility of research could be to focus on which are the steps to follow, to gradually 

improve this part of the supply chain, and to palliate some of the problems identified. In 

my opinion, both parts have to try to improve together to eliminate the problems that are 

not inevitable. Breakage of pieces will always happen, but the problems associated with 

suppliers and distribution are those that could be taken into account to a new study. 

 

 

 

 

 



46 
 

REFERENCES 

 

Chopra, S. (2003). Designing the distribution network in a supply chain. Transportation 

Research Part E: Logistics and Transportation Review, 39(2), 123-140.  

Kinnear, E. (1997). Is there any magic in cross-docking?. Supply Chain Management: An 

International Journal, 2(2), 49-52.  

Apte, U. M., & Viswanathan, S. (2000). Effective cross docking for improving 

distribution efficiencies. International Journal of Logistics, 3(3), 291-302.  

Gümüş, M., & Bookbinder, J. H. (2004). Cross‐docking and its implications in location‐

distribution systems. Journal of Business Logistics, 25(2), 199-228.  

Vanalle, R. M., & Camarotto, J. A. (2009, April). Implementation Impact of New 

Production Management Techniques on the Organization and Work Conditions in 

Companies of the Automotive Sector in Spain and Brazil. In XIII Congreso de Ingeniería 

de Organización (pp. 1909-1916). 

Kaneko, J., & Nojiri, W. (2008). The logistics of Just-in-Time between parts suppliers 

and car assemblers in Japan. Journal of transport geography, 16(3), 155-173.  

Katayama, H., & Bennett, D. (1996). Lean production in a changing competitive world: 

a Japanese perspective. International Journal of Operations & Production 

Management, 16(2), 8-23.  

Levy, D. L. (1997). Lean production in an international supply chain. Sloan management 

review, 38, 94-102. 

Lai, C. L., Lee, W. B., & Ip, W. H. (2003). A study of system dynamics in just-in-time 

logistics. Journal of materials processing technology, 138(1), 265-269. 

Jarupathirun, S., Ciganek, A. P., Chotiwankaewmanee, T., & Kerdpitak, C. (2009). 

Supply Chain Efficiencies through E-Kanban: A Case Study. International Conference 

on IT to Celebrate S. Charmonman’s 72nd Birthday. 

Ohno, T. (1978). Toyota Production System: Beyond Large-Scale Production. 



47 
 

Kouri, I. A., Salmimaa, T. J., & Vilpola, I. H. (2008). The principles and planning process 

of an electronic kanban system. In Novel algorithms and techniques in 

telecommunications, automation and industrial electronics (pp. 99-104). Springer 

Netherlands. 

Dudek-Burlikowska, M., & Szewieczek, D. (2009). The Poka-Yoke method as an 

improving quality tool of operations in the process. 

Shahin, A., & Ghasemaghaei, M. (2010). Service Poka Yoke. International Journal of 

Marketing Studies, 2(2), p190. 

Shingo, S. (1989). A study of the Toyota production system: From an Industrial 

Engineering Viewpoint. Productivity Press.  

Patel, S., Shaw, P., & Dale, B. G. (2001). Set-up time reduction and mistake proofing 

methods-A study of application in a small company. Business Process Management 

Journal, 7(1), 65-75. 

Becker, C., & Scholl, A. (2006). A survey on problems and methods in generalized 

assembly line balancing. European journal of operational research, 168(3), 694-715. 

Boysen, N., Fliedner, M., & Scholl, A. (2009). Production planning of mixed-model 

assembly lines: overview and extensions. Production Planning and Control, 20(5), 455-

471. 

Ding, F. Y., & Sun, H. (2004). Sequence alteration and restoration related to sequenced 

parts delivery on an automobile mixed-model assembly line with multiple 

departments. International Journal of Production Research, 42(8), 1525-1543. 

Wagner, S. M., & Silveira-Camargos, V. (2011). Decision model for the application of 

just-in-sequence. International Journal of Production Research, 49(19), 5713-5736. 

Meissner, S. (2010). Controlling just-in-sequence flow-production. Logistics 

Research, 2(1), 45-53. 

Wagner, S. M., & Silveira-Camargos, V. (2012). Managing risks in just-in-sequence 

supply networks: Exploratory evidence from automakers. Engineering Management, 

IEEE Transactions on, 59(1), 52-64. 



48 
 

Takeishi, A., & Fujimoto, T. (2001). Modularisation in the auto industry: interlinked 

multiple hierarchies of product, production and supplier systems. International Journal 

of Automotive Technology and Management, 1(4), 379-396. 

Yin, R. K. (2003). Case study research: design and methods. Thousand Oaks : Sage 

publications, cop. 2003. 

ANFAC (2013). Basic information of the industry. Datos básicos memoria 2013.  

(Asociación española de fabricantes de automóviles y camiones; translation: Spanish 

association of manufacturers of cars and trucks)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



49 
 

APPENDIX I: INTERVIEW QUESTIONS 

 

 According to the topic of this study case, how 3PL providers and car assemblers 

work together in the Spanish automotive industry? 

 How important is a good coordination in this world? 

 Is it usual to have problems between 3PL suppliers and car assembler? 

 What part do you think that usually fail more? Why? 

 On the one hand, what kind of problems use to happen between both under a JIS 

context?  

 What are the typical problems of a 3PL provider while serving parts? 

 If the 3PL fails, what are the consequences on the assembly line? 

 If the 3PL fails, what are the consequences for the logistic company? 

 On the other hand, how a fault in the car assembly can affect the 3PL supplier? 

 In reference to JIS, how intermediate buffers of car assembly lines affect the 

coordination with 3PL suppliers? 

 When launching a new car model in the assembly line, what kind of problems 

use to happen in the Spanish automotive industry? Why? 

 According to this new context, what are the difficulties for the 3PL supplier 

while sequencing new parts? 

 How assembling new parts in the line can affect logistic supplier? Why? 

 

 

 

 

 

 

 

 



 

 

 


