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 Abstract  

The increasing global competition and increasing customer demands have caused 
many manufacturing companies operating in a high cost environment to consider 
locating to low cost countries. However, it is not always the best decision to locate 
the entire business. Some choose to locate the production to low cost countries 
located intercontinental while the others is content with having production sites 
closer. There are numerous factors that determine where a company decides to 
locate, a common factor is reducing cost. But the cost is directly affected by the 
production process and what product that it is produced into the production 
process. If the production process is fixed in to different locations it is important 
to understand what parameters affects the change of location. The purpose is to 
investigate the parameters that decide the critical point of when a semi-finished 
product should be transported from one production location to another. 

A case study was made at an industrial company to meet the purpose to investigate 
the parameters that decide the critical point when a semi-finished product should 
be transported from one production location to another. To meet the purpose the 
data collection consisted of interviewing and reviewing documents as research 
method to gather information in order to answer the 2 research questions.  

The results show that different parameters needs to be considered when deciding 
the critical point of the product. This includes new product development, 
production system with the management approach, product architecture and 
performance objectives. The results show that these are the most essential 
parameters to work with before deciding where the critical point in the production 
process is. In addition, analysis of the results concluded that solving the 
communication barriers, production measurements and project stages in the 
product development is the main focus before making the final decision. 

Keywords 

Production process, critical point, performance objectives, NPD, product 
architecture, and production localization.  
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1 Introduction 

The report is initially explaining the contemporary practical issues that many 
companies may face when they go global. The goal and mission is highlighted to 
create a purpose and research question in order to solve this dilemma in a theoretical 
and industrial problem. 

1.1 Background 

The globalization has for the past few decades become an important factor because 
of the overall increased competitiveness. The primary motivation for a company or 
organization going global is to be more competitive towards their main competitors 
(Feldman, 2011). In order for companies to succeed when they go global it is 
important for them to consider many aspects in how to achieve competitiveness. 
When a company has manufacturing plants spread out at different locations they 
should put emphasis on the configuration of these plants, meaning that they should 
be strategically located to best accommodate the company. It is important to have 
a global manufacturing footprint that is well aligned with their operations strategy 
(Christodoulou, et al., 2007).  

There are several factors that should be considered when performing a location 
change, such as understanding what advantages and opportunities the new country 
provides opposed to the current country (Bruch, et al., u.d.; Piotty, 2007). Basically 
companies should ask themselves what their reasons for finding a new location is 
and what they particularly want to achieve in the new location. Also if that location 
can provide the relevant competences for them to succeed (MacCarthy & 
Atthirawong, 2003). One of the reasons to why companies relocate is because of 
weaknesses in the home country. It is usually related to economic factors and a 
scenario of that could be the absence of inflation, which is usually targeted to be 
2% each year (Blink & Dorton, 2012). However when the inflation stays the same 
while the minimum wages are increasing, companies eventually fail to keep its 
employees due to reduced revenues and profits (Blink & Dorton, 2012).  

To reduce cost is the most common competitive mean for many companies, this is 
also the most common reason why many change or expand the location of plants 
to countries with lower production costs (MacCarthy & Atthirawong, 2003). Cost 
is a way for companies to see short-term results in the case when the total cost 
lowered because of the lower wages.  Companies that change location and have 
numerous production locations often face challenges in determining what should 
be produced where (Christodoulou, et al., 2007). It is important that the different 
plants are working close to one another, provided that the company are still utilizing 
the initial plant. The reason behind this is that the demand from the customers is 
still intact, and the old market still remains. A certain product may still be sold in 
the country of the initial plant, resulting in the possibility that the production of this 
product is divided between two or more plants. These decisions are based on what 
role a plant has, some may only produce parts and components of the final product 
and others produce the finished product itself (Christodoulou, et al., 2007).  
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1.2 Problem description 

The problem when a product is assembled on multiple locations is to understand 
when the product should be moved from the first location to the next location. 
When to move the product is in this thesis defined as the parameters that decide 
the critical point when a semi-finished product should be transported from one 
production location to another. It can in other words be explained as the amount 
of work that is finished at one plant before being transported to the next plant for 
final assembly. The parameters are factors that directly influence the positioning of 
the critical point. Such parameters include e.g. production method and process as 
well as production innovation (Christodoulou, et al., 2007). An easy way for 
companies to approach this is by just looking how the simplest way of transporting 
the semi-finished products look like, and having a semi-finished product that 
requires low space volume is often the ideal situation. While this might seem as a 
valid solution it only provides one perspective of determining the critical point, 
when it in reality can be affected by various factors throughout the whole 
manufacturing process. Another factor indicating why it is important to determine 
the critical point is that many companies have more than one country they are 
providing a product to, this means that the base of a certain product is produced at 
one location to later be finished at various locations. This calls for even more 
importance in alignment in a company’s manufacturing footprint (Christodoulou, 
et al., 2007). 

To summarize, everything that affects the critical point in the product’s production 
process is in this thesis defined as parameters. When companies are dealing with the 
problem of production in multiple locations the focus should not be on cost solely 
(Jaegler & Burlat, 2013), since cost is only a way to measure the performance, which 
affects the parameters. It is also crucial for companies to give plants clear roles in 
what position it has in the process stage, whether they are producing the finished 
product or not (Christodoulou, et al., 2007). Also reducing costs might look good 
on paper initially but failing to include issues that provide a sustainable future may 
result in worst results that anticipated (Gu, et al., 2007). Cost is known in operations 
strategy as a performance objective, however there are usually four others 
mentioned along with costs (Slack & Lewis , 2008), the others are quality, speed, 
dependability and flexibility. The performance objectives are directly influencing 
decisions regarding the parameters, and putting emphasis on all of them can result 
in further reduced cost. The reason of striving for not only reducing cost is to set 
up a goal for the long run. 

The literature today provides a wide range of work done in how to choose locations 
for plants and what is important to consider when doing so. This is an important 
support for many companies in their production location decisions. What is equally 
important when e.g. the roles of the plants have been distributed is how to continue 
on a plant level. The previous work suggests solutions from a parent company’s 
perspective (Christodoulou, et al., 2007). What is currently missing is the perspective 
of each individual plant, meaning how a specific plant may deal with the problem. 
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In practice the problem is apparent, companies with multiple production locations 
are usually not fully aware of what needs to be done concerning the change of 
production location for an unfinished product. Since the products may have 
different countries of retail as well the emphasis on this problem is even more 
important. Meaning that if one plant in one country was to produce the finished 
product the transportation cost would most likely be high. Transporting a full size 
product is not very efficient, therefore it is more relevant to finalize the product in 
the country of retail. If this is to be achieved it is very important to have a good 
understanding of the critical point. In this thesis the case company is called 
Brenderup, which is a company located in Sweden that produce trailers. Brenderup 
proposed a problem regarding the matter of enhancing the knowledge of how to 
work with the critical point. With that Brenderup believe that they can be even more 
cost efficient and also be more competitive on the market.   

1.3 Purpose and research questions 

The purpose is to investigate the parameters that decide the critical point of when 
a semi-finished product should be transported from one production location to 
another. The research is based on a case study where the critical point of when to 
relocate the production for one specific product is studied as well as the parameters 
on which the decision is based. The different parameters are prioritized towards the 
performance objectives in order to find a solution for where to place the critical 
point.  

1.3.1 Research questions 

In order to reach the purpose it has been broken down into two research questions, 
both which are formulated to facilitate in enhance the knowledge around the critical 
point. 

RQ1. What parameters determine the critical point of a product’s production 
process? 

The first question addresses the issue of what causes a semi-finished product to be 
produced at a certain location. This is important in order to understand why a 
product needs to have separate production locations. The parameters in this 
question includes all factors that may be determinant for a company to decide what 
certain processes in the production should be done in what location. The purpose 
is to enhance the knowledge around the critical point, and by knowing what is 
affecting it in the first question it is relevant to elaborate this in the second research 
question. 

RQ2. How could decisions be made based on these parameters, depending 
on the performance objectives? 

When the parameters that are affecting the critical point have been identified the 
next question is how a company may make their decisions based on the parameters. 
Basically meaning that it can differ between companies depending on what their 
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priorities are, in this study the performance objectives may be the determining 
factors on how a company chooses to make their decisions. 

1.4 Delimitations 

Previous studies to this field are made within the production localization field. 
The information is rather comprehensive, and in this study the focus should be 
from a product’s point of view. Therefore the main aspects in this study are the 
ones that are closest to the product, which include its initial development stages as 
well as the production process. A comprehensive look into the supply chain of the 
product has not been made. This study investigates the probable parameters 
within the product’s production process in order to enhance the knowledge 
around its critical point. 
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2 Theoretical background 

In this chapter the theory related to the purpose and research question is presented.  

2.1 Theoretical framework 

The first research question is used to identify parameters affecting and defining the 
critical point, and in order to address this it is important to look more closely into 
the product’s life cycle. The critical point involves the knowledge of when to 
relocate the production of the product. A product’s architecture is an important 
factor affecting what could be produced where (Pahl, et al., 2007). In order to 
understand the product architecture principles it is relevant to look closer into this 
field. A product’s architecture influences what specifically is needed in order to 
produce a product. When the product is ready to be produced it is important to 
know the different aspects of a production system, since the production is shared 
between to sites (Cunningham & Marro, 2014). The parameters are classified as 
anything that can influence the critical point (Chen, et al., 1994). 

In the second research question the goal is to identify determining factors that 
support the decision of the critical point. Many companies are concerned with being 
efficient, and this is influenced by utilizing a good strategy. A part of the operations 
strategy is the five performance objectives (Wheel Wright, 1984), and the decisions 
regarding the parameters can be connected to these. The performance objectives 
are describing how to value the different parameters and decide how decisions can 
be made through the parameters. As a result the production process can be 
evaluated and analyzed for the final decision concerning the critical point (Chen, et 
al., 1994). This is illustrated in figure 1 which shows how the theory for the purpose 
and research questions were chosen. 
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Figure 1 Development of the framework for the theory 

2.2 New product development 

New product development is an important part of a company’s success, being able 
to continuously introduce new products to the market has been evident in 
increasing company sales. Also just because the product is new does not mean 
everything is completely new. The materials and components used are often the 
same from previous versions with only a few differences. What is the biggest 
difference is the innovation of how the materials and components are used (Hauser 
& Dahan, 2007). 

The definition of new product development differs depending on literature, 
however, (Kahn, et al., 2005; Sorli & Stokic, 2009; Tzokas, et al., 2004; Becker & 
Zirpoli, 2003) all suggests that the process of NPD is based on a variety of stages 
with departments such as, marketing, design, and manufacturing, evaluate the new 
product. These stages, which (Cooper, 1990) defines as “gates”, ensure that no 
errors are integrated into the product during its previous development. Hence, the 
product is evaluated in each gate based on predefined criteria, which must be met 
for the product to be passed along in the process. It is also these criteria that 
determine if any modifications need to be made to the product or not. Despite the 
gates that are placed to prevent errors, and ensure that the customer demand is 
followed there are rarely measures designed to reduce the potential difficulties that 
may arise in the sourcing of materials, and/or distribution and sale of the newly 
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developed product (Tzokas, et al., 2004). NPD’s main point is to transform a market 
opportunity into a product available to sale in a competitive market environment. 
To do so it locates the required factors to create a new successful product. Things 
that the customers need are the most common ones such as cost, time and quality.  
With these variables the companies develop strategies and practices to satisfy the 
customers, this converts in the product development when creating a new product 
(Sorli & Stokic, 2009). Every company have their challenges when going through 
the NPD process but and it is important to have clear communication when 
managing the NPD process. It is also important to understand that overcoming 
communicational boundaries is key in NPD, there are always going to be differences 
between employees and departments. If all members involved in NPD are able to 
understand one another and work together the organization becomes more 
successful (Hauser & Dahan, 2007). 

Just like the definition of NPD the process of product development differ between 
sources. Kahn (1991) describes one product development process, while (Tzokas, 
et al., 2004), and (Petersen, et al., 2005) describe different ones. The process 
explained in (Petersen, et al., 2005) contains five phases, which are; (1) idea 
generation, (2) business and technical assessment, (3) product/process and service 
concept development, (4) product/process and service engineering and design, (5) 
and prototype build, test and pilot/ramp-up for operations. Commonly, assigned 
representatives from various departments do the evaluation of new products by 
determine if any changes should be done to the product, based on preciously set 
objectives (Hilletoft & Eriksson, 2010). This evaluation is done in the mentioned 
phases. Though, the method has been criticized in recent years because of all the 
repetitions that occur, this makes it both costly and time consuming (Sharifi, et al., 
2006). NPD states in order for the product process to work thoroughly both 
engineering and marketing expertise is required. NPD explains that companies need 
to organize this by working with cross-functional teams with different expertise in 
projects. The team is responsible for every aspect of the product, from the first 
phase to the last one. By doing so the errors that might arise without the cross-
functional team might be solved during the process instead of after. Furthermore 
the project team are reporting to the highest management. The management’s job 
is to distribute the cost of the finalized product (Hilletoft & Eriksson, 2010). 

The basic pillars of what NPD is defined as are quite similar. Something that can be 
agreed upon is that it is hard to manage the development of products without a 
stable and standardized NPD process (Hauser & Dahan, 2007). In an organization 
the NPD process is managed by having a functional integration between the 
different departments, and examples of these departments include engineering, 
production and marketing. The reason is that many companies are increasing their 
presence on a global level, which means that their organizational structure becomes 
more widespread as far as departments are concerned. The production development 
department may be at one location while the production is at another. This causes 
managing the NPD process to become quite complex, therefore it may cause large 
problems if there is a lack of communication and integration between these parts 
(Hauser & Dahan, 2007). The importance when managing the NPD process is of 
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course being able to view problems from a customer’s point-of-view, since the 
product is essentially being used by the end customer. Although the end customer 
is important and should always be taken into account during decision making and 
development it is equally important to not forget the internal customers. When 
companies use more than one location the departments may be dispersed, and the 
departments can basically be viewed as customers to one another. So a department’s 
needs and satisfaction should be equally important. 

2.3 Product Architecture 

A product’s architecture describes the organization of the functional elements in a 
product and how they are interacting. By using the product’s architecture and its 
specifications it is possible to define the product. Product architecture has a high 
impact on more than the product itself as it actually defines the way the product has 
to be treated. The architecture of a product can vary quite significantly, and affects 
the complexity of the product. In order to effectively understand and manufacture 
a product its architecture must be well defined and understood. So what the 
architecture tells us is basically what components are needed, and how these 
components should be assembled (Albers, et al. 2009; Fixson, 2005).  

There are numerous factors that determine the architecture. When engineers 
develop products from scratch they are largely influenced by customer 
requirements. The customers typically have their own view of how a product should 
work and look like. In order to understand the complexity of a product all functions 
need to be included, and decides what should be prioritized to satisfy the customer 
(Saaty, 1977). It is important to manage both rational and intuitive information to 
decide what the best alternative is by evaluating them based on the different criteria. 
The company can work accordingly by assessing the product characteristics. This is 
used to improve priorities for ranking alternatives of the product’s functions, which 
occurs during the product development phase. The scores of the product’s function 
are attained basically by comparing them pairwise between different options. The 
other product can be an old or defunct version, and is compared with a new or 
upgraded version of that product (Saaty, 1977). 

Therefore the decisions regarding product architecture should be made in 
conjunction to product development, production development and supply chain 
management. This means that many of the decisions made are caused by the 
characteristics of the product architecture. Some examples may include long-term 
goals such as specialized facilities placed in certain strategic locations for the best 
possible outcome (Pahl, et al., 2007). Once a product’s architecture is determined 
there are organizational steps that are affected and based on the architecture. The 
functional elements of the products may require project teams or certain processes, 
and that is a challenge when dealing with product architecture (Fixson, 2005; Gulati, 
1996). 

Some architectures are quite complex and a way to deal with this is decreasing the 
time for these products to be developed by simplifying the parts and components. 
Instead of having two parts they are integrated into one part in order to reduce 
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some time. Additionally a common concept is to have multiple products share 
components, so instead of having two products being unique from one another 
they instead share as many components possible. Sharing components between 
products have shown to be an effective way to reduce product development time 
(Griffin, 1997; Loch, et al., 2003). 

There are apparent advantages with reducing and sharing components for 
improvements in the production development process and the same thing can be 
applied to the areas of production as well. Having a well-developed architecture, 
which is thoroughly assessed, facilitates strategic planning within the production. 
There are many architectural factors that directly affect the strategically decisions 
and examples include the capacity needed for production, how to manage 
assembly/manufacturing processes and where to locate the facility. The complexity 
of the manufacturing process can be directly related to the product architecture 
complexity, a product with complex parts may increase the overall production cost. 
Therefore simplifying the architecture is an important part for manufacturers to 
consider. There are two main ways to deal with this; Design for manufacturing and 
design for assembly (Fixson, 2005). 

2.4 Management of production system implementation 

A production system is a part of the manufacturing system that includes combining 
various technological aspects with organizational aspects to produce a product. One 
of the most known production strategy is lean production, which was developed by 
Toyota (Shah & Ward, 2003). Implementation of production systems is mostly 
associated with improvements in operational performance measures. The most 
ordinarily improvement to production systems are in labor productivity and quality, 
with reduction in customer lead time, cycle time and lastly manufacturing cost 
(Schonberger, 1982). 

Organizations believe that management practices have a huge impact on the 
production system’s functionality. But the practices need to be implemented in the 
right way at the right time into the management style. It is important to know that 
the organization’s situation needs to be considered when implementing certain 
management practices and how it affects the production system. Therefore it is 
important to understand the organization characteristics before implementing a 
certain practice (Galbraith, 1977).  

Child, 1972 have described that when administrative tasks becomes more 
complicated in firms, managers have a tendency to give up changing current 
production systems for the better, this is why most production systems fails. When 
complexity becomes high in the management’s eyes, creating new operational 
practices is an inconvenient thing to do. The organizations suffer from structural 
working approach within the company when implementing change when the 
current environment is so complex (Freeman, 1984). 
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In an ongoing production system implementation it is important to be aware of 
certain factors, most management styles consider things as mentioned above but do 
not view the importance of the aspect of human resources. When creating a new 
production system, a corresponding human resource is a necessity in order for it to 
work. By this it is possible to combine individual practices and the organization 
management with the different production system relationships (Osterman, 1994). 

2.5 Performance objectives 

This chapter describes the five performance objectives that are included in the 
operation strategy (Wheel Wright, 1984). The five performance objectives are 
speed, quality, cost, dependability and flexibility. The performance objectives 
include different steps, and in the beginning it is important to have a view on how 
the performance objectives change over time, due to the market and how resources 
alternate. Market requirements need to be related to the production system in order 
to make a sufficient strategy, the reason being that the market dictates the changes 
(Wheel Wright, 1984). But there are circumstances when capabilities and constraints 
of operations resources are limited, then the company have to determine a different 
market position. The next step is to examine how performance objectives trade off 
with one another. The thing to have in mind is if one performance objective is 
improved that might lead to a reduction in another performance objective. The last 
step is to know how to increase the optimal or desired performance levels in a 
limited way of working with the performance objectives and how to work with 
trade-offs in an efficient way (Krajewski & Ritzman, 2002). 

Assessing performance in any nature might be difficult, due to the fact that there 
are many variables that come into play when examining the phenomenon. 
Performance has variables such as customers, employees, stockholders, and these 
are complicated to measure (trust, relationship, etc.). In order to make a good 
performance assessment it is important to be comprehensive and as straightforward 
as possible. There has to be a starting point where the stakeholder’s operations 
range is defined, and how it influences the operation and the strategy. This is 
examined internally with the employees, production layout and externally with 
customers and community groups (Smith & Reece, 1999).  

2.5.1 Quality 

The definition of quality is most known as specification of a product or service. 
Quality can have other meanings such as an appropriate specification, which means 
how products and services ‘fit for purpose’, which means how the operation 
accomplishes conformance to a certain specification (Van Mieghem & Allon, 2015). 
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Concerning the specification and quality it is important to know that it is a 
multidimensional issue. Before creating a product with a certain complexity it is 
important to work with various aspects of specification, until finalizing it for 
production. The specification of the product can be separated as hard dimensions 
and soft ones in order to simplify the process. Hard dimensions are the ones who 
are apparent and generally aspects of the product or service. Soft dimensions are 
aspects with personal interaction between customers and the product or service. 
But then again depending on the product or service hard and soft dimensions 
change after the demands (Krajewski & Ritzman, 2002). 

A known quality is the conformance, it refers to the ability of the operation to 
product merchandises and services, and it is acknowledged as reliability and 
consistently. Its aim is to see how closely the operation can claim a product or 
service specification consistently without any errors. The soft dimension is hard to 
measure when it comes to conformance because of the interpersonal interaction 
(Slack & Lewis , 2008). 

2.5.2 Speed 

The basic explanation of speed is the time between the start of the operation until 
its end. The internal part of how speed is measured is from when material goes from 
a raw state to when it has gone through the whole operation and leaves fully 
processed. Externally is when a customer requests a product or service and the time 
it takes for the customer to receive the product or service (Van Mieghem & Allon, 
2015). When it comes to gathering information, the former elapsed time of the 
product service in the operation is taken. When it comes to the external part it is 
about the customer’s need, such as designing a product or service. Time such as 
when resources become available or the time to deliver/transport product/services 
to customers (Smith & Fletcher, 2004). 

2.5.3 Dependability 

Dependability is about keeping delivery dates and devote the time to reach the right 
date that was promised to the customer. But this performance objective needs to 
be used in the right way. For example high dependability can be attained by long 
delivery times. That is why it is important to combine dependability with the recent 
performance objective, which is speed, in order for it to have any value (Van 
Mieghem & Allon, 2015). It is important to understand that dependability is strongly 
connected to time, the time that is available needs to fit in with dependability, in 
order for the customer to be satisfied. To make an effort in this it can be planned 
for an operation to finish in 3 weeks when 4 weeks are available, if there are any 
errors there is a possibility to fix it and the delivery date is no longer in danger. The 
main reason for long delivery times is because of high work in progress, large 
amounts of non-value-added time and slow internal response. Good dependability 
is fast throughput and can be described in a rather direct notion (Wheel Wright, 
1984). 

𝐷𝑒𝑝𝑒𝑛𝑑𝑎𝑏𝑖𝑙𝑖𝑡𝑦 =  𝑑𝑢𝑒 𝑑𝑒𝑙𝑖𝑣𝑒𝑟𝑦 𝑡𝑖𝑚𝑒 –  𝑎𝑐𝑡𝑢𝑎𝑙 𝑑𝑒𝑙𝑖𝑣𝑒𝑟𝑦 𝑡𝑖𝑚𝑒. 
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When it is on time equation should be zero, positive means it is early and negative 
means it is late. Due delivery time can be requested by the customer or the time that 
is decided by the operation. Something that needs to be inconsideration is if the 
customer change the delivery time should that be valued in the delivery performance 
(Slack & Lewis , 2008). 

2.5.4 Flexibility 

This performance is about the ability of operations to adapt different states. In order 
for an operation to be more flexible than another it must have the ability to do 
different things, which indicates the range of abilities it have (Van Mieghem & 
Allon, 2015). Example is an operation that can produce a wider range of products 
or services, or create several of output levels. Furthermore it is about how easily the 
operation can move from one state to another one. It needs also be considered how 
much it costs for the operation to change state, if it cost less than another operation 
to change state it needs be reflected as a more flexible operation (Papadopoulos, et 
al., 2015). The organization as whole might be affected by one operation changing 
state, the less it affects the more flexible the operation is. Flexibility can be measured 
in time or cost, time indicates how long it takes to change the operation to another 
state and cost is how much it costs. It is not only how the operation can change, 
flexibility is also about how much it can be changed. Flexibility may include many 
things in order to measure it the best way it is important to highlight the different 
flexibility variables (Krajewski & Ritzman, 2002). 

 Product or service flexibility- the ability to create new product or services 
from existing ones. In detail is about the adaptability to make future changes 
in a former product design, the ability to create new products designs from 
the existing ones. The aim of using the existing designs is to decrease the 
redesign costs and increase the process of designing a new product design. 
This is a good strategy in order to create a product that are dependent for 
the consumer, which makes them buy the new products (Papadopoulos, et 
al., 2015). 

 Mix flexibility- the ability to change variety of products or service being 
produced under a certain time period. Which means changing the actual 
production to a different product. The most common way to measure this 
is by the measuring the cost to change the production to a different product. 
The less it costs the higher the flexibility (Papadopoulos, et al., 2015). 

 Volume flexibility- the ability to change the level of an operation’s totaled 
output. It’s the ability to produce a product either above or beneath the 
determined capacity. Volume flexibility can be used to correlate two 
different products, this is the common way to analyze volume flexibility. 
Example is analyzing the two products and see how well it has the ability to 
change level of the operation, the one that does it better have higher volume 
flexibility (Papadopoulos, et al., 2015).  
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 Delivery flexibility- the ability to meet planned or expected delivery dates. In 
detail this is about frequently meet the delivery to make the company more 
attractive to the customers. To make this successful the company has to find 
a balance between inventory and transportation. In short the inventory 
needs to be higher than what actually is getting transported, in order for the 
company to reduce the costs in their operations (Slack & Lewis , 2008). 

2.5.5 Cost 

For companies the main performance objective is cost, because most companies 
believe that cost is the main objective in order to be competitive (Tsai & Hung, 
2009). Essentially, the lower the production cost of a product the lower the market 
price for the customers. The narrow definition of cost is for every dollar removed 
from the operation, are in the other hand contributing as a profit for the whole 
company. The broad definition is a bit more complicated, and cost is then about 
what applies in the operations strategy, which is the financial input to the operation 
in order produce products or services. To explain thoroughly the cost ability in 
operation it is divided into 3 categories (Tsai & Hung, 2009).  

The first category is operating expenditure, in this matter it is about what is needed 
financially for the ongoing production. This contains spending on labor, materials, 
rent, energy etc. The most common formula used is dividing these outgoings with 
output from the operation, in order to achieve the ‘unit cost’ (Smith & Fletcher, 
2004).  

The second category is about the capital expenditure, which indicates the financial 
input to operations that create facilities, which produce its products and services. 
This is included with money that is invested in land, buildings, machinery, vehicles, 
etc. To take action companies mostly do investment analyses that are based on 
comparison between the size, timing and risk associated with consequences of 
inflows of cash (Van Mieghem & Allon, 2015). 

The last one is about the working capital, which is about the financial input and the 
time it takes to fund between regular outflows and inflows of cash. In operations, 
payments are required to be completed with different operating expenditure. This 
is important in order to create new products and services and at the same time 
acquire payment from customers. Therefore the time difference needs to be 
restrained when it comes to payment of outgoings and the ones received. The length 
of the time difference and how much money that is needed to fund profit is 
determined by two processes. The first is the one that takes care of day-to-day 
financial transactions of the business, and the second one is the operation process 
that produces products and services. The financial process is affected by how long 
it takes to receive payment from customers and the negotiation of credit dates to its 
suppliers. For example, the shorter the time it takes to supply material to the 
operation the more cost efficient the operation becomes (Slack & Lewis , 2008).   
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3 Method and implementation 

3.1 Research process 

The idea of this investigation was educate by reading various articles, the articles 
informed that there are certain complication when transporting certain products 
and where to localize it. The purpose is to investigate the critical point of a semi-
finished product and when to transport it from one location to another.  Through 
the purpose the study was performed as a case study on a local industry. The 
supervisor and the R&D manager of the company explained the general problems 
of the local industry. At the local industry certain problems were raised and more 
specified by the R&D manager. The primary problems were thereafter specified, by 
this information a literature review was done. Additionally the research gaps were 
determined. When locating the research gaps different theories were required in 
order to understand the issue at hand. The located problem was connected with the 
theory in order to comprehend it. The theory provided different variables to solve 
the situation, and with the different theories it was evaluated that it demand 
structure in order for it to succeed. It was structurally separated into two main parts, 
the performance objectives with different parameters that effects where the critical 
point of the production needs to be. Parameters most important roles are the 
localization factor product architecture and how the production system is managed. 
Locating what is the best option for the product, and different functions of the 
product how it is connected with the different performance objectives. To learn 
about this it is necessary to have the information how a company works with this 
today and what it need to do it the future in order for it to work. The required 
information was granted by interviews with R&D manager, production manager 
and the production planner of the company. Additionally the information was 
established by observing different materials such as documents and PowerPoints by 
the company.  

3.2 Research approach 

The initial approach that was taken in this study was done by investigating the theory 
that assisted the research with questions and aim of the thesis. The idea was to use 
the theory to apply it into the practical environment. Traditionally working with 
thesis the approach is to go from theory then investigating practical issues, analyze 
it and lastly solve it. This thesis aim was to connect the theory with the practical 
issues and systematically works back and forth between the two parts. This was then 
considered to be an abductive research, and the information gathering of the theory 
was continuously investigated throughout the process (Yin, 2008). Through the 
theory it was included that qualitative data was necessary in order to make a 
sufficient study. Through this knowledge the approach how to conduct what 
information was necessary for this thesis was determined. During the process of 
theory and the practical part being connected a qualitative study was determined. 
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3.3 Literature study 

The literature used is gathered by utilizing Scopus, which is provided by the library 
of Jönköping University (Primo). The reason for using Scopus is simply that it is 
one of the most comprehensive databases available for students at Jönköping 
University, since it consists of a large number of other databases.  Because of this, 
most of the publications found are peer-reviewed in various subjects, and peer-
reviewed literature is widely considered to be the best publications available for 
most sciences. The articles are reviewed by other researchers and are typically aimed 
for other researchers (Bobick & Berard, 2011). 

In this thesis the snowball effect was used (Ang, 2014) . This is done by utilizing 
references, citations and recommendation from documents. The first step was 
searching for journal articles using certain search words, and often the results were 
narrowed down using a function in Scopus. By using a tool embedded in Scopus 
the search results where limited according to preference. The first step in this 
process was to only consider engineering results, obviously since the focus in this 
thesis is engineering. A sort function was also utilized where the number of citations 
determined which order the results would appear in. By looking at the newest article 
and using its references and recommendations provided by the database many other 
relevant articles were found. The idea was to work backwards to find more material, 
this approach is known as the retrospective approach (De Montfort Universtiy 
Library, 2013). Table 1 shows examples of what terms were used to find articles. 
Since the main idea was to use the snowball effect and retrospective approach the 
systematic way of identifying more terms was however excluded. The related terms 
are mostly from the articles found beyond the initial (snowball) where other authors 
may have used various terms. 

Table 1. Search terms used to find literature from databases 

Search term Related terms 

Production localization Production location, globalization 

Product development New product development 

Performance objectives Cost, speed, flexibility, quality, 
dependability 

Product architecture Product modularity, Design for 
assembly, design for manufacturing 

Production system Manufacturing system, production 
development, production management 
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3.4 Case study 

The purpose is to investigate the critical point of a semi-finished product when to 
transport it from one location to another. It was decided to do this investigation 
with a pragmatic approach at only one company, in order to go more in depth and 
understand the product process critical point. A case study was carried out at a 
company producing trailers called Brenderup. The company’s design of production 
localization have been matured in the company over the years and to change the 
system is a complex thing to do (Kovacs & Spens, 2005). But in order for the 
company to grow a sufficient system in the long run it needs to be implemented in 
order to have a regular flow for all products. If this issue is solved the product 
process are working more efficiently through the production located in Sweden. 
The chosen case have been studied at the Swedish production site only and the 
polish site have been investigated from a Swedish perspective mainly by Brenderup.  

Within this thesis the unit of analysis is the actual production process and the semi-
finished product that is transported from Poland to Sweden. This case have a 
determined being an embedded design which implies that the production process 
is a unit of analysis and the product is the embedded unity of analysis (Yin, 2008). 
The unit of analysis is investigated by gathering parameters that are combined with 
the performance objectives in order to measure importance to solve the critical 
point of the unit. The embedded unit of analysis of this study is trailer named 1205. 

3.5 Data collection 

The information is source in various forms and to attain the right information and 
the amount it was caucus to be judicious. In order to cope with it, it’s important to 
be detailed and systematic in order for the information to be clear. 

The data collection contains practical ways to obtain data. This consist of recording 
interviews and taking valuable notes for the report, furthermore reviewing 
documents to complement the interview. Data collection and analysis were precise, 
in order for the report to have high validity (Yin, 2008).  

3.5.1 Interviews 

Interviews were done in order to gather the facts about work setting, localization 
point, product information, production plan and layout. Semi structured interviews 
were made to gather facts through standardized question but to also include lead up 
questions in order to gather qualitative data. The semi-structured interview is about 
going in more in-depth interview compared to the structured interview (Yin, 2008). 
The purpose for the in-depth interview is to gather more information about the 
respondent’s perspective on the situation. The respondent can talk openly about 
the chosen subject, and also raise other subjects that the respondent feels are 
important. The interviews include notes, recording and also a checklist to see if the 
information gathered is sufficient for the research. The interview process consists 
of 3 peers at the company with 3 different authorities.  
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3.5.2 Document review 

Document review is a technique for the report to comprehend what transpires in 
the work setting of the company. The documents consisted of product information, 
BOM-list, product development design and project process (Yin, 2008). All this 
information were gathered in order to understand the product process role and 
locate if there are any errors. The reviewed documents gave an understanding of 
the product process in order to combine it with different parameters and 
performance objectives. 

3.6 Data analysis 

The data was analyzed systematically step by step in order to comprehend it 
thoroughly. Firstly it was considered what the theory was, through the theory it was 
connected with the practice. The practical investigation gave us information 
through interviews and document review. From the theory the studied gathered that 
performance objectives and parameters were important to know in order to solve 
the issue at hand, the interviews and the documents included some other 
information that might have been not necessary for the research, but this was 
excluded. The mass of information that was gathered were divided into different 
parts, which are the new product development, product architecture and 
management of production system. These parts were then connected with the 
performance objectives in order to value the information collected.  

3.7 Validity and reliability 

The abductive approach as mentioned above is gathering theory and facts 
throughout the process of the report. If this was not an abductive research the 
research process would be straightforward without going back and gathering new 
theory. The purpose and research questions become more accurate when 
conducting an abductive research. 

Document review is gathered as an information in this research, the information is 
clear and straightforward which makes it a reliable source. But when it comes to 
conducting interviews and gathering qualitative data it becomes more uneven. The 
structured question that was made with straight answer are more reliable but the 
unstructured question when the peers can answer more freely, might not be as 
reliable. Reason being if a new visit would be done at the company on a future 
occasion, the unstructured questions might differ.   

The internal validity of this approach is well done due to the fact that the interview 
covered the whole production process and the actual product itself. The only thing 
that might question is that information was not gathered from a polish perspective, 
only through what Brenderup’s perspective. External validity, due to the fact that 
this is a single case study, the companies that can use this kind of information is the 
ones with the same exact problem. Furthermore for other companies to have use 
of this information they need to be a SME, like Brenderup.
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4 Findings and analysis 

4.1 Company description 

Brenderup is Scandinavia’s largest provider of trailers and also one of Europe’s 
leading trailer manufacturers. With more than 80 years in operation Brenderup still 
develop and manufacture high quality trailers for both private purposes and 
professional usage. One of the main goals set at Brenderup is to be very customer 
oriented, which is achieved by providing them with simplistic solutions. Brenderup 
has many years of experience in producing high performance trailers. A few of their 
main areas of expertise include trailers for vehicle transportation, cargo trailers and 
gardening. For the professional purpose specialized trailers enabling the carriage of 
tools and materials has been greatly appreciated among tradesmen. Brenderup 
group has 400 employees at 3 production sites, including sales offices located in 
Sweden, Norway, Denmark, Poland, Germany and France. Today the annual 
turnover is reported to be about 600 million SEK with the main office located in 
Malmö, Sweden.  

As the customer base has grown Brenderup has also spread their production across 
different locations in Europe. The main market in Sweden for Brenderup consist 
of rental service, which means that most of the trailers are leased to various firms 
which then provides the rental service. Additionally the trailers produced for 
Sweden have their base traditionally welded in contrast to other countries in Europe 
were most of the trailers are riveted. The main producer in Sweden and the 
production plant is located in Jönköping, where semi-finished trailers from Poland 
are finalized for the Swedish market.  

The production process consist of 35 stations, and the production plant as a whole 
has a functional layout. The trailers get fixed on the stations and are transported to 
the station by a sled. If a product gets damaged or have a certain default, the Swedish 
site has a repair station to fix it. Then again if Poland send products and miss some 
of the parts, the Swedish production cannot work with the products and a lot of the 
capacity becomes unutilized. As of today the chassis and the base of the trailers are 
produced in Poland, the main purpose of the Swedish site is to assemble certain 
custom parts such as wheels and decals (for the local market). 

Brenderup wanted to know how much of the operation that should to be done in 
Poland before sending the products to Sweden for final production. The reason for 
them to have the final production in Sweden was partly because of the 
transportation costs. Shipping a semi-finished trailer was significantly cheaper than 
sending a finished trailer. As the finished trailer took up more space during 
transportation, because of this the potential volume for each shipment decreased. 
Therefore it was more cost efficient to finalize the product in the country of final 
retail. Also the product range at Brenderup was fairly customized because of their 
wide market share and the products were specialized for certain countries based on 
their own regulations and standards.  

According to Brenderup there had not been any conscious way of dealing with semi-
finished products nor finding the critical point in the past. The decisions made had 
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not been well founded on specific parameters that were part of any model or tool. 
Brenderup had not addressed or stressed this problem in the past, and their work 
had mainly been based on aspects concerning lowering logistics cost.  

4.1.1 Initial product development 

The critical point was determined within the product development process. In the 
beginning of the process every possible cost for the product was forecasted in order 
to investigate if the project was profitable, the main factor being looked at was the 
revenue, which shows the payback time. The payback time was compared between 
all possible future products to show which choice was the most profitable. 
Additionally the potential investment costs were considered, including e.g. 
production costs such as equipment, education and ramp-up. 
 
The main focus during the product development process was to control the costs 
that were easy to measure, e.g. wages and transportation costs. The company was 
constantly trying to look at the larger picture, and are always looking at the state of 
their competition. This enabled them to work with the total cost of the product. 
The production was divided between Poland and Sweden, and the costs were very 
differently calculated. When the semi-finished product arrived in Sweden it was 
regarded as a single component, and the total cost of this was added to the direct 
material cost in Sweden. Initially the product cost in Poland include labor costs and 
material costs, these accounted for the total product cost of Poland. The costs were 
calculated in a similar way in Sweden with the exception that it showed the overall 
total cost when everything was added up. 

4.1.2 Product development communication  

Aligning the work in Sweden with the work in Poland was a challenge, and the 
employees in Sweden felt that they were two separate organizations. At many times 
the employees in Sweden felt that it was difficult to get through to the employees 
in Poland. Brenderup felt that some areas were not taken seriously e.g. small changes 
in the product design, and the organization believed that this was because of the 
cultural differences. Poland had a strict and hierarchical system where the 
employees were more or less concerned only about themselves. If an employee of 
Sweden asked someone in Poland a question that was not really of his or her 
expertise, the question was usually ignored. This was large issue, since it disrupted 
the flow of information. A question that was brought up was that how the product 
architecture looked like today, whether the product 1205 is integrated or modular. 
Brenderup mentioned that it was an integrated product, however the focus in the 
future was to have more modularity.  
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The difficulty with this change was the communication with Poland, and it took too 
long time for the information to reach the intended target. Sometimes the 
employees in Sweden needed to reach out to a manager in Poland, and it was not 
always that the right person was found instantly. Often when the information that 
was intended for a manager reached someone else, it was not being forwarded. This 
was because of cultural traditions in Poland, which was working strictly after 
hierarchical status. If an employee received information that was not his or hers, it 
was not likely that the information was forwarded to the intended person. 

4.1.3 Production process and measurements 

These stations were staffed with workforce depending on the demands. Brenderup 
measured the production process by calculating how many hours it takes for a 
worker to create a trailer. For each specific trailer the company measures the 
number of workers needed to finish the trailer. But the main measures were 
productivity, this was the main measurement for the company. Productivity is 
measured by time studies by production manager with a stopwatch, but the time 
studies were not complemented with the time outside the line. Outside the line 
measurements were times such as getting equipment, errors or assisting with 
material. The company prioritized the production in this order, productivity, 
balancing, operator loading and material supply. To measure the profit it was 
decided based on how much the workforce cost and how much the company sells 
per trailer. The biggest issue the company have with the product is the material 
supply, the supplies comes from Poland and do not come at the right time. In 
Poland the whole production is a line-production and the time is calculated through 
data systems. 

4.1.4 Workforce management 

The workforce was managed by the production planning department and at times 
it can be hard to plan due to different issues might arise. One issue was when there 
were orders on shorter notice with short delivery time it is necessary to increase the 
workforce, and this was done by hiring workers from staffing companies. Material 
supply was also causing problems for the planning department, since the lack of 
material stop the production although the workforce was present. Most of the 
workforce from the staffing companies were inexperienced in Brenderup’s work 
setting, therefore there was a need for education. The experienced workers were the 
ones educating the new workforce. The new workers normally start working at 
simple stations in the production until they were more experienced, then they had 
the possibility to move to another station. The workers from the staffing companies 
were there for seasonal work, when the season was over there were no need for 
extra workers. However when that season start again next year the planning 
department forecasts when they were needed again. 
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4.1.5 Production department and communication 

The production department in Sweden had to be coordinated with the production 
in Poland in order to reduce material costs. Communication was an essential part in 
order for the production to be fluent. The communication within the production 
planning department works great with the polish, and the materials and components 
were for the most part correctly sent and there were rarely any misconceptions. 
Additionally routines with Poland work well, however the change management 
work were more complex. The hierarchical system within the organization in Poland 
caused communication errors. Because of the hierarchical system in Poland, 
Brenderup had to inform every level in the organization in order to get the complete 
information when making changes to a product’s design. 

The product design changed depending on the competition in order to improve the 
product’s production process. The product development department was already 
aware of what the product’s production process in Sweden and Poland was able to 
handle. There are some changes that the production was able to deal with, while 
others were harder and more complex. Commonly the design engineers of the 
production had to follow the new changes without any questions. The production 
development want to be involved earlier in the product development process so 
less issues arise during the production process, as well as less errors in production 
ramp-up. The production development department in Poland sometimes made 
changes without informing the Swedish department about it, this caused issues for 
the production.  

 

4.2 How decisions are made today according to the 

critical point 

4.2.1 Critical point decision 

There were a number of people involved in the decision of where to place the 
critical point, however that decision was mostly based on what they felt like would 
be the best. The ones involved in the project group included people from research 
and development, logistics, production and the purchasing department. All 
departments may influence the decision of the critical point, however the R&D 
manager had the final decision. The decision could basically be made regardless of 
what the other department’s opinion.  

The decision regarding the critical point was normally made between the prototype 
release (C) and product release (D) in the product development process, which was 
shown in figure 2.  After testing everything for the prototype, and after that the 
product was ready to be launched the decision was consequently made. The project 
group worked with reducing unique components of products so that more 
components were shared between products. The goal was for Poland to deliver 
similar products and not unique ones, which meant the base of the product were 
identical to the other ones. Some components made products from Poland unique, 
and it forced the company to use more inventory space. As of today the critical 
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point for a product was mainly determined through analysing the transportation 
efficiency with cost, and the cost of the final production in Sweden. Transportation 
efficiency means that the aim is to ship as many trailers as possible using one truck, 
the purpose was to finish them to the point were the least amount of volume in a 
container is needed.  

 

Figure 2 Critical point, between phase C and D. 

4.2.2 Production planning 

The production dictated if the product worked physically and can be used for 
practice. The planning department needed to coordinate the production between 
Poland and Sweden. In order to do that the production planning had to understand 
when to assist with material in the Swedish production and when to accept orders 
to keep the production efficiency. The production-planning department of the 
company usually forecasted every week to handle the incoming materials and semi-
finished products. Then the company look for orders and prioritize them after price 
and time. All orders did not get accepted, most of the declined orders were those 
which were too complex for the production to deal with (additional details on the 
product). The company used to accept all kind of orders from companies, and the 
product range became too wide and capacity got misused. The company tried to 
limit the product range in order for the production to work fluently. The company 
tried to manage the workforce with the different demands, the demands differ 
depending on what season it was.  

When the spring season started the demands became significantly higher, so the 
workforce had to be well planned out before that. The production planning 
department plans by adding workers from staffing companies to assist with the 
higher material income, and to produce the products after the increased customer 
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demands. The company plans how many products to produce weekly but the 
company might not produce the planned product for several reasons. The first one 
was that the required material was not available, another reason was that the capacity 
were already used and there was no more room to produce additional product. 

The main objectives the company looks for when planning were sale orders, in what 
order the orders were, geographically and Adhoc orders. Geographically meant that 
the company does not send few products to a certain location, it needed to stack up 
to a full truck in order to send the products. Adhoc orders was when a customer 
wants the products fast, this one is now prioritized lastly but was prioritized the 
highest before. 

The production follow the planning accordingly and when it differs it is commonly 
if there are any errors of some sort. This could be absence within the workforce, 
stoppages in the production or if the company has to move workforce around to 
solve Adhoc orders or geographic issues. 

4.3 Analysis 

Production and product development have to work simultaneously in order to solve 
the product’s production process critical point. But today it is the product 
development that makes the decision of where the critical point should be. 
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4.3.1 RQ1. What parameters determine or define the critical point of 
the product? 

The critical point in a product’s production process is first of all directly affected by 
the decisions made when localizing the manufacturing plants (Christodoulou, et al., 
2007). These decisions are the cause of why a critical point exists since the company 
at the early production localization stage determines the production process of the 
product. It is mentioned that there are different approaches to this in sharing the 
production, and the plants either produce a finished product or a semi-finished, 
which is later finalized at another location. In order to make these decisions a 
company or organization need to consider all aspects that could affect why and 
where a critical point is needed. A product’s life cycle starts with idea generation 
and the critical point should already be considered there at this stage (Petersen, et 
al., 2005). The parameters involving this are present in NPD and product 
architecture, the latter is in a sense part of NPD. During the product development 
process the product characteristics are determined by various factors, one of them 
is taking the customer needs into consideration. The usual conception of a customer 
means that it is the final user of the product. What is important to understand is the 
internal customers, in this case Brenderup has to deal with two locations. The 
locations are Sweden and Poland, since the two plants also include separate 
departments they are in a sense one another’s customers. This is an effect of 
Brenderup’s presence on the European market, and as the location of the sites are 
widespread the departments becomes that as well. It is suggested that if this is the 
case the NPD process may become more complex, a reason is because the 
communication between the departments is hampered (Hauser & Dahan, 2007). An 
important aspect of this problem is the need for the departments to work more 
closely, and this may be done by integrating departments such as product developers 
and production developers. In Brenderup’s current situation as they mentioned that 
one of the main challenges is aligning the work in Sweden with the work in Poland. 
The current situation is that the Swedish and Polish plants work two separate 
organizations and close cooperation is absent. This is in line with (Hauser & Dahan, 
2007) who argue that that physical separation between plant locations can also mean 
separation on an organizational level. The cultural differences are also something 
that is largely varying, this is causing many issues in the development process. 
Overcoming these issues is essential for a successful organization, in this case it is 
of outmost importance to have all members involved understand one another. 
There must be a clear and structured way in how information from Sweden is 
handled in Poland during the NPD process. 
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The NPD process determines the product characteristics and it affects the whole 
cycle from early production to transportation and final assembly/production. 
Product architecture is a parameter that has an impact on more than how the 
product functions and works, depending on which specific components the product 
contains it directly affects the production process as well. It is known that a 
company with multiple plants with shared production must identify what role each 
plant has, and the basis of the role actually comes from the characteristics of the 
product. Since that is what molds the production system and tools needed to 
manufacture it, therefore knowing what roles the plants have is also knowledge 
connected to knowing where the critical point should be (Albers, et al., 2009). 

Brenderup is concerned about its semi-finished products being as similar as 
possible, and it is mostly done by reducing unique components and have the 
products share as many components as possible (Griffin, 1997). By having a 
comprehensive and systematic way of determining the product architecture enables 
better control over the whole process, which includes transportation and 
production. If Brenderup is to make changes today there are many things in the 
NPD process that must be improved. The lack of communication makes it very 
difficult to forward the information of what specific change is being made. The 
issue stems from members of the departments not fully being aware of what the 
other one is doing (Hauser & Dahan, 2007). Prioritizing and maintaining that 
communication is very important, since a product’s architecture is affecting the 
production to such a great extent (Saaty, 1977). The production department in 
Poland is the customers of the Swedish product development department and vice 
versa, because the product is being sent to Sweden as a component. Basically the 
Swedish site has to satisfy their Polish customer in order to satisfy their own 
preferences later on in the production process (Saaty, 1977 & Hauser & Dahan, 
2007). A thoroughly assessed product architectures give strategic advantages in the 
sense that a non-complex architecture also requires a less complex production 
process.  Therefore the product architecture can directly affect the production 
process as well as the transportation (Fixson, 2005).  
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The production planning process is another aspect that is important to consider, 
which is mainly forecasting orders. The production of the product is very dependent 
on the material supply and workforce planning, which is part of managing the 
production system (Galbraith, 1977) . When planning the workforce it is important 
to know where the competences are located, meaning that what capabilities can be 
found at each plant. Then it is possible to know which plant should do what type 
of work. Since the product architecture is determining what capabilities are needed, 
dealing with this issue is to be regarded during the early stages in the NPD process. 
Having good communication between Sweden and Poland facilitates in pin pointing 
where and what capabilities are available (Hauser & Dahan, 2007). The decision 
today is that the plant in Poland is the stock-feeder, and therefore the product 
always starts there (Galbraith, 1977). When the product is later transported to 
Sweden for the final stages of production it is important to understand if the 
forecasted capacity is able to handle the amount of work that it is left. Again this 
comes down to if the relevant competences are present, and if there is enough 
material. These factors are mostly dictated by the product architecture, having 
shared components and low variation in design between the products may facilitate 
planning the workforce and materials supply (Fixson, 2005). This is because the 
product could be designed in a way that requires specific tools and competences. 
Since the product architecture affects the production, and the plants share the 
production is also is an important factor when determining the critical point. 

Determining the critical point of the production process is largely influenced by the 
product development process, which includes the architecture of the product. In 
theory a product’s architecture is very influential to how a product should be 
produced, and in this thesis the critical point is a part of a product’s production 
process. However in practice developing a product is more than just looking at its 
architecture, it is also important to look at how well the plants are coordinating and 
what roles each plant has (Christodoulou, et al., 2007). As of today the critical point 
of the product is determined during the product development process, right after 
the prototype release. Meaning that it is important to have a stable NPD process 
where all parties involved are understanding one another (Hauser & Dahan, 2007). 
However this is not the only parameter to be looked at, the production usually have 
to adapt to how the product is designed. The product developers should take 
influences on the capabilities of the production as well, it is a balance of who should 
be the most determinant. The production department should of course have a voice 
in what they believe is the best choice of the placement of the critical point. Because 
of this integration and organization between the departments is crucial, and as 
mentioned they are each other’s customers and a company’s goal is always to satisfy 
their customers (Hauser & Dahan, 2007). 
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4.3.2 RQ2. How could decisions be made based on these parameters? 

In order to make the decision depending on the performance objectives, it is 
important to value the different parameters correctly and then make the decision. 
The empirical data that is granted can be valued by the different performance 
objectives to see where the strengths are in order to make the right decision. The 
company today focus most of the time on cost when determining the critical factor, 
then again, most companies focus on cost as their main objective. Homever the 
other performance objectives work indirectly or directly to lower cost (Tsai & Hung, 
2009). Brenderup’s focus is to see if the project is profitable and work with revenue 
and payback time. NPD is an important part to make a company successful when 
working with a new product, NPD believes the best way  is to work subsequently 
between departments when making the decision where the critical factors is. Which 
means that the product department need to work with the production department 
and make the final decision (Hilletoft & Eriksson, 2010). The change is that the 
production department have to display before creating the product what pros and 
cons the new developing product might add to the production. If the company 
decides to make a decision without the production department insight, errors might 
arise when starting to produce the product, which leads to unnecessary added time 
and cost. NPD notifies that the product development needs to adjust the product’s 
design after the production’s demand. This means that the company needs to create 
cross functional teams with different expertise in the project, the team needs to be 
included throughout the product process (Sharifi, et al., 2006). This could be 
increase to the flexibility for the production to get the right equipment, education 
of the workforce and lastly speeding up the ramp-up (Tzokas, et al., 2004; Slack & 
Lewis, 2008).  

Today the critical point of the product is only decided by the transportation cost, 
cost in the Swedish production and transportation efficiency. The difference that 
can be made is measuring the performance objectives in the Swedish production, 
and find potential profits when working with the performance objectives (Krajewski 
& Ritzman, 2002). The cost might be high at the start, but when increasing the 
flexibility in the production and also being more dependent to the customer the 
profits might increase to a level so the costs become less of a factor (Slack & Lewis 
, 2008). When handling cost it is important to calculate it in the right way, not only 
focus on the direct cost but also how it affects certain areas of the company. When 
calculating the finance during the ongoing production it is important to include 
spending on labor, materials, rent and energy. These outgoings needs to be divided 
with the output from the operation, to get the exact unit cost (Smith & Fletcher, 
2004). To proceed with this the company can work with working capital which is 
about the financial input and the time it takes to fund between regular outflows and 
inflows of cash. More in detail this is about how much time it takes for the company 
to receive payment from customers but also how much time it take to supply 
material to operation which is received from suppliers. The strength of this is that 
you get an overview how much you get in and how much you get out, this is 
important to be aware of when working with a product in order to reduce the cost 
(Slack & Lewis , 2008). 



Findings and analysis  

32 

 

The communication between the Swedish product development and Poland is 
essential for the product production process. The Swedish staff feels that the 
hierarchical system of Poland stands in the way of a clear communication between 
the two parts. According to the NPD it is important that the whole production 
process from Poland to Sweden is up to par. In a sense of product architecture it is 
important to create a product design in Sweden that is fully developed without any 
errors before sending it to Poland (Petersen, et al., 2005). That means that the 
product architecture needs to be set clearly to reduce the complexity for Poland. 
Brenderup is aware of how the production in Poland is set and how the product 
development work. Brenderup needs to have that in mind when creating a new 
product design so the production in Poland can manage to produce the new product 
(Saaty, 1977). NPD believes by integrating departments such as production and 
product development less errors might occur. In order for departments to be 
integrated communication needs to be clear between the two parts (Hauser & 
Dahan, 2007). Designs that are created in Sweden needs to be send to every level 
of the hierarchical organization of Poland. Poland can then start producing the 
product earlier than anticipated, otherwise Brenderup is waiting for an answer 
because of the miscommunication between the two parts. 

Production process today is measured by time studies, with this it is used to measure 
the productivity. Time outside the line is not measured by the company which are 
getting equipment, errors or assisting materials. When managing production system, 
it is important to make a complete time studies about the productivity, everything 
inside and outside the line needs to be measured. Reason being the time studies are 
not correct nor are the productivity until this is fulfilled. Measuring all the times in 
the production process makes it easier for the company to see how much times it 
take to produce certain products (Osterman, 1994). The improvement of time 
studies is contributing the productions system cycle time, manufacturing cost and 
reduction in customer lead time (Schonberger, 1982). Additionally the time 
becomes realistic, so the planning department is going to understand how much 
material the production need and what amount of workforce that is required to get 
the job done (Osterman, 1994). These are important factors that need to be decided 
before making the decision for the critical point of the product. Creating a complete 
time study for the production are directly increasing all the performance objectives. 
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When creating the right specification and quality for a product it is important to 
know there are many areas that affects this issue. Before creating a product with 
high complexity, it is important to know every dimension before finalizing it for 
production (Krajewski & Ritzman, 2002). The conformance quality of Brenderup’s 
trailers are hard dimensions, which makes it easier to create a modular product so 
various articles can be created with less complexity (Slack & Lewis , 2008). This 
makes it easier to create products that ‘’fit for purpose’’, which means it’s easier to 
find the specifications that is satisfying the customers. Quality also influences the 
NPD process of the product, the hard dimensions makes it easier for the company 
to work with the product development process (Cooper, 1990). In detail hard 
dimensions can be used to create modular products that have basic similarities in 
order to shorten the product range.  When creating a modular product the 
dependability increases, as well as the speed whenever it is needed. The company 
can be more consistent with delivery times when having a modular product that 
shorten the product range. The capacity of the company can be used in the right 
way without having too many variations of products. It is important to understand 
that dependability is strongly connected to time. When there is less complexity in 
the product architecture the production speed can increase, this is essential if the 
company have to deliver a product on short notice (Fixson, 2005). This facilitates 
the strategically planning within the production if the product architecture is well 
developed. But the main reasons for long delivery times is because of high work in 
progress, large amount of non-value-added time and slow internal response (Wheel 
Wright, 1984).  

When it comes to flexibility there are areas that Brenderup can improve on. Today 
the product range is decreasing because Brenderup wants to remove products that 
do not provide any unique features to the product range. The workers have the 
ability to move from one station to another if needed and the production planning 
department plans to have the right amount of workforce allocated. Flexibility can 
be measured in time or cost, to see how much time it takes to change operation, 
unfortunately Brenderup does not calculate this in their measurements 
(Papadopoulos, et al., 2015). In order to increase the flexibility in the product 
Brenderup can use the designs from the existing ones and make future changes to 
meet the new requirements. These requirements are mostly acquired from the 
customers, to make the product development process shorter it is important to 
work with existing product designs. Additionally this decreases the cost to redesign 
a new product, which makes the product flexibility higher. In order for Brenderup 
to see how the product range affects the flexibility, the company can analyze volume 
flexibility. This can be done by analyzing 2 different products to investigate how 
well both products work during the operations. Commonly what is analyzed is how 
much volume are done and what errors occur compared to the two products (Slack 
& Lewis , 2008).
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5 Discussion and conclusions 

This chapter intentionally includes how proper the method is connected with the 
research question as well the purpose. Furthermore what difficulties that arose when 
conducting a case study at the company.  

5.1 Discussion of method 

An abductive research approach was adopted. Gathering information continuously 
throughout the process can be a strength and a weakness. The purpose was to 
investigate the critical point of a semi-finished product when to transport it from 
one location to another, with this information the study was performed in a case 
study on a local industry. During the study at the local industry theory was added 
throughout the process. Adding theory with the practice can be complicated 
through the process. Reason being is that in the practice new problems arise and to 
relate all these with theory can be complicated. When a new problem appears in 
practice new theory might have to be added and the old one might be unnecessary 
to have. This could be that some practical problems do not connect that well with 
the theory which means it have to be excluded from the report. Thus, it is important 
to highlight the most important theory and this is hard to know at the start of an 
abductive research (Yin, 2008). Also by going back and adding theory can be 
confusing, working direct from theory to results are more direct and the plan of 
working is more clear. If the theory was gathered from the beginning it is obvious 
which facts are needed. 

Research questions and purpose could then be fully answered by the empirical data 
in combination with theory that was gathered. But then again the empirical data that 
was gathered was for the most part qualitative data and can differ significantly 
depending on the state of a certain company. But with this case study it can be used 
how to make a proper research for this type of setting. Which means this type of 
research might work better for SMEs.  

The information that was gathered were clear, the company could assist it through 
interviews, documents and communication through emails (Yin, 2008). What 
worked less well in the communication and information was that the research of 
this thesis focuses on one semi-finished product and some questions that were 
asked included information that was generally for the company. It is also hard to 
gather wide facts of only one product when they are creating many various kinds.  

5.2 Discussion of findings 

5.2.1 RQ1. What parameters determines or decides the critical point of 
the product? 

In regard to the theory that states how a company should handle multiple plants, 
one of the main concerns is defining a plant’s role. The aspect that is most relevant 
to mention in this thesis is the positioning in the process stage (Christodoulou, et 
al., 2007). It is stated that differentiated plants supports the global market better 
than identical plants. In this case it means deciding what each plant should produce, 
it can be finalizing a product or producing semi-finished products.  
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What the company is mainly looking for is how the production work should be 
distributed between the sites, in other words finding the critical point of the 
product’s production process. The company has determined the critical point by 
mainly looking at the parameter of transportation by having the products take up 
as low space volume as possible. Even if this seems like a decent solution it does 
not give the whole picture and all parameters are not considered. Deciding the 
critical factor from just one perspective means that the focus is too much on 
reducing costs (Tsai & Hung, 2009). Instead it is important to understand that there 
are more perspectives to the matter. One of those includes product architecture, 
which controls how the product is manufactured. During the development of the 
product before the product release a product’s architecture is determined. While it 
may be common to mostly focus on the product itself, it is not the best way to go 
about things. The architecture dictates how the production should adapt, so having 
architecture with a reduced number of unique components can in many cases 
facilitate production (Griffin, 1997).  

It is important to have a well thought out purpose when developing the product, if 
the architecture is determined in a way that facilitates production it also determines 
how the critical point is decided. Having many components complicates the overall 
production, which often means that a specialized work force is needed. Looking 
back at previous decisions with using efficient transportation it was evident that 
there is more to the problem than transportation alone. The main goal was to reduce 
cost, and at this point it is evident that cost can be reduced by many other means 
(Tsai & Hung, 2009). If the product architecture is good the production becomes 
more dependable, this means it is easier to plan for work force and material supply. 
Material supply has been an issue in the past, and has slowed down production at 
multiple occasions. 

By aligning product and production planning it is possible to decide the role of each 
of the plants. Knowing what is needed for each plant helps with determining where 
to do what. This means that closer collaboration can be viewed as an important 
parameter. 

5.2.2 RQ2. How can decision be made based on these parameters? 

The parameters are a guiding tool for the company to understand that these areas 
is important for Brenderup to be aware of before deciding where the critical point 
is. Through connecting the different parameters and the performance objectives, 
the issue at hand is displayed larger than just a cost issue. Cost is of course a deciding 
factor for the company, but performance objectives such as speed, flexibility, quality 
and dependability also needs to be considerated when making the decision (Tsai & 
Hung, 2009). The cost issue is an easy way to see if the product/project is beneficial 
for the company, but to raise the cost issue without including every part of the 
production is an error. By connecting the performance objectives from the Swedish 
production with the actual product, in the long run it eventually leads to a 
sustainable system (Hilletoft & Eriksson, 2010). 
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The communication and the hierarchal organization of Poland is limiting the 
potential in Sweden to create a sustainable system from the start in Poland to the 
finish product in Sweden. The Swedish organization is rather flat when it comes to 
communication while in Poland it is hard to reach a superior in the higher level of 
the hierarchy. To connect a flat system and a hierarchy system is an issue to decide 
where the critical point is. Changes and modifications in the product can’t be done 
or takes time to do if the designed have been sent to Poland. The best solution is 
to send a design of a product that is clear and done without any errors (Petersen, et 
al., 2005). This might be a hard thing to do, but is the only solution for this problem. 
Additionally, investigate the production of Poland to see exactly what the 
production is capable of before sending a product design. 

The incomplete time studies are probably the main error of the company. 
Incomplete times make it harder for the company to evaluate how long time it takes 
to create a product. These times can be the difference from creating a profitable 
product and a non-profitable one (Osterman, 1994). Furthermore to create right 
times the material handling simplifies the production. The planning had a hard time 
to assist right material handling in the production and the incorrect measured times 
can be a reason why. A implication is to implement a time study system such as 
AviX to have well balanced productivity through the production process. When 
these have been solved the deciding factor of the critical point is simplified and a 
more accurate critical point is in the making. 
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5.3 Implications 

The issue regarding the critical point Brenderup is dealing with is not very well 
described in the current literature. What the current literature is focused on is how 
a company should work when choosing new production locations. Everything is 
viewed quite general, where the parent company is in focus (Christodoulou, et al., 
2007). There are numerous explanations on what must be considered when having 
multiple production sites, such as distributing plant roles. While Brenderup’s 
concern is partly explained by the existing theory the depth of which is needed to 
fully understand the problem is lacking. In order to understand this, the problem 
must be viewed from the individual plant’s perspectives. Even if the locations 
choices and plant roles are correctly chosen and distributed there may still be issues 
between the individual plants if they are not integrated properly. The main problem 
targets the critical point in a product’s production process, and the important thing 
to understand is that the NPD process is the first step. Also in the past Brenderup 
has made the decision regarding the critical point during the product development 
process. What Brendrup need is to have more cross functional teams working, since 
the early product development process is what determines the production (Sharifi, 
et al., 2006). An example is the product architecture which is the backbone of the 
product, and by using the expertise of both product developers and production 
developers it is possible to choose an architecture that best suits the company’s 
intentions. The product goes through a production process then it is important to 
know the people who manages the production system have a significant role when 
deciding the critical point of the product. Furthermore these parameters are valued 
by different performance objectives in order to make the right decision when 
making the critical point. Areas such as flexibility and cost are the main focus to 
solve this issue, a flexible performance might decrease the costs in operation and 
the overall cost for the product. Basically this thesis is the initial step into what is 
important for a company with multiple plants in locations separated by a larger 
distance, while having production shared between the plants. The insight is on a 
plant level where the integration between different departments is explained and 
emphasis is put on how they should integrate to facilitate the decision regarding the 
critical point. 

 

5.4 Conclusions 

It is evident that producing at multiple locations can be a challenge, especially in 
this case where the production is shared between the plants. Also when having 
multiple plants the company should focus on what role each plant should have. The 
purpose in this thesis is to enhance the knowledge of how a company determines 
the critical point of a product’s production process when operating in an 
environment consisting of multiple production locations. This has been achieved 
by identifying what parameters are important when determining the critical point as 
well as how the company should make decisions regarding them. 
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First of all it is important to focus on the product itself, the product architecture 
defines how the product looks like and thus determines how it should be produced. 
This means deciding early on exactly how the product architecture should be and 
plan the production accordingly. When it comes to production the focus should not 
only be on cost in the production, but all performance objectives should be 
consisted such as speed, dependability, quality and flexibility. Internally in the 
production process correspondingly externally. Create a sustainable system that is 
well connected to the Poland culture and the Swedish one, to make the product 
work thoroughly through the production process.  

It is necessary to calculate all measurements in the production process, in order to 
have the right time and productivity. This makes it easier for the planning 
department and the right cost is calculated in the production process. Lastly, include 
the production department in the decision of the critical point, due to the fact it is 
an essential part of the process. 
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7 Appendices 

Appendix 1  

Brenderup’s development process 
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Appendix 2 

Variations of transportation and packaging of trailers 
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Appendix 3 

BOM-lists 

Polish site 
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Other sites (this one is from Denmark, similar to the one in Sweden) 
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Appendix 4 

Questions for the interviews 
 

 


