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Abstract 

With the rising globalization, customer requirements are increasing and impacting 

production companies. To satisfy customers, companies need to produce different 

product variants, which in turn increases complexity and costs. To balance variant 

development and costs, companies must make difficult trade-off decisions. To 

investigate this in a context of a customer order-driven market, and contribute with both 

practical and theoretical knowledge, the following purpose was shaped: 

 

Investigate the managing of product variants and explore the most important trade-off 

factors in a production company within a customer order-driven market. 

 

To achieve and fulfill the purpose of the thesis, the following research questions were 

formulated: 

 

What trade-off factors are most important when handling product variants in a 

customer order-driven market? 

 

How can these trade-off factors be managed? 

 

To be able to answer the research questions, a case study consisting of interviews and 

document reviews was performed within the ventilation industry. Together with the 

collected theoretical data from existing literature, the empirical data was analyzed. A 

discussion of the findings from the analysis made it possible to answer the research 

questions and make conclusions. 

 

This study identified that cost, complexity, flexibility, product variants, and customer 

satisfaction are the most important trade-off factors in a customer order-driven market. 

This thesis shows and emphasizes the increasing complexity that comes with increasing 

product variety. With increased complexity, costs are created which in some cases are 

hidden and difficult to visualize. This study tried to find a way to reduce the number of 

product variants, and at the same time satisfy the important trade-off factors that were 

identified for the case. This resulted in an approach where several steps with changes 

and solutions were made to be able to influence all factors in a positive direction for the 

case. 
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1 Introduction 
This chapter provides the background and problem description of the study and 

presents the purpose and research questions of the thesis. Furthermore, the delimitation 

of the study is presented, and the chapter finishes with an outline of the report. 

1.1 Theoretical background 

With the rising globalization in the world, the number of variants of products grows 

with the increasing demands and customer requirements. More variants of products 

need to be produced, and with this development, company costs increase, while 

manufacturing systems and supply chains become more complex (ElMaraghy et al., 

2012; Myrodia et al., 2021; Oh et al., 2022). This change results in that today´s 

industrial market faces major challenges regarding architecture and the construction of 

products. ElMaraghy et al. (2012) mean that increasing complexity is one of the biggest 

manufacturing challenges today. Increasing complexity affects companies not only in 

the production and manufacturing but the whole product development phase. To 

manage these complexities and challenges, product realization works as an integrating 

role that spans over product development and production (Bellgran & Säfsten, 2009).  

 

Companies want a profitable business with a high level of efficiency, and at the same 

time it is required that customers are satisfied and that their requirements are met 

(Zhang & Tseng, 2009). Each customer is different, and growing demands for more 

customized products mean that companies need to manufacture different variants of a 

product to meet these different demands (Hackl et al., 2020; Jiao et al., 2007). One way 

to handle the effects of growing customer demands and the need to produce more 

product variants can be to work with the product architecture. Johannesson et al. (2013) 

states that product architecture refers to how different functional parts of a product are 

arranged to each other. Product architecture can help to ease the manufacturing for more 

variants of a product by, for example, applying a modular product architecture 

(Johannesson et al., 2013). 

 

Even though full flexibility and customization can be sought in products and production 

to fulfill all customer demands, there must be a priority set on what the most important 

factors in the company are (Garvin, 1993). A total customization of products could 

create opportunities to get many customers, but at the same time, it must be set against 

the factor of earning money. This type of strategical decisions also affects other factors 

in a company, leading to a situation where making trade-off decisions is necessary. 

(Garvin, 1993; Sarmiento et al., 2016).  

 

As the environment and climate change arise, one affected aspect is the quality of the 

air. It is important to have clean air that does not carry airborne diseases to keep people 

healthy. People spend a lot of their time indoors, for example in Sweden approximately 

90% of the time is spent indoors, for instance, at home, in school or at work (Boverket, 

2022). Thus, good ventilation is crucial for a pleasant and healthy indoor climate, 

human wellbeing and relates to the aspect of social sustainability (Johannesson et al., 

2013). This makes the ventilation industry an interesting and important area to study 

and develop. 
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1.2 Practical background 

There are different types of ventilation systems, and when taking the energy crisis and 

climate change into consideration, it is important to use as few resources as possible in 

both the operation of the ventilation and production. This means that energy and heat 

recovery solutions receive more attention and become more interesting as a solution for 

ventilation systems. The consequences of the COVID-19 pandemic have had a major 

impact on the individual human and society. The focus on hygiene and the spread of 

infections has increased. With these factors in mind, Run-Around Coil (RAC) systems 

are becoming more attractive as a choice of ventilation application (FläktGroup, 2023). 

With the usage of separate air streams, a RAC system reduces energy consumption 

through heat recovery and is ensuring that no contaminated air or viruses are spread. 

 

Customers in this type of industry have unique needs for the specific area of application. 

This results in that manufacturing of ventilation systems requires different product 

variants to meet these unique needs. Thus, the ventilation industry is visibly customer 

order-driven. Ventilation applications have many different components that all affect 

the product's functionalities, and this variable together with the unique customer needs, 

contributes to the need for a large variety flora. The high variety of components, 

functions, and products results in a high complexity (Efthymiou et al., 2012; ElMaraghy 

et al., 2012; Oh et al., 2022). This raises a problem for industries that manufacture 

complex products, where it is hard to reduce components and product variants while 

still meeting customer needs (Closs et al., 2010).  

 

The characteristics of ventilation products can to some extent be compared to products 

of other industries for example the car industry. This in the regards of different 

components and functions that can be changed, ultimately leading to a high number of 

variants. This means that the study should also be useful for similar markets within 

similar situations. However, the interesting development of the ventilation industry and 

that it can be argued to be a particularly affected case, makes it an important and 

interesting case to study. 

1.3 Problem description 

As the theoretical background states, customer demands are globally increasing, 

leading to that production and requirements of manufacturing companies becomes 

affected. The ventilation industry is an example of a customer order-driven market, and 

with these increasing demands it creates a need and incentive to have a high degree of 

modularity and flexibility in order to be competitive, efficient and productive (Piran et 

al., 2016).  

 

As a result of increasing customer requirements, companies have developed modular 

platforms to meet the demands of the market while making the manufacturing process 

easier and more flexible, and still reduce production cost (Dahmus et al., 2001; Hackl 

et al., 2020). By modularizing, products are divided into different modules that function 

as a unit of a product. In other words, it means that several components found in a 

product are grouped and form a module. The technique makes it possible to deliver a 

large variety of different products while using as few article numbers as possible 

(Hölttä-Otto & de Weck, 2007). This enables easier production, more product variants, 

and configurations, while the handling system for the components becomes simpler at 

the same time (Srikanth & Puranam, 2011).  
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Dahmus et al. (2001) argues that modular product architecture should make it easy and 

cheap with product variety. However, Oh et al. (2022) means that there is a knowledge 

gap regarding designing for variety compared to managing existing variety. Thus, a 

problem is that the focus in designing products for variety tends to create an 

unnecessary number of variants. Amongst other negative effects, this creates an 

unmotivated cost in the overview and maintenance of unnecessary product variants. As 

stated in the practical background the ventilation industry is operating in a customer 

driven-market, where many product variants are created. This makes companies in the 

industry exposed for creating many unnecessary variants with negative effects as 

described above. To handle the balance between creating variants to satisfy customers 

and the possible negative effects it could entail, will require thorough decisions. To 

remain competitive when making these types of decisions, trade-offs need to be made 

(Boyer & Lewis, 2002). However, with the need for good ventilation applications for 

human well-being as described in the practical background, competitive decisions that 

affect product performance negatively can be devastating. Here a knowledge gap is 

found regarding being a competitive company in the ventilation industry and continuing 

to produce products that keep people well and healthy. 

 

Oh et al. (2022) has recently introduced a new concept called Variation architecture 

(VA), that aims to manage and reduce unnecessary variants induced from external and 

internal causes in a systematic way. Furthermore, Oh et al. (2022) specifically explain 

that evaluation criteria to address trade-off factors, such as manufacturing cost and 

product performance, are important factors for future studies. The knowledge gap in 

variant handling with the addition of trade-off factors creates an interesting opportunity 

for a thesis work.  

1.4 Purpose and research questions 

Based on the background and problem description, the following purpose was formed 

for this thesis: 

 

Investigate the managing of product variants and explore the most important trade-

off factors in a production company within a customer order-driven market. 

 

To achieve and fulfill the purpose of the thesis, the following research questions were 

formulated: 

 

• What trade-off factors are most important when handling product variants 

in a customer order-driven market? 

• How can these trade-off factors be managed? 

1.5 Delimitations 

In order to make the study more manageable and not overly extensive some 

delimitations have been set. To start, the project will only study and manage the pump 

unit in a RAC system when looking from a practical approach. This means that the air 

handling unit that is connected to this pump unit will not be included in the study. 

However, general knowledge is sought, so that it could be applied to other high variant 

products. The study will focus on a single product of a company within the ventilation 
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industry, but the goal is that the knowledge found also will be applicable to other type 

of products in other industries. 

 

Secondly, the study will specifically look at the concept of VA in relation to trade-off 

factors. Thus, it will look on how variants can be reduced and managed, while 

considering trade-off factors. With that in mind, it is not feasible to address and treat all 

trade-off factors in the market. Hence, a delimitation will be to only look at a Business-

to-business (B2B) company in the ventilation industry. 

1.6 Outline 

Chapter one introduces the topic and problem of the report. The thesis background, 

problem description, purpose and research questions, and delimitations are presented. 

 

The second chapter presents the frame of reference of the thesis. Relevant theories and 

topics for the study are presented under different subheadings. The collected data will 

be used as a theoretical foundation to help answer the research questions.  

 

Following the frame of reference is the methodology chapter. Here the design of the 

study is the described, in other words, what method that will be used to perform the 

study. Methods for gathering and analyzing data that will help to perform the study is 

presented as well.  

 

The fourth chapter present results and empirical findings of the study. This includes 

information gathered from document review/search, interviews etcetera. 

 

Chapter five presents the analysis of the study´s theoretical and empirical data. The 

analysis includes analysis of the findings of the interviews. Followed by an analysis of 

the document study of the study. This also includes the application of VA. 

 

The following chapter, chapter six, discusses the analysis, where the research questions 

are answered, and the purpose fulfilled. 

The last and final chapter contains conclusions that have been drawn, where also 

implications and future research are presented. 
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2 Frame of Reference 
In this chapter, the frame of reference is presented. Theories relevant for the project is 

presented. 

2.1 Connection between selected theories 

The theories that were selected for this thesis are the following: Product architecture, 

Product family architecture, Modularization, Product variety, Standardization and 

Trade-offs. The theories were selected in order to provide a theoretical foundation to 

the area covered by the thesis and to be able to achieve the purpose. All theories are 

interdependent and interconnected with each other.  

 

In summary, it is product architecture that is the broadest concept and that forms the 

basis for the selected terms. The term means overall how a product is structured and 

organized (Erens & Verhulst, 1997). Product family architecture expands on this by 

taking into account the similarities and contrast between related items within a product 

family (Du et al., 2001). Furthermore, a design strategy known as modularization 

includes disassembling a product into independent, interchangeable modules that may 

be assembled in a variety of ways to produce various product configurations (Piran et 

al., 2016). This approach could enable a greater product variety which means a greater 

range of different products that can be offered to the market. 

 

In order to make different variants and achieve product variety without using a huge 

number of components or modules, standardization can be used. It can reduce 

complexity by having different standards, design rules and reuse of components in 

different product variants (Martin & Ishii, 2002). Finally, there are trade-offs that occur 

between different factors and decisions. For example, it can be about how many variants 

are needed. Many variants can give rise to complexity and higher cost but at the same 

time increase sales. A lower number and a more standardized approach can reduce 

costs, but then possibly not meet all customer requirements. Below, in Figure 1, the 

connection between the theories is shown. 

Figure 1 - Visualization of theories and how they are connected. 

Visualization of theories and how they are connected. 



Frame of Reference 

 6 

2.2 Product architecture  

Products architecture refers to the scheme through which the function of a product is 

assigned to physical components (Johannesson et al., 2013). Ulrich (1995) provides a 

more detailed definition of product architecture as follow: (1) the organization of 

functional elements, (2) the mapping from functional elements to physical components, 

and (3) the specification of the interfaces among interfacing physical components. 

These three points make the basis of what the product looks like, how it works, what 

features it has and how it interacts with other parts of a system. Therefore, the creation 

and development of the product´s architecture is crucial to achieve a high product 

quality and performance to meet customer demands. A well-designed product 

architecture has also a direct link to an organization´s competitiveness and profitability 

(Martin & Ishii, 2002). 

 

Ulrich (1995) divides the product architecture typology into two categories, modular 

and integral architecture. An integral architecture is when the mapping from functional 

elements to physical components or/and interfaces between components are complex 

(non one-to-one). Modular architecture, on the other hand, is when in the functional 

structure including a one-to-one mapping between functional elements and the 

product’s physical components (Jiao et al., 2007; Ulrich, 1995). It is important to clarify 

that the physical components are a physical part or can be a sub-assembly.  

 

Ulrich (1995) adds that modular architectures not only involve one-to-one mappings 

but also incorporate de-coupled component interfaces. Components are considered 

coupled if modifying one component necessitates altering the other component to 

ensure the overall product functions correctly. Two physical components connected 

though an interface are typically coupled to some extent, meaning that implying 

changes to one component often requires changes to the other components as well 

(Ulrich, 1995). 

 

When aiming for performance with few components, the integral architecture is 

commonly used. But because there are more links between components and functions, 

it is more complicated. When a company needs a variety of simple well-defined 

components/products and the flexibility to quickly replace a component within the 

product, a modular design is used (Jiao et al., 2007; Ulrich, 1995). The different types 

of architecture categories are shown in the figure below, Figure 2. There it is shown 

how the interface between components and the functional element is structured.  
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Figure 2 - Visualization of modular and integral architecture.  

Visualization of modular and integral architecture.  

 

 
Comment. The modular architecture is a one-to-one mapping between functional 

elements and the components. While the bottom architecture, the integral architecture, 

is non one-to-one mapping. Figure based on article by Ulrich (1995). 

 
To capture and meet customer demands, companies develop their products. In order to 

meet a large number of customers, companies begin to develop different variants of 

products, to provide a wide range of products (Erens & Verhulst, 1997). To avoid too 

much complexity and high costs, companies develop product family architectures. The 

term expands on product architecture by taking into account the design and interfaces 

between the product’s structure and components (Du et al., 2001). To understand what 

product family architecture is, the first step is to understand what the concept product 

family is. A product family is a group of related products that share a common platform 

but have unique features or functionalities to satisfy certain client needs (Jiao et al., 

2007; Martin & Ishii, 2002). Thus, a product family architecture is a concept that means 

that various products share a common elemental arrangement, a common mapping 

between function and structure, and a common set of components interactions (Du et 

al., 2001; Martin & Ishii, 2002). Fujita and Yoshida (2004) explains that what differs 

from the architecture of a product family and from that of a single product is the 

simultaneous management of several products.  

 

By applying family architecture and having a similar architecture between products, 

organizations and companies can create many advantages and in result get a better 

economical business. Du et al. (2001) says that the development in product families has 

distinguished itself among companies by effectively achieving product variants in 

various market niches. An additional concept that is crucial to understand and that is 

highly related to both product family and product variants is modularization. To achieve 

an efficient product family, a modular mindset and approach is needed (Erens & 

Verhulst, 1997). 
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2.3 Modularization  

A modular approach allows for dividing complicated products and systems down into 

simpler subsystems, without affecting the integrity of the larger system, and allows for 

effective development and management of products and systems (Baldwin & Clark, 

2000; Nepal et al., 2008). This concept creates an opportunity for manufacturing 

companies to offer a large variety of products with great flexibility and customization, 

while reducing both cost and manufacturing time (Hölttä-Otto & de Weck, 2007; Miller 

& Elgard, 1998). While the concept of modularity often is connected to production of 

physical products like cars, trucks, or aircrafts, it is applicable and used across different 

tasks in services, software, strategic planning, and management (Mortensen et al., 

2019). Mortensen et al. (2019), means that the application areas of modularization is 

steadily growing, which also creates an uncertainty of possible benefits and outcomes. 

 

Hansen and Sun (2011) mean that companies have different reasons to why they adapt 

a modular approach, and many companies does not realize the full potential benefits 

that can emerge. In a study that Hansen and Sun (2011) performed to explore 

companies’ modularization, the overall perception was that the benefits of an 

implemented modularization were different than expected. The time until benefits are 

visible is hard to predict and is often taking longer time than expected (Hansen & Sun, 

2011). 

2.4 Product variety  

Ulrich (1995) describe product variety as the diversity of goods that a production 

system offers to the market. Ulrich (1995) continues to explain that variety of products 

has become a crucial component of manufacturing competitiveness and that the demand 

has over the last decade increased substantially and will continue to do that. This can 

be seen as a consequence of the continuous global increase in population and that people 

have different requirements/needs when it comes to products.  

 

To give an example, one can look at the automotive industry. There are many different 

variants of a product within the same product family. Customers can choose different 

options regarding, for example, engine selection, body kits, tires, and the color of the 

interior etcetera. Sometimes there is also the opportunity to make special orders, as the 

customer gets the opportunity to design something unique and that only will be used 

for them. There are opportunities to create different variants, but the challenge/problem 

that exist is to do it in an economical and manageable way (Du et al., 2001). Moreover, 

the supply chain and production are also negatively impacted as these become more 

complex (Myrodia et al., 2021; Oh et al., 2022).  

 

To create products in different variants, it is required that the product has a well-built 

architecture that enables it. Different concepts and methodologies have been developed 

over the years to be able to manage and create product variety in the production 

industry. Oh et al. (2022),  Landahl and Johannesson (2018) have presented various 

concepts that exist within the area “product variety”, and they have then studied these 

and compared them. Different concepts deal with different areas, such as market, 

product design and production. Oh et al. (2022) summarizes their different selected 

concept and it is shown, below in Figure 3, what the different methodologies focuses 

on. 
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Figure 3 - Nine compared variety concepts/methodologies. 

Nine compared variety concepts/methodologies. 

 

 
Comment: Summarized table based on information from Oh et al. (2022) 

 

Oh et al. (2022) states that numerous methodologies, including platform design, product 

family design, and modular design, have been suggested for variety design. While some 

studies have addressed the management of a high number of variants, little attention 

have been given to systematically decrease the number of variants that have already 

increased form the perspective of variety management. 

2.5 Component standardization 

Component standardization is a term that is closely linked to product variety and 

modularization. The term means that one use the same component in several products, 

and it is expected that the component will not change in future generations (Martin & 

Ishii, 2002; Ulrich, 1995). Because a modular architecture has a one-to-one mapping, 

in other words, that each component only has one function, Ulrich (1995) therefore 

argues that a component will be commonly useful and practical in other product 

applications. This makes it possible for parts in a product to be more easily replaced, 

but also that several variants can be created due to standard interfaces. Hence, the same 

component can be used in a variety of settings (Jiao et al., 2007). In addition, standard 

components are also usually cheaper than specially made components that are designed 

and used in only one product, this because they are usually made in large volumes. 

Standardization can also lead to economic savings in purchasing, inventory 

management, quality control, less supply chain complexity and field service (Kauffman 

& Tsai, 2010; Ulrich, 1995).  

 

However, there are also implications and problems with standardization. This can be 

due to incompatibility, the standard component does not meet requirements, supply 

chain complexity, or that it prevents companies to develop or adopting a better 

component development due to limitations in the interface (Ulrich, 1995). The use of 

standardization therefore largely depends on the type of company, the product type, and 

the market.  

2.6 Trade-offs 

Companies have to make competitive priorities in which areas that are the most 

important for investments in resources and time. Even though there is a desire to 

prioritize and focus on several things, in order to be competitive, one is forced to make 

trade-offs (Boyer & Lewis, 2002). For instance, because of resource limitations, 

MFD DFV PD MPF PA PFA BOMO PKT PRA VA

Covered Domain Market ● ● ● ● ●

Design ● ● ● ● ● ● ● ● ● ●

Prodcution ● ● ●

Application scope Variety design ● ● ● ● ● ● ●

Variety management ● ●

Consideration Cross-domain ● ● ● ● ● ● ● ●

Complex relationship ●

Variant-level ● ● ● ●

MFD modular function deployment

DFV design for variety

PD platform-based product family design

MPF modular platform development framework

PA product architecture

PFA product family architecture

BOMO Generic bill-of-materials-and-operations

PKT integrated PKT-approach

PRA program architecture 

VA variation architecture
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companies cannot do everything they want at the same time (Nand et al., 2023). There 

are many situations and areas where trade-offs are made, and the magnitude of these 

can also differ. It can be a decision of manufacturing inhouse or to outsource the 

production of a product or line of products, or to make a trade-off between quality and 

cost (Nand et al., 2023). The choice between standardization and specialization of 

components, as previously described, is a consideration that depends on various factor 

and is also an example of trade-off factors. 

 

According to Boyer and Lewis (2002), it is crucial for manufacturing companies to 

make careful trade-off decisions when developing a successful operation strategy. The 

authors mean that the importance is not necessarily what priority that is underlined, but 

that there is a consistency in the decisions that creates a pattern in the priority. They 

continue to explain that a company’s competitive priorities are mostly seen as cost, 

quality, flexibility and delivery, and that the manufacturing capabilities is a balance 

between these. This means that these are connected and affected by each other. Skinner 

(1969) argues that different production systems perform and prioritize differently 

between the four different terms. Some are good at having high flexibility, some at low 

costs, some at good quality and others at delivering fast (Skinner, 1969). Skinner (1969) 

means that manufacturing companies cannot perform well on all these aspects, hence it 

is necessary to make choices with expense of other aspects in order to perform well 

overall. In other words., make trade-offs to match the type of production and 

organization in question, to be competitive (Boyer & Lewis, 2002; Nand et al., 2023; 

Skinner, 1969). 

 

Recent research by Olsen and Tomlin (2020) have found that cost, quality, flexibility 

and delivery still are relevant trade-off factors, but could with the new technology 

included in Industry 4.0, either in isolation or in combination, improve one or more of 

the four factors and how they are prioritized. In addition, the levels between these can 

become more even and that they do not affect each other as much, meaning companies 

do not have to have the same high level of priorities that Skinner (1969) previously 

claimed. Nand et al. (2023) explains that lately there has been interest in a sustainable 

approach due to the increasing importance of the environment and sustainability. They 

continue to explain how this created challenges for production companies to adapt, and 

to change their conventional operations to more sustainable ones. This concerns choices 

regarding suppliers, transport, and manufacturing methods which in turn affect costs 

and quality etcetera.  

2.7 Variation architecture 

Oh et al. (2022) explains the definition of the term Variation Architecture (VA) as the 

reference architecture for a product family. It outlines how different variants of product 

elements can be organized and planned across different domains such as marketing, 

design, and production, using a cross-domain mapping mechanism. VA is comprised 

of two types of plans, generic-level and variant-level plans. Each plane includes a set 

of compositions aimed at transforming a product variety plan into specific plans, where 

all products are delimited by variants of elements within each domain (Oh et al., 2022). 

The relationship between elements in the three domains is constructed by the generic-

level plan and is shared by all product variants in a family. The arrangement established 

at this level serves as the fundamental constraints for variant management (Oh et al., 

2022). The relation in the market and production domains can generate variants of 
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design elements. Conversely, a variant-level plan specifies particular associations 

between the variants of the elements. 

 

2.7.1 Generic-level planning 
As mentioned before, VA consist of marketing, design, and productions domains. The 

design domain is where all variants of design elements are developed, and the marketing 

and production domain comprises external and internal causes of variants that exist (Oh 

et al., 2022). Each domain has different perspectives regarding products, and it is 

therefore important to take each domain into account and define a unit for each domain. 

First, Oh et al. (2022) explain that in the market domain, the elements can be seen as 

sets of attributes (A) and that it refers to a characteristic of product that enables 

customers to differentiate among various products. The set of attributes can either be 

customer-desired or market-dependent classified. 

 

In the design domain, a combination of modules (M) makes it possible for a product to 

be configured (Muffatto & Roveda, 2002; Oh et al., 2022; Ulrich, 1995). The 

determination of an appropriate unit for a module should depend on the capability of 

the facilities and the level of differentiation. In companies with only a few 

differentiation criteria, it may be better to establish a relatively larger module unit, given 

that products may be differentiated with relative ease through a few adjustments in 

modules (Oh et al., 2022). They explain that if the company instead has products that 

are differentiated in detail, it is better that the base units in the design domain consists 

of smaller modules due to the possibility of easier modification of smaller modules. 

 

Lastly, Oh et al. (2022) explains that through various facilities in a supply chain, 

products are created and processed. Hence, the base unit of the production domain is 

defined as a facility (R). To effectively handle product variety, it is preferable that fewer 

facilitates produce as many variants as possible. However, in real-world scenarios, 

supplier selection entails a range of factors, including geographical location, cost, 

capability, and risk, among others. Oh et al. (2022) therefore proposes that it is essential 

to thoroughly evaluate the potential impact of additional variants on product variety 

while considering multiple factors. 

 

To plan product variety, the VA establishes relationships between elements across 

domains, this relationship definition process consists of two steps: assigning attributes 

to modules and allocating modules to facilities (Oh et al., 2022). Oh et al. (2022) 

describes that the VA, initially defines relationships between attributes and modules, 

and that such a relationship exists when an attribute impacts the modification of a 

module. Hence, the aim of this relationship definitions is to determine whether two 

elements generate variations from each other and if a coordination process is necessary. 

The attributes, modules and the relationship between them is represented by matrices, 

whereas attributes [A] =  [A1, A2, A3, … ]𝑇, modules [M] = [M1, M2, M3, … ]𝑇 and the 

relationship is 𝐿𝐴→𝑀 = [𝐿𝐴→𝑀]𝑖𝑗.  

 

This relationship can either be one-to-one, which mean that each attribute is mapped to 

each module, in other words, the same type as shown in Figure 2 and that Ullrich (1995) 

described. Oh et al. (2022) explains the second type as an n-to-m relation, which can be 

referred to the same as what Ullrich (1995) is calling non one-to-one mapping, also 

shown in Figure 2. In that mapping, it implies that an attribute may be associated with 

one or multiple modules. The one-to-one relationship is beneficial in achieving product 
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diversity as it allows for the creation of product variants by combining fewer module 

variants with distinct attributes. However, the n-to-m relationship type demands a 

higher number of module variants to accommodate the varying levels of attributes (Oh 

et al., 2022). The number of module variants needed can be calculated. If it is a one-to-

one mapping, the amount will be 𝑛 ∗ 𝑙, where n is the attributes and l is the level of each 

attribute. Conversely, it will be 𝑚 ∗ 𝑙𝑛 for n-to-m relation, where m stands for number 

of modules (Oh et al., 2022).  

 

The second step is structured in the same way but instead looking at the connection 

between modules and facilities, where the facilities is represented by 

[R] = [R1, R2, R3, … ]𝑇 and the relation is the matrix 𝐿𝑀→𝑅 = [𝐿𝑀→𝑅]𝑗𝑘. Here Oh et al. 

(2022) says there are one-to-one, n-to-one, one-to-n and n-to-m mappings. In the first 

two mentioned relationships, the production facility has the capacity to produce as 

many variants as needed, which means that the number of module variants will not 

increase. However, in the last two relationships mentioned, the greater the number of 

facilities involved, the more the number of module variants that require management 

increases proportionally (Oh et al., 2022). The theoretically required module variants 

according to Oh et al. (2022) then becomes 𝑚 ∗ 𝑙𝑛 ∗ 𝑘, where k is the different facilities. 

 

2.7.2 Variant-level planning  
The relationship between variants of the elements is defined by a variant-level plan and 

its purpose is to reduce unnecessary variants with the help of so-called management 

rules (Oh et al., 2022). Configuration, commonality, allocation, and compatibility rules 

are four types that Oh et al. (2022) specifies. 

 

Configuration – The ability to change elements and different options for a product is 

referred to the term configuration, and it is usually connected to a module-based product 

family design (Jiao et al., 2007). It enables product variants because customer have 

options to combine different modules/submodules and construct a product that meets 

their demands. The combinability between attribute levels is set by a configurational 

rule and it is used to configure product alternatives in different markets (Oh et al., 2022). 

 

Commonality – In the area of product variants and product families, commonality is 

about common design elements within modules variants (Oh et al., 2022; Robertson & 

Ulrich, 1998; Ulrich, 1995). It involves different products sharing certain components 

to reduce the total number of parts within a specific product platform. This means that 

one can achieve several product variants that have different attribute levels with a 

smaller total number of components (Robertson & Ulrich, 1998). Oh et al. (2022) 

claims that for different attribute levels when a single module variant is planned, a 

commonality rule should be set. 

 

Allocation –  The determination of an allocation rule is contingent upon the formulation 

of an allocation plan that governs the assignment of module variants to facilities (Oh et 

al., 2022). They argue that this plan entails the partitioning of a given set of module 

variants into discrete groups, each of which is assigned to a distinct facility. The purpose 

of this rule is to remove differences in variants within facilities that produce the same 

module variant and thus decrease unnecessary module variants (Oh et al., 2022).  

 

Compatibility – The compatibility rules is connected with the facilities and depends on 

how well facilities with different conditions can produce the same module variant (Oh 
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et al., 2022). If there are conditions that limit a facility, the consequence may be that a 

product is manufactured differently. This can cause that the product does not have the 

same characteristics as sought. By applying a rule that regulates design parameters, 

such as shape and design, differences in products between facilities can be eliminated. 

2.7.3 VA framework 
Below in Figure 44, the VA framework is shown. It shows the steps within the 

framework of VA. The figure is a compilation and simplification of what was 

previously explained about generic-level planning and variant-level planning. It starts 

by looking at the generic-level plan and by firstly define attributes, followed by 

modules, and facilities. Then the next step is to establish the variant-level plan, by 

applying management rules.  

 

Figure 4 - VA framework 

VA framework. 

 
Comment. The framework is based on (Oh et al., 2022) 
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3 Methodology  
In this chapter, the methods and implementation of the thesis are explained.  

3.1 Research design  

In all different areas of engineering science, there is a need for suitable research designs 

in order to know how to approach and solve problems. This thesis is about product 

variety in manufacturing companies, and the purpose is to investigate the managing of 

product variants and explore the most important trade-off factors in a production 

company within a customer order driven market. Given this purpose and focus area, 

this results the study to mostly be exploratory and descriptive. 

 

Firstly, the foundation of the study is built up through literature. The literature explains 

existing concepts, terms and methods that will be addressed in the thesis. Then by doing 

a case study, data is collected by reviewing documents and conducting interviews at the 

case company. Furthermore, the application of VA is carried out, where the framework 

is used as an additional tool the analyze. Finally, a result will be presented, whereas 

based on the theory, the collected data, and the application of VA will suggest how to 

manage product variants and trade-off factors. Hence, the thesis has a deductive 

approach which means that the research begins with existing theory and literature, 

followed by an implementation where the theory is applied and then results are obtained 

and conclusions are drawn (Säfsten & Gustavsson, 2020). The research design is 

visualized in Figure 5 - Visualization of research design 

 

Figure 5 - Visualization of research design  

Visualization of research design  

 

3.2 Literature Review 

To get an overview of current state of knowledge a literature review was conducted. 

Literature review is done to know what knowledge that exists, in other words, what is 

known and unknown. It is a suitable method in order to know if new research will 

contribute to the development of knowledge within an area and not repeat previous 

studies (Säfsten & Gustavsson, 2020). First, a broad literature search was made in the 

field of modularization, product architecture and manufacturing companies. The aim 

was to obtain information and knowledge within the research front in the field, and to 

identify a knowledge gap. This in order to find an appropriate area to study and build a 

background from and then form the problem formulation of the thesis. Different 

keywords were used to accomplish the search procedure and to find relevant papers. 

The keywords used were modular, product architecture, variety, product development, 

and manufacture. The keywords were used with Boolean operations in the database 

Scopus. Scopus was chosen because it covers most major journals and offers research 

in the scientific and technical field. Figure 6, shows a compilation of the search 

procedure. 
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Figure 6 - Visualization of the initial search procedure. 

Visualization of the initial search procedure. 

 

 
 

The rationale of the search procedure was to initially find articles with the highest 

possible number of citations, as it can be an indication of papers with high quality and 

knowledge. It also suggests that it has endured the test of time. Hence, the papers were 

first sorted according to number of citations. Then the idea was to find literature with 

high relevance right now to find a problem and area to study, therefore the papers were 

sorted by date instead. The three selected papers that were used provided good 

information regarding modularization and product variants, and a knowledge gap was 

found as described in the Problem description. 

 

In order to get a depth on the thesis and be able create a frame of reference, more articles 

needed to be found. Snowballing or the reference search method was used in order to 

accomplish that. The snowballing approach is when one start from the initially selected 

articles to either scan articles from the basis of the reference list, of the selected articles 

(backward snowballing) or when identifying articles that cites the initially selected 

articles (forward snowballing) (Säfsten & Gustavsson, 2020). This method is 

appropriate when looking to find relevant facts in a field to which the previously 

selected articles relate, and to expand the knowledge within the area. 

3.3 Case study 

A case study is a thorough empirical investigation that examines a real-life phenomenon 

whether it is an event, process, person, or organization (Säfsten & Gustavsson, 2020; 

Yin, 2015). Säfsten and Gustavsson (2020) continue to explain that case studies can be 

single-case or multiple-case designs. If the case study focuses on a single unit, it is 

classified as a holistic case study. Conversely, if the case is embedded within a larger 

context, it is referred to as an embedded design case study. For this research a single-

case design was chosen because it is focusing on a case study regarding one 

system/product, in other words, one unit of analysis. One more reason for the selection 

of a single-case study was because this study intends to gain a deep understanding of 

the phenomenon under investigation, as the use of multiple cases may not facilitate the 

same level of depth in comprehension.  

 

  

Database Keywords Limitations Citations Results Sorted by Name of The Article Year Publication
Scopus Modular* AND 

"Product 

architecture" and 

Variety

None 711 116 Number of 

citations

Product family design and 

platform-based product 

development: A state-of-

the-art review

2007 Journal of 

Intelligent 

Manufacturing

Scopus modular* AND 

"Product 

development" and 

Manufacture

None 24 191 Number of 

citations

Impact of Modularity 

Decisions on a Firm's 

Economic Objectives

2020 American 

Society of 

Mechanical 

Engineers (ASME)

Scopus Modular* AND 

"Product 

architecture" and 

Variety

2020 or newer 0 21 Date 

(newest)

Variation architecture for 

reducing unnecessary 

variants in modular 

product family design by 

domain mapping and 

variant-level planning

2022 SAGE 

Publications Ltd
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Because the case study is an empirical method and investigates an in-depth realistic 

case, it will be a suitable choice of method to investigate what correlations there are 

between trade-off factors, product variants and how to manage these. According to 

Miles et al. (2019), to be able to understand the world it requires both qualitative and 

quantitative data. Thus, to understand the area and to achieve the purpose of this thesis 

both quantitative and qualitative data was collected. This by the commonly used data 

collection technique, interviews (Williamson, 2002), and by a complementary method, 

document study (Skärvad & Lundahl, 2016).  By also applying and testing VA on a real 

product, it enables analysis, discussion, and conclusions to be made and thus a deep 

understanding of the area is reached. According to Säfsten and Gustavsson (2020), the 

case study is a suitable method to apply when the field is under-researched, unknown, 

and the purpose is deep understanding. This shows and strengthens that the chosen 

research method is suitable and applicable to the area of this thesis. An overall 

visualization of the execution of the study is shown below, in Figure 7. 

Figure 7 - Visualization of the case study process. 

Visualization of the case study process.  
 

 
Comment. Based on Yin (2018) 

 

3.3.1 Case description  
EcoNet is the company FläktGroup’s solution for a RAC system. The company is a 

well-established company in the ventilation industry. With around 3500 employees and 

a revenue of 6.8 billion SEK, they are one of the world's largest suppliers of products 

and solutions regarding indoor climate (FläktGroup, 2023). The largest production 

facility in the company is located in Jönköping, where the core business is ventilation 

and air treatment, and the main products are air treatment for commercial buildings 

(FläktGroup, 2023). The solution EcoNet is manufactured uniquely for each customer 

but could also be reviewed from a modular aspect. It has different constituents, such as 

both standard components and different add-ons. The components are available in 

various sizes, and it means that huge amounts of different variants occur.  
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The purpose of this thesis was to investigate the managing of product variants and 

explore the most important trade-off factors in a production company within a customer 

order driven market. In order to achieve the purpose and gather relevant information 

regarding the topic, FläktGroup was chosen as a suitable case company. Since the 

company are operating within a customer order-driven market and catering to a diverse 

customer base with varied and specific demands. The company experiences a 

considerable number of requirements and subsequently generates numerous product 

variants. It also means that the company is exposed for making many different trade-

off decisions. Thus, conducting a single case study at FläktGroup, fits the scope of the 

thesis and creates a good opportunity for a study both in an empirical and theoretical 

way. A suitable unit of analysis for this case was therefore selected as the management 

of trade-off factors. The unit of analysis is what will be studied and what conclusion 

should be drawn about.  

3.3.2 Document studies 
A document study is a data collection technique that uses secondary data and 

information from existing documents (Säfsten & Gustavsson, 2020). In this thesis, the 

data was collected through various internal documents from FläktGroup. This 

document study was chosen and carried out in order to gather information regarding the 

product EcoNet, its components and configuration which is necessary to know before 

the application of VA. Because it provides sales statistics on configurations of 

previously manufactured/sold units, it should also give an indication on how different 

variants are currently managed.  

3.3.3 Interviews 
In order to add strength and improve the study, interviews were used as an additional 

technique for data collection. Another factor that determined that interviews were used 

as a technique for data collection is because it is one of the most important sources to 

gather information in case studies and that it especially good for situations when there 

is a need of explanations (Williamson, 2002; Yin, 2018). In this study the aim of the 

interviews was to gain both broad and deep information about topics and areas, rather 

than specific things within a subject. Thus, the interviews were conducted where only 

a few pre-determined and open questions were asked and then discussed freely, see 

Appendix A. This type of interview is referred to semi-structured interview by Säfsten 

and Gustavsson (2020). The interviews were about gathering information regarding the 

areas of managing product variants and trade-off factors. A total of five interviews 

were conducted, including people from the department of: Research and Development, 

Sales, and Production. The information from the interviews is intended to be used to 

discuss how a company, which has a high number of product variants, could manage 

variants in correlation with trade-off factors. It should also be used to be able to draw 

conclusions with the results of the document study. 

3.4 Data analysis  

The techniques used for data collection will provide both qualitative and quantitative 

data, which requires the use of different methods of analysis. When analyzing 

quantitative data, consisting of numbers and quantities, there is a need to use some sort 

of statistical analysis (Säfsten & Gustavsson, 2020). The idea of a statistical analysis is 

to find patterns in data sets. In this study, the goal of the collected information was to 

find relationships between different components and configuration. First, an overview 

of the data was made where different important variables are studied. These variables 
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could, for example, be the number of components in the studied product, configurations 

or the number of products sold. Later identified variables were then analyzed with aim 

to find different relationships and correlations, and to see patterns within the data. The 

program used for this was Excel and it was chosen to be used because there are 

functions that use formulas to enable sorting of a lot of data, which in this case is 

needed. Based on the sorting, charts, tables, and graphs can be made to visualize the 

data, increasing the chance that the data is understood. It will then work as a foundation 

to link to previously collected theory and draw conclusions that help to answer the 

research questions.  

 

To analyze the qualitative data, there is a need to focus on the content and meaning. 

Qualitative data can be very difficult to manage and can easily become very extensive, 

therefore it requires managing the data effectively. Miles et al. (2019) put forward a 

three-step model or approach of qualitative data analysis. The three steps presented is 

data reduction, also called data condensation, data display, and finally conclusion 

drawing and verification. The first step, data condensation, is the process of checking 

the transcription of the interviews and selecting, focusing, simplifying, abstracting, and 

transforming the text (Miles et al., 2019).  

 

The data condensation was done by both authors, where patterns were searched, and 

themes subsequently created. The following step is the data display. Miles et al. (2019) 

explains data display as a compressed and organized collection of information that 

enables conclusion drawing and action. This expands on the following steps, and it is 

about visualizing information found in a good way. Humans are not good at managing 

a large and complex collection of information, and therefore it is not optimal to show a 

too extensive and extended text (Miles et al., 2019). To prevent this in this study, a 

summary text was written during each theme followed by quotes that strengthen it. The 

last step, drawing and verifying conclusions, is about making last and final conclusions, 

but also to verify what was stated (Miles et al., 2019).  

 

The data was first collected and then based on the area of discussion during the 

interviews, text was selected and simplified (data condensation). This is shown in the 

chapter “interview findings” (data display). Thereafter, based on the condensed data, 

themes were created and analyzed (data condensation), which is shown in the chapter 

“analysis of the interviews” (data display). Based on this it was feasible to draw 

conclusion and verify with previously collected information from literature, and by the 

framework VA. This is an interactive process as Miles et al. (2019) claims, meaning 

that the researcher moves among these steps through the process, shown in Figure 8. 
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Figure 8 - Data analysis model. 

Data analysis model.  

 
 

Comment: Based on Miles et al. (2019) interactive model, for analysis of qualitative 

data.  

3.5 Research quality  

To ensure that research studies have a high quality, the study and its results must be 

valid and reliable (Säfsten & Gustavsson, 2020). Validity means that what is measured 

and observed corresponds to what was meant to be studied (internal validity) and in 

what context its results are valid (external validity) (Yin, 2018). Reliability in research 

refers to the degree to which the results of a study can be consistently replicated or 

reproduced and get the same results (Yin, 2018). However, when a study is dominated 

and includes a lot of qualitative data, Lincoln and Guba (1985) argue that the concept 

of trustworthiness is more appropriate to use as a quality criterion for a research. The 

concept can be further divided into four criterions: Credibility, transferability, 

dependability and Confirmability (Lincoln & Guba, 1985).  

 

Credibility means to what degree the research findings accurately represent the 

phenomena that was indented to be studied and it can be referred to internal validity. 

To ensure credibility in this thesis, triangulation, prolonged engagement, and member 

checks were used as tools. Triangulation is when several different sources, methods or 

theories are used. And in this study, it was recognized by using document review, 

interviews, and literature as methods for data collection. The prolonged engagement 

means that to understand a specific happening and accomplish certain goals it requires 

spending adequate time (Lincoln & Guba, 1985).  The research started 2023-01-16 and 

lasted until 2023-06-07, which shows that the study has achieved a prolonged 

engagement. Lastly, member checks refers to data being available for members to 

review (Lincoln & Guba, 1985). For this research it involves both authors and those 

involved in the interviews. Thus, all data have been checked by both authors and the 

answers, transcriptions and findings were available to the interviewees.  

 

Transferability refers to which degree the findings can be generalized and in which 

context the results are valid, which corresponds to external validity (Lincoln & Guba, 

1985; Yin, 2018). To achieve a high transferability the study and its design have been 
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described in detail. All delimitations have been explained and the structure of the thesis 

is formed from a specific case to generally discuss how the findings can be applied in 

other areas. The interview guide is also provided in the Appendix A. This is important 

within the scope of this thesis as the results may vary in different industries/areas with 

different settings applied. By doing this, it enables readers to remake the study or know 

if it can be applied to their specific area. 

 

Dependability means to what degree the research has findings that are stable and 

consistent over time and can relate to the reliability of the research (Säfsten & 

Gustavsson, 2020). This was fulfilled by explaining the steps done within the research 

and during the whole research period, all records and documents from the interviews 

were kept. This enables the authors to go back and check information during the study. 

 

Confirmability refers to the objectivity of the researcher and can be achieved by 

explaining the processes and the sources behind the conclusions made (Lincoln & 

Guba, 1985). In the thesis, the results linked to theory are analyzed to then be able to 

discuss coherent factors and draw conclusions. In addition to this, the interviews are 

structured in a way where no strict specific questions are asked, but open discussion is 

sought. Therefore, the impact/influence from the author is as little as possible. 

3.6 Ethics 

When performing a study, ethical aspects and standards are important to follow. 

Greaney et al. (2012) highlights the ethical aspect of respect for persons, which will be 

an important factor in this study, especially in the context of interviews. Participants in 

the study, in other words, interviewees are not to be exploited, and in beforehand it is 

important to ensure consent and confidentiality (Greaney et al., 2012). One way this is 

established is by keeping all participating people in interviews anonymous.  

 

The handling of collected data is also an important ethical aspect. This is perhaps 

emphasized even more since the data is collected from a single case company, meaning 

that all collected data from document review is easily traced back to concern this 

particular company. Since certain parts of the data can be seen as confidential and 

sensitive, it is important to store it and handle it in the right way so no one else than 

representatives from the case company and the authors have access to it. It is also 

necessary to be careful in the way results and findings emerging from internal data is 

presented.  

 

 

 

 



Findings 

 21 

4 Findings 
In this chapter the empirical findings of the thesis are presented. First a description of 

the product examined in the study, followed by findings and analysis of the interviews.  

4.1 Current state of EcoNet 

As mentioned earlier, EcoNet is the name of the product used in this study to investigate 

a product with a high number of variants. The variants aim to achieve a higher flexibility 

in product variants, in order to meet customer demands, and at the same time save costs 

to be able to offer an attractive market price. As mentioned, EcoNet is manufactured 

uniquely for each customer, but could also be reviewed from a more modular approach, 

for example by considering the example in Figure 9 below. In the figure both the 

current model (a) and a proposed concept (b) are shown. 

Figure 9 - Current and proposed concept of EcoNet. 

Current and proposed concept of EcoNet.  

 
 

          (a)                                                        (b) 

 

The new concept has two main modules, consisting of a top part and a bottom part of 

the frame. This allows for three different configurations, where the frame is placed in 

different ways. Some of the main parts in EcoNet are the pipes, pumps, Plate Heat 

Exchanger (PHE) and the frame which the product is built upon. These come in 

different sizes, which leads to the creation of many variants. The current model has a 

custom-made steel frame where pipes are welded together, while the proposed concept 

have a simplified frame and less time-consuming pipe assembly. Then there are also 

small and, and for this project less significant components such as valves (for filling 

and emptying the system), sensors (temperature, pressure), insulation, add-on package 

and control panel. The latter components do not affect the functionality so much and 

are usually found in one variety, hence it does not affect the entire product flora as much 

as the components that have different sizes. Therefore, it will be most interesting to 

look at the components that vary in size and models. In Figure 10 below, a visualization 

of the product architecture of the new concept, with the selected components for this 

study is found. 
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Figure 10 - Product architecture. 

Product architecture.   

  
The architecture of the new concept with the selected components primarily involves a 

modular product architecture, in other words, one function connected to one component 

(one-to-one mapping). This means for instance that the circulation of fluid is handled 

by the pump, the heating or cooling of the fluid is facilitated by the PHE, and the 

transport route is possible by the pipes. This type of structure results in opportunities to 

optimize these individual components for a direct impact of the product variants that 

are created. It also means that a part easily can be switch without affecting the whole 

system and therefore also not having to change other parts at the same time. 

 

Table 1 below, shows a summary of the components and how many variants of each 

individual part there are. Since the current model has been manufactured and designed 

entirely based on each specific customer, the result is that a large number of variants 

are formed. In total, 18400 unique variants are formed just by looking at these six 

components. However, this number should be treated with caution because it is not 

likely that a customer wants a product configured with the biggest pump and the 

smallest pipe size. From an efficiency perspective, that configuration is not optimal, 

and the company will suggest a better one based on the customer's needs. The pump 

and pipe sizes should be based on and dimensioned after the customer's airflow needs. 

However, with this concept, there are currently no limits or rules on how to configure 

the components with each other. 

Table 1 - List of components and number of variants. 

List of components and number of variants.  

 

Components Number of different Comment 

Pipe 5 DN25, 32, 50, 65, 80 

Pumps 20 20pcs different 

Number of pumps 2 Single or double 

Add-on 2 Yes/No 

Frame 2 2 sizes 

PHE-package 23 23 different articles 

Number of variants 18400   

 

What can be stated from the table is that it is the pumps and PHE-packages that give 

rise and have a major impact on the total amount of variants it results in. Thus, it could 
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be components to investigate in order to study how to manage variants with connection 

to trade-off factors and also try to reduce the amount.  

4.2 Findings from document study 

The findings from the documents study were used to provide information about 

previously sold configurations of the product and to find relationship between the 

components. The document with the data contains sensitive material from the company 

and is therefore confidential. This means that not all contents can be displayed, and the 

document cannot be attached to this paper. Therefore, the information and results from 

the document study have been rewritten in different ways. The statistic will not be 

shown in numbers but instead in percentage and names of components are paraphrased 

and made up.  

 

The data comes from FläktGroup's internal database, where all statistics on 

configurations of previously sold units are stored. The dataset contains statistics from 

2014 until the day the data was collected, which was March 28, 2023. In total, three 

different groups of documents with data were reviewed. The different groups were sale 

statistics, configurations, and drawings. These three documents were compiled into one 

document. The raw data consisted of product codes containing various letters and 

numbers. Two examples of product codes are the following: ABCD-74-023-1-0-0-7-2-

1-1-1-6 and DCBA-74-22-2-0-7-7-2-4-1-3-6-5. These product codes then need to be 

translated into different configurations using a key for translating each number. No 

results will be shown here as analysis is required to obtain any useful information and 

for confidentiality purposes. Thus, it will be presented in the analysis chapter. 

4.3 Interview findings 

The interviews have been transcribed, analyzed, and categorized and the findings are 

presented under different categories below. The findings from the interviews have been 

used as a source of information to gain knowledge about how a manufacturing company 

work with different aspects connected to variety of a product and trade-off factors.  

  

In this chapter the findings from the interviews are presented. These findings are 

presented under different subchapters that represents what area of questions they are 

connected to.  

4.3.1 Drivers for creating variants 
When asking about the reason for creating variants of products, the overall response 

was that it fundamentally is to meet customer requirements. The industry in which the 

case company operates requires that there are many different variants of products, 

because all customers are unique and have different needs for their ventilation 

applications. According to several respondents, there would ideally only be one variant 

necessary to cover all functions and areas of use for a product. However, they said this 

is not feasible for more advanced products without creating very complex and costly 

products. This leads to variants being created, and the individual variants will be less 

complex and cheaper to manufacture which means that a more competitive market prize 

can be offered.  

 

 The customer chooses the functions they want based on the needs and 

requirements that exists, and it is those needs that are tried to be matched with 

the different variants that are created.   
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Besides this problem of high complexity and cost, there are other aspects that also drive 

product variants. One reason is when a project is initiated by a product manager, either 

because of new customer demands, or simply because there is a drive to develop 

products to be ahead of competitors. 

 

That person orders different functions and different variants through the 

initiation of a development project or due to product maintenance.  

 

This is also supported by another respondent who says that the product marketing 

department and sales peoples should keep track of the company's products and compare 

with both competitors and the market wishes, to see if new variants are required to cover 

any potential future customer requests. 

 

Respondents also said that there can be a barrier in a company's production facilities or 

production capabilities that determines that different variants are required of a product.  

Depending on the complexity of a product, it might not be possible to produce different 

functions into one variant. This can lead to that more than one variant is needed to cover 

functional requirements that theoretically could be covered by one. 

4.3.2 Cost drivers in variety management  
The collected response from the interviews is that cost is a central factor when talking 

about product variants. There are different drivers of cost in variety management, and 

the interview responses mean that it often can be hard to visualize these. Several 

respondents said that each variant of a product cost a lot in hidden costs and complexity. 

When asking about what it is that drives the cost, the responses was that components in 

variants may not be expensive in themselves, but the cost comes with other things. 

Examples given in the interviews of factor that drives the cost can be in stocking more 

components, documentation that supports all variants, internal and external education 

of lead times on different components for different variants, and these types of costs are 

often difficult to visualize. One respondent also said that when producing a lot of 

different variants there is a need for adjusting the production more often, creating higher 

setup cost and unit cost. 

 

The challenge with an extra variant is that if you build a bill of materials, it can 

often look like the extra variant is more cost competitive. But it really creates a 

lot of management overhead in the form of inventory management and 

complexity which is a cost driver, but it is more difficult to visualize such a cost, 

and that an extra variant cost more money. 

 

It drives costs that there are more drawings that must be made. You have to 

maintain more things and keep track of every single thing. 

4.3.3 Complexity   
As already mentioned above, there is a great deal of complexity when talking about 

product variants. When asked about complexity respondents said that there are often 

problems in the handling of all the data that is built up when creating more variants. 

Building more variants and functions of a product will create more levels in drawings 

and product codes, which becomes more complex to handle. 
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The more choices we have in a function, the more complicated the product code 

becomes. You will also get more data, which in turn leads to it becoming more 

difficult to handle. 

 

A lot of variants quickly build up a lot of data and adds a lot of complexity to 

the organization. It builds up a difficulty to find and filter in the data in order to 

find something you are looking for. 

 

The interviews brought up that one problem lies in learning and understanding 

differences between variants of a product. The various personnel who work with both 

manufacturing and installation of products need to learn and keep track of different 

functions or variants of a product. 

 

It becomes more difficult to train the staff, because you have to keep track of 

several different variants. Everything becomes more complex. 

 

4.3.4 Trade-off factors 
When asked about trade-off factors, respondents were mutually attuned to the fact that 

there is a difficulty to work with balancing trade-off factors. It was stated that there 

exist different types of trade-offs, which can be general for manufacturing companies, 

industry specific, or specific to a certain company or product. In one way, every 

decision that is taken within the organization will affect some trade-off. One respondent 

said that there is a need to always consider what is the most important factors when 

making trade-offs, in other words, have a sort of ranking of priorities that work as a 

ground when taking decisions. The same respondent said that when there are decisions 

to be made, there can be a number of different things that one want to do, however one 

need to consider what is most important in the end, and how that will be affected by the 

choices made.  

 

If we think about trade-off and get into the number of variants to be made. After 

all, you cannot prepare standard products for every single requirement, but you 

have to consider what are the most important factors. 

 

Cost is often involved as a factor when making trade-offs. Although cost might not 

always be the direct trade-off that is balanced, it is often an underlying reason to why 

there is a need to make a trade-off between other aspects and is involved in one way or 

another. One example given by a respondent is if one could at most have ten variants 

of a product that cover a larger power range. But the cost and complexity coupled to 

this becomes too high, so instead one has to prepare the product range with five variants 

but have the possibility to extend the range of other customer requirements that appear. 

 

The interviews have also shown that there can exist different trade-offs within a 

company. The case company in this study is working on an international level with 

different markets of customers, and this entails different demands. One respondent said 

that when developing products, different trade-off decisions are made depending on 

what market the product is sold to. Since the company is selling ventilation applications, 

the climate in the country or region of the customers sets different requirements. 

Countries or international organizations like the European Union can have different 

regulations for products in the ventilation industry. It can for example be how much 
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fresh air that must be supplied, the type of heat recovery in a system, or the demand for 

heating and cooling. This means that a company can be exposed to decision-making 

with different trade-offs for the same product, depending on the customers geographical 

location.  

 

In the perfect state, there is only one variant. But it is clear, it is mostly an ideal 

mindset and basically impossible to achieve. Instead, you have to look at what 

trade-offs need to be done to reduce the number of variants as much as possible. 

 

Therefore, a change in something will always affect a trade-off factor. If you 

had been able to prepare series production for everything that everyone wanted 

exactly, it would have been easy, but on the other hand, everything would then 

be very expensive. 

 

4.3.5 Handle product variants 
One subject of discussion during the interviews was about the handling of existing 

variants of products. From the responses, it can be said that handling variants can be 

seen in different ways, such as updating, reducing, or expanding the solutions that are 

currently available.  

According to one respondent, the possibility to cover several functions or variants of a 

product with one solution is always considered as far as possible. That same person 

said that this kind of solution had been done before but with simpler products, and it 

would be interesting to look into the possibilities of solving it with slightly more 

advanced products. Another respondent mentioned a similar idea, but more specific to 

certain components of a product.  

Two of the respondents answered that there can be problems with removing or 

reducing variants. They said that one reason is that different products often are sold 

together in larger projects, and it can be a specific variant that makes it possible to sell 

several other products. This could create a barrier in reducing variants, where it is 

hard to simply remove a variant of a product, because it affects the ability to sell other 

products.  

One should always consider if a lowered number of variants still can meet the 

demands of customer. That is, if fewer variants still cover the range. 

 

This can be the justification for keeping just a specific variant, because even if 

it is not a product that is sold in large volume, it can be the reason why you 

still secure an entire project. 
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5 Analysis 
This chapter presents the analysis of the study’s theoretical and empirical data. First 

an analysis of the interview findings, followed by the analysis of the document study 

that was performed.  

5.1 Analysis of interviews 

After the completion of the interviews, the first step was to transcribe the material 

before familiarizing with the data to identify recurring patterns. This analysis chapter 

of the interviews is divided into different themes that represents the different trade-off 

factors identified as the most prominent from the interviews. These three primary 

factors are product variants, cost, and flexibility. In these subheadings there are also 

other identified themes that are closely connected to the three mentioned trade-off 

factors.  

5.1.1 Product variants  
Product variants was a recurring theme through all interviews and is shown to be a 

complex area to handle. The interview findings witnessed that there are different 

reasons to why variants of products are created. These different reasons may depend on 

the type of industry that is investigated. The case company in this study operates in a 

customer order driven market, and customers of ventilation applications have unique 

demands. Different customers need their own optimized solution for their particular 

area of use. This leads to that the case company produces a large diversity of products 

and their primary motive for creating variants in these products is to meet different 

customer needs. However, when creating variants of products one will be exposed to 

decision making that will affect different aspects of the organization. The interviews 

show that, on the one hand, the case company want to be able to offer many different 

variants of products in order to both find new and retain old customers. But on the other 

hand, consequences such as the costs and complexity attached to this needs to be 

considered.  

 

To the consideration of product variants, aspects of customer satisfaction turned out to 

be closely linked and must also be addressed. Customer satisfaction and how customer 

demands are met, emerged as a recurring subject during the interviews when talking 

about the drivers of product variants. How customer satisfaction is managed as a trade-

off factor can just as the drivers for product variants be dependent on the industry in 

question. Like mentioned earlier, customer requirements are the fundamental reason to 

why variants of products are developed and manufactured by the case company. Thus, 

the importance of customer satisfaction for the case company is substantial. In order to 

satisfy customers in a simple way, one could develop and produce a new variant every 

time to optimize the desired solution. However, it would only work if one completely 

ignored in what way it affects other factors. For instance, it would entail considerable 

costs and complexity on many different levels. So, evidently there is a need to find out 

how a good trade-off involving these factors could look like. Wanting to increase or at 

least maintain customer satisfaction, means that other trade-off factors need to be 

balanced somehow. 

5.1.2 Cost  
Something that was present during all interviews and quickly identified as a recurring 

theme was cost. There is no getting around the fact that cost is perhaps the most central 

trade-off when talking about product variants and production, which also was shown in 
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the interviews. This reflects the ambition of the case company to offer price competitive 

solutions that at the same time fulfils the customer requirements. That is, cost is not 

seen primarily as a way to increase revenue, but to be able to offer a market price with 

retained margins. Even if one examines and discuss other trade-offs, it will most 

certainly get into how they affect the cost. This more than with other factors. The 

findings from the interviews highlights difficulties connected to cost, and one of the 

struggles is to visualize the actual cost of something, and how it is affected in certain 

situations. The problem of hidden cost can often be connected to the theme complexity, 

and according to the interviews cost and complexity have a relationship where different 

consequences can be hard to visualize.  

 

If new variants of products are developed, it is not certain that the components or 

manufacturing itself will be expensive. On the contrary, it may seem like a good 

solution, creating new variants that are cheap to produce and satisfies customers. 

However, it will bring concealed costs connected to different things within the 

organization making it costly over time. For example, for new variants, there will be a 

need to create more drawings and bill of material lists to the product or function. These 

different drawings and documents require updates and continuous maintenance. The 

same applies on article numbers of components and parts that are produced or bought 

uniquely for a specific variant. To be able to offer price competitive solutions, cost must 

be considered as a central factor, but when wanting to reduce cost, there must be a trade-

off made in another factor. This could perhaps be that flexibility of a product cannot be 

high, or that customer satisfaction may be threatened due to increased lead time, since 

a reduced number of variants are included in the standard product range.  

 

Complexity was a recurring theme in the interviews, and as mentioned above it has a 

relationship to cost which can be hard to visualize in certain situations. That there exists 

a relationship between these factors might not be hard to understand or visualize, but 

rather how cost and hence price competitiveness is increased due to complexity in 

different situations. How prevalent or extensive complexity is can depend on several 

reasons. Just as with previously mentioned trade-off factors, the industry considered is 

an influencing factor. It was stated in the interviews that the highly customer order-

driven market of the ventilation industry creates a need for producing many different 

products and variants, which are factors for increased complexity. The more products 

and variants of these that are produced, the more documentation needs to be handled. It 

will also create a complexity in educating the staff to have knowledge of the different 

variants, and this will increase costs. But it can be hard to show the actual cost because 

of the time loss in production, where the staff is learning how to effectively produce a 

new variant. It is important to show how decisions build complexity and how cost is 

affected by that in strategic decision making. 

 

With different regulations that needs to be met in products or the production, cost and 

complexity can be affected. If a legal requirement is changed or updated, the products 

or variants affected by this might need to be updated or newly developed. This would 

bring a cost in the time and resources used. The previously mentioned handling of 

different documents would require updates and perhaps even further complexity within 

these is built. 
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5.1.3 Flexibility  
The third prominent trade-off factor that occurred as a theme in the interviews was 

flexibility. Flexibility is a subject that can be analyzed and discussed in different areas, 

but in this thesis the focus is on flexibility of products and production. The interview 

findings suggest that flexibility is something sought and very important for the case 

company, and one reason for this is because of the highly customer order driven market 

they operate in. To be competitive in the ventilation industry, they need to be responsive 

in producing different variants of products, and quick to adjust the production for all 

products that are produced. 

 

It is said in the interviews that the company is very good in handling product flexibility 

in their production facilities, in terms of being able to produce many different variants, 

based on a low number of components. It was stated in the interviews that adapting a 

product architectural approach towards modularization can work as a way of enabling 

flexibility in meeting different customer demands. The interviews showed that the 

companys production plant in Jönköping is built on such principles. From the 

interviews it was said that one ideally should build flexibility into a product without 

creating variants. This could however create complex products to produce and decrease 

price competitiveness. Wanting to have a high flexibility will lead to that other trade-

off factors must compensate for this, for example the cost of producing a product will 

be higher than if there is low flexibility. Balancing between flexibility and cost is shown 

to be essential. The cost of building flexibility to a product could be beneficial in a time 

period, but then a risk-taking could be necessary, if there are no clear calculations on 

how such investment will certainly increase sales or profit. 

 

It is also shown in the interviews, that flexibility in products is important for the case 

company since they operate in an international market. Ventilation applications have 

different needs in different places around Europe, and even more so all over the world, 

depending on the climate. Having flexibility in products so that one can change and 

optimize a product for the geographical area it will be used in, without having to create 

new variants or solutions for products could be very cost efficient.  

5.2 Analysis of the document study  

First, a correlation was found between the size of the pump and the size of the pipe. The 

larger the pump, the larger pipes are needed. This is shown in Table 2 below, where a 

clear pattern of pump size compared to pipe size can be seen. The reason for this is that 

the size of the pump needed for a specific airflow is dimensioning the rest of the system, 

and what pipe size that is needed. As mentioned earlier, due to confidentiality, the 

names of the pumps have been rewritten. They now consist of a letter followed by a 

number, which has different meanings. The letter is attached to the type of motor the 

pump has and the number a configuration of the pump. 
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Table 2 - Correlation between pump and pipe size. 

Correlation between pump and pipe size.   

 

  DN25 DN32 DN50 DN65 DN80 

A_01 0,8%         

A_02 4,7%         

B_01 0,5%         

B_02 0,3%         

B_03 5,2%         

B_04 7,4%         

B_05 4,5%         

C_01   0,3%       

C_02 17,6% 0,6% 0,9%     

C_03   10,2%       

C_04   10,3%       

D_01     1,2%     

D_02     9,7%     

D_03     7,4%     

D_04     4,2%     

D_05     7,3% 2,0%   

E_01       1,5%   

E_02       1,1%   

F_01         1,7% 

F_02         0,8% 

 

The data also shows the percentage of how often a specific configuration between a 

pump and pipe size have been used. It can be seen that some configurations are used 

less than others, which means that some components are used less than other. This 

pattern indicates that the previous focus has been on specialized components, to be able 

to configure more variants specifically for each customer. From a standardization 

perspective, it should be advantageous to use more standardized components to reduce 

costs in both production and warehousing. In this case, it is not entirely possible to go 

to completely standardized components as pumps for example, are selected from each 

specific need. However, one option would be to limit the selection of pumps used and 

select a reduced number of pumps that becomes the standard selection. One 

consequence of this may be that it then becomes a difficulty in meeting customers' 

different requirements. The most optimal solution would be if it was possible to find a 

standard choice of pumps that still covers all customer needs, as emerged from the 

interviews.  

 

Therefore, in this thesis, it was chosen to make an over-dimensioning of the pumps, 

where the pumps that have a small share on the market should be replaced with an 

already used pump. The idea was that the range for customers is not reduced as an over-

dimensioning of the pumps is used instead. For example, in cases where A_01 would 

be used, it is replaced by A_02 and B_01 & B_02 is replaced by B_03 etcetera. Through 

the use of the company's dimensioning-program, it was from a performance perspective 

proven possible. All pumps that are recommended to be removed and replaced are 
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shown in Table 3. The result of this, however, is an increased cost per pump but should 

be possible because the number of variants is significantly reduced and therefore the 

total cost could decrease even more. From a management perspective, this should also 

be positive as a smaller number of variants must be handled during production and 

maintenance. However, this need further calculations and evaluations in order to be 

practical applicable and this will be discussed later in the thesis.  

Table 3 - List of removed and replaced pumps. 

List of removed and replaced pumps.  

 

Removed pumps Replaced by 

A_01 A_02 

B_01, B_02 B_03 

C_01 C_02 

D_01 D_02 

 

 

It was also found that three of the pipe sizes accounted for approximately 93% of all 

variants, which can be seen in Figure 11. This means that only seven percent of all 

variants have been sold with DN65 and DN80 tube sizes. Hence, it indicates that DN25, 

DN32 and DN50 will have the biggest impact to manage variety if a change is made. 

In addition to this, the question also arises of how DN65 and DN80 should be handled. 

One could argue that these two sizes should be manage in a different way compared to 

DN25, DN32 and DN50.  

 

For example, DN25, DN32 and DN50 could become a standard option and DN65/DN80 

becomes a special order. The default options could be stocked inhouse, while the two 

other sizes are made when an order is placed. This means faster manufacturing for the 

standard options, but a longer time for the larger variants on the other hand. This may 

limit the flexibility and reduce the attractiveness who requires the less common size. 

But because the smaller sizes have 93% of the total market share it could be seen as a 

beneficial trade-off. Through this approach, the management of existing product 

variants could become easier because of fewer components stored inhouse. From a cost 

perspective, a small stock is preferable.  
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Figure 11 - Diagram showing distribution of pipe size on units sold. 

Diagram showing distribution of pipe size on units sold.  

 

 
 

 

As previously stated in the findings, the PHE-packages also have a large number of 

different variants and thus affect the entire variant flora of the product. However, the 

company's dimensioning-program is limited as the PHE-packages are variables that 

automatically is set based on demand by the product selection software. Hence, the 

same approach that was used for the pumps could not be applied. Instead with the help 

of the supervisors from the research and development department, existing PHE 

variants were analyzed and a suggestion of 15 standard choices could be proposed. This 

would mean an eight-variant reduction of the PHE-packages with an over-dimension. 

Which, if analyzed, leads to the same results as with the pumps in terms of cost and 

managing.   

5.2.1 Managing trade-offs 
In this thesis, parts of the VA framework (Oh et al., 2022), were implemented on the 

product EcoNet. The first step including creating a generic-level plan was not made due 

to limitation in time. However, this should not affect the result too dramatically and it 

should still be possible to use the framework to reduce the number of variants and 

analyze how this affects variant management in relation to trade-offs. Oh et al (2022) 

specifically states that “the important part of the framework is the process of 

determining management rules at the variant-level planning phase”. Therefore, only the 

variant-level planning phase will be implemented and analyzed. It is also assumed that 

the relationship between modules and facilities is one-to-one and therefore the focus is 

on attributes and modules. This results in that only the configuration and commonality 

rules will be used.  
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The analysis of the findings from the documents study showed that pump size and pipe 

size were two factors that characterize a specific product variant and make it possible 

to differentiate them. According to VA, these are therefore seen as attributes and could 

be applied with a configuration rule. Moreover, the only module found in the 

architecture used in this thesis is the frame. Because the pipe sizes have an impact on 

how big the frame needs to be, it is possible to use a commonality rule between that 

connection. 

 

Configuration rule 

A configuration rule was applied between the pipe sizes and pump sizes. The rules were 

set using the information from the document study and therefore depend on the history 

of previously sold products. Figure 12 shows which pipe sizes can be configured with 

which pumps. Some of the pumps have no pipes associated with them and that is 

because it was previously found in the document study that these have a small share in 

the market, as described in the previous chapter. Therefore, these have been chosen to 

be removed and the other pumps are recommended as standard choices.  

Figure 12 - Applied configuration rules. 

Applied configuration rules.   

 

 

 

 

Commonality rule 

As suggested before, DN25, DN32 and DN50 could be argued to be standard choices 

for the pipe sizes. When taking VA in consideration it should then be optimal to separate 

them into two different frame sizes, as seen in Figure 13. Because these sizes share 

93% of the market, the module for these sizes could be optimized and thus more 

efficient. A smaller frame size results in less material used which is a reduction in 

material cost and improvement in price competitiveness. 
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Figure 13 - Applied commonality rules. 

Applied commonality rules.  

 

The combination of some pumps/PHE being selected to be removed by over-

dimensioning, configuration rules and commonality rules being applied will result in a 

reduced number of variants, shown in Table 4. The table shows there is a decrease of 

approximate 94% of possible product variants. However, it is important to keep in mind 

that these product variants have previously existed due to a need and to satisfy a variety 

of customers. The purpose of product variants is to cater to the diverse needs and 

preferences of customers in order to increase sales within a company. The studied 

company had a large product portfolio that makes it hard and complex to manage all 

product variants. In addition, it cost a lot of money due to many drawings, material, and 

staff, as shown from the interviews. Too large product portfolio can lead to complexity 

within the company and reduced overview for customers. On the other hand, to small 

portfolio can limit a customer´s choice because the product does not meet their 

requirements and thus reduce sales. Thus, an optimal number of variants is sought to 

both have high sales with as little cost and complexity as possible.  

Table 4 - Result after variants are reduced. 

Result after variants are reduced.  

 

Components Number of different Comment 

Pipe 5 DN25, 32, 50, 65, 80 

Pumps 16 16pcs different 

Number of pumps 2 Single or double 

Add-on 2 Yes/No 

Frame 2 2 sizes 

PHE-package 15 15 different 

Number of variants 1020   
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In this case, it emerged from the interview analysis that product variants, cost and 

flexibility were the most important balancing factors. Furthermore, this thesis is based 

on reducing the number of variants as described in the problem description. The 

framework used shows how to reduce the number of variants by setting management 

rules. The configuration and commonality rule can be seen as directly associated with 

the flexibility of product variants, thereby a reduction of product dissimilarities. The 

rules are used to set the number of variants one want to achieve based on the market of 

interest. It is also possible to decipher that consequences in terms of cost and flexibility 

arise. By limiting configurations between components, the flexibility of the product is 

reduced. The cost should also decrease due to reduced variant range. The framework 

could be used in the opposite way, to achieve greater flexibility. By applying broader 

rules, the product maintains the flexibility, higher number of variants but at the expense 

of a higher costs.  
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6 Discussion 
This chapter brings up discussion of several of the previous chapters in the thesis. First 

a discussion of the methodological chapter followed by discussion of the findings. The 

research questions and purpose, and how they have been fulfilled is then discussed. 

6.1 Discussion of method 

This thesis has applied a deductive approach, beginning in existing literature and theory, 

before implementing this to a case and ending in results, analysis, and making 

conclusions. There was a need of a thorough knowledge of the phenomena at the case 

company, hence the methodological approach of a case study was chosen. This choice 

was supported by Saunders et al. (2012), who says that a case study is a relevant strategy 

when wanting to get in-depth information on the procedures being used and the context 

of the research. Saunders et al. (2012) implies that making sure that this strategy is 

appropriate for your research question and aim is a key factor, and this has been 

considered thoroughly. 

 

The case study was a single-case, which is a good approach when a deep understanding 

of a phenomenon is sought (Yin, 2018). By focusing on one case, it became feasible to 

collect detailed information from both the document study and interviews and build a 

comprehensive understanding of the specific situation. If instead a multiple case 

approach would be chosen, it would require additional available and suitable cases to 

be found. To get the same understanding and depth from multiple cases as from a single-

case, would require a larger amount of available time (Säfsten & Gustavsson, 2020).  

 

However, focusing on a single product and company can allow for an opinion of 

unilateral or biased views of various aspects, and could hurt the validity of the study. It 

could be seen preferred to conduct more than one case study to enable comparisons 

between multiple cases and thus increase the ability to generalize. But due to time 

constraints and the scope of the project it was not feasible. To ensure that the study does 

not suffer majorly from this, precautions to strengthen validity and reliability have been 

taken. One of the precautions taken to ensure validity was to utilize different types of 

triangulations. The interviews with the transcriptions connected have been conducted 

by at least two researchers, increasing the quality of research by reducing bias and 

perceptions from a single researcher. The authors have conducted interviews, literature 

review, and document studies, creating a triangulation in data collection, which like the 

researcher triangulation also increases the quality of research.  

 

Furthermore, prolonged engagement and member checks was used to ensure that 

enough time was spent on the study, and that all data was available for review and input 

from all those involved in the study. The authors have also been transparent with all 

steps and limitations taken. This allows readers to understand what, how and why things 

were done, while also showing in what context the findings can be applied. In addition, 

the research questions are structured in a general way to avoid that specific conclusions 

are made based on the findings from the specific case.  Also, by linking literature with 

the practical work from the case study, including the interviews and the document 

study. 

 

 

 



Discussion 

 37 

In this study the authors embraced a newly presented framework or architecture, VA. 

The framework is time-consuming since it includes two different levels with three 

domains, hence only a part of the entire framework was used. The part used concerned 

the reduction of product variants by adapting different product management rules. The 

framework was used as a tool to analyze and reduce variants of the product of interest, 

as well as to be able to see how to handle trade-offs in situations where products with 

many variants are created. It is therefore important to understand that the framework is 

not used as a core for the work, but to find patterns between product variants and 

managing trade-offs. The consequence of the framework is that a practical method is 

implemented that results in a physical outcome. By analyzing the outcome in 

correlation with the conducted interviews it minimizes possible errors that would occur 

with only interviews implemented in the study, and thus also strengthen the validity of 

the study. 

6.2 Discussion of findings 

This thesis has two research questions aiming to support the purpose of the study when 

answered. To answer the first research question of the thesis, the findings of the analysis 

are summarized, discussed, and compared with literature. Based on what is found and 

identified in the first question, the findings of the second research question can be 

discussed. 

6.2.1 What trade-off factors are most important when handling product 
variants in a customer order-driven market? 

Literature shows that cost, quality, flexibility, and delivery can be seen as four 

fundamental trade-off factors in production (Boyer & Lewis, 2002; Olsen & Tomlin, 

2020). In order to be a competitive manufacturing company, it is necessary to have as 

high level of these factors as possible. However, it has been shown that it is not possible 

to perform well on all factors, decisions must be made that negatively affects other 

factors (Skinner, 1969). Furthermore, with an increased globalization, customer 

demands are increasing, which leads to companies needing to create more variants of 

already existing products in order to meet these increasing demands (Oh et al., 2022). 

However, this proves to strongly affect the complexity and costs in an organization.  

Literature explains that it increases the complexity of both the supply chain and the 

production due to higher number of products and components, which leads to increasing 

costs (ElMaraghy et al., 2012; Myrodia et al., 2021). The interviews strengthen this, as 

they showed that there is a constant balance between meeting the demands of customers 

by creating product variants, and the complexity and cost, and hence the price 

competitiveness that comes with it. The cost is not in the product variants per se but 

comes as a result of them. This involves, for example, an increased stock of 

components, documentation costs and increased manufacturing time. However, these 

costs need to be visualized and estimated. The handling of the increase in these 

parameters also showed increasing complexity as more documents and variants need to 

be handled. 

 

Moreover, complexity is also associated with the level of quality, flexibility, and 

delivery. With higher complexity, the production becomes more complex. The 

interviews argues that the staff needs to have higher knowledge to be able to produce 

several different variants and ElMaraghy et al. (2012) adds and explain that the 

production is in a need of a more specialized manufacturing processes. This 

combination increases the chance that the risk of errors occurring becomes greater, 
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possibly affecting quality, which can lead to reduced customer satisfaction. Literature 

showed that standardization and customization were related to the complexity of 

production (Hackl et al., 2020). Standardized approach could lead to better quality 

controls, storage management, and less costs (Kauffman & Tsai, 2010; Ulrich, 1995). 

However, this with expense of the ability of customization for customers, which also 

can be seen as an impact on the product’s flexibility. From the interviews it was found 

that the case company values flexibility. The company wants to offer many different 

variants in order to satisfy customers, and its necessary because customers need 

products optimized for their specific needs. However, it was also found that not all 

customer requirements can be fulfilled by the standard product range and that the most 

important factors need to be sought. The analysis of VA shows how one could limit the 

number of components and make standard selections, which can be seen as a type of 

standardization. It could also be seen as a direct connection to the flexibility and cost in 

a product, because it regulates the number of product variants that will be achieved. 

 

When a company is offering a larger range of products variants, it also depends on the 

flexibility of the production. A larger range of different product variants requires more 

changes of settings, for example, in the production machines. This has a negative effect 

on lead times and delivery times because of more time is needed for set-ups. Since the 

case companys competitive position creates a need for high focus on quality and 

delivery without exceptions, and is thus always imbedded in their mind-set, these were 

not brought up or discussed as trade-off factors in the interviews. The interviews 

showed that the focus during product development is set by that this market has 

customers that have different needs. Therefore a large number of variants are required 

and outweighs that delivery may be adversely affected. If this study instead would look 

upon a manufacturing company within a different industry, that has a different customer 

group with a smaller gap between needs. It can result in delivery becoming an even 

more important aspect.  

 

Furthermore, as evidenced by the extant literature (Olsen & Tomlin, 2020), recent 

studies have demonstrated an increased concern for the environment and sustainability. 

In order to retain customers, companies must carefully consider their choice of 

suppliers, materials, and manufacturing techniques. This also emerged from the 

interviews, which showed that regulations are a factor influencing decisions regarding 

products. The regulations could be from the country or organizations like the European 

Union, which for instance, includes environmental laws regarding how much emissions 

a company may have. With these increasing environmental demands, it forces 

companies to adapt and make decisions accordingly. These decisions then affect other 

factors such as costs, quality, and customer satisfaction. This recognizes the need to 

make trade-off decisions to be a competitive company while accommodating customer 

demands. This reflects a focus on economic sustainability by ensuring the financial 

stability and success of a company (Johannesson et al., 2013).  

 

In order to have a sustainable approach, more environmentally friendly materials, 

machines, and methods can be used. By addressing these challenges and manage 

complexities, companies can potentially reduce waste, optimize resources, and enhance 

ecological sustainability (Johannesson et al., 2013). This can lead to an increased cost 

and thus an increased cost per product. But it can also in turn lead to increased sales as 

customers become increasingly environmentally conscious, the consequence is that 

they become willing to pay more for a product that is eco-friendly and sustainable. 
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Furthermore, by using renewable energy and reducing waste, companies can get a 

higher profit in the longer term. Although in the short term it can be seen only as an 

extra cost and therefore unnecessary.  

 

To sum up and answer the question of what trade-off factors are most important when 

handling product variants in a customer-order driven market, the connection between 

the following factors was found most prominent: cost, flexibility, and product variants. 

These can be argued for, because they were the most common emerging factors from 

both the interviews and the literature. It was found that complexity and customer 

satisfaction also were factors that was commonly recurring. However, these often link 

to the three previously prominent factors and can therefore be seen as underlaying 

factors. Figure 14 visualizes a compilation of the factors emerged in the thesis. It 

indicates what emerged from the literature and the interviews, and highlights in the 

middle which factors that were common.  

 

Figure 14 - Identified trade-of factors from literature and interviews.   

Identified trade-of factors from literature and interviews.  

 

 
 

 

Cost was the one factor that was recurring and can be seen as the most significant trade-

off factor when considering managing product variants in this study. Whether a 

company wants to improve its products or production in terms of quality, flexibility, 

delivery, complexity, customer satisfaction or sustainability, cost must always be 

considered. In other words, cost cannot be overlooked even if one examines two other 

factors. The cost will still most certainly be affected. Companies always want to achieve 

the best possible price offer for their customers, buts still needs to have a competitive 

business. It is evident that companies never want to make decisions that leads to an 

increased total cost for the company. If a company increases a specific cost, it is for the 

purpose of achieving something that leads to a final profit. An example of this would 

be to increase product range in order to improve product flexibility, thereby resulting in 

increased customer satisfaction and subsequently, heightened sales and profit. 



Discussion 

 40 

Therefore, results in a better price competitiveness and it is then seen as a beneficial 

decision. 

 

Flexibility was the other factor most enlightened by both the interviews and literature. 

Cost and flexibility are directly linked to product variants, and depending on how much 

variants a company chooses to create, it has a direct impact on the correlation between 

cost and flexibility. Higher flexibility often means more complex products to produce, 

and therefore an increased cost. All this ties together to companies’ decisions about the 

number of product variants that should exist to meet customer demands. Below in 

Figure 15, the three most important trade-off factors and how they are related are 

shown. The two underlying factors are also shown in the middle of the figure. The 

reason for this was that they were recurring factors that are strongly linked to the other 

three factors, as previously discussed in this chapter. One following question that arise 

is how one should manage these factors, this will be discussed and answered in the next 

research question in the following chapter. 

 

Figure 15 - Visualization of the trade-offs that are seen most important in a customer order-driven market. 

Visualization of the trade-offs that are seen most important in a customer order-driven 

market. 

 
 

Comment: Figure showing the relationships between the trade-off factors that proved 

most important in a customer order-driven market. 
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6.2.2 How can these trade-off factors be managed? 
To answer the second research question, there is a need to discuss how the identified 

trade-off factors from research question one can be managed when handling product 

variants. In the interviews it was said that a good trade-off is when all parties are as 

pleased as possible, and the ultimate solution would be to find a way to satisfy all 

different trade-off factors at the same time. This is however a challenging task to solve, 

given the difficulties associated with all the trade-offs and how they negatively affect 

each other (Skinner, 1969). As mentioned in the interview findings, almost every choice 

that is made will affect some trade-off, and there is a need to always consider what is 

the most crucial or important factor and priority. Boyer and Lewis (2002) mention that 

the significance is not always in what priority that is highlighted, but rather in the 

consistency of the choices that result in a pattern in the priority. Hence, a priority in 

what trade-off factor or factors are most important, and keeping a consistency in that 

when making decisions can be a suitable strategy to follow.  

 

To also give the thesis a practical approach, the product EcoNet have been used as a 

study object. With a suggestion on how an increase in modularization could look like, 

as presented in Figure 9, a viewpoint of a more modularized product, and how it can 

be managed could be taken in this project from the start. This approach creates an 

opportunity to try to manage the knowledge gap described in the report's problem 

description. This knowledge gap was found between designing for variants and 

managing already existing variants. The problem explained with designing for variants 

is that it tends to create unnecessary variants and that it is hard to grasp or predict until 

after these are created (Oh et al., 2022). But when managing existing variants, 

unnecessary ones may be reduced or removed. So, by utilizing a concept of a 

modularized solution, it can help to reduce unnecessary variants before they are 

developed in reality. This is done although one is actually in the phase of designing for 

variants. In order to work in this foresight approach, it is required that the researchers 

performing the study have a good knowledge of the product, to be able to understand 

how a concept proposal of the product could function and be reduced in variants. 

 

As mentioned earlier in the discussion, three different trade-off factors have been 

identified as the most prominent in the case studied in this thesis. These are product 

variants, cost, and flexibility. To these three, other factors that are closely connected 

have been identified and will be topics of discussion as well. These trade-off factors 

identified can be seen in Figure 14. For this case, it is shown that cost is probably the 

most important factor and should according to what is written earlier be treated as that 

during all decisions regarding the management of product variants. Based on the initial 

idea and the results from the interviews, it was concluded that efforts should be made 

to minimize the presence of product variants in standard production. Therefore, in the 

scenario where a reduction in the number of produced or available variants is desired, 

perhaps due to production complexity, and with cost being the primary consideration, 

there should be no issue in implementing variant reduction measures. This could also 

lead to a decrease in costs. However, doing this without changing anything within the 

remaining variants in a standard assortment, could potentially affect flexibility in the 

main flow of production, and in worst case damage customer satisfaction. If one would 

build in more flexibility in the remaining variants to ensure that customer requirements 

could be met, it would also build complexity into the product, both in the handling of it 

and the organization for education and updates. This would instead raise the cost in a 

longer perspective. This enlightens what was said in the interviews, that no matter what 
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trade-off that is being made, other factors will always be affected. In order to manage 

different factors in a satisfactory way, it may be necessary to make decisions and 

changes in several different steps and not expect to solve this with a single solution. 

However, it is still important to make sure other factors are not to negatively affected if 

they are not currently being evaluated or balanced.  

 

To investigate how the identified trade-off factors from research question one can be 

handled in a practical approach, the authors have looked at the pump unit of the RAC-

system EcoNet. The initial attitude was to try and handle the trade-off factors identified 

in a way that is more or less satisfactory for each one. The thesis also investigates the 

knowledge gap of being a competitive company in the ventilation industry, while still 

producing products of good quality for people’s wellbeing. As the answer to the first 

question says, the most important trade-off factors for this case have been identified, 

and as written above in the discussion, the most important factor should be treated as 

such at all times. Therefore, it has been assumed that cost is the most important aspect 

to satisfy when deciding what variants to include in a production main flow, and then 

based on that try to handle the other trade-off factors in the management of EcoNet. 

That is, how can one manage product variants, flexibility, complexity, and customer 

satisfaction while reducing cost, hence maintaining price competitiveness. When 

having a fundamental goal of reducing or at worst maintaining cost and price 

competitiveness in standard production, and balance that against in firsthand flexibility 

and product variants. The first assumption was that the product variants need to be 

reduced and placed outside main flow, which would create a difficulty in not reducing 

flexibility. 

 

One alternative to handle flexibility of a product, without increasing cost, is to work 

with the architecture of the product or product family and approach a modular design 

(Hölttä-Otto & de Weck, 2007). There could be an increase in cost while researching, 

designing, and developing a product towards a modular design, but manufacturing costs 

and costs associated with the product will be lower in the long term (Miller & Elgard, 

1998). The interview findings said that having a more modular and standard approach 

compared to producing after customized requirements have several benefits, such as 

being able to produce and store components. Instead of having to adjust the production 

more often, which increases both the setup cost and the unit cost of individual 

components. Since the production facilities of the company is flexible it will ease in 

production transition if approaches for changing a products architecture is taken. 

 

One possible route that what was identified in the interviews and later applied, was to 

look at if different models of components or functions used in a variant could be used 

for several variants. This could lead to lowered number of different components used, 

which means less different components needed to be bought or produced. The 

anticipated potential outcome of this were maintained flexibility of the product, as well 

as reduced complexity and cost. It can be difficult to see that a reduction in variants will 

actually result in a reduced cost. This expected consequence emerged in the interviews, 

where answers meant that when one creates a part list for a new variant, it can look like 

an extra variant cost less to produce and is more cost competitive. But in fact it creates 

complexity at several levels, which in turn drives costs. This is further complicated in 

larger organizations, with a wider product range and greater handling of inventory and 

documents such as drawings, files, and bill of material lists. Hence, this project aims to 

reduce possible variants of EcoNet so that the complexity and cost decrease. 
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This approach, constructed from empirical findings, is also coupled with elements of 

VA to further help reduce complexity. As already described in the analysis and 

discussion, the full VA framework were not utilized due to time constraints, but what 

was used was to apply product management rules. So, to solve the practical approach 

of satisfying the different trade-off factors, the aim was to be able to reduce variants of 

the product, by finding common use of components or removing certain variants of 

components. Then also use the VA framework to apply different rules of configurations 

and commonality, that would further help to reduce complexity within the organization. 

 

To remove variants of a component included in a product may not be as easy as it 

sounds, at least not when wanting to maintain flexibility and customer satisfaction. In 

this case it was important that EcoNet still can be flexible and adaptable to different 

customer needs, because of the customer-order driven market of ventilation 

applications. How advanced a product is will affect how easily one can change and 

remove variants of components. The analysis of the findings suggested that there are 

two main components to be investigated for potential reduction in models of 

components, and these were the pumps and plate heat exchangers. This was due to the 

fact that in the past there has been a large variation in models and sizes of both these 

components, and the initial requirement from the case company was to maintain the 

pipe sizes that are currently available. In this case it would not be possible to say that 

one type of pump just can be removed and replaced with another, because certain 

technical requirements are needed for the system to fully work. Therefore, it was 

necessary to carefully examine whether another already used pump could cover the 

power range of another, before suggesting that the first used pump should be 

substituted.  

 

The documents of previously sold units were used to find correlations between what 

pumps that had been used for the different pipe-sizes. This was used in a first filtering 

of which pump models that could be replaced. Pumps connected to a certain pipe size 

could only be changed with another pump connected to the same pipe size. This did not 

guarantee a feasible replacement but gave a first guide of which models to investigate.  

The different pump models and what pipe-size they have previously been connected to 

can be seen in Table 2.  

 

To support the replacement of a particular model of a pump, data on previously sold 

units was used to see which pump models had been used the least. The less common 

pumps were then investigated to see if and how they could be replaced, and then a 

change was suggested. These suggested changes can be seen in Table 3. The 

implementation of the configuration rules seen in Figure 12, was set after the suggested 

changes of pumps. This gives a clear view of which pipe-sizes can utilize what pumps. 

This creates an overview so that even an uninitiated person can create an understanding 

of configurations between pipe and pump, which in a way directly shows the flexibility 

that can be offered. 

 

The approach for reducing PHE-packages was not as complex in several steps as the 

pumps. The previously used PHE came in different models, with each model having 

different sizes. Different versions have been used in different configurations of EcoNet 

and which PHE that is needed is optimized for each solution. In order to be able to 

reduce the number, a possible way was adopted to over-dimension the size of these. 
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The cost of a PHE in a configuration could become more expensive if a larger one than 

necessary is used, but there are possible gains in a more standardized range. This would 

make it possible to more easily predict how to store and handle the component and 

reduce complexity connected to handling these. So the profit is lower cost in the form 

of lower organizational complexity, and possibilities for buying and stocking in a more 

predictive way. Because of time constraints this could not be fully guaranteed through 

calculations, but based on previous statements regarding variants, complexity and the 

cost connected this is assumed. 

 

To summarize and answer the second research question, it can be said that this thesis 

has discussed and taken the approach of having a self-structured guide for helping to 

handle all the trade-off factors. After the important trade-off factors are identified, the 

most important one must be determined and then consistently considered as such. As 

mentioned earlier, all decisions made will affect some trade-off. Even though this thesis 

aims to find a way to satisfy all identified factors, there may be reasons why not all of 

them can be optimized, but one can then ensure that the most important one is catered 

for. There can for example lie barriers in regulations that counteract a factor. 

 

As discussed earlier, it can be difficult to find a way to accommodate all factors with a 

single solution or decision. Therefore, the authors of this study suggest that several 

different steps can be taken, in order to be able to focus on how one trade-off factor at 

a time can be handled in a satisfactory way. For a product that is available in different 

variants, the possibility of working with the architecture of the product and product 

family can be reviewed. If, through this, an approach for a more modular or 

standardized production for the product can be found, it could be possible to reduce 

manufacturing costs in the long term and at the same time maintain flexibility. This 

could also give the opportunity to act as managing existing variants, while actually in 

the phase of designing for variants.  

 

It can be difficult and time-consuming to manage all the documentation created for an 

advanced product with many components and variants. As previously shown, 

complexity drives cost, but can be difficult to demonstrate. To minimize complexity 

and possibly reduce costs, one suggestion is to remove as many models of different 

components as possible. However, this must not interfere with offering flexibility to 

customers or affect the performance of the product so that customer satisfaction is 

threatened. If one succeeds in this, it can potentially reduce complexity, which in turn 

can reduce cost. To further reduce complexity, application of rules can be used to 

clearly set up regulations for how different components of a product can be used. This 

can, for example, be done using a framework such as the VA used in this study. 

Depending on how a company works with product selection software or other 

management of products, this can help to put a barrier on how products can be put 

together. This can help reduce knowledge requirements needed to work with 

configuring products, leading to less complexity and cost in educating staff. Taking 

several steps to satisfy different important trade-off factors as this, could help to create 

knowledge regarding how a company in the ventilation industry can be competitive, 

while continuing to produce high quality products that is important for wellbeing. 
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7 Conclusions 
This chapter presents the conclusions made and the study’s contributions, followed by 

the limitations of the thesis. Lastly, further research is suggested. 

 

The purpose of this thesis was to investigate the managing of product variants and 

explore the most important trade-off factors in a production company within a 

customer-order driven market. The purpose was fulfilled by answering the two 

presented research questions. The first research question investigated what trade-off 

factors are most important when handling product variants in a customer order-driven 

market. Followed by the second research question, answering how these trade-off 

factors can be managed.  

 

It has been evident in research that customer demands are increasing and as a result, the 

number of product variants grows. A large number of product variants create both high 

costs and a high degree of complexity. Decisions and trade-offs between various factors 

need to be taken in order to have a profitable business. In this thesis, it was identified 

that product variants, costs and flexibility were the three largest and most important 

factors to consider when handling products variants in a customer order-driven market. 

This is followed by two underlying and strongly linked factors complexity and customer 

satisfaction. These five factors were commonly highlighted and recurred by both 

literature and conducted interviews, and thus considered the most important within the 

studied case.  

7.1 Theoretical contribution 

Through existing literature, this thesis found a knowledge gap in variant handling with 

trade-off factors, resulting in the purpose of this thesis. Previous research within product 

variants and trade-off factors focuses on creating variants and not managing existing 

variants in correlation with trade-off factors. Doing a case study at a production 

company that has products with many variants, made it possible to achieve knowledge 

within the area. This through the findings from conducted interviews, document 

reviews and by checking existing literature. By studying, analyzing, and combining the 

analysis of the findings, it was possible to discuss and answer the research questions of 

the thesis and reduce the knowledge gap in the area.  

 

It has been shown in previous research that the increasing demand for products creates 

a need to produce more product variants. For a company in a customer order-driven 

market, it is necessary to meet these growing demands in order to maintain customer 

satisfaction and acquire new customers. This study saw and emphasized the increasing 

complexity that comes with increasing product variety. With increased complexity, 

costs are created which in some cases are hidden and difficult to visualize. The authors 

of the study tried to find a way to reduce the number of product variants, and at the 

same time satisfy various important trade-off factors that were identified for the case. 

This resulted in an approach where several steps with changes and solutions were made 

to be able to influence all factors in a positive direction for the case.  

 

The outcomes from the study contribute in a theoretical and academic way as it could 

be used as a guidance in companies that are customer order-driven, and in the situation 

when dealing with product variants in relation with trade-off factors. It shows the 

importance of managing trade-off factors, and shift focus from the traditional way of 
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always wanting to create variants to instead manage variants and related trade-off 

factors. It emphasizes the importance of knowing how to manage products variants with 

regards to the most substantial trade-off factors. This is important as companies need to 

know how different decisions affect different factors and their consequences. The study 

also contributes how to use the development phase of a product's architecture to manage 

future unnecessary variants, while actually being in the phase of designing variants. 

This was done in the case, where a modularized concept of EcoNet was considered as 

implemented. With this, the product variants that would be possible to create were seen, 

and with the help of product management rules and the reduced variants of components, 

the number of possible future product variants could be greatly reduced. 

7.2 Practical contributions 

The importance of finding the most important trade-factors was highlighted in the 

thesis. Several steps need to be taken in order to be able to focus on how one trade-off 

factor at a time can be handled in a satisfactory way. A modular or standardized 

approach can potentially reduce manufacturing costs while maintaining flexibility. It 

also enables managing existing variants while designing for future variants in a better 

way. 

 

The study will therefore contribute to aiding companies that deals with trade-off factors. 

The identified trade-off factors and their interactions can be used to support decisions 

and the management of existing and future product variants. In addition, it helps the 

company to know what factors to prioritize and their impact. The analysis and 

discussion about how to manage trade-off factors provides companies with guidance 

and ideas, how to act in real working cases when in need of making decisions. 

 

7.3 Limitations 

This thesis focuses on product variants and trade-off factors in the area of production. 

Literature, interviews, and documents was used to collected data, followed by an 

applied framework to the case. Since only parts of the framework are used and the 

framework is newly presented, it can have limitations on the result of the thesis. Firstly, 

the result of the implementation can be limited due to only parts of the framework used. 

Then the conclusions of the thesis could be seen as less reliable or valid because not 

everything in the framework is included and followed. However, in this thesis, the 

framework is used to obtain an additional tool for analysis and to be able to practically 

apply it to a real phenomenon and draw conclusions. And in addition, see how a 

reduction of variants affects variant-management in correlation with trade-off factors. 

 

Secondly, decision made within VA lacks thorough evaluations and detailed 

calculations due to resource limitation regarding time. As a consequence, it will not be 

possible to determine exactly what the cost will be, how much flexibility and 

complexity will change, and what degree of customer satisfaction will be achieved. 

Hence, it will not be possible to see what changes are the most preferable. However, an 

overall analysis and discussion about it was possible, to reflect over how and what 

happens with the factors. For example, if one factor decreases what happens to the other 

remaining factors. Thus, enables correlations to be found and conclusions to be made. 
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7.4 Future research  

For future research it could be interesting to further investigate and validate the outcome 

within this study. As explained in the implication and limitations chapter, only parts of 

the VA framework were used in this thesis. Therefore, further research could include 

using the whole framework and developing a form of interconnection between the 

framework and trade-off factors. Also, to see if there will be any major differences in 

the results compared to what has emerged in this thesis. Furthermore, future research 

could investigate other production companies and see if there are other trade-off factors 

that are identified as more important and how they are connected. If the same or similar 

factors were to be identified, they could be managed as explained in this thesis. 

Otherwise, it requires further investigation to see how one should manage the new 

identified factors. It would be interesting to see potential differences in priorities and 

how to handle them in a company producing many variants, that does not operate in a 

customer order-driven market. 
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Appendices 
 

Appendix A – Interview questions 

 

Interview guide – Basic questions 

 

1. What determines how many variants the exist of a product? 

 

2. How do you manage these different variants? 

 

3. Do you see any problems/challenges in this management? 

 

4. What drives the cost when managing these variants? 

 

5. Are there any “important” or recurring trade-offs that needs to be made?  

 

6. Is this common for every product, or are there differences? 

 

7. What does a good trade-off look like? 
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