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Abstract 
 

Due to a considerable demand for product variation among 

customers, resource efficiency among producing companies is 

becoming of increasing importance. As a response to meet 

demand, the interest for modular product development is growing. 

This thesis aims to answer two main questions regarding 

modularity and resource efficiency: 

 

1.  How does implementation of Modular Product Design affect 

resource efficiency? 

2.  How does the degree of modularizing a product family affect its 

resource efficiency? 

 

Generally speaking, modularization has a positive effect on 

overall resource efficiency. The amount depends on the phase in 

the products lifecycle. However, the development process of 

modular products can often be more complex. This is because 

every module needs to have a common interface to its 

neighbouring modules and make up entire product series. The 

challenges that are related to inter-operability are the main 

reasons why research and development takes more time for a 

modular product family. After the development phase of the 

product, the benefits from modularity outweigh the 

disadvantages. For example, test procedures can be simplified, 

there is a lesser variety of parts to source and purchase, scale 

effects contribute to larger margins, stock volumes can be 

decreased, modules can be used across products and contribute to 

product flexibility, as well as simplified safety information 

handling. These are some of the beneficial factors of modular 

products concluded in this report. 

 

When it comes to degree of product modulation, there is an ideal 

level that can be hard to determine. If too much effort is spent on 

modularizing a product family, profit levels will diminish. This is 

why it is important to modularize a product to the extent where 

optimal profit is at its greatest. The amount can be altered by 

either making additional modularity less expensive to develop, or 

creating customer value from modularity that can be charged for. 

  



 

Sammanfattning 
 

På grund av en ökad efterfrågan av produktvariation har 

resurseffektivitet blivit en allt viktigare fråga bland producerande 

företag. För att ta hänsyn till de nya kraven växer följaktligen 

intresset för modulär produktutveckling. Denna rapport strävar 

efter att svara på två huvudsakliga frågor angående modularitet 

och resurseffektivitet: 

 

1.  Hur påverkar modulär produktutveckling resurseffektivitet? 

2.  Hur påverkar graden av modularitet resurseffektivitet? 

 

I allmänhet har modularitet positiv effekt på resurseffektivitet. 

Beloppet av effekten beror på i vilken fas av produktlivscykeln 

produkten befinner sig. Utvecklingsprocessen av modulära 

produkter är ofta mer komplex. Detta på grund av att samtliga 

moduler behöver ett gemensamt gränssnitt och tillsammans 

utgöra hela produktserier. Utmaningarna som uppstår på grund 

av denna interkompabilitet utgör de huvudsakliga orsakerna till 

varför utvecklingen av modulära produkter tar längre tid. Efter 

utvecklingsfasen överväger generellt fördelarna med modularitet 

de nackdelar som finns. Till exempel kan produktester förenklas, 

mindre variation i komponenter leder till enklare inköp, 

skalningseffekter leder till större marginaler, lagervolymer kan 

minskas, moduler kan användas i flera olika produkter och ökar 

flexibilitet, samt förenklad hantering av säkerhetsinformation. 

Detta är några av effekterna som modularisering ger upphov till 

som styrks i denna rapport. 

 

När det kommer till graden av modularitet finns en ideal nivå 

som kan vara svår att fastställa. Om för mycket möda läggs på att 

modularisera en produktfamilj kommer vinsterna minska. Detta 

är anledningen till varför det är viktigt att modularisera en 

produkt i den utsträckningen att optimal vinst maximeras. 

Beloppet kan varieras genom att antingen minska kostnaderna 

för att utveckla ytterligare modularitet, eller att skapa kundvärde 

genom modularitet vilken i sin tur kan tas betalt för. 

  



 

Acknowledgements 
 

This study has been conducted as part of the bachelor thesis for the Department 

of Production Engineering at KTH Royal Institute of Technology. The theme of 

this year’s course is resource efficiency in manufacturing companies. 

 

We would like to thank the following people, who all have contributed to this 

thesis: 

 

Thomas Lundholm 

Powertrain Manufacturing for Heavy Vehicles Application Lab, KTH 

Thomas has been our mentor for this thesis and helped us to align our work with 

the requirements given by the course and KTH. 

 

Mats Bejhem 

Teacher and course coordinator, KTH 

Mats arranged a number of seminars. 

 

Jonas C Andersson 

Business Manager, Power Train MVI, Marketing, Atlas Copco 

Jonas has been our counsellor for the thesis at Atlas Copco. 

 

Ivan Engelson 

Team leader, Fixtured Solutions, R&D, Atlas Copco 

Ivan has helped us along the way to fully understand the fixured product family. 

 

Andris Danebergs 

Project Leader, Mechanical Systems, Mechanics Department R&D, Atlas Copco 

Andris was the project leader for the pre-study of the modular spindle product 

family and has helped us to understand the anticipated benefits of modularity. 

 

Anders Johnson 

Project manager, Project Office, R&D, Atlas Copco 

Anders has introduced us to the modular and non-modular handheld spindle 

families and his view on modularity. 

 

 

 

  



 

Abbreviations 
 

CAD  Computer-Aided Design 

EOL  End-of-Life 

ISO  International Organization for Standardization 

KPI  Key Performance Indicator 

MPD  Modular Product Design 

PLC  Product Lifecycle 

R&D  Research and Development 

ROI  Return on Investment 

  



 

Table of Content 

 
 

1 Introduction ........................................................................................ 1 

1.1 Background .................................................................................. 2 

1.1.1 Problem Statement ................................................................ 2 

1.2 Limitations ................................................................................... 3 

2 Methodology ....................................................................................... 4 

3 Literature Review .............................................................................. 5 

3.1 Modularity .................................................................................... 5 

3.2 Modular Product Design, MPD ................................................... 5 

3.3 Product Lifecycle, PLC ................................................................ 6 

3.4 Key Performance Indicator, KPI ................................................. 7 

3.4.1 Criteria for KPIs .................................................................... 8 

3.5 Spindles ........................................................................................ 8 

4 Case Study ........................................................................................ 11 

4.1 Discussion with Andris .............................................................. 11 

4.2 Discussion with Anders ............................................................. 12 

5 Results .............................................................................................. 13 

5.1 Modularization and its Effect on Efficiency.............................. 13 

5.2 Optimal Degree of Modularization ............................................ 15 

6 Discussion ......................................................................................... 17 

6.1 Suggestions for Future Research .............................................. 19 

7 References ......................................................................................... 21 

 

 

 

 



1 
 

1 Introduction 

 

In today’s rapidly accelerating and demanding economic environment, 

manufacturing has been shifting its focus from mass production to mass 

customization. This means that diversification of products are proving to become 

of increasing importance. Variety in product design is primarily caused by the 

diverse demand of customers in different markets and targeting these different 

markets is a common corporate strategy for gaining more market shares. In 

order to stay competitive in the marketplace, many companies also continuously 

have to improve their product development efficiency. It is crucial to meet these 

needs by optimizing throughout the product lifecycle (PLC) and consider factors 

like lead time, quality, productivity and adaptiveness. (Tu et al, 2007; Xie et al, 

2003). It is also important to initiate the product development in the best 

possible way because generally 70% of product cost and 80% of product quality is 

determined in the design phase. (Ma & Kremer, 2016) Both the departments of 

Research and Development (R&D) and Engineering are involved in the product 

development – R&D in earlier stages and Engineering in later stages of the PLC. 

 

One common method to combat these issues mentioned is to reduce product 

complexity. A strategy to achieve this is to decompose the whole system into 

smaller subsystems. This inverse process is how design engineering drastically 

changed - through modular product design (MPD). (Ma & Kremer, 2016) The 

method involves clustering simple parts into more complex subassemblies, 

modules, to finally combine the subassemblies to a final product. According to 

research, MPD is shown to increase manufacturing efficiency and effectiveness, 

which is why it has become a useful tool for companies to keep up with increased 

demand. (Okudan et al. 2012; Okudan et al, 2013; Piran et al, 2016) The 

causality between product modularization and improved efficiency will be 

further discussed. 

 

Not only has a global economy lead to more demands on production in terms of 

customization but also sustainability - research that has gained global attention 

in the last years. The World Commission on Environment and Development 

defines a sustainable development as “meeting present needs without 

compromising the ability of future generations to meet their needs” (WCED, 

1987). As far as operations goes, Sandborn and Myers modified the definition 

accordingly; “sustainability means keeping an existing system operational and 

maintaining field versions of the system such that the original requirements are 

satisfied”. The most widespread categorization of sustainability is in regard to 
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economic, environmental and social sustainability and all three factors should be 

considered simultaneously. (Ma & Kremer, 2016) 

 

For the remainder of section one, the premise for the report is described more in 

detail. Furthermore, in section two the adopted methodology is described. The 

pertinent research is presented in section three. In section four, a tool maker 

case study is used to give another perspective on the conducted research. Finally, 

we present conclusions and discuss results and future research directives in 

section five and six respectively. 

 

1.1 Background 
 

The task and inspiration for this research came from an industrial tool maker 

company that is present on the global market. A partial subject for this study is 

the current generation of their fixtured nutrunners, which can be described as a 

semi-modular product platform. The company has been considering possibilities 

in making its successor more modular, since current differences in global 

markets demand a high degree of customization. The frequent customization 

comes at a cost however - partially making the product less competitive and 

unable to reach its full potential in terms of profit margins. Once concluded, the 

research compiled in this report can provide potential benefits related to 

modularity, which in turn could be applied at the company. (Engleson, 2017) 

 

1.1.1 Problem Statement 
 

This study aims to find cause and effect of resource efficiency due to product 

modularity and the report is subsequently split into two questions. The goal is, 

by answering these two, a clear and honest answer will be given to whether 

product modularization can improve resource efficiency. 

 

1. How does implementation of MPD affect resource efficiency? 

2. How does the degree of modularizing a product family affect its resource 

efficiency? 

 

Here, the term resource needs to be further defined; the term intents to include 

key performance indicators (KPIs) related to the entire PLC. This is to not give a 

distorted picture when analysing the product and focus unequally on the 

different phases of the PLC. Further, the product family is defined as a set of 
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products that are derived from a common sets of parts, interfaces and processes, 

known as the product platform. (Kim et al, 2016) 

 

The degree of modularization impacts its resource efficiency both positively and 

negatively but this can differ when looking at different phases of the PLC. If the 

second question is not taken into the equation, the legitimacy of the answer to 

the first one might be compromised.  

 

1.2 Limitations 
 

This study has limitations due to the nature and limitations of the course that it 

is part of, the state of the product development of the nutrunner and previous 

studies in the field of modularization. 

 

Development of the successor of the nutrunner product family has not yet 

concluded, meaning that there is no clear evidence of its resource efficiency. 

However, estimations have been made with great care in cooperation with the 

company and pertinent research. Previous studies in the field of modularization 

are numerous but the effect on efficiency has only been touched upon. 

Additionally, the focus of previous studies is not perfectly consistent; some focus 

heavily on the status quo, while other look at future concepts. This can in turn 

affect the inclusive view that this study aims to provide. 
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2 Methodology 

 

The methodology of this report is separated into two different parts - theoretical 

and empirical research. 

 

The theoretical research constitutes of reviewing studies, articles, literature and 

other reports. From this, facts have been used to lay a general foundation of 

information on which the report is built, as well as applying it to the case study 

of this report. 

 

The goal of the empirical research is to gain a representative picture of how this 

theory is put into practice in the industry, which is why the company has 

provided their insight on the matter. They have much experience with industrial 

assembly solutions and have modular product families present in the market as 

of today. Since any actual improvement for the modular product series cannot be 

measured in numbers, the empirical research primarily consists of interviews 

held with employees of the company. The background for this phenomenon will 

be described in detail in Section 6.1. 
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3 Literature Review 

 

Before discussing the topic of modularization and resource efficiency, there are a 

few concepts that need to be introduced. They are presented below and consist of 

a general introduction in conjunction with a literature review of what has been 

previously studied surrounding said topic. 

 

3.1 Modularity 
 

A module is defined as a unit within a system that is structurally independent 

from another unit; yet all the modules that comprise a system work together to 

achieve the desired goal. Such modules are a group of components that have 

specific interfaces, as well as standardized dimensions and functions. (Baldwin & 

Clark, 2000) Together they compose a product or product family that utilizes the 

interoperability of these modules. The goal is to increase and aid customization 

while exploiting economics of scale. (Fixson, 2005; Fixson & Park, 2008) 

 

Standardization describes the development and implementation of standards 

within companies, industries or societies. This is a common approach to solve 

problems regarding products or processes (Griffith et al, 2000) and modular 

product architectures are examples of product standardization. (Ulrich, 1995) 

This concept was pioneered by Volkswagen in the 1990s when they used the 

same car platform in seven different cars belonging to different brands including 

Seat, Skoda and Audi. (Kampker et al, 2014) 

 

3.2 Modular Product Design, MPD 
 

Studies made in the industry show that some large companies today have a 

systematic approach of implementing platform development of their products. 

On the contrary, small and medium sized companies struggle with the labour 

and financial support necessary for successfully implementing this strategy. 

Instead, the platform development here can only be achieved through reactive re-

engineering to reduce undesired internal varieties. (Simpson 2004) 

 

As discussed earlier, MPD is a good way to increase effectiveness in 

manufacturing, which is why the usage of MPD has grown. This is true 

especially within the development stage of products. For maximum efficiency, 

applying product platform design should be discussed during the conceptual 
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design instead of the detailed design stage. (Kumar & Allada, 2007) 

 

One way to classify MPD is according to matrix methods or independent function 

based methods. These clustering methods group components into clusters 

according to similarities or differences in their design criteria (Huang & Kusiak, 

1998) A detailed method is described as following: mapping parameters from 

existing products to functional models, clustering these modules based on their 

parameters and commonality and finally match the parameters of these clusters. 

(Zhang et al, 2016) 

 

One goal of a product architecture built on modularity, is to have as few 

interactions between the assembled parts as possible. (Ulrich & Eppinger, 2000) 

Research shows that the results of a successfully implemented MPD is proven to 

reduce overall costs in many areas, for example design, manufacturing and 

procurement stages of a product. (Jose & Tollenaere, 2005) MPD can result in 

reduced inventories and distribution time (Chiu & Okudan, 2014; Ernst & 

Kamrad, 2000) and effectively help production cope with mass customization. 

(Gershenson & Zhang, 2003; Smith et al. 2013) 

 

With such promising expectancy, it is not surprising how this field has grown 

rapidly in terms of research over the last decades. A recent trend is to observe 

MPD in terms of sustainability, ever since environmental issues got global 

attention. Unfortunately, there is not yet any particular research linking these 

two concepts together in a clear way. However, some articles discuss this more 

closely primarily in fields related to design engineering. (Gungor & Gupta, 1999; 

Ilgin & Gupta, 2010) There is still an uncertainty to how MPD affects the 

sustainability factors of production and it is an area that clearly needs to be 

researched further. 

 

3.3 Product Lifecycle, PLC 
 

A product lifecycle or PLC is a chronologically predefined set of stages in the 

lifecycle of a product. The structure of a PLC can vary depending on the product 

and organizational structure of the products manufacture. In the manufacturing 

industry, the PLC is often defined as in Figure 1. This definition of a PLC is also 

the definition used in this report. Each of these stages represents an 

involvement, in terms of time and place, of the products lifecycle. 
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Figure 1: PLC 

 

3.4 Key Performance Indicator, KPI 
 

Key performance indicators are a set of measures to assess the progress 

especially important for the current and future success of a company. 

(Parmenter, 2010; Rodriguez et al. 2009) They not only indicate the current 

condition but also influence in which direction the company could go in the 

future, because of the input and information they supply the decision makers. 

KPIs can even indicate the performance of occurrences that directly affects the 

value of the company itself. (Ma & Kremer, 2016) 

A recommendation is to calculate and monitor any KPI for every vital part of a 

company. The chosen KPIs should preferably be connected to the core 

competence of the company. No matter which business, competitiveness is 

related to performance. This is especially relevant for manufacturing companies, 

where a small increase in production cost can have drastic consequences. For 

manufacturing, KPIs mainly revolve around the areas of personnel, equipment, 

inventory and production processes. They improve manufacturing performance 

by leaning towards real time data and are used as support in decision making. 

(Ma & Kremer, 2016) KPIs also provide the simple and continuous evaluation 

opportunity for the organisation, which simplifies the strategic decision making. 

(Parmenter, 2010) 
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3.4.1 Criteria for KPIs 
 

A good KPI has criteria which it needs to fulfil in order to ensure its usefulness 

and effectiveness. An organisation devoted to those questions is the 

International Organization for Standardization (ISO). They have listed these 

criteria and they are presented in Appendix 1. The motive for such framework, 

according to ISO, is that using these standard KPIs is beneficial when comparing 

certain operations within organisations or industries over an extended period of 

time. These can then be grouped into different categories according to what the 

KPI measures and how. Different areas within an organisation have different 

KPIs. In order to monitor and assess the comprehensive view and total status, 

these need to be used together throughout an organisation. (ISO, 2017) 

The characteristics of a KPI are how the information is handled according to 

content and context. This means that the KPI should measure a quantifiable 

element with a specific unit of measure, as well as providing a verifiable list of 

conditions that are met. For instance, details about the scope, usage, formula, 

unit of measure and constraints should be described. (ISO, 2017) 

 

3.5 Spindles 
 

Spindles are tools that tighten a joint. In many industries, there are products 

with joints that need to be tightened; from the smallest consumer products like 

smartphones to cars, ships and wind turbines. In order to understand how 

spindles can be modularized, the general composition of a spindle has to be 

explained. For a structural breakdown, see Figure 2. Below comes a detailed 

description of each component. Note that custom spindles that are needed for 

certain applications can have other and more complex features. 

 

 

Figure 2: Generalized composition of a spindle. 
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Communication: This is the first part of a spindle and acts an interface between 

the controller and the spindle. Here, both power and instruction sets are 

transmitted. This can be electrical or air driven with analogue or digital 

communication. 

 

Motor: The motor transforms electrical current or air pressure to a rotating 

shaft. Depending on the needs of the spindle, size can greatly vary. Generally, a 

more powerful motor can deliver more rotational force (measured in Nm) and 

slower rotational speed (measured in rpm) while requiring a larger diameter. 

Depending on the overall torque range of the product family, multiple motor 

sizes can be needed for a product family. 

 

Gearing: Gearing allows reducing high speeds and increasing low torque 

provided by the motor. Planetary gear sets are a common and widely used 

solution for this. Depending on the gearing requirements, one or multiple 

planetary gear sets can be used. 

 

Transducer: The transducer measures the torque of the outgoing shaft. There are 

many ways to measure torque. A common solution is to use a strain gauge. Here, 

a metallic foil pattern is wrapped around a cylinder with adhesive. As the 

cylinder is deformed, the electrical resistance in the strain gauge changes. This 

change is electrical resistance can be translated to torque. Sometimes multiple 

transducers are used to either increase accuracy or provide redundancy. 

Preferably, the transducer unit is placed as close to the outgoing shaft as 

possible. This provides the highest possible torque accuracy. 

 

Angle encoder: When tightening a joint, it can be necessary to know the degree to 

which the bolt has been tightened. Here, an angle encoder measures the angle 

which the outgoing shaft has rotated from the point where the bolt bites the 

joint. This excludes rundown, which is the phase before the bolt is tightened. 

Different technologies can be used but optical readers are a common solution. 

 

Offset gearing: Depending on space constraints or centre to centre distance 

requirements of multiple spindles, offset gears are needed. This is not always 

used and generally reduces the accuracy of the tightening. Other features can be 

used here depending on the requirements of the spindle. 

 

Front part: The front part houses the socket holder and if needed, compression 

springs. For automatic or semi-automatic applications, compression springs are 

needed. The length of the front part determines how far the spindle can reach 
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and how much compression is possible. The spring constant also alters spring 

stiffness and therefore overall spring characteristics. 

 

Socket holder: The socket holder is the outermost part of a spindle. This part is 

in contact with the (or other object that is to be tightened) and its size is 

determined by the bolt. This can be a square or any other shape that the bolt 

might have. (Engleson, 2017) 
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4 Case Study 

 

The case study was conducted at and in cooperation with Atlas Copco. Here, 

multiple spindle product families exist. Some are more modular than others but 

most are semi-modular. The object of this case study was the not yet finalized 

modular fixtured spindle family, its non-modular predecessor, the existing non-

modular handheld spindle family and the modular handheld spindle family. The 

hope is that some of the cost and time saving from modularizing the handheld 

product family can be translated to the fixtured product family. These differences 

and the analysis of each product family might indicate what gains are to be 

expected when modularizing the fixtured product family. (Engleson, 2017) 

 

4.1 Discussion with Andris 
 

The initial idea and driver behind the project of modularizing the fixtured 

spindle family was not totally clear. According to Andris Danebergs, former 

project leader of the modular project, there was not much research behind this 

decision other than that it seemed beneficial. For example, the engine, 

transmission and torque transducer all have different functions and their sizes 

vary from model to model. By increasing the interoperability of each component, 

the ambition with the project was to achieve the benefits of modularization 

previously discussed. Andris also stresses on how the modularity can increase 

efficiency in the design phase, where changes to the CAD-models are simplified 

drastically - from hundreds of parts to just a few. (Danebergs, 2017) 

 

Although a modularized product series already exists within the company, little 

inspiration was taken from this when developing the other one. Even though the 

two product families require different modules, some components and 

particularly the production techniques were thought to be the same. The reason 

for the different modules required is primarily due to big differences in terms of 

requirements; the existing modular product series is meant to be held by a 

operator, while the one this report concerns is fixtured. This means that there 

are different requirements in terms of weight, thermal radiation and vibrations. 

While the product series are rather similar, these differences simply make it 

unfavourable to retrieve too much inspiration from each other. The handheld tool 

is constructed with weight in mind; material is reduced at every place possible, 

with the consequence of a lowered life expectancy. The fixtured tools can be used 

in pairs of two or more spindles and therefore high durability is critical, since a 

breakdown of one spindle causes a stop in the entire station. (Danebergs, 2017) 
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4.2 Discussion with Anders 
 

Comparing a current product family with its scheduled successor can be difficult, 

mostly because said successor does not yet exist. In order to get a better 

comparison between product families, this discussion compares another range of 

products – the handheld tools. Some insights in regards to resource efficiency 

and modularity were obtained in an discussion with the project manager for this 

handheld spindle product family. 

 

According to Anders Johnson, project leader of the current handheld modular 

product family, potential savings across the PLC of the handheld product family 

have been investigated but little has been documented. It is believed that this 

modular product family can excel its predecessor in many areas, mostly when it 

comes to lead time. Anders emphasizes on how design changes for modular 

products can occur much later in the ordering process. Even if the customer 

wants to change a certain aspects of a spindle after the initial order was placed, 

it is possible to quickly adapt and continue in the current phase of the ordering 

process. With the non-modular product family, especially when the product is 

customized to a degree where it is not considered to be a standard product, 

design changes often bring the ordering process back to engineering – or simply 

the drawing board. (Johnson, 2017) 

 

Another advantage is that modules can be assembled independent of incoming 

orders, as long as they correlate to the overall order forecast. This means that 

once an order is placed, the modules are to be assembled, verified and tested 

together. The modules themselves are already built and in some cases tested and 

verified by the supplier. In the case of modular handheld tools, a precise savings 

in assembly time or lead time has not been documented. This is because most of 

the sales volumes are still located at the non-modular predecessor. Measuring 

that, and other relevant KPIs, would not provide a real comparison because any 

cost savings are heavily outweigh by volume disadvantage. (Johnson, 2017) 
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5 Results 

 

Here the results for both thesis questions are presented in Section 5.1 and 5.2 

respectively. Information from the literature review is gathered and used as a 

backbone to answer the questions asked in Section 1.1.1. 

 

5.1 Modularization and its Effect on Efficiency 
 

By looking at how modularization affects different parts of the PLC, a complete 

assessment of its resource efficiency can be determined. Furthermore, KPIs need 

to be defined for each phase of the PLC and combined, they provide a complete 

picture. Information compiled from literature reviews and case studies can be 

sorted for each phase of the PLC. Below is a conclusion of how different KPIs 

have been measured in different stages of the PLC, presented both in text and a 

graphically; see Table 1. 

 

Product Development: Non-modular products lead to increased design costs due 

to the constant need to develop new low volume parts. (Ripperda & Krause, 

2017) Test costs can also be higher due to the increased number of variants to 

test, especially when it comes to test setup costs. (Fisher et al, 1999; Jans, 2008) 

However, non-modular products can be easier to develop. (Ripperda & Krause, 

2017) Modular products benefit from generally lower design cost due to easy 

mass customization (Fisher et al, 1999; Gerhenson et al, 2003; Ulrich, 1995) but 

are more sophisticated to develop, which increases the one-off design cost. 

(Halman et al, 2003; Nobelius & Sundgren, 2002) 

 

Procurement: The cost for sourcing components increases for non-modular 

products, due to larger variety of components and smaller volumes. (Lavigne et 

al, 2014; Ripperda & Krause, 2017) Additionally, necessary stock volumes 

increase and logistics become more complex. (Jakkula et al, 2006; Ripperda & 

Krause, 2017) Modular products consist of fewer components, giving scaling 

effects for sourcing. (Fisher et al, 1999; Muffatto, 1999; Thyssen et al, 2006; 

Ulrich, 1995) Fewer variants also simplify and streamline logistics. (Gerhenson 

et al, 2003; Halman et al, 2003; Jans, 2008) 

 

Production: In order to produce a variety of new modules and components for 

modular products, new machines might be needed. (Hohnen et al, 2013) 

However, the modules themselves can be used in a variety of different products 

and are thereby produced in higher volumes. This rationalises the assembly 
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process and reduces assembly time (Muffatto, 1999; Simpson et al, 2001; 

Thyssen et al, 2006), at the expense of an increased coordination. (da Cunha et 

al, 2007; Hognen et al, 2013) However, non-modular products have to be 

produced in many different varieties and volumes at different times. This 

considerably increases setup cost and assembly time. Furthermore, this can 

increase fault rates due to less automation for workers in the assembly line. 

(Ripperda & Krause, 2017) 

 

Marketing and Sales:  Manufacturing modular products allows for changes to an 

order much later in the order process. This can greatly reduce lead times and 

increase flexibility. Non-modular products generally differ more from one 

another and this often leads to an increase in training time among the salesforce. 

(Ripperda & Krause, 2017) 

 

Use and Service: Maintaining modular products can be more cost efficient. 

Replacing only a module instead of the whole product reduces the need for 

comprehensive spare part inventories. (Kampker et al, 2014; Ripperda & Krause, 

2017) Serviceability is defined as the ease of a component, device or system to be 

maintained and repaired. Therefore, defining modules on platform-based design 

principles can also improve serviceability. (Aydin & Ulutas, 2017) Repairing and 

upgrading products can benefit from modularity. (Halman et al, 2003; Krikke et 

al, 2004) Non-modular products have a greater need for documentation, while 

modular products could have documentation on module level instead of product 

level. This means that preparing documentation takes less time and changes in 

the products configuration do not reset the documentation process. (Ripperda & 

Krause, 2017) 
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Table 1: Measured KPIs across different stages in the PLC. 

 

 

Here, a plus sign represents an increase in resources compared to the other 

alternative, while a minus sign represents a decrease in resources. 

 

5.2 Optimal Degree of Modularization 
 

When determining how profitable modularizing a product family is, the degree of 

modularization plays a vital role. Revenue gains from having many variants of a 

product weaken when the number of variants becomes too large. (See revenue 

function in Figure 3). 
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Figure 3: Enhanced cost-revenue-modularization diagram 

 

At the same time, the cost to produce new variants increases for each new 

variant as the total number of variant increases. (See cost function in Figure 3). 

If profit is defined as the difference between revenue and cost, the optimal profit 

in relation to the total number of variants can be found where the difference of 

the cost and revenue function is at its greatest. By positioning the total number 

of variants to this level, optimal profit can be achieved.  (See step 1 in Figure 3). 

The difference of these functions is traced via the green path between the two 

graphs in Figure 3, visualizing the correlation between modularity and profit. 

When the degree of modularity is too high or low, the profit margin moves away 

from this optimal level. 

 

There are two obvious methods to implement in order to increase profit, 

independently of where the product family is located in the modularity-profit 

diagram:  

 

1. Increase the slope of the revenue function.  (See step 2 in Figure 3). 

2. Decrease the slope of the cost function,. (See step 3 in Figure 3). 

 

The repositioning of these two functions has a proportional impact on the total 

profit realized, as shown by the red and yellow line respectively.  
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6 Discussion 

 

As a result of increasing customer demand and shorter product life cycles, 

modularity has been demonstrated to be an efficient way for companies to stay 

adaptable in the market. After completion of our research, our view is somewhat 

shifted regarding how companies today systematically work towards modularity. 

As it turns out, several organisations today do not have a rigorous strategy for 

implementing this technique in their production. We believe the main cause for 

this lies in priorities, lack of knowledge regarding potential benefits, or how 

modularity can create customer value. 

 

In Section 3.2 it was discussed how small and medium sized companies struggle 

with labour and financial support necessary for successfully implementing 

modularity in their products. For Atlas Copco, with a workforce of roughly 40000 

people, we realize this is not the fundamental drive behind such reasoning. 

Whenever a company considers investing in a new project, the return on 

investment (ROI) might be a potential deal breaker. Of course, share- and 

stakeholders want the highest possible ROI for their capital and projects are 

seldom executed without a potential benefit in mind. Projects are ranked 

according to priority and the complete business case determines how important a 

project is considered. 

 

The first research question is answered in rather detail and although some of 

these factors presented are situational, the result shows the overarching trend of 

the benefits in several areas of the PLC. The way modularity reduces product 

complexity is shown in the PLC, as many stages are being simplified. Several of 

the benefits from introducing modular products are seen instantly, at the cost of 

initial investments. These investments consist of new machines and new 

routines; the pertinent research does not show any long-term negative effects of 

modular product platforms. The way to determine feasibility and benefits of 

modular products is to assess the ROI, priority of the project, as well as the 

possible customer value that the modular product could provide. It might not be 

justified to proceed if the investment is not considered to add customer value. 

 

The second research question is hard to answer in a specific manner. We found 

ways to improve profit margins by manipulating the way companies are able to 

charge for product modularity or by making modular product development more 

efficient. However, the best approach to achieve this is not identified. This varies 

greatly between different companies and we do not find general approaches with 
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proven effectiveness in existing research. Another way we mention is to identify 

the level of modularity that leads to the highest profit. This is where the 

difference between cost for modularity and income due to modularity is at its 

biggest. We do not find exact indicators of where in this spectrum any given 

company is located. At extreme points far to the left or right, many indicators 

should show that the company is far for the optimal level. The closer to the 

optimal point of modularity a company is, the more difficult it is to identify how 

far from the optimal point they are. This makes it very difficult to properly 

utilize the graph and position a product family at its most profitable level. 

However, the general principles of the diagram still hold true - MPD becomes 

more profitable at a certain degree of modularization. 

 

The future challenge with modularity is how it can be used as a tool to create 

customer value. Modularizing products has no intrinsic value if it cannot provide 

simpler solutions to present problems. Some companies might realize the 

potential benefits internally but struggle with finding solutions to how this also 

benefits the customer, for instance by faster repair and easier maintenance. This 

report gives a structured breakdown of the potential benefits and downsides to 

modularity as of today; it is a matter of perspective on how to successfully 

implement these. 

 

Modular product series are not a novel concept in production engineering and 

inspiration can be taken from many industrial companies present on the market. 

For example, there are consultancy services offering modular platform 

development and implementation. Modular Management is an example of such a 

business; they claim to offer unique tools and methods to help companies take 

advantage of the many benefits of modularity. (Lundholm, 2017) 

 

The similarities between the two product families compared in this report could 

be considered a module-based platform, if the common components were 

clustered into more exchangeable modules. Today they have similar components 

and manufacturing technologies but if the shared modules in the correlative 

products are identified, the company would easier develop and design a module-

based platform. (Zhang et al, 2016) 
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6.1 Suggestions for Future Research 
 

As the report concludes, there are several research gaps within the area of 

modularization. Previous research is rather unilateral and also finds that there 

are is a lack of sufficient data surrounding effects on efficiency due to 

modularity. (Piran et al, 2016) The majority only focus on one specific aspect, for 

example lifecycle management, cost savings, environmental impact or product 

innovation. The research rarely takes all these factors into account nor considers 

dynamic change in modularity. A product’s end-of-life (EOL) options are almost 

always assumed static in the PLC literature but a product can be affected by 

changing market conditions, which is why a dynamic view could be appropriate. 

  

Even though many companies today offer completely modularized products and 

have done so for many years, there are surprisingly vague answers to how 

modularity could benefit an organization. Benchmarks are identified and 

distinguished but rarely are these presented in terms of absolute values. The 

literature review can offer guidance to the different advantages and 

disadvantages of modularity but it does not provide any detailed or specific 

answers. The few studies that aim to provide a complete view are mostly 

empirical and based on case studies and thus inadequate for drawing general 

conclusions. 

  

Our suggestion for future research would be to determine a set of KPIs evenly 

spread out across the PLC. One way to determine these is preferably to use ISO-

standards in agreement with the requirements presented in Appendix 1, or for 

example ISO-20140 and ISO-22400. These describe in great detail how to fairly 

and thoroughly measure production performance. This, in conjunction with other 

ISO-standards, could make up a solid framework for systematically mapping the 

PLC and identify where improvements can be made by implementing a modular 

product series. 

 

After this step, one needs to find a non-modular product family being planned to 

get modularized to a family with comparable attributes. This is where the actual 

documentation and measurements can be put into action. Once the modular 

successor has been introduced, the same measurements are to be taken again. 

Both products can then be kept producing parallel over a few years to ensure 

reliable sample data. For a representative data sample, measurements of at least 

30 points should be taken with a reliable system; this is true for any continuous 

process, e.g. when the value to be measured could be any value in a specified 

interval. A good method to monitor the stability of measured values is to first 
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construct a time series plot to get an overview of any deviation of the average 

and variation. 

 

Finally, a histogram can be constructed to examine the distribution of data and 

evaluate its legitimacy. (Jogréus, 2009) This process should continue until the 

point that the modular product is comparable to its predecessor in terms of 

volume and maturity. Therefore comparing two product families at only one time 

will not provide a fair, complete comparison. This is illustrated in Figure 4. Here, 

differences in volumes and stages in the PLC are shown. 

  

Figure 4: Comparison of two products families 

 

At this point, data encompassing the R&D area of the first product family might 

be incomplete, due to the long process of mapping the PLC. This means that in 

order to cover the entire PLC, one would have to measure the defined KPIs of a 

non-modular product family unknowingly about whether it will have a modular 

successor. 

 

Considering the circumstances and the comprehensiveness of such a study, it 

becomes clear why research as of today only covers parts of this process. 

Naturally, companies are much more interested in developing products and 

meeting customer expectations, rather than monitoring performance extensively 

and historically. Nevertheless, we believe such a study could provide useful 

evidence to the suspicion of resource efficiency that is surrounding modularity 

today. 
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Appendix 1 - Criterias for KPIs. 

 

a) Aligned: the KPI is aligned to the degree to which the KPI affects change in 

relevant higher-level KPIs, where alignment implies a high ratio of the percent 

improvement (assuming positive impact) in important higher-level metrics to the 

percent improvement in a KPI (or KPI set), given no other changes in the 

system. 

b) Balanced: the extent to which a KPI is balanced within its chosen set of KPIs. 

c) Standardized: the KPI is standardized to the extent to which a standard for 

the KPI exists and that standard is correct, complete, and unambiguous; the 

standard can be plant-wide, corporate-wide, or industry-wide. 

d) Valid: the KPI is valid to the extent of the syntactic (i.e. grammar) and 

semantic (i.e. meaning) compliance between the operational definition of the KPI 

and the standard definition. If no standard exists, then validity is zero. 

e) Quantifiable: the KPI is quantifiable to the extent to which the value of the 

KPI can be numerically specified; there is no penalty for the presence of 

uncertainty, as long as the uncertainty can also be quantified. 

f) Accurate: the KPI is accurate to the extent to which the measured value of the 

KPI is close to the true value, where a departure from the true value can be 

affected by poor data quality, poor accessibility to the measurement location, or 

the presence of substandard measurement devices and methods. 

g) Timely: the KPI is timely to the extent it is computed and accessible in real-

time, where real-time depends on the operational context. 

h) Predictive: the KPI is predictive to extent to which a KPI is able to predict 

non-steady-state operations. 

i) Actionable: the KPI is actionable to the extent to which a team responsible for 

the KPI has the knowledge, ability, and authority to improve the actual value of 

the KPI within their own process. 

j) Trackable: the KPI is trackable to the extent to which the appropriate steps to 

take to fix a problem are known, documented, and accessible, where the 

particular problem is indicated by particular values or temporal trends of the 

KPI. 

k) Relevant: the KPI is relevant to the extent to which the KPI enables 

performance improvement in the target operation, demonstrates real-time 

performance, allows the accurate prediction of future events, and reveals a 

record of the past performance valuable for analysis and feedback control. 
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l) Correct: the KPI is correct to the extent that, compared to the standard 

definition (if one exists), the calculation required to compute the value of the KPI 

compared to the standard definition (if one exists) has no errors with respect to 

the standard definition. 

m) Complete: the KPI is complete to the extent that, compared to the standard 

definition (if one exists), the definition of the KPI, and the calculation required to 

compute the value of the KPI, covers all parts, and no more, of the standard 

definition. 

n) Unambiguous: the KPI is unambiguous to the extent that the syntax (i.e. 

grammar) and semantics (i.e. meaning) in the definition of the KPI lacks 

ambiguity or uncertainty. 

o) Automated: the KPI is automated to the extent that KPI collection, transfer, 

computation, implementation, and reporting are automated. 

p) Buy-in: the KPI has buy-in to the extent that the team responsible for the 

target operation, as well as teams responsible for both upper and lower level 

KPIs, are willing to support the use of the KPI and perform the tasks necessary 

to achieve target values for the KPI; includes difficulty of obtaining official 

approval by management for the KPI. 

q) Documented: the KPI is documented to the extent that the documented 

instructions for implementation of a KPI are up-to-date, correct, complete, and 

unambiguous, including instructions on how to compute the KPI, what 

measurements are necessary for its computation, and what actions to take for 

different KPI values. 

r) Comparable: the KPI is comparable to the extent that means are defined to 

reference supporting measurements over a period of time, and a normalizing 

factor to express the indicator in absolute terms with appropriate units of 

measure. 

s)Understandable: the KPI is understandable to the extent that the meaning of 

the KPI is comprehended by team members, management, and customers, 

particularly with respect to corporate goals. 

t) Inexpensive: the KPI is inexpensive to the extent that the cost of measuring, 

computing, and reporting the KPI is low. (ISO 22400-1, 2014) 


