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Abstract 

Background – Through the progress in information and communication technology 

(ICT) new possibilities to connect smart objects via the internet arose. The number of 

connected devices had a strong growth in the past years and will continue rising fast in 

the next years as well. This new kind of smart and connected products (SCP) enables a 

lot of new product capabilities which have an impact on the creation of new customer 

value and competition on the market. Related to that, companies have to deal with digit-

isation and the affects for their products and manufacturing system. 

Purpose –. The purpose of this thesis is to investigate changes in the manufacturing 

system when the products are getting smarter and connected. A special focus lays on 

the well-established Lean thinking approach. The results shall help to understand what 

new circumstances the decision to make the products smarter and connected will bring 

for a manufacturing department. 

Methodology – Relevant literature was reviewed to gain a theoretical framework. For 

gathering primary data, a qualitative case study was applied. Meetings with members of 

the case company’s management were arranged to conduct interviews. Additionally, ob-

servations were made during a guided tour through the production shop-floor and at a 

company presentation. The interview was recorded, transcribed and evaluated. After-

wards, the results from the case study were analysed and compared with theory based 

on the theoretical framework. Conclusions were made. 

Findings – The differences or changes in manufacturing because the products are get-

ting smarter and connected are much more electronic components and software. Fur-

thermore, new operating equipment is needed. The new circumstances require new 

knowledge and skills. Therefore, people have to be trained. New problems occur e.g. 

software problems. The use of Lean tools can be more difficult and time-consuming be-

cause of missing know-how and improvements itself are becoming more digital. 

Contribution – This thesis investigated the effects on the manufacturing system when 

the products get smarter and connected, which nobody did before. A practical case study 

with interviews, observations and secondary data from the company was applied. 

Limitations – The findings match reality based on data from the case company. Availa-

ble time and access to data from the company’s side were limited. This means that the 

generalisation must be done with caution. However, it can be said that the findings may 

apply to many other industrial companies of similar size and similar products. 

Keywords – Digitisation, Lean Production, Industry 4.0, Internet of Things (IoT), Smart 

and Connected Products, Lean 4.0, Manufacturing,  
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1 Introduction 

1.1 Background 

Digitisation: 

Over the past decades, information and communication technology (ICT) has brought a 

radical transformation of the world. A trend towards more and more IT infrastructure, as 

well as the usage of internet and miniaturisation of products has been observed. The 

technological progress resulted in new possibilities to connect smart objects via the in-

ternet. According to Kagermann, Wahlsteter and Helbig (2013, p. 13) it is the possibility 

to network resources, information, objects, and people to create the Internet of Things. 

They described it as the fourth industrial revolution or industry 4.0 because it affects the 

industry and especially the area of manufacturing. 

 

The Boston Consulting Group (BCG) describes industry 4.0 as a transformation powered 

by nine foundational technology advances which are transforming industrial production: 

Big data and analytics, Autonomous robots, Simulation, Horizontal and vertical system 

integration, Cybersecurity, The cloud, Additive manufacturing, Augmented reality and 

The Industrial Internet of Things (IIoT). With the Industrial Internet of Things, more de-

vices will be enriched with embedded computing and connected using standard technol-

ogies. (Gebert et al., 2015) 

 

The number of devices connected to the internet will have a massive increase in the next 

years. In a recent report from Gartner Inc., research president Hung (2017) forecasts 20 

billion of internet-connected things by 2020. In the same year, analysis from HIS Markit 

forecasts annual growth of 12 percent from nearly 27 billion in 2017 to 125 billion in 2030 

(Jenalea Howell, 2017). These are significant numbers, and there are differences in pre-

dictions. However, the Internet of Things (IoT) and the trend towards more connected 

devices is a fact. 

 

The enormous effects of digitisation and especially the Internet of Things have to be 

considered by the industrial companies. Intelligent products can bring important benefits 

like: Establishment of a product-driven production approach (i.e. the product takes the 

initiative during the plan execution); Improvement of the entire life-cycle of the product; 

Improvement of the product quality and performance; Improvement of the next genera-

tion of the product (Leitão et al., 2015; Hoellthaler et al., 2018). Companies who manu-

facture industrial products have to analyse their current situation, whether internally or 
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on the market and ask themselves how they can make their products more intelligent? If 

a company decides to do that, it has effects on the whole value chain. The changes vary 

from department to department (e.g. marketing, R&D, manufacturing). In this study, the 

focus is on the effects for the manufacturing department.  

 

Porter and Heppelmann (2014) name the new generation of products smart and con-

nected products (SCP) and state that they are offering ‘exponentially expanding oppor-

tunities for new functionality, far greater reliability, much higher product utilization, and 

capabilities that cut across and transcend traditional product boundaries’ (p.4.). Further, 

SCP will have a transformative effect on industry structure and the shape of competition. 

A significant change in the nature of products is disrupting value chains. Companies 

have to rethink how they manufacture the products. 

 

Lean manufacturing: 

Lean manufacturing is a well-established philosophy and one of the most commonly 

used approaches of how to produce products in the most efficient way for improvement 

in manufacturing companies regarding quality, cost and time (Osagie, 2009; Hoellthaler 

et al., 2018; Dombrowski et al., 2017). With the new phenomenon of digitisation, the 

question arise, how does digitisation affect Lean manufacturing? 

The combination of digitisation and Lean manufacturing is currently highly discussed in 

literature. Many researchers investigate about the interaction between these two topics. 

Two common opinions can be summarised: 

1) Digitisation can help to improve processes in the manufacturing system and therefore 

strengthen the Lean objectives like efficiency and productivity (Hoellthaler et al., 2018; 

Kumar et al., 2018; Enke et al., 2018). 

2) Lean manufacturing has to be the standard for the implementation of digitisation and 

the organisation and in particular the processes have to be optimised according to Lean 

aspects first (Dombrowski et al., 2017; Prinz et al., 2018). 

1.1.1 Practical relevance 

Smart and connected products bring new capabilities and can increase customer satis-

faction (Porter and Heppelmann, 2014). Due to that competitive advantages arise. To 

stay competitive in the long-term it is very important for industrial companies to consider 

the trend towards smart and connected products. Companies have to know what the 

decision to make their products smarter and connected means. What is changing in the 
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manufacturing system and what is to consider making this transition. For that reason, 

the practical relevance of this study is very high. 

1.1.2 Theoretical relevance and research gap 

On one side there is an established production system like Lean manufacturing and on 

the other side there is a new trend of digitisation. These circumstances will bring a lot of 

changes for a company and there is already a lot of scientific literature about that. The 

Internet of Things and the number of smart and connected products is growing fast. 

These products have to be developed and produced. Despite many scientific articles 

about digitisation and Lean manufacturing, there is no article or theory about how the 

“production of this new kind of products” is affecting manufacturing system and especially 

the philosophy of Lean thinking. 

1.2 Purpose 

The purpose of this thesis is to investigate changes in the manufacturing system when 

the products are getting smarter and connected. A special focus lays on the well-estab-

lished Lean thinking approach. The results shall help to understand what new circum-

stances the decision to make the products smarter and connected will bring to a manu-

facturing department when they manufacture in a lean way and live the Lean philosophy. 

This thesis could bear interesting inputs on the decision-making process and planning 

towards smart and connected products. According to that, the whole thesis is structured 

to answer the following research question: 

What are differences or changes in manufacturing when the products are get-

ting smarter and connected? 

1.3 The scope of the thesis 

In chapter one, the thesis is introduced through the background of the main topics and 

theoretical and practical relevance. Additionally, the purpose and the research question 

are described. Chapter two is all about methodology and contains research strategy, 

data collection technique, a framework for data analysis and limitations of the thesis. In 

chapter three, the relevant theory related to the topic and to answer the research ques-

tion is described and explained. In chapter four, a case study gives a practical insight 

related to the topic and primary data are gathered. The results are described and in 

chapter five analysed and discussed. Finally, a conclusion about the whole study and 

suggestions about future studies will complete the thesis. 
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2 Research methodology 

2.1 Introduction 

The purpose of this study is to find out the differences or changes in manufacturing when 

the products are getting smarter and connected. To find answers related to the purpose, 

two big topics were chosen, narrowed down and combined with new thoughts. On one 

side, there is the digitisation with several new technologies. One of these technologies 

is the Internet of Things (IoT), which is about connecting machines, devices, and sensors 

and the possibilities of the technical platform internet (Reuter, 2017, June 20). On this 

basis, products can be smart and connected and allow new product capabilities. On the 

other side, there is Lean manufacturing, a production philosophy which has established 

itself in the manufacturing industry over the past decades (Osagie, 2009; Hoellthaler et 

al., 2018). 

 

The chapter research methodology provides the details of the research strategy adopted 

to address the identified research issue. Further, it states how the data is collected and 

analysed and what the limitations of the thesis are. 

 

2.2 Research strategy 

The reason to come up with a research strategy is to describe the way how to realise 

and complete the chosen empirical study (Biggam, 2008).  

After literature review about Lean manufacturing, as well as digitisation, there is a need 

for empirical data related to the chosen research question. In the literature review, many 

articles are about improving Lean manufacturing with the help of smart and connected 

products and new technologies (Enke et al., 2018; Hoellthaler et al., 2018; Kumar et al., 

2018). In an article from Mrugalska and Wyrwicka (2017) they state that smart products 

can request for required resources and coordinate the production process for its 

completition. The products help to improve the production process and support the Lean 

philosophy. However, in this thesis, the focus is different. It is about the production of 

smart and connected products with new product capabilities, which should bring a more 

significant added value for the customer (Porter and Heppelmann, 2014). 

There are different tried and tested research strategies like surveys, experimental or ac-

tion research, case studies and more (Biggam, 2008). A survey is because of its repre-

sentative selection a very time-consuming research strategy and because of the short 
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time to write the thesis less suitable. Experimental research is attempting to test a hy-

pothesis through some experiments. Because the chosen research question is not a 

hypothesis, experimental research is not suitable too. Action research is a strategy where 

the researcher is involved in the research not just as an observer but as a participant in 

the own research. Due to the choice of topic and the chosen research question, this is 

not the case, and so this research strategy is also not suitable. A case study is a study 

of one example of particular objects. Through observing characteristics of an individual 

unit like an organisation or a company, the aim is to explore and analyse specific phe-

nomena. Therefore, a case study is the best suitable approach related to the research 

question. (Biggam, 2008) 

 

As stated by Dudovskiy (2018) a case study can be categorised according to its design 

in exploratory, descriptive and explanatory. Explanatory case studies answer “how” or 

“why” questions and focus on phenomena within the context of real-life situations. De-

scriptive case studies analyse the sequence of interpersonal events after a certain 

amount of time has passed and attempt to discover the key phenomena. Exploratory 

case studies find answers to the questions of “what” or “who” and are often accompanied 

by additional data collection methods such as interviews, questionnaires, experiments, 

observations and more. The research strategy that will be adopted in this thesis is an 

exploratory case study. Zaidah (2007, Juni) describes some advantages and disad-

vantages of case studies. One of the advantages is that a case study research is useful 

for investigating in a specific phenomenon and exploring data in the real-life environment 

as well as help to explain complexities. Disadvantages of case studies are that the results 

and conclusion can be influenced by personal bias and the susceptibility of equivocal 

evidence of the investigator. Further, it is possible that the case study provides a minimal 

basis for scientific generalisation because of a small number of subjects. Finally, case-

based research is often criticised by lacks of rigour. (Stuart et al., 2002) 

2.2.1 Case company 

In this thesis, the example of a particular object will be a case company. A reason for 

this decision is the project about digitisation and Lean manufacturing between the 

University of Gävle and some manufacturing companies. Through this collaboration, it is 

feasible to get useful information from the involved companies and it is possible to get a 

practical relation to answering the research question. Within this thesis, the case study 

is about just one company because the choice of companies was very limited. The com-

panies have to agree on cooperation and exchange of needed information related to the 

topic of the thesis. Due to sensitive information, it is not easy to find one or more which 

agree with that. Nevertheless, a suitable case company was found. It is the production 
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plant of a big international industrial manufacturing company. This case company is suit-

able because they have established Lean manufacturing and not long ago implemented 

to produce smart and connected products. That means, they know what differences or 

changes this transition will bring to Lean manufacturing. 

 

2.2.2 Qualitative and quantitative research 

The empirical case study can be qualitative or quantitative. Whether it is qualitative or 

quantitative depends on the combination of the research strategy, the chosen research 

objectives, and the data collection techniques. Quantitative research is about quantities 

and measurements of data e.g. number of defect products in a production line in a spe-

cific time range. On the other side, qualitative research is about in-depth exploratory 

studies e.g. why a specific new product brings new challenges to the production process. 

The rule is that quantitative research is referring to how-questions and qualitative 

research is referring to why-questions. (Biggam, 2008) 

According to the research question and the chosen techniques for data collection (de-

scribed in section 2.3), the research will be qualitative. It is not excluded, that with differ-

ent chosen data collection techniques, the research also could be quantitative. 

Summarised, the research strategy is based on a qualitative case study research. 

 

2.2.3 Literature review 

A literature review is the search and evaluation of available literature in a specific subject 

or topic area and documents state of the art. The aim is to survey the literature, to 

synthesise the information, to critically analyse the gathered information and present it 

in a structured way. Especially important in the analysis is the identification of research 

gaps. This can be managed by showing limitations of theories, state new research areas, 

and check controversy. (Royal Literary Fund, 2018) 

 

Within this thesis, the theoretical framework is divided into three parts. First part is about 

the new nature of smart and connected products with their capabilities and changes for 

manufacturing. Second part is about the influencing factors in manufacturing based on 

the model from Gutenberg with elementary and dispositive factors. This part is important 

related to the differences in the manufacturing of products, concerning to make them 

smart and connected. In the third part, the relevant theory about Lean manufacturing is 

explained. 
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The used literature in this thesis are scientific articles, books, journals as well as web-

sites. To answer the research question, keywords such as Digitisation, Lean Production, 

Industry 4.0, Internet of Things (IoT), Lean 4.0, Smart and Connected Products, and 

Manufacturing as well as the combination of some of them, helped to find the relevant 

information. Literature was mainly found on websites about scientific information like 

ScienceDirect, Google Scholar, Research Gate or IEEE Xplore. To choose relevant 

articles, it was helpful to read the abstracts and conclusions or to skim the content. 

2.3 Data collection techniques 

There are two types of data collection methods: primary methods and secondary meth-

ods. On one side, secondary data is data from books, magazines, journals, online portals 

and more, that has already been published. On the other side, primary data is divided 

into qualitative and quantitative data collection. As already described in section 2.2.2 the 

chosen type of data collection will be qualitative. For gathering qualitative data, there are 

different methods e.g. interviews, questionnaires with open-ended questions, focus 

groups, observation, game or role-playing (Dudovskiy, 2018). 

Biggam (2008) describes that through the usage of more than one technique to collect 

data, it is possible to triangulate results. Based on that information, the chosen methods 

for this thesis are qualitative interviews, observations and secondary data. Through this 

combination of different sources, the results are more reliable, and it helps to make the 

right conclusions. Reasons for this decision are the type of the research question and 

the limited access to information and the available time on the case company’s side. Two 

interviews were conducted with the production plant manager of the case company at 

the production site. The first interview was more general about the production plant and 

the products and the second interview was especially about the manufacturing of smart 

and connected products. The production plant manager understands the challenges re-

lated to the research question very well and therefore is a very suitable interviewee. 

Observations were made during a guided tour through the production shop-floor and at 

a company presentation as well as during a meeting with members of the management. 

Secondary data was gathered from the case company’s webpage. 

 

Interview: 

The structure of the questions for the interview base on the described theory in the the-

oretical framework as well as secondary data from the company. The aim is to get the 

needed information to answer the research question. Therefore, the questions are de-

fined in themes to help the interviewer and interviewee to focus. To create some degree 
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of flexibility and get meaningful response, the chosen interview questions are semi-struc-

tured and open-ended. A risk with open questions is that they can be difficult for the 

interviewee to answer. For this reason, the questions were sent in advance to the inter-

viewee, so on both side preparation was possible. The template of the interview is at-

tached in Appendix A. (Biggam, 2008) 

2.4 Framework for data analysis 

In general, the approach for data analysis is divided into two parts. First, the description 

of the collected data in the case study chapter. Second, the analysis of the found data in 

the analysis & discussion chapter. In the case study chapter, the data from empirical 

research as well as from the secondary data is described. (Biggam, 2008) 

2.4.1 Data description 

The interview to gather primary data about the production of smart and connected prod-

ucts was held in person-to-person. To make sure no data get lost, the whole interview 

was recorded. Afterwards, the spoken information had been written down to a script. This 

script is attached in Appendix B. Additionally, some secondary data about the case com-

pany are described. 

2.4.2  Data analysis  

The process of analysing qualitative interview data is more a cumulative process of in-

terpretation which combines the results from the interview with cross-referencing of re-

lated literature review findings. First, codes have to be developed and applied to 

categorise the data. Then, themes, patterns, and relationships with the aim of primary 

and secondary data comparisons have to be identified. Finally, the data has to be sum-

marised and linked to the research findings to the research question and purpose. (Big-

gam, 2008; Dudovskiy, 2018) 

In this thesis, the gathered information from the case study interview was analysed with 

the help of a software called MAXQDA. With this software, the statements from the in-

terview can be coded and grouped into themes. The basis is the transcript of the gath-

ered primary data in Appendix B. The complete coding of the primary data with MAXQDA 

is attached in Appendix C. After that, the grouped information is summarised and pre-

pared for the analysis and discussion. In the analysis and discussion chapter, the results 

are compared and discussed related to the literature, the research aim and research 

question. 
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2.5 Limitations of the thesis 

Because of the short time to write the thesis, it is not possible to gather lots of primary 

data. Although there are several data collection methods, the choice could almost only 

fall on interviews and general observations in combination with secondary data. Reason 

for that is the moderate access to information and time from the case company’s side. 

2.5.1 Validity 

Validity can be divided into three groups: construct validity, internal validity, and external 

validity (Stuart et al., 2002; Dudovskiy, 2018). 

Internal validity or also called content validity is about how the research results match 

reality. The chosen case company is a very good example to answer the research ques-

tion. The interviewee is product plant manager and has a lot of know-how. However, the 

results based on the opinion and statements of few persons. The answers from the in-

terviewee can be influenced by personal bias. Some questions could have been hard to 

answer and due to that, answers could be generalised and less specific. Nevertheless, 

the content of the study matches the reality very good. 

 

External validity or also called generalisability refers to the extent to which the research 

results can be replicated to other environments. It has to be clarified, that the findings 

are exclusively based on data from the case company. This means that the generalisa-

tion must be done with caution. However, the results and findings in this study may apply 

to many other companies of similar size and similar products. The changes in manufac-

turing to make products smarter and connected can be quite similar in other companies. 

 

Construct validity is about the use of appropriate tried and tested research strategy, data 

collection and data analysis techniques, related to the chosen research (Biggam, 2008, 

pp. 99–100). The used research approach and the methods for data collection and anal-

ysis in this thesis are well-known and tested. Reasons of choice are explained in the 

methodology chapter. To triangulate the results, three different techniques for data col-

lection were applied. Furthermore, multiple sources of evidence are used to prove and 

discuss the results. 

 

2.5.2 Reliability 

In general, reliability is the degree in which a research method produces stable and con-

sistent results. If a method or measure produces the same results on an object many 

times, it is considered as reliable. (Dudovskiy, 2018) 
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In qualitative case studies, it is not possible to get full reliability. Nevertheless, with a 

carefully documented procedure, it can be increased. In this thesis, a qualitative case 

study approach with one case company is applied. The information about methods, tech-

niques, and theory is attained from trust-worthy sources listed in a reference list. Two 

interviews were conducted. The first interview was more general about the production 

plant and the products and the second interview was especially about the manufacturing 

of smart and connected products. Based on knowledge from reviewed scientific litera-

ture, semi-structured questions are prepared, and a meeting for the interview has been 

arranged. The whole interview was recorded and scripted afterwards. Analysis and dis-

cussion chapter based on information from observations, interviews and secondary data. 

All questions and gathered information from the second interview is available and at-

tached in Appendix A and B. Therefore, the interview could be conducted again in the 

same way. Nevertheless, the results would be not exactly the same. In an interview, 

especially the personal bias of the interviewee is to consider. The interviewee might tell 

the things which the interviewer wants to hear. Therefore, statements in an interview 

should be treated with caution. 

2.5.3 Ethical and social issues 

Throughout the study, the interaction between research participants like professor, su-

pervisor, members of the case company and the student was based on mutual respect. 

The student had several meetings with the supervisor and had the possibility to ask 

questions related to the thesis. An adequate level of confidentiality of the study data has 

been ensured. Sensitive data from the case company have been treated in accordance 

with the rules of confidentiality. An appropriate anonymity of the interviewee and the case 

company in the study has been ensured. Therefore, company name and origin were not 

declared. 
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3 Theoretical framework 

The theoretical framework is based on the topic of digitisation and Lean manufacturing. 

Lean manufacturing or also called Lean production is a well-known and established phi-

losophy in the manufacturing industry (Osagie, 2009; Hoellthaler et al., 2018). On the 

other side digitisation with several new technologies is becoming more and more critical 

for all industries (Gebert et al., 2015). To be able to answer the research question, 

relevant previous studies about smart and connected products, as well as Lean 

manufacturing has to be reviewed first. For this reason, the theoretical framework is 

structured into three parts about smart and connected products (SCP), manufacturing in 

general, and Lean manufacturing philosophy. 

3.1 Smart and connected products (SCP) 

In this section a detailed explanation of a smart and connected product helps to under-

stand what is new and special about this kind of products. In addition, the capabilities of 

SCP are explained and give a feeling for the huge impact these products bring for com-

panies. Finally, some identified changes in the manufacturing are described. 

3.1.1 What are smart and connected products (SCP)? 

First of all, there are a lot of different terms used related to smart and connected prod-

ucts. Kiritsis (2010) call them “intelligent products” and “smart products” and state that 

these two terms can be used interchangeably. In a study about term definition of smart 

products Gutiérrez et al. (2013) came to a conclusion, some alternative terms to “smart 

products” and “intelligent products”, are also used. Therefore, they use “smart things” as 

an umbrella term. However, the use of terms is often related to its use in different con-

texts of products. The definitions about this kind of products varies from article to article. 

Nevertheless, one of the most detailed and clear definition is made by Porter and Hep-

pelmann (2014) and is explained in the following paragraph. 

A smart and connected product is divided into three core elements: physical compo-

nents, “smart” components and connectivity components. 

Physical components: 

These are the mechanical and electrical parts in a product (e.g. engine block, tires, and 

batteries from a car). 

“Smart” components: 

These are the sensors, microprocessors, data storage, controls, software, an embedded 

operating system and an enhanced user interface (e.g. engine-control-unit, anti-lock 
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braking system, rain-sensing windshields with automatic wipers and touchscreen dis-

plays). Often software enables a single physical device to perform at a variety of levels. 

Additionally, it is also common that hardware components are entirely replaced by 

software. 

Connectivity components: 

These are the ports, antennae, and protocols, which enable wired or wireless connection 

with the product. Connectivity is redivided in three forms: 

• One-to-one: The product is connected to the user, the manufacturer, or another 

product, through a port or other interface (e.g. a car is connected to a diagnostic 

machine). 

• One-to-many: A central system is continuously or intermittently connected to 

many products simultaneously (e.g. many Tesla cars are connected to a single 

manufacturer system, which monitors performance and manages the remote 

service and upgrades). 

• Many-to-many: Multiple products are connected to many other types of products 

and often also to external data sources (e.g. an optimized farm system with 

automated tillers and seeders, which are connected and placing corn seeds di-

rectly in the fertilized soil.). 

To achieve high levels of functionality, all three levels of connectivity are necessary. 

Benefits of connectivity as a part of a product: 

• Exchange of information between the product and its operating environment, its 

user, its maker, and other products and systems. 

• Some functions can exist outside the physical product in the product cloud. 

 

Smart and connected products communicate on the basis of different types of networks 

and system architectures (Rowland et al., 2015). However, this theory will not be part of 

the thesis.
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3.1.2 Capabilities of smart and connected products 

Through connectivity and intelligence integrated into a product, an entirely new set of 

functions and capabilities is possible (Qin et al., 2016). Porter and Heppelmann (2014, 

p.7-9) grouped these new capabilities in four areas: monitoring, control, optimisation, 

and autonomy. Monitoring has the lowest level and autonomy the highest level of capa-

bilities. Each previous level is a prerequisite for the next higher level. 

Monitoring: 

It is about monitoring the condition, operation and external environment of the prod-

uct. This will be managed by sensors and external data sources. The benefit is that 

the product can give an alert if there are changes in circumstances or performance. 

Further, it is possible to track operating characteristics and history of a product. This 

data helps to understand how the product is used. Monitoring can be done over mul-

tiple product and far distances. (Porter and Heppelmann, 2014) 

Control: 

The control is performed by software that is integrated into the device or reside in the 

product cloud. Through remote commands or algorithms, the product can respond to 

changes in its condition or environment. The benefit is the customization of product 

performance in a new dimension. This enables to control and personalize product 

interaction in different new ways. (Porter and Heppelmann, 2014) 

Optimisation: 

Monitoring data, coupled with the capacity to control product operation, allows 

optimising product performance in numerous ways. This can be accomplished by ap-

plying algorithms and analytics to actual operating data or historical data. The benefit 

is an improvement of output, utilization, and efficiency of the product. Porter and Hep-

pelmann (2014) describe the benefits for companies stating that : 

‘Real-time monitoring data on product condition and product control capability 

enables firms to optimize service by performing preventative maintenance when 

failure is imminent and accomplishing repairs remotely, thereby reducing 

production downtime and the need to dispatch repair personnel.’ (p.9) 

Autonomy: 

Autonomy can be achieved with the combination of monitoring, control and 

optimization capabilities. Products can adapt to their environmental conditions, diag-

nose the need for their own service and to user’s preferences. Benefits are fewer 

needs for intervention by an operator, improve safety and facilitate operation in remote 
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locations. Also, autonomous products enable the possibility of coordination with other 

products and systems. (Porter and Heppelmann, 2014) 

3.1.3 SCP are transforming manufacturing 

The new nature of products is shifting the work throughout the whole value chain (Porter 

and Heppelmann, 2015). Nevertheless, in this thesis, the focus lies on changes in man-

ufacturing. In other words, it is about making product smart through embed IoT technol-

ogies (Rymaszewska et al., 2017). 

The explanation of smart and connected products (SCP) in previous paragraphs showed 

that the nature of products is getting more complicated. On the other hand, the physical 

complexity of products and their number of components are decreasing. This simplifies 

the components. The reason for this phenomenon is because functionality moves from 

mechanical parts to software. Two good examples were made by Porter and Heppelman 

(2015). The display from the blood pressure monitor from Withings, now Nokia because 

of acquisition, is replaced by an app that can track blood pressure and send the data if 

necessary directly to the doctor. The physical components of the product could be 

reduced. Another example is the car from Tesla with its control panel out of glass. There 

are no physical buttons, just a touchscreen. This single screen can display numerous 

configurable tools depending on the software configuration. However, Porter and Hep-

pelmann (2015) state that ‘the quantity of sensors and software in products rises, intro-

ducing new parts and complexity’ (p.10).  

 

As a roundup, it can be said that SCP are a new kind of products with much more elec-

tronics and software embedded which enables a lot of new product functionalities. These 

circumstances bring changes for the manufacturing of products. To find out where these 

changes are, the process of manufacturing has to be investigated more specific.
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3.2 Manufacturing 

In the next paragraphs, the focus lies on manufacturing in general. First, the definition of 

manufacturing is described. Afterwards, the influencing factors of the manufacturing pro-

cess are examined in more detail. This section shall help to understand, where can be 

differences in manufacturing. 

3.2.1 What is manufacturing? 

In order to find out differences in manufacturing, first of all, the definition of manufacturing 

must be clarified. 

BusinessDictionary (2018) explain manufacturing as: 

‘The process of converting raw materials, components, or parts into finished goods 

that meet a customer's expectations or specifications. Manufacturing commonly 

employs a man-machine setup with division of labor in a large-scale production.’ 

Steven et al. (2018) define the term of economical manufacturing as a ‘process of the 

targeted combination of production factors (input) and their transformation into products 

(output)’. 

3.2.2 Production factors 

According to Gutenberg (1951) the production factors or input factors are tangible and 

intangible means and services involved in the production of goods. The production fac-

tors can vary depending on the produced products. Due to that, the differences in man-

ufacturing of smart and connected products can be investigated based on these influ-

encing factors. Gutenberg (1951) has defined the production factors and created a 

model, which is explained subsequent. Since the original model is in German, it had to 

be translated and is showed in Figure 1 on page 16. The figure helps to understand the 

categorisation. Only information and explanations directly related to manufacturing are 

specified. 

 

Elementary and dispositive factors 

Human labour is divided into manpower and dispositive labour like management, plan-

ning, organisation, and control. The dispositive factors are crucial for strategic decisions 

about operational input. On the other hand, the elementary factors are used for the actual 

production process. Elementary factors are manpower plus operating resource and ma-

terial. It is necessary to choose an optimal combination of all factors to get the desired 

output. (Gutenberg, 1951) 
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Material 

Material is a collective term for raw material, supplies and operating material used in 

production. Additionally, semi-finished and finished products, which serve as raw mate-

rials and base materials for the manufacture of products belong to the term material as 

well. The raw material is substantially combined with the product in the manufacturing 

process and becomes a main component of the product, unlike to the supplies, they 

characterise the physical substance of the end product. While raw material and supplies 

become essential components of the end product, operating material is consumed during 

production or readiness for operation. Nevertheless, the boundaries between raw mate-

rial, supplies, and operating material are blurred. Goods which are raw materials in one 

company can be supplies in another company. The same goes for operating material. 

(Busse von Colbe et al., 1988; Gutenberg, 1951)  

Raw material: 

Raw materials are the main components of a product. A distinction must be made 

between materials from primary production and finished products from upstream 

production stages.  

Examples (list not conclusive): 

Primary production: 

e.g. ores, coal, metals, wood, crude oil, gases, cotton or skins 

Finished products from upstream production stages: 

e.g. rubber, plastics or different types of components

production 
factors

elementary 
factors

manpower
operating 
resource

tangible

intangible

material

raw material

supplies

operating 
material

dispositive 
factors

management

planning

organisation

control

Figure 1: Production factors 

Source: own drawing based on Gutenberg (1951) 
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Supplies: 

Supplies have a low proportion of the end product regarding quantity and value. 

They are insignificant minor components and perform only an auxiliary function 

of the product. Supplies often belong to the finished products from upstream pro-

duction stages. 

Examples (list not conclusive): 

Solid supplies: 

e.g. screws, nails, welding wires, rubber, plastics, and more. 

Liquid supplies: 

e.g. preservatives, adhesives, dyes, additives, and more. 

 

Operating material: 

Operating materials are used during production or in other operational areas, but 

do not become a substantial component of the product. Except for fuels, 

operating material is an integral part of the machines or equipment in the produc-

tion and has direct technical importance regarding their operating behaviour. 

Summarized, they are commonly used for production purposes or operational 

readiness. Further, operating materials can also be distinguished according to 

whether they are used for operational readiness or production. 

Examples (list not conclusive): 

Operational readiness: 

• energy sources such as natural gas, petrol, diesel fuel, 

electricity and compressed air 

• cleaning and lubricating materials such as lubricating oil, 

greases, or cleaning agents 

• repair and maintenance materials or office material 

• and more 

 

Production: 

• energy sources for production 

• coolant or heat transfer medium for the tools, machines or 

buildings 

• and more 
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Operating resources 

Operating resources are commodities and form the technical prerequisites for opera-

tional production. They can be distinguished between tangible and intangible resources. 

(Gutenberg, 1951) Examples (list not conclusive): 

Tangible: 

e.g. land, buildings, machinery and mechanical equipment, vehicle fleet, operat-

ing and office equipment (office furniture, warehouse and workshop equipment) 

and tools including accessories for these items 

Intangible: 

e.g. operating concessions, patents, licenses, industrial property rights and good-

will as well as information and knowledge 

 

Manpower 

Object-related labour includes all necessary human abilities and skills which are used 

directly for the production of goods and services. According to the type of activity, the 

manpower can be distinct in physical or mental work. (Gutenberg, 1951) 

 

Management 

Management or operations management in manufacturing defines all those inputs which 

organise, plan and control the elementary factors in a production process. (Gutenberg, 

1951) 

 

Planning 

In the planning, the definition of target values to be achieved for the individual areas and 

levels of the company, as well as the arrangements that lead to the achievement of ob-

jectives are defined. An example of operational planning is a production plan which de-

termines the type of product and quantity. (Radtke et al., 2018) 

 

Organisation 

The organisation results primarily from the division of labour in a company as well as on 

the coordination of processes for goods and services. To be efficient as possible, rules 

for people, material, and organisational processes have to be defined. A distinction is 

made between organisational structure and workflow organisation. The workflow 

organisation describes the sequence of a work process. On the other hand, the 

organisational structure divides the main task into subtasks and assigns them to func-

tions. (Radtke et al., 2018) 
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Control 

To identify deviations from the company's goals and plans on an early stage and be able 

to react in time, the implementation of measures must be monitored continuously. 

(Radtke et al., 2018) 

 

3.2.3 Conclusion 

The above-described factors might help to find differences in manufacturing through 

comparing the production process. Related to the research question, it would be 

interesting to have a more specific look at the changes within these production factors. 

If there something changes it could affect the production system. In this thesis, the focus 

is on differences or changes in Lean manufacturing. For that reason, important 

knowledge from previous studies about the Lean manufacturing system is explained in 

section 3.3. 

 

3.3 Lean manufacturing 

This section gives an overview about the system of Lean manufacturing and is structured 

in the following way: First of all, Lean manufacturing is clarified based on several 

sources. Then, the goals of Lean and the Lean thinking fundamentals are described. 

Furthermore, the enemies of Lean and some Lean tools to fight these enemies are 

pointed out. In the end, the method of continuous improvement is explained. 

3.3.1 What is Lean manufacturing? 

In the previous part about manufacturing, the focus was on the production process which 

contains all those activities aimed to transform inputs into products and services. This 

part is about the system of manufacturing, more specific about “Lean”. Through Lean 

thinking, the way manufacturing has developed, changed over the past decades (Pam-

panelli et al., 2013). To be able to answer the research question, it is necessary to get 

some knowledge about Lean manufacturing. 

Lean manufacturing is the answer to increasing pressure from customers and competi-

tors on the global market. Industrial companies have to implement new production strat-

egies to stay competitive. (Čiarnienė and Vienažindienė, 2015) 

Krafcik (1988, cited in García-Alcaraz et al. 2017, p. 1) described “Lean” as a manufac-

turing process that uses less of everything compared with mass production — less hu-
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man effort, less space, less tool investment, and less engineering to develop a new prod-

uct in less time. The origins of Lean manufacturing come from the Toyota Production 

System (TPS) and its founding father Taiichi Ohno.  

Lean manufacturing also called “Lean production”, “Just-In-Time (JIT) system” or ”Toyota 

production system” is a philosophy of continually reducing waste in all forms and all areas 

of production for more efficiency (Toyota Motor Corporation, 2018). 

Becoming “Lean” is a process of eliminating waste with the goal of creating value. Wom-

ack, Jones and Ross (1990) state the concept of Lean production as: 

‘… a superior way for humans to make things. It provides better products in wider 

variety at lower cost. Equally important, it provides more challenging and fulfilling 

work for employees at every level, from the factory to headquarters.’ (p.225) 

The production system was firstly copied, implemented and modified by the American 

and European automobile industry and its suppliers. There are a lot of different variations 

because the companies enhanced the Lean production system on the basis of their own 

requirements. (Koether and Meier, 2017) 

Čiarnienė and Vienažindienė (2015) characterized Lean concepts at three different lev-

els of abstraction. First, on the strategic level, it represents a philosophy and the way of 

thinking. Second, a set of principles express Lean on the tactical level. Third, on the 

operational level Lean is realized through tools, techniques and practices. Mrugalska 

and Wyrwicka (2017) see Lean as a set of tools and practices to achieve the highest 

quality, lowest cost and shortest lead time. 

 

3.3.2 The goals of Lean manufacturing 

According to Töpfer and Günther (2009, p.3 f.) the goal is to create an optimal process 

design to produce the best quality, within shortest lead time at lowest possible costs with 

simultaneously reducing waste. Čiarnienė and Vienažindienė (2013) state that the goal 

is the elimination of non-value-added activities. This reduces costs and cycle time, which 

results in agile, customer-responsive and more competitive organisations. 

 

Another explanation of Lean goals is made by Hopp and Spearman (2011). They de-

scribe the seven zeros (see page 21) with the main target of zero inventory. It is physi-

cally unachievable, and the purpose of these goals is to inspire an environment of con-

tinual improvement. Nevertheless, it is a mindset, not an achievable goal. The real goal 

is to find an optimal way. 
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• Zero Defects: To avoid delays due to defects. (Quality at the source) 

• Zero (Excess) Lot Size: To avoid “waiting inventory” delays. (Usually stated as 

a lot size of one.) 

• Zero Setups: To minimize setup delay and facilitate small lot sizes. 

• Zero Breakdowns: To avoid stopping tightly coupled line. 

• Zero (Excess) Handling: To promote the flow of parts. 

• Zero Lead Time: To ensure rapid replenishment of parts (very close to the core 

of the zero inventories objective). 

• Zero Surging: Necessary in system without work in process (WIP) buffers 

(Hopp and Spearman, 2011) 

 

3.3.3 Five Lean thinking fundamentals 

To achieve the goals, it is essential to understand the five Lean thinking key principles. 

These principles help for step-by-step implementation of Lean. 

According to Womack and Jones (1998, cited in (Pampanelli et al., 2013; Hoellthaler et 

al., 2018; Mrugalska and Wyrwicka, 2017), the five Lean principles are the following: 

• Specific value: Value is defined from the perspective of the end customer 

concerning a specific product with specific capabilities offered at a specific time. 

• Identify value streams: Each product’s (or product family’s) entire value stream 

is identified, and waste is eliminated accordingly. 

• Make value flow continuously: The remaining value-creating steps are coordi-

nated to flow. 

• Let the customer pull value: The manufacturer designs what the customer wants 

and provides it only when the customer wants it. 

• Pursue perfection: The manufacturer strives for perfection by continually remov-

ing successive layers of waste as they are uncovered. 

Summarised, it is to define the value of the product as perceived by the customer, identify 

the values stream of the product and eliminate the waste. Then make it flow in-line with 

the customer pull and striving for perfection through continuous improvement to eliminate 

waste gradually. According to Sundar et al. (2014) the removal of waste happens by 

sorting out the Value-Added activity (VA) and Non- Value-Added activity (NVA). Applying 

these principles is important on the way to be a Lean enterprise. 
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3.3.4 Enemies of Lean 

Toyota defined three enemies of Lean: Muda (waste), Muri (overburden) and Mura (un-

evenness) (Panneman, 2017).  

Muda is the Japanese word for waste. Referred to the Toyota production system, there 

were originally seven types of waste. Later, non-utilized skills were added to this list. It 

is essential to identify all waste or losses in production, according to have an efficient 

production (Gram, 2013). To find the root causes of Non- Value-Added activity waste, it 

is important to know what types of waste can occur. Panneman (2017) uses the acronym 

DOWNTIME which refers to the first letter of each waste. In the following, all types of 

waste are shortly explained.  

 

Defects – are non-conforming products and services in general. A defect can be a prod-

uct which is incomplete or has a faulty function. 

Consequences: Defects lead mostly to rework and/or extra work, and that has a negative 

influence on the lead time and therefore for the process flow. 

 

Overproduction – is producing too much, too early to meet the customer’s demand. The 

waste is the already invested resources. 

Consequences: Components that are not further needed and waiting to be processed. 

 

Waiting – is the unused time before commencing the next activity. All kinds of actions 

that are waiting to be completed (e.g. waiting for people, mails to be answered, material 

to be processed = inventory). 

Consequences: increasing lead time and preventing flow 

 

Non-used-talent – includes employee knowledge/skills not being used to their full po-

tential. (e.g. not involving essential or skilled people in a meeting) 

 

Transportation – unnecessary movement of products between processes (e.g. paper-

work between departments, material transport) 

Consequences: increases the lead time and even man hours 

 

Inventory – is raw material, work in process (WIP) and finished products that are waiting 

to be worked on at a workstation or in an inventory. 

Consequences: increase the lead time, make the organisation slower in responding to 

customer demand, physical inventory causes costs 
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Motion – is the unnecessary movement of people and machines without actually work-

ing. (e.g. looking for the right tool, searching for a document in a folder) 

 

Excess processing – is processing beyond what the customer requires. (e.g. product 

features, rework that is necessary to repair defects) 

 

Panneman (2017) state that the above-described types of waste often are derived from 

one or both of the other enemies of Lean: muri (overburden) and mura (unevenness). 

Muri is the Japanese word for overburden. The term describes problems caused by 

pushing machines or operators to their natural limits. Muri can be distinguished in ma-

chine environment and human environment. An important key performance indicator in 

machine environment is the Overall Equipment Effectiveness (OEE), which includes 

measures for availability, performance, and quality, with the goal to prevent the machine 

from breaking down. In the human environment, a key indicator is employee absentee-

ism. 

Consequences: more defects, longer waiting times 

Mura is about unevenness that influences the efficiency in a process. There are different 

types of variances e.g. variance in customer demand, variance in product mix, variance 

in production methods within a plant or processing times, variance in the way of working. 

Variability degrades the performance of a production system and is buffered by some 

combination of inventories, capacity or time. Therefore, mura leads to more muda 

(waste) and that is why it is crucial to reduce variation in every organisation. (Panneman, 

2017) 

 

3.3.5 Lean manufacturing tools 

The elimination of waste can be achieved through the successful implementation of Lean 

tools and methods, and result in increased quality and productivity as well as reduced 

costs (Panneman, 2017). In Table 1 on page 24-25 some useful Lean tools to eliminate 

different types of waste are shortly explained. It has to be considered, that the list of tools 

is not conclusive. Furthermore, it is not excluded that the mentioned tools can be used 

to eliminate other types of waste too. 



 Chapter 3: Theoretical framework  

 

  page 24 

 

 

Defects: Poke Yoke: It is a method of eliminating the possibilities of 

building defect products and contains two different kinds of sys-

tems. First, the warning systems which send a signal if there is 

a deviation from a standard. Second, control systems that a ma-

chine stops whenever a deviation from a standard occurs. 

Standard Work: To reduce the chances one task is forgotten, 

tasks should be described in detail. Also, the task will be easier 

to be performed by different operators. 

Overproduction: SMED (Single Minute Exchange of Die): If changeovers are 

quick, it can be economical to produce smaller batches and 

therefore reduce the time a batch is waiting to be allocated to an 

order. There are two rules: 1) Do as many tasks as possible 

while the machine is running. 2) Reduce the time needed to do 

tasks on the machine offline. 

Kanban: It is a self-managing production system in which the 

end of a process (customer order) signals, how much material 

is used for product and thereby needs to be replenished. The 

signal can be received at any point on the value stream (e.g. 

refill for a box with screws). 

Waiting: Takt-time: It is the beat in the production and signals in which 

time the customer demands the product (e.g. customer wants 

730 products a year, the tact has to be at minimum two products 

a day). 

Line-balancing: The goal is to balance a production or assem-

bly line in a way that all sequential workstations have equal cycle 

times (e.g. Is there one slower workstation, the faster ones have 

every time to wait.). 

Non-used-talent: Training: Everyone in an organisation should be trained in Lean 

tools and practical problem-solving (e.g. 5S, standard work, 

team boards, kaizen and 5Why’s). 

Transportation: Production lines: Changing the layout of the plant into produc-

tion lines in which a product flows through the same work-

stations in the same order. 

Table 1: Lean tools in relation to the different types of waste 

 Source: Based on (Panneman, 2017) 
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Work cells: Small production lines are built in a U-shape to re-

duce transportation, motion and maybe also operators. 

5S: To minimise transport of tools and create order and cleanli-

ness ate the workplace: "Sort", "Set in Order", "Shine" hold it 

clean, "Standardize" and "Sustain".  

Inventory: One-Piece-Flow: Reduce batches to one item. Results in a 

decreased amount of work in process (WIP) 

Work cells, Kanban 

Motion: Standard work, 5S 

Excess 

processing: 

Process map: Flowchart with six types of symbols (process 

step, delay, inventory, decision, measurement, and transport). 

Observing to get the information about hidden waste in the pro-

cess. 

Muri (overburden in 

machine 

environment) 

Preventative Maintenance: Machines are kept in operating 

condition by inspection, detection, and prevention of failures. 

Autonomous Maintenance: operators routinely perform key 

maintenance task 

Muri (overburden in 

human 

environment) 

Jidoka principles: A possibility for the operator to stop the pro-

duction line whenever there is a problem. (e.g. “andon” is a sig-

nal light to indicate which workstation has a problem.) 

5S, Standard work 

Mura 

(variances in the 

process) 

Heijunka (production-levelling): Defines a fixed interval in 

which all product types can be produced. 

Modular designs: Using standard modules will reduce the 

number of possible material routings in the factory. 

Standard Work, Flow, SMED, and more 

 

3.3.6 Kaizen / Continuous Improvement (CI) 

According to Pampanelli, Found and Bernardes (2013) the basis for Lean thinking lies in 

the involvement of people. A method which involves people and enables them to come 

up with their thought and ideas to improve processes and products is Kaizen. Kaizen is 

a Japanese word with the meaning “change for the better” or continuous improvement. 

To remain competitive, it is important for companies to apply concepts or methods which 

support continual improvements. The improvements focus on the three above described 

enemies of Lean: Muda, Mura, and Muri. Kaizen is adopted by teams of employees at 
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various levels through cross-functional effort. Strongly emphasised is the involvement of 

the plant floor employees to identify and solve problems related to the workplace issues. 

The given empowerment helps employees to think differently about their work and boost 

the sense of responsibilities. Further, it can bring more motivation, because of the em-

powerment is given by the top management. Employees feel involved in the decision- 

making and improvement process. (Maarof and Mahmud, 2016) 

The introduction of continuous improvement should be late during the process of Lean 

implementation to allow it to benefit from earlier established other principles and Lean 

tools. After implementing, continuous improvement should be transitioned from a top-

down (from senior executives) to a bottom-up (from shop-floor workers) approach. (Mru-

galska and Wyrwicka, 2017) 

 

Implementation: 

The implementation of continuous improvement is usually adapted through the Plan-

Do-Check-Act (PDCA) cycle, developed from Deming. Step 1: In the planning phase, 

employees try to find areas that need to be improved. When they have identified a 

problem area, a technique for better understanding of the waste area has to be 

implemented. An example is the Five Why technique. The employees have to ask five 

Why-questions to uncover the root cause of the waste and try to find ways to eliminate 

or reduce them. After gathering and analysing the data, it is time to plan how to im-

prove the current situation or problem and set a realistic goal to be achieved. Step 2: 

The planned improvements will be implemented on the factory floor. Step 3: To see if 

the improvements give a positive or negative effect towards the problem issue, a fol-

low up on the Kaizen activities is conducted. Step 4: If the results are positive, the 

implemented actions will be standardised. If the results are negative, the Five Whys 

technique can be used to find the root cause why they were not successful. That is 

like a return to step 1 and start the cycle again. One of the most important things is 

the standardisation of successful implemented Kaizen activities. The new standard is 

the basis for further improvements and for continually improve it is eminent to make 

no backward. (Maarof and Mahmud, 2016) 

 

3.3.7 Conclusion 

This section about Lean manufacturing has given an overview of several important ba-

sics about Lean. On one side, to understand the relevance according to the research 

question. On the other side, to see where possible differences in Lean manufacturing 

can be. 



 Chapter 3: Theoretical framework  

 

  page 27 

 

3.4 Summary of theory 

To summarise the whole theoretical framework, the most important take-aways from 

each theory part are listed in the following. 

Smart and connected products: 

• Core elements: Physical components, Smart components and Connectivity parts 

• New capabilities: Monitoring, Control, Optimisation and Autonomy 

• The new products transform manufacturing through an increasing quantity of sen-

sors and software and introduces new parts and complexity. 

 

Manufacturing: 

• Transformation of different production factors to a finished product 

• Elementary factors: Material, Operating resources, Manpower 

• Dispositive factors: Management, Planning, Organisation, Control 

 

Lean: 

• Approach for efficiency with focus on high quality, short lead-time and lowest pos-

sible cost. 

• Production according to the five Lean thinking principles to achieve the goals 

• Implementation of Lean tools and methods to eliminate or reduce the enemies of 

Lean (waste, overburden, unevenness). 

 

Conclusion: 

The products are changing and that might have an influence on the combination of the 

different production factors and also on the way how to manufacture the products. To 

find out the differences or changes the new kind of products brings, a case study is 

applied in the next chapter. 



 Chapter 4: Case study  

 

  page 28 

 

4  Case study 

As already described in the methodology chapter, the case study is in cooperation with 

a company. Due to privacy protection, the case company is called company X. The aim 

of the case is to find differences or changes in products, production factors, and the way 

of Lean manufacturing based on real product examples of smart and connected prod-

ucts, produced by company X. 

 

To get the needed information the following methods of data collection were applied: 

First, a meeting with the production plant manager and other members of the manage-

ment was arranged. A general interview about the production plant and the products was 

held. Additionally, observations were made during a guided tour through the production 

shop-floor and at a company presentation. The aim was to get impressions and basic 

information from the case company and how they produce. 

Second, the search for secondary data like product descriptions from the company’s 

webpage helped to find differences or changes about the products. Furthermore, videos 

about smart and connected products as well as Lean manufacturing were watched to 

get a practical and clearer insight about product and Lean manufacturing system. These 

data helped also to formulate the right questions for the interview. 

Third, an interview with the production plant manager (called Mr. H in the thesis) of com-

pany X was conducted directly at the production site. The interview is divided into two 

sections: Section A with questions about manufacturing based on production factors and 

section B with questions about Lean. The whole interview was recorded and transcribed 

afterwards. Interview questions, as well as the transcript, are attached in Appendix A and 

B. 

 

The structure of this chapter is the following: First of all, some information about company 

X is outlined and the reason why they chose to produce smart and connected tools is 

explained. Subsequently, the new tools with their capabilities are described based on 

data from the company’s homepage. Finally, the results from the interview are structured 

and described. 

4.1 Company description 

The case is about a manufacturing plant of a large international industrial company. It is 

operating in the production of industrial assembly tools and well-known for the high qual-

ity. Approximately 500 employees are working at the production plant right now. The 
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company has a wide range of products with 2’500 models and variants of tools. The 

production per year is around 130’000 units. 

Driven by digitisation and the possibilities of new technologies company X decided to 

create new products with smart and connected capabilities to improve customer satis-

faction and knowledge about customer needs. The new kind of products is described in 

the following paragraph. (Source: company X) 

 

4.2 Product capabilities: Smart and connected assembly tools 

For a better understanding of products from company X, an explanation of the product 

capabilities is outlined. 

The series of smart and connected assembly tools are part of a network system that 

connects the tools and processes with each other in an optimal way. The results are 

more productivity and lower cost for industrial customers such as automotive manufac-

turers. The following three functions build the intelligence of the smart and connected 

tools (Source: company X): 

 

Real time controller: 

A real time controller monitors and controls the tool operation and is programmed 

to deliver an optimal and ergonomic process profile. In addition, it ensures safety 

through communication with various safety systems. 

 

Multiple sensors to measure the process: 

The smart and connected tools are equipped with sensors for angle, torque, 

speed, acceleration, vibrations, temperature, and energy consumption. These dif-

ferent sensors are essential to control the high-performance tools and to guaran-

tee consistent quality and performance. 

 

Wired or wireless connectivity: 

Multiple protocols and communication technologies like Bluetooth, WIFI, and 5G 

are supported to enable utilization of a plants communication infrastructure. 



 Chapter 4: Case study  

 

  page 30 

 

Together with software and other systems, the tools enable a whole new range of capa-

bilities. Subsequently, the capabilities of the tools are explained according to the four 

stages monitoring, control, optimisation, and autonomy by Porter and Heppelmann 

(2014). 

Monitoring: 

Smart and connected assembly tools have integrated sensors and external data sources, 

which enables comprehensive monitoring of products condition, products operation, and 

usage. It is possible to monitor in real-time what is happening. With smart and connected 

assembly there is not only a tool, instead there is a complete station concept where some 

visual help can be given to the operator, showing what to do (e.g. operator guidance, 

pick-to-light solutions, 3D positioning, visual projections on piece). This results in a re-

duction of errors and reduces the amount of operator training. 

 

Control: 

Software embedded in the tool and in the extern “Control Unit” enables the control of 

product functions and personalisation of the user experience. Working in a systematic 

way increases productivity, because it helps the production people to spot the problem 

areas and fix them quicker.  

 

Optimisation: 

Algorithms optimise tool operation and usage because of enhanced tool performance 

and the possibility of predictive diagnostics, service and repair. It is a lot about data anal-

ysis. Company X has software which shows in a very good way what is happening on 

the production line (e.g. where are the problems at the stations?). If there is an error, for 

instance, a maintenance that needs to be done on a tool, a message is instantly sent, 

and Company X can act in a very vast way. An increased uptime in production is the 

result. Furthermore, the utilisation can be improved because the data shows how good 

the utilisation is. 

 

Autonomy: 

Through embedded sensors, the tools can adjust their performance themselves if there 

are signs of wear. Additionally, it is possible to automatically adapt the process to the 

strength and handling style of each individual worker. This ensures an end result that is 

consistent irrespectively. 
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4.3 Results 

In this paragraph, the results of the interview about the manufacturing of smart and con-

nected products are outlined. The data is structured in the following groups based on the 

theoretical framework: 

• Product: product capabilities 

• Manufacturing: material, knowledge, equipment, human skills, manage-

ment, organisational structure, workflow organisation, control & monitoring 

• Lean: Lean thinking, problems/waste, continuous improvement, future 

4.3.1 Product 

Product capabilities: 

The smart and connected assembly tools have in relation to the forerunner tools more 

capabilities and functions through new sensors and software.  

 

4.3.2 Manufacturing 

Material: 

The smart and connected assembly tools have much more electronics and software. 

Today, software is inside the tool, as well as in the extern “Control Unit”. In future product 

series, all the intelligence and software will be integrated in the tool itself. The number of 

physical components is not changing a lot, but the more advanced tools have more com-

ponents because of the electronic. Compared to the forerunner, much more components 

are bought from suppliers, especially electronic components. Inhouse produced compo-

nents (e.g. mechanical components) are still the same. 

Knowledge: 

A difference in manufacturing of smart and connected tools is the necessity of compe-

tences in electronics. A company needs the knowledge of how to manufacture with elec-

tronics like electronic boards, sensors, transducers, and more. It is a change of 

knowledge from understanding the mechanical parts towards to understand electronical 

parts and the business of electronics. Knowhow about the new kind of products is 

needed. 
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Equipment: 

For the manufacturing of smart and connected tools some new equipment is necessary. 

Because of much more electronics, specific work areas have to be protected from elec-

trostatic discharge (ESD) to protect the electronic components from damage. Further-

more, new equipment for testing is needed, due to more electronics and software in the 

tool. 

Human skills: 

According to the required new knowledge about products with much more electronics 

and software, the people have to be trained. In order to gain the new knowledge a con-

sultant was hired to do in-house trainings. The testing has increased and is more ad-

vanced. Especially for the technicians in assembly it is a big change, because there are 

some more advanced work-tasks with electronics and they have to understand the elec-

tronic components. For operators on the other side, the change is not that big. Never-

theless, they have to understand how to deal with ESD-protected areas. However, not 

only new activities are added, but there are also those that are no longer necessary. For 

example, soldering areas are becoming less important because electronic components 

are becoming more complex and are therefore increasingly sourced from outside. The 

much bigger impact on human skills is recognised in R&D. Due to more software it is 

necessary to hire a lot of new people with skills in programming. 

Management: 

The most important in management is to find new suppliers and new areas to work in. 

However, this is more a part of sourcing. The business of buying electronics is very dif-

ferent compared to buying mechanical or plastic components. The market is very special, 

and it is essential to understand it. For managing the manufacturing and also for the 

people on a production plant, it is not a big change. There are no additional risks and the 

communication between people and other departments is still the same. Of course, the 

communication has to be good, especially during the introduction of a new product, but 

it does not matter if the product is smart and connected or not. In summary, the major 

changes are not in manufacturing, but rather in R&D and sourcing. 

Organisational structure: 

Relating to organisational structures there are no changes on the production plant. On 

the other hand, within sourcing, there are additional areas with commercial strategic re-

sponsibilities. Before there were areas for plastics or mechanical parts, but now new 

areas like electronics and electro-mechanics are added and growing continually. Never-
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theless, in some points, the cooperation between the departments is closer. For exam-

ple, the technicians at production site more often have to call the R&D to ask for advice 

relating to a problem, especially if it is caused by software. 

Workflow organization: 

The only new things in the workflow organisation at the production site are the ESD-

protected areas and some more advanced testing at the end. The manufacturing of smart 

and connected tools is still through assembly lines. The tools have been developed in 

years and step-by-step, but they can still be produced in the same line. It does not matter 

if the products are smart and connected or not. 

Control & Monitoring: 

Due to more software, there is more testing at the end of the assembly. During produc-

tion, some partially tests are carried out, which however are not really different in the 

production of smart and connected tools. In monitoring is nothing changing at the pro-

duction site 

 

4.3.3 Lean 

Lean thinking: 

There is no difference in Lean at all. The tools are produced in the same tacted lines as 

usual. For example, if there is a problem at the assembly line, the employees stop the 

line and try to fix the problem. It is the same way to think according to Lean, but the 

knowledge about product and processes is presupposed. The production is a pull-prin-

ciple due to customer demands. First, the marketing people take care of what the cus-

tomers want. Then the R&D develop the product due to customer requests. Finally, the 

tool is manufactured based on drawings from R&D. 

Problems/Waste: 

In general, it does not matter if the product is smart and connected or not. When a new 

product is produced, new problems always arise in the beginning. In the manufacturing 

of smart and connected tools, one new kind of problem which occur, are software prob-

lems. 

Continuous Improvement: 

In company X the tacted lines are the standard. The aim is to improve the standard 

continually. In the philosophy of Lean and especially with Continuous Improvement or 

Kaizen, the employees are trained and if there is a problem or deviation, they act imme-
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diately to solve and improve it. Therefore, weekly meetings are held to discuss the prob-

lems and new potential for improvement. Related to the production of smart and con-

nected tools there is no difference at all. The way of thinking is the same, even if there 

are new demands due to software and electronics.  

Future: 

In the future, it is really important to have knowledge about electronics and software. The 

production will be improved by smart and connected products, as well as other industry 

4.0 technologies. In 10-15 years, there will be a lot of data collection and many robots 

instead of humans, and that will be a big change. What kind of products are produced 

does not matter. But till then, it is important to do all of the Lean homework first. 
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5 Analysis & Discussion 

In this chapter, the results from the case study are analysed and discussed according to 

the stated purpose of the thesis, as well as in relation to the research question and the 

theoretical framework. The purpose was to investigate changes in the manufacturing 

system and especially according to the Lean philosophy, when the products are getting 

smarter and connected. 

The structure of this chapter is the following: First, the products from company X are 

compared to the theory. Subsequent, the differences in manufacturing are discussed 

based on the production factors. Furthermore, the production system with Lean thinking 

is analysed and discussed. Finally, a section about changes outside the production site 

is outlined. 

5.1 Products 

Related to the definition of smart and connected products (SCP) from Porter and Hep-

pelmann (2014) in the theoretical framework, the smart and connected assembly tools 

of company X are definitely SCP. An assembly tool consists out of physical components 

like mechanical and electrical parts (e.g. electrical motor, housing), smart components 

like sensors, electronic boards and software and last but not least connectivity compo-

nents. The naming of the products can differ depending on the company and use, e.g. 

smart car, smart house, or like in the company X the smart and connected assembly tool. 

Nonetheless, an intelligent connected product can be recognised according to the three 

features mentioned. 

Porter and Heppelmann (2015) state that hardware components are often replaced by 

software. This does not apply to the assembly tools of company X. The physical compo-

nents are more or less still the same as by the forerunner tools, but the smart ones 

contain more electronics as well as software. Even though, a trend is noticeable, be-

cause in a next product series the software part from the “Control Unit”, which is a sep-

arate product, will be integrated into the tools and will replace the “Control Unit” com-

pletely. Thus, the products are gradually being simplified. 

 

Through more electronics and software components, the smart and connected assembly 

tools have much more capabilities and functions compared to the forerunner tools. The 

product description within the case study describes capabilities of monitoring, control, 

optimisation, and autonomy and confirm therefore the theory about capabilities of SCP 

from Porter and Heppelmann (2014). 
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5.2 Manufacturing 

In order to find differences in the manufacturing of smart and connected products the 

questions in the case study interview based on the model from Gutenberg (1951), who 

describes the process of manufacturing based on different production factors. In the fol-

lowing, the results from the case study are discussed. 

5.2.1 Elementary factors 

Elementary factors are material, operating resource, and manpower. They are used for 

the actual production process. In this section all differences and changes related to them 

are discussed. 

 

Material 

Because smart and connected tools have embedded much more electronics and soft-

ware, it requires additional material. The differences in material are exclusive the new 

components like sensors, electronic boards or transducers. These components have to 

be purchased from suppliers, because it would not be profitable to produce them in-

house related to the mass production of other manufacturers. Additionally, the necessary 

resources are not available. 

Key points: 

• More electronics 

• More software 

• More purchasing of components 

 

Operating resources 

Because of the new components, there are new operating resources necessary too. Re-

lated to the category of tangible operating resources from Gutenberg (1951), there are 

differences due to new required operating equipment. New equipment had to be pur-

chased for work areas, which have to be protected from electrostatic discharge (ESD). 

ESD-protected areas are critical because electronic components are very sensible and 

have to be protected against damages. At the end of the assembly the tools have to be 

tested and therefore new equipment and tools including accessories had to be pur-

chased too. The number of tests, as well as the complexity, has increased because of 

the electronics and software. Due to that, new intangible operating resources like 

knowledge and information about the new kind of products are needed. Competences of 
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how to manufacture with electronics are crucial. It is a change of knowledge from under-

standing mechanical parts towards electronic parts.  

Key points: 

• New operating equipment necessary 

• New danger of electrostatic discharge (ESD) 

• More advanced and complex testing 

• New knowledge about products/processes needed 

 

Manpower 

The differences in operating resources need changes in object-related labour like human 

abilities and skills which are used directly for the production. The employees have to 

acquire new knowledge and therefore have to be trained. In order to that, company X 

hired a consulting firm to do in-house trainings. However, the differences are not that big 

for everyone, because it depends on the function. For technicians, it is a bigger change, 

because of the more advanced work-tasks with electronics and software. Because there 

are more problems with software, the cooperation with other departments like R&D has 

to be closer. For operators, on the other hand, it is not a big change. Nevertheless, they 

need some skills related to the new ESD-protected areas. Furthermore, some skills are 

not or less needed anymore. For example, at the production site of company X, the sol-

dering areas are becoming less important, because electronic components are getting 

more complex and therefore are sourced from outside. 

Key points: 

• Employees need new skills and have to be trained 

• Degree of change for employees depends on function within the organisation 

• Cooperation between departments has to be closer 

• Some skills are not needed anymore 

 

5.2.2 Dispositive factors 

Dispositive labour like management, planning, organisation, and control are crucial for 

strategic decisions about operational input (Gutenberg, 1951). It is necessary to choose 

an optimal combination of all factors. 

Related to the results of the interview, it is not a big change in management of the man-

ufacturing and the people on a production plant. Otherwise, according to Gutenberg 

(1951) management defines all those inputs which organise, plan and control the ele-

mentary factors in a production process. Even if the described changes or differences in 
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the elementary factors are not that big, they have to be organised, planed and controlled 

as well. 

Organisational structures are still the same on the production plant. There are no new 

functions and it was not necessary to hire new employees because of the changes. An-

yway, that depends on the company and how well the management is skilled related to 

the changes. Except the ESD-protected areas and some more advanced testing at the 

end of the assembly, the organisation of the workflow is almost the same in company X. 

Otherwise the tools are produced still in the same line. But even this can vary depending 

on the product and company. It has to be considered how big the differences are com-

pared to the predecessor products. Within the company X the differences might not that 

big. However, it cannot be generalised. 

 

Related to the dispositive factors it is hard to describe differences based on just one 

interview. The factors are viewed from a distance and would have to be narrowed down 

and observed for more detailed results. A closer look would certainly reveal more differ-

ences, but it was not possible due to time capacities and limited access to data. 

5.3 Lean 

The production system from company X based on the Lean thinking philosophy. One of 

the aims of the case study was to find out how Lean is affected when the produced 

products are getting smarter and connected. To find differences or changes in the Lean 

manufacturing system, some questions based on the theoretical framework have been 

asked in the interview. In the following, the results from the case study are discussed 

and compared with the theory. 

 

The goals of Lean is to produce the best quality, within shortest lead time at lowest pos-

sible costs and simultaneously reducing waste or non-value-added activities (Töpfer, 

2009; Čiarnienė and Vienažindienė, 2015; Hopp and Spearman, 2011). These goals are 

still the same, it does not matter which kind of products are produced. To achieve this 

goal, it is necessary to have a production system based on the lean thinking principles 

(Pampanelli et al., 2013). Further, the enemies of Lean like Muda (waste), Muri and Mura 

have to be avoided through the implementation of Lean tools and methods (Panneman, 

2017). 

 

According to Mr. H there are no big differences or changes related to Lean. The way of 

thinking is still the same and it does not matter if the tools are smart and connected or 
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not. Nonetheless, a closer look at the differences in manufacturing shows changes for 

Lean too. 

Through the interview, some differences in manufacturing of smart and connected tools 

could be recognised. How do these differences influence the enemies of Lean as well as 

the implementation of Lean tools and methods? In the following paragraphs, the found 

differences from the manufacturing part are analysed and discussed related to the Lean 

theory. 

5.3.1 Influences on the enemies of Lean 

Muda (waste) 

Waste describes all Non- Value-Added (NVA) activity, which makes a production ineffi-

cient (Gram, 2013; Panneman, 2017). 

Defects – According to Mr. H, they have to deal with new problems related to software. 

This leads to rework and has a negative influence on the lead time, as well as the process 

flow. The products require more electronic components and they have to be purchased 

from suppliers. This is a new source of defects too. With all outsourced components, 

there is a risk of quality. Some work tasks like testing are getting more advanced and 

increase therefore the source of defects through employees. Additionally, the risk of 

product damages due to electrostatic discharge (ESD) is new. 

Within the other kinds of waste there is no clear source for waste noticeable. Neverthe-

less, it is not excluded that there are no other sources of waste. To find out, the produc-

tion process would have to be observed more in detail and for longer time. 

 

Muri 

The term describes problems caused by pushing machines or operators to their natural 

limits (Panneman, 2017). To produce the new smart and connected assembly tools, the 

employees need new knowledge and skills. For that, the people have to be trained. Com-

pany X hired a consultant to train the people. However, the changes are not the same 

for all people. It depends on the function within the organisation too. Especially older 

employees could have problems with the change towards digitisation and therefore they 

can be stressed and pushed to their natural limits. 

The impacts on the machine environment it is hard to say without further data. The same 

goes for the third enemy Mura, which is about unevenness or variation that influences 

the efficiency in a process. A detailed observation directly at the shop-floor production 

could give a clearer opinion. 
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5.3.2 Influences on Lean tools and methods 

The elimination of waste can be achieved through the successful implementation of Lean 

tools and methods (Panneman, 2017). 

 

Company X has implemented some Lean methods like the ones described in the theo-

retical framework (e.g. 5S, Kanban, 5Why’s). The employees are trained to use them to 

continually improve the processes. For example, if there is a problem at the assembly 

line, the employee stops the line and try to fix the problem. According to the interview, it 

does not matter if the product is smart and connected or not. The way to deal with prob-

lems in terms of Lean is the same as it was with the forerunner tools. It is still the same 

Lean thinking. 

However, through the changes in manufacturing the use of Lean methods could be more 

difficult. More electronics and software integrated into the new tools require new 

knowledge too. The handling of electronic components and software, as well as with new 

equipment (e.g. for testing) has to be learned. New problems can occur and because of 

missing knowhow or experience the application of the Lean methods can be more com-

plicated and takes more time to fix the problem. 

 

One very important method for an organisation with Lean manufacturing is Kaizen, or 

also called continuous improvement. The aim is to involve people and enables them to 

come up with their thoughts and ideas to improve processes and products. The basis of 

improvements is the actual standard in the production and it is important to standardise 

improvements after successfully implemented Kaizen activities. (Pampanelli et al., 2013; 

Maarof and Mahmud, 2016; Mrugalska and Wyrwicka, 2017) 

 

The standard in company X are the tacted production lines. If there is a problem or de-

viation, they act immediately to solve and improve it. Therefore, weekly meetings are 

held to discuss the problems and new potential for improvement. Through the smart and 

connected tools, the required knowhow to come up with improvements increases. Addi-

tionally, the improvements itself are becoming more digital, e.g. software improvements.  

 

The trend towards digitisation will affect everything in the production. In this thesis the 

focus is on the manufacturing process of digitised products, but in the future, the pro-

cesses as well as the products will be digitised. Therefore, the way how Lean methods 

are applied will change too. Maybe not the Lean thinking, but the application. 
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Mr. H said in the interview, that in the future, it is really important to have knowledge 

about electronics and software. The production will be improved by smart and connected 

products as well as other industry 4.0 technologies. In 10-15 years, there will be a lot of 

data collection and many robots instead of humans, and that will be a big change for 

organisations and people. These theories are also confirmed by various scientific articles 

(Dombrowski et al., 2017; Hoellthaler et al., 2018; Enke et al., 2018; Kumar et al., 2018; 

Prinz et al., 2018). 

 

5.3.3 Conclusion Lean 

Relating differences or changes in Lean related to the manufacturing of smart and con-

nected products, it is hard to find reliable data through just one interview. A specific ob-

servation of the production process as well as of applied Lean methods would be more 

appropriate to gather primary data. Due to limited time and access to data on case com-

pany’s side, that was not possible. 

 

5.4 Changes outside of the production department 

For an industrial company, the effects of smart and connected products are enormous, 

whether internally or on the market. The changes are not only in manufacturing but also 

in sourcing, R&D, IT, marketing, sales, logistics, service & support, human resources 

and finance. Smart connected products are disrupting value chains. R&D has to deal 

with much more software and therefore needs a close cooperation with IT. Generally, 

the cooperation between the departments has become more important. (Porter and Hep-

pelmann, 2014, 2015) 

 

In this thesis, the focus is on the manufacturing department with the purpose to examine 

changes or differences in Lean manufacturing when the products are getting smarter 

and connected. Nevertheless, some collected data from the case study interview de-

scribe changes outside of the production department. The data is not relating directly to 

the research question. However, it is relevant information to the topic. 

 

Sourcing 

As already described in paragraph 5.2 about manufacturing, the smart and connected 

assembly tools contain much more electronics and software. According to Mr. H, these 

components have to be sourced from outside and the sourcing is not at the production 

site of company X. Anyhow, the sourcing of electronic components requires new 
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knowledge about the business of electronics. New trustworthy suppliers have to be 

found. Due to the fact, that the business of buying electronics is very different compared 

to buying mechanical or plastic components, new people had to be hired, which know 

the markets of electronics. 

Relating to changes in organisational structures, company X had to build new business 

areas with strategic responsibilities. Before, there were business areas for plastics or 

mechanical parts, but because of the smart and connected tools they had to create busi-

ness areas like electronics and electro-mechanics and these areas are growing contin-

ually. 

Key points: 

- New suppliers needed 

- Required knowledge about business of electronics 

- Hire new people 

- Change in organisational structures 

 

Research & Development 

The tools are a part of a network system, which connects the tools and processes with 

each other (source: company X). According to that, the R&D have to develop much more 

software. This requires a lot of new people with programming skills. A trend is noticeable, 

that the R&D department is changing towards an IT department. These facts confirm 

also past studies from Porter and Heppelmann (2015) 

Key points: 

- Developing more software 

- Hire more programmers 
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6 Conclusion 

The overall aim of this bachelor thesis was to investigate in differences or changes in the 

manufacturing system and in the philosophy of Lean thinking, the related to the produc-

tion of smart and connected products. The research purpose was based on an anteced-

ent defined research question: 

What are differences or changes in manufacturing when the products are getting smarter 

and connected? 

In this section, the findings of this thesis are summarised, and conclusions are offered 

based on the findings. Furthermore, the academical and practical contribution are out-

lined. Finally, the limitations of the study and suggestions for future studies roundup the 

chapter. 

6.1 Summary of Findings 

The differences or changes in manufacturing because the products are getting smarter 

and connected are much more electronic components and software. Due to that, more 

material has to be sourced from outside. The electronic components are very sensitive 

and have to be protected against electrostatic discharge (ESD). Furthermore, new oper-

ating equipment, for example for testing is necessary and the people need new 

knowledge about the new kind of products and processes. For that, they have to be 

trained to gain more skills. However, some skills are not needed anymore because of 

technological progress and more outsourcing. The degree of changes is not the same 

for everyone. It depends on the function within the organisation. In some cases, the co-

operation between the departments has to be closer. 

How big these changes are, depends on products and company. How well these 

changes can be operated, depends on the maturity and skills of the management. 

 

Related to the Lean system, there are differences or changes too. New kinds of waste 

occur. There are new problems with software, which leads to rework and has a negative 

influence on lead time and process flow. Employees, especially older people could have 

problems with the change towards digitisation and feel stressed. The way of Lean think-

ing is still the same. Nevertheless, the use of Lean tools could be more difficult, compli-

cated and time-consuming because of missing know-how and/or experience with the 

new electronic components and processes. Related to method of Kaizen it could be more 

difficult for people to come up with improvements. Furthermore, the improvements are 

becoming more digital itself (e.g. software). 
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Finally, there are changes outside of the production department too. Within sourcing, 

there is new knowledge about the business of electronics needed. It is important to find 

new trustful suppliers and new people have to be hired. Due to that new business areas 

have to be created. Because of software development, there have to be hired many new 

people in the R&D department too. 

 

Conclusions 

The summary of the findings concisely shows the found differences and changes in man-

ufacturing and especially in Lean, when the products are getting smarter and connected. 

These findings shall give an understanding for the new circumstances the decision to 

make the products smarter and connected will bring. The trend towards digitisation is 

fact, and as already described in the introduction, it is important for a company to deal 

with it. To make their products smarter and connected, it could be interesting for the 

management of an industrial manufacturing company, to read this thesis to get some 

inputs and new thoughts. 

6.2 Academic and practical contribution 

Academic contribution 

This thesis focuses on differences or changes in the manufacturing system, related to 

the production of smart and connected products. According to the literature review, there 

are no previous studies with the same consideration of the particular topic. Hence this 

thesis might become a suitable reference for researchers who are interested in digitisa-

tion and manufacturing. 

Practical contribution 

For the practical relation, an appropriate case company was chosen. Through interviews 

with the production plant manager of the case company and observations, primary data 

was gathered and compared with previous studies to make conclusions. This study 

shows, that knowhow about electronics and software is a key element for the future of 

industrial production. New suppliers are needed, and the customer relationship will be 

much closer through software and data about the product usage. Therefore, it is crucial 

for the management of a company to become active and make the right strategic deci-

sions. 
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6.3 Limitations 

The findings match the reality based on the case study and in consideration of the limited 

access to primary data. It has to be clarified, that the findings are exclusively based on 

data from the case company. This means that the generalisation must be done with cau-

tion. However, it can be said that the findings and conclusions may apply to many other 

industrial companies of similar size and similar products. 

 

6.4 Future studies 

For future studies there are many possibilities to investigate. Subsequent some possible 

suggestions: 

- The human factor according to smart and connected products. How do employ-

ees handle the trend towards digitisation? 

- How is the over processing of products due to software and connectivity? This 

would be interesting especially for products in the consumer industry. 

- The new important business area of sourcing electronics components: What is to 

consider and how to find trustful supplier? 

- How does the development of smart and connected products affect the R&D de-

partment? 

- In addition, an interesting topic could be: How is the correlation between produce 

smart and connected products and use smart connected products within the man-

ufacturing to improve processes? Would it be an advantage due to the digitisation 

of the production, if the produced products are digitised too? 
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Appendix A: Interview questions 

Interview: 

Name:  Mr. H 

Function: Production plant manager 

Time:  14.00 (Duration: 60 min) 

Location: Production plant site of the company X 

Research question: 

What are differences/changes in Lean manufacturing when the products are getting smarter 

and connected? 

Base: 

What is the differences between product A (smart and connected) and product B in lean man-

ufacturing? 

(Product A: Smart assembly tool; Product B: Forerunner product) 

A: Differences in manufacturing: 

Time  

14.05 A1) What are the differences in materials (raw material, supplies, operating mate-
rial)? 
e.g. used materials, type of components, number of components, self-manufactured or purchased 

 

14.10 A2) What are the differences in operating resource (tangible, intangible)? 
e.g. machinery and mechanical equipment, patents/licenses, information/knowledge 

 

14.15 A3) What are the differences according required human abilities and skills? 
e.g. Special knowhow, special trainings, education 

 

14.20 A4) What is different in production management? 
e.g. managing people, buying machines/components, looking for new partners/suppliers, managing 
risks, communication between departments 

14.25 A5) What is the difference in organisation? 
e.g. organisational structure (people, functions), workflow organisation (products, materials) 

 

14.30 A6) What is the difference in control and monitoring? 
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B: Differences in Lean: 

Time  

14.35 B1) What is different in Lean? 

 

14.40 B2) Which new problem zones or possibilities for waste occur through the new kind 
of products? e.g. more defects, excess processing 

 

14.45 B3) What is different in the usage of lean tools? 
e.g. based on the used tools in the production 

 

14.50 B4) What is different in the application of continuous improvement (CI)? 
e.g. people involvement, PDCA, 5Why 

 

14.55 B5) How do you see the future of Lean manufacturing? 
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Appendix B: Transcript of the interview 

The interview is divided into two sections: Section A with questions about manufacturing 

based on production factors and section B with questions about Lean. 

 

Question A1 

What are the differences in materials (raw material, supplies, operating material)? 

e.g. used materials, type of components, number of components, self-manufactured or purchased 

Response 

The electrical smart and connected assembly tools have much more electronics com-

pared to the not smart tools (e.g. electronic boards, software, transducers). Much more 

electronics and software. That is the big difference. Today, software is inside the tools 

and inside the “Control Unit” as well. But the next product generation will have everything 

inside the tool. All the intelligence will move inside the tool. Then the tool will be very 

smart. The number of physical components is quite similar, but in the more advanced 

tools there are more components, because of more electronic. This is an add-on, so 

maybe they will have more components in the new more advanced tools compared to 

the old ones. Functionality is more or less the same, but the smart and connected tools 

have more capabilities and functions through the software. The electronic boards and 

components are bought from suppliers. Compared to the forerunner they have to buy 

much more components from suppliers. The inhouse produced parts are still the same 

(e.g. mechanical components). Buying more components, that is the change here. 

 

Question A2 

What are the differences in operating resource (tangible, intangible)? 

e.g. machinery and mechanical equipment, patents/licenses, information/knowledge 

Response 

With the old assembly tools which are not smart and connected, they did not have the 

electronic competences. Because they did not need it. But now they need to have elec-

tronic competences, and ESD (electrostatic discharge) protected areas too. They need 

to have the knowledge about how to manufacture with electronic boards and things like 

that. Further, the testing is more advanced due to more electronics and software in the 

tool. Summed up much more tests, much more electronics and much more knowledge 

about electronics is needed. 

It has been a very big change for the technicians in assembly, who had to understand 

not only the mechanic part, but new also the electronic part. It is more about the change 

of knowledge from understand the mechanical parts to understand electronics and the 
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business of electronics. The business of buying electronics is very different compared to 

buying mechanical or plastic components. The market is very special, and they need to 

understand it (e.g. they already have to say how many components they need in 2019). 

It is a big change for sourcing, but also for technicians who have to get the knowledge, 

as well as for operators with ESD (electrostatic discharge) protected areas and so on. 

 

Question A3 

What are the differences according required human abilities and skills? 

e.g. special knowhow, special trainings, education 

Response 

Due to more electronics and more testing, the employees hat to be trained. For that a 

consultant was hired to do the inhouse-trainings with the people. They have some sol-

dering areas, but through the development of new product series soldering is becoming 

less important because the electronic components are sourced from outside.  

 

Question A4 

What is different in production management? 

e.g. managing people, buying machines/components, looking for new partners/suppliers, risks, communica-

tion between departments and people 

Response 

The most important in management is to find new suppliers and new areas to work in. 

However, this is more a part of sourcing. For the people in the production it is not a big 

change in management. There are some more advanced work-tasks for the technicians. 

So, they had to buy new test equipment. Otherwise it is not a big change to manage the 

production. There are no changes in risks. The way to communicate is the same. R&D 

developed the software and in production, it is put in the tools. The communication has 

to be good, but it is the same with every new product. It does not matter if the product is 

smart and connected. They hired a lot of new programmers in R&D. Now, they are 

around 200 people. There was a really big change in R&D, but not in production. 

 

Question A5 

What is the difference in organisation? 

e.g. organisational structure (people, functions), workflow organisation (products, materials) 

Response 

In sourcing they have commercial strategic responsibilities and of course, this is a new 

area. Before, they had areas like mechanical and plastics. But now they have electronics 

and electro-mechanics. So, these two areas are new, and these are growing areas. This 
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is a big change in organisation. Nevertheless, it is more on the sourcing side and com-

mercial and strategic sourcing is not based at the production site, so they do not have 

these organisation. The company has hired a lot of new people due to this at the other 

location. At the production site there are no changes. In the assembly they have ten 

different lines due to which product families are produced. And these are the smart and 

connected tools, they have been developed in years, step-by-step. Here at the produc-

tion site the tool as such is not a big difference. The tool-series has always been electrical 

and suddenly they call them smart and connected tools. Of course, there is some more 

software and electronics and a more advanced “Control Unit”, but the “Control Unit” is 

not produced here at the production site. So, the tools can be produced still in the same 

line and if they are smart and connected or not, does not matter. The new thing is just 

the ESD (electrostatic discharge) protected areas. 

 

Question A6 

What is the difference in control and monitoring? 

Response 

The testing is in the end of the assembly. But still they have some partially testing during 

production and also when they do the software programming. Differences are that they 

have software and more testing. In monitoring is nothing changing. 

 

Question B1 

What is different in Lean? 

Response 

Mr. H says, that there is no difference at all. 

 

Question B2 

Which new problem zones or possibilities for waste occur through the new kind of prod-

ucts? e.g. more defects, excess processing 

Response 

Company X is producing the tools in tacted lines. There are other problems when pro-

ducing smart and connected tools. For example, a new kind of problem are software 

problems. That is a thing they did not had before. But otherwise it is not a difference due 

to Lean, it is more about the new product. So, it does not matter if the product is smart 

and connected. When a new product is produced, new problems always arise in the 

beginning. Smart and connected tools have more software and they can find more prob-

lems there. Before the problems where more mechanical. 
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The production is according to the demands from customers. The marketing people take 

care of what the customers want, and the R&D develop it due to customer requests. The 

production is according to the drawings from R&D. 

 

Question B3 

What is different in the usage of lean tools? 

Response 

They have tacted lines. If there is a problem at the line, they stop the line and face the 

problem. Nothing changes, it is the same way to think. 

 

Question B4 

What is different in the application of continuous improvement (CI)? e.g. people involvement, 

PDCA, 5Why  

Response 

The tacted line is the base to understand and see the deviations and the problems. So, 

the tacted line is the standard. For example, the product should be produced in 20 

minutes, that is the tact. If there is a problem or a deviation, then the employee writes it 

down on a yellow post-it and put it on the improvement board. Weekly, they have these 

improvement meetings to discuss the problems and improvements. 

Mr. H says also it does not matter if they would produce a car or a tractor, there is no 

difference. It is the same way to think, the same way to handle the deviations and follow 

the standard and everything. For an operator it is no difference, it is the same way to 

think. Of course, there are new demands due to software and electronics, but if they 

would produce a Volvo or BMW or a boat in the same line, for an operator it does not 

matter. So, for the production plant it is no big change if they produce smart and con-

nected tools or others. It is the same way to think. They follow the standard, they follow 

the tact, and if they have a problem, they put on the yellow light at the workstation and 

the deviation will be discussed at the improvement meetings. These meetings take one 

hour a week. 

Summed up, with Lean is everything the same, but you need the knowhow about the 

products. People need to be trained, but it is the same with all new products. Of course, 

it takes some time to train the people, but when they have been trained it does not matter 

what kind of product is produced. 

5Why is a tool that they do not use that much, but they are planning to use it more often.  
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Question B5 

How do you see the future of Lean manufacturing? 

Response 

Mr. H says, that for the future it is really important to have knowledge about electronics 

and software. In the production of the future there will be smart and connected products 

and industy 4.0 to improve production. A lot of data collection and more robots. Mr. H is 

sure they will have a lot of robots instead of humans in 10-15 years and that will be a big 

change. What they produce does not matter, but first they must do the Lean homework. 

 

For the whole company the big change to produce smart and connected tools is in R&D 

and sourcing and not in production. Mr. H thinks that it is the same for all companies who 

want to make products smarter and connected. It is a changed towards to more software. 

 

For the technicians in assembly it is a change, because if they have problems, the prob-

lems are more with electronics and software. Now, they need more knowledge about 

electronics than about mechanics. Often, when there is a problem, they have to call the 

R&D and ask for the root cause. Additionally, it is a change for the quality departments, 

when they do the checks of the components. On the other side, for operators, there is 

no big change. 
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Appendix C: Coding of primary data 

 

  Number of Codings=51 (N=1) 

Future Mr. H says, that for the future it is really important to have knowledge about 
electronics and software. In the production of the future there will be smart and 
connected products and industy 4.0 to improve production. A lot of data collec-
tion and more robots. Mr. H is sure they will have a lot of robots instead of hu-
mans in 10-15 years and that will be a big change. What they produce does not 
matter, but first they must do the Lean homework. 
 
Case study results: 53 - 53 (0) 

Continuous Im-
provement 

The tacted line is the base to understand and see the deviations and the prob-
lems. So, the tacted line is the standard. For example, the product should be pro-
duced in 20 minutes, that is the tact. If there is a problem or a deviation, then 
the employee writes it down on a yellow post-it and put it on the improvement 
board. Weekly, they have these improvement meetings to discuss the problems 
and improvements. 
 
Case study results: 49 - 49 (0) 
 
 
Mr. H says also it does not matter if they would produce a car or a tractor, there 
is no difference. It is the same way to think, the same way to handle the devia-
tions and follow the standard and everything. For an operator it is no difference, 
it is the same way to think. Of course, there are new demands due to software 
and electronics, but if they would produce a Volvo or BMW or a boat in the same 
line, for an operator it does not matter. So, for the production plant it is no big 
change if they produce smart and connected tools or others. It is the same way 
to think. They follow the standard, they follow the tact, and if they have a prob-
lem, they put on the yellow light at the workstation and the deviation will be dis-
cussed at the improvement meetings. These meetings take one hour a week. 
 
Case study results: 50 - 50 (0) 

Problems/Waste There are other problems when producing smart and connected tools. For exam-
ple, a new kind of problem are software problems. That is a thing they did not 
had before. But otherwise it is not a difference due to Lean, it is more about the 
new product. So, it does not matter if the product is smart and connected. When 
a new product is produced, new problems always arise in the beginning. Smart 
and connected tools have more software and they can find more problems 
there. Before the problems where more mechanical. 
 
Case study results: 40 - 40 (0) 
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Lean thinking Mr. H says, that there is no difference at all 
 
Case study results: 36 - 36 (0) 

 
 
Company X is producing the tools in tacted lines. 
 
Case study results: 40 - 40 (0) 
 
 
But otherwise it is not a difference due to Lean, it is more about the new prod-
uct. 
 
Case study results: 40 - 40 (0) 
 
 
They have tacted lines. If there is a problem at the line, they stop the line and 
face the problem. Nothing changes, it is the same way to think. 
 
Case study results: 45 - 45 (0) 
 
 
with Lean is everything the same, but you need the knowhow about the prod-
ucts. 
 
Case study results: 51 - 51 (0) 

 
The production is according to the demands from customers. The marketing 
people take care of what the customers want, and the R&D develop it due to 
customer requests. The production is according to the drawings from R&D. 
 
Case study results: 41 - 41 (0) 

Control & Moni-
toring 

The testing is in the end of the assembly. But still they have some partially test-
ing during production and also when they do the software programming. Differ-
ences are that they have software and more testing. In monitoring is nothing 
changing. 
 
Case study results: 32 - 32 (0) 
 
 
Additionally, it is a change for the quality departments, when they do the checks 
of the components. 
 
Case study results: 55 - 55 (0) 
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Workflow organi-
sation 

 In the assembly they have ten different lines due to which product families are 
produced. And these are the smart and connected tools, they have been devel-
oped in years, step-by-step. Here at the production site the tool as such is not a 
big difference. The tool-series has always been electrical and suddenly they call 
them smart and connected tools. Of course, there is some more software and 
electronics and a more advanced “Control Unit”, but the “Control Unit” is not 
produced here at the production site. So, the tools can be produced still in the 
same line and if they are smart and connected or not, does not matter. 
 
Case study results: 28 - 28 (0) 
 
 
The new thing are just the ESD-protected areas. 
 
Case study results: 28 - 28 (0) 

Organisational 
structure 

In sourcing they have commercial strategic responsibilities and of course, this is 
a new area. Before, they had areas like mechanical and plastics. But now they 
have electronics and electro-mechanics. So, these two areas are new, and these 
are growing areas. This is a big change in organisation. Nevertheless, it is more 
on the sourcing side and commercial and strategic sourcing is not based at the 
production site, so they do not have these organisation 
 
Case study results: 28 - 28 (0) 
 
 
At the production site there are no changes. 
 
Case study results: 28 - 28 (0) 
 
 
Often, when there is a problem, they have to call the R&D and ask for the root 
cause.  
 
Case study results: 55 - 55 (0) 
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Management  The business of buying electronics is very different compared to buying mechan-
ical or plastic components. The market is very special, and they need to under-
stand it (e.g. they already have to say how many components they need in 
2019). 
 
Case study results: 13 - 13 (0) 
 
 It is a big change for sourcing, 
 
Case study results: 13 - 13 (0) 
 
The most important in management is to find new suppliers and new areas to 
work in. However, this is more a part of sourcing. 
 
Case study results: 23 - 23 (0) 
 
For the people in the production it is not a big change in management. 
 
Case study results: 23 - 23 (0) 
 
Otherwise it is not a big change to manage the production. There are no changes 
in risks. The way to communicate is the same. 
 
Case study results: 23 - 23 (0) 
 
 R&D developed the software and in production, it is put in the tools. The com-
munication has to be good, but it is the same with every new product. It does 
not matter if the product is smart and connected.  
 
Case study results: 23 - 23 (0) 
 
For the whole company the big change to produce smart and connected tools is 
in R&D and sourcing and not in production. Mr. H thinks that it is the same for all 
companies who want to make products smarter and connected. It is a changed 
towards to more software. 
 
Case study results: 54 - 54 (0) 
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Human skills It has been a very big change for the technicians in assembly, who had to under-
stand not only the mechanic part, but new also the electronic part. 
 
Case study results: 13 - 13 (0) 
 
 
 for technicians who have to get the knowledge, as well as for operators with 
ESD-protected areas 
 
Case study results: 13 - 13 (0) 
 
 
Due to more electronics and more testing, the employees hat to be trained 
 
Case study results: 18 - 18 (0) 
 
 
For that a consultant was hired to do the inhouse-trainings with the people. 
 
Case study results: 18 - 18 (0) 
 
 
They have some soldering areas, but through the development of new product 
series soldering is becoming less important because the electronic components 
are sourced from outside.  
 
Case study results: 18 - 18 (0) 
 
 
There are some more advanced work-tasks for the technicians. 
 
Case study results: 23 - 23 (0) 
 
 
They hired a lot of new programmers in R&D. Now, they are around 200 people. 
There was a really big change in R&D, but not in production 
 
Case study results: 23 - 23 (0) 
 
 
The company has hired a lot of new people due to this at the other location. 
 
Case study results: 28 - 28 (0) 
 
 
People need to be trained, but it is the same with all new products. Of course, it 
takes some time to train the people, but when they have been trained it does 
not matter what kind of product is produced. 
 
Case study results: 51 - 51 (0) 
 
 
On the other side, for operators, there is no big change. 
 
Case study results: 55 - 55 (0) 
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Equipment ESD-protected areas 
 
Case study results: 12 - 12 (0) 
 
 
 Further, the testing is more advanced due to more electronics and software in 
the tool. 
 
Case study results: 12 - 12 (0) 
 
 
So, they had to buy new test equipment 
 
Case study results: 23 - 23 (0) 

Knowledge With the old assembly tools which are not smart and connected, they did not 
have the electronic competences. Because they did not need it. But now they 
need to have electronic competences 
 
Case study results: 12 - 12 (0) 
 
 
They need to have the knowledge about how to manufacture with electronic 
boards and things like that. 
 
Case study results: 12 - 12 (0) 
 
 
It is more about the change of knowledge from understand the mechanical parts 
to understand electronics and the business of electronics. 
 
Case study results: 13 - 13 (0) 
 
 
you need the knowhow about the products 
 
Case study results: 51 - 51 (0) 
 
 
For the technicians in assembly it is a change, because if they have problems, the 
problems are more with electronics and software. Now, they need more 
knowledge about electronics than about mechanics. 
 
Case study results: 55 - 55 (0) 

Product capa-
bilites 

Functionality is more or less the same, but the smart and connected tools have 
more capabilities and functions through the software 
 
Case study results: 7 - 7 (0) 
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Material The electrical smart and connected assembly tools have much more electronics 
compared to the not smart tools (e.g. electronic boards, software, transducers). 
 
Case study results: 7 - 7 (0) 
 
 
Much more electronics and software 
 
Case study results: 7 - 7 (0) 

 
 
Today, software is inside the tools and inside the “Control Unit” as well 
 
Case study results: 7 - 7 (0) 
 
 
All the intelligence will move inside the tool. 
 
Case study results: 7 - 7 (0) 

 
 
The number of physical components is quite similar, but in the more advanced 
tools there are more components, because of more electronic. 
 
Case study results: 7 - 7 (0) 
 
 
The electronic boards and components are bought from suppliers. Compared to 
the forerunner they have to buy much more components from suppliers.  
 
Case study results: 7 - 7 (0) 
 
 
The inhouse produced parts are still the same (e.g. mechanical components). 
 
Case study results: 7 - 7 (0) 
 
 
Buying more components, that is the change here. 
 
Case study results: 7 - 7 (0) 

 


