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This thesis aims to build a base for the road towards a smart factory and gather 

information about the field by examining related technologies, requirements and 

challenges, and available solutions from Finnish providers. Through these examinations, 

occurring challenges in the reference location are highlighted and ideas to tackle these 

are proposed, most suitable technologies and use cases are described, and the pilot is 

designed around the most suitable solution. In addition, an overview of the factory is 

examined, and ongoing projects and suitable data gathering methods are described so that 

the current situation, development activities, and necessary methods for data gathering 

are known. To gather all this information, a literature review, survey, and straight contacts 

were made. A literature review was used for the examination of the key areas of the topic, 

a survey to examine the occurring challenges, and straight contacts to gather the 

information about the available solutions and production. Based on the findings, the pilot 

is designed, a roadmap of the future steps is proposed, and to conclude the topic 

achievable benefits and specification for the piloting are described. This research led to 

the conclusion that the current situation is at the Industry 3.0 stage and there are some 

challenges on the road toward the era of Industry 4.0. In addition, many solutions and 

technologies are already available, and some ongoing projects are related to these. Now 

is the time to make the vision clear and compile all the individual projects together and 

change the target towards building a smart factory. 
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Tämän diplomityön tavoitteena on rakentaa pohja älykkäälle tehtaalle ja sen pilotoinnil le 

sekä kerryttää tietoa aihepiiristä. Pohjan rakentamisen keskiössä on aihepiiriin liittyvien 

teknologioiden, vaatimusten ja haasteiden sekä suomalaisten toimittaj ien tarjoamien 

ratkaisuiden tutkiminen. Tutkimusten pohjalta referenssikohteessa esiintyviä haasteita 

nostetaan esille ja niihin ehdotetaan ratkaisuja, sopivimpia teknologioita ja käyttökohteita 

esitellään ja pilotointi suunnitellaan sopivinta ratkaisua hyödyntäen. Näiden lisäksi 

tehtaan yleiskuvaa käydään läpi, aihepiiriin liittyviä meneillään olevia projekteja 

tarkastellaan ja sopivimpia datan keräysmentelmiä esitellään, jotta tehtaan tehtaan 

nykytila, meneillään olevat aihepiirin kehityshankkeet ja vaadittavat datan 

keräysmentelmät tiedetään. Näiden tietojen koostamiseksi hyödynnett i in 

kirjallisuuskatsausta, kyselyä sekä suoraa kontaktointia ratkaisujen tarjoajiin sekä 

tuotannon työnjohtajiin ja tuotannonsuunnittelijaan. Kirjallisuuskatsauksella hankitt iin 

tietoa aihepiiristä ja siihen liittyvistä teknologioista, kyselyllä selvitett i in 

referenssikohteessa esiintyviä haasteita ja suoralla kontaktoinnilla hankittiin tietoa 

tarjolla olevista ratkaisuista ja tuotantoon liittyvistä asioista. Tulosten pohjalta 

suunnitellaan ratkaisun pilotointi, kehitetään tiekartta tulevista askelista ja tiivistetään 

saavutettavat hyödyt ja vaatimusmäärittely, jotta saavutetaan otsikon mukainen 

kokonaisuus. Tämä tutkimus on osoittanut, että tehtaan nykytila on teollisuus 3.0 tasolla 

ja matkalla kohti teollisuus 4.0 aikakautta haasteita tulee esiintymään. Lisäksi useita 

aihepiirin ratkaisuita ja teknologioita on jo tarjolla sekä osa meneillään olevista 

projekteista liittyy näihin. Nyt olisi hyvä aika kirkastaa visiota, yhdistää näitä yksittäis iä 

projekteja yhteen ja muuttaa kokonaisuuden suunta kohti älykkään tehtaan rakentamista. 

Asiasanat: Älykäs tehdas, Teollisuus 4.0, Venttiilit, Valmistustekniikka, 

Vaatimusmäärittely 
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1 INTRODUCTION 

Manufacturing industries have always tried to find ways to achieve greater competency, 

competitiveness, and efficiency. In the past, there have been three technologica l 

revolutions that have made a huge leap in these. These leaps are known as industr ia l 

revolutions and with rapid advances in automation technologies in the manufactur ing 

industry, it´s on the brink of the Fourth Industrial Revolution which is also known as an 

Industry 4.0 (I4.0). (Xu et al. 2018, p. 2) 

In the second half of the 20th century, the Third Industrial Revolution which is known as 

Industry 3.0 (I3.0) appeared with the rise of computers, electronics, and Information and 

Communication Technology (ICT) which led to automation in manufactur ing. 

Automation made manufacturing more effective and flexible while also made possible to 

produce more sophisticated products at even lower costs. (Sufian et al. 2021, p. 2) I4.0 

builds upon I3.0 digitalization and automation capabilities. The advancements of the 

internet and communications, the power of advanced computing and data science have 

driven I4.0 further from I3.0. These advancements in technologies have enabled new 

levels of connectivity and integration which have enabled new insightful information to 

be produced. With this new information problems that once were considered unsolvab le 

can now be solved by finding patterns that have not been seen before. I4.0 enables 

changes in the manufacturing industry by connecting the physical and the digital worlds 

together and acting as a gateway into Smart Manufacturing (SM) and Smart Factory (SF). 

(Sufian et al. 2021, pp. 3-6) At the same time, I4.0 focuses more on the integration of 

digital industrial ecosystems and the end-to-end digitalization for completely integrated 

solutions. (Xu et al. 2018, p. 2) 

SM is a part of the SF and together they are a key construct of I4.0. Nowadays those terms 

are used interchangeably but to keep things understandable some simplifications need to 

be made. I4.0 gives the base and tools for these to build upon. (Mubarok & Arriaga 2020, 

p. 3) That base is built on eight technology pillars which are described by academia as 

Additive Manufacturing, Augmented and Virtual Reality, Big Data and Analytics, Cloud 

and Edge Computing, Cybersecurity, Digital Twin and Simulation, Horizontal and 

Vertical Integration and Industrial Internet of Things. (Sufian et al. 2021, p. 6) These 

technologies can be used in many applications i.e., Supply chain management, Logistics, 

Homes, Cities, etc. but the focus in this thesis will be on applying these technologies to 



8 

 

factory environment and manufacturing processes. In the manufacturing processes a 

higher level of flexibility, improved efficiency, and better product quality can be achieved 

with adopted I4.0 technologies. In SM I4.0 technologies turn every object on the shop 

floor into a sensing smart object that can be monitored and controlled to keep them 

running in an optimal condition. This also enables to forecast the future conditions of the 

machines, objects, etc. Failures can also be detected before they happen and in the future 

fixed automatically by self-diagnostics and self-adjustment systems. Transferring this to 

the SF environment means that these technologies are used in all factory functions which 

enables these to produce information. Combining that information makes it possible to 

achieve the above-mentioned benefits in a bigger picture as well. In conclusion, SF is the 

next step from SM, and it includes all areas that are related to factory operations while 

SM only includes parts related to manufacturing processes. (Mubarok & Arriaga 2020, 

p. 3) 

The core of the business in Neles Technology Centers is manufacturing valves. The 

manufacturing process can be divided into two main production phases which are valve 

parts machining and valve assembly. In the process machine tools, hand tools, and ICTs 

are used. Excluding hand tools, these can be used as data sources. Additionally at 

Technology Center at Vantaa, Finland Automated Guided Vehicles (AGVs) and 

automated storage systems are used to support the manufacturing. As these use data in 

their operations these can also be used as data sources. Combining these data sources 

makes lots of data available. Production in the Vantaa site differs a bit from the production 

made in other locations. The focus of the production in Vantaa is at smaller patch sizes 

and in special i.e., more customized valves. While other Technology Centers focus on 

more standard products or completely different product categories. In academia, this kind 

of mass customization and small patch sizes has been raised as one of the biggest 

challenges to tackle with SF. (Mubarok & Arriaga 2020, p. 2) Additionally, the SF 

environment can make a huge leap in the effectiveness of LEAN principles (LPs). These 

principles have been implemented in Vantaa Technology Center. As LEAN is described, 

it seeks waste reduction through a bundle of organizational practices. This is also one of 

the goals that SF tries to achieve. Integrating LPs and I4.0 technologies, performance 

benefits such as increased flexibility, improved productivity and quality, reduced costs 

and delivery times can be more easily achieved. (Shahin et al. 2020, p. 2) 
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Term Industry 4.0 emerged first time in 2011 in Hannover Fair as an Industrie 4.0 by the 

German government as a German strategic initiative to take a pioneering role in a 

currently revolutionising manufacturing sector. (Xu et al. 2018, p. 1) After many pilot 

implementations conducted by companies and a decade of academic research, we start to 

be on a brink of I4.0 coming to reality in every industry. As the implementation of I4.0 

technologies gets into speed, everyone wants to achieve those benefits and get ahead of 

the competition. That’s why the topic ”Smart Factory Benefits and Specification” was 

chosen for this thesis. Neles wants to be ahead of the competition and keep its place as a 

global leader of the industry. This thesis tries to identify what are the key technologies of 

I4.0 for Neles´ Vantaa Technology Center, what challenges may occur while transferring 

to SF, and what is its benefits and specification. Additionally part of this thesis is to build 

a base for future projects in the topic through pilot design and roadmap. 

1.1 Introduction of the Company 

Neles Corporation is a valve and valve automation manufacturer and a global leader in 

flow control solutions and services. Neles´ technologies are known for quality, reliability, 

and the highest safety. Flow control solutions are used in many industries such as oil and 

gas refining, pulp, paper and bioproducts industry, chemicals, and other process 

industries. Those are the business fields where Neles´ customers operate and where Neles´ 

income comes, making EUR 576 million in net sales in 2020. In total, the company has 

2850 employees globally. (Neles 2022) 

Neles has 7 Technology Centers worldwide and one of them is located with the 

company’s headquarter in Vantaa, Finland, where this thesis was also written. This 

Technology Center was also used as a reference factory throughout this thesis. Other 

locations are Shrewsbury, MA, USA; Horgau, Germany; Mumbai region, India; Chungju, 

South Korea; Shanghai, China and Jiaxing, China. (Neles 2022) 

1.2 Research Problem and Questions 

The research problem and aim of this thesis is to find what benefits can be achieved with 

SF and what is the specification for it, and what is the best possible solution for the 

reference factory. To answer these questions, I4.0 and related technologies are examined 

and explained in Chapter two. Then, in Chapter three challenges and requirements caused 
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by the current situation of the factory are inspected. Then with the gathered knowledge 

from the previous Chapters, the factory operations, suitable technologies and limitations, 

and ongoing projects related to the topic are examined in Chapter four. In Chapter five 

solutions offered by Finnish providers are examined and compared. From the comparison, 

a few solutions are highlighted and the most suitable one is used as a core in the pilot 

designing. Chapter five also includes a roadmap to continue towards SF. To conclude the 

topic, benefits and specification are described in Chapter six. In addition, this thesis can 

be concluded into four research questions (RQs). 

RQ1: What is I4.0 and what does it consists of? 

RQ2: What kind of challenges and requirements does the current situation of the Vantaa 

Technology Center cause for the implementation of SF? 

RQ3: Which area and equipment are the most suitable for the pilot testing, which 

technologies are suitable for those, and what projects are ongoing related to the topic? 

RQ4: Which solution is most suitable for the use case and what are the next steps towards 

SF, what benefits can be achieved, and what is the specification for it? 

1.3 Research Methods 

This thesis consists of four main parts which are theory, examination of challenges and 

requirements, an overview of the factory, and designing the pilot and roadmap. The theory 

part covers the history and description of the I4.0 and introduces the technologies which 

I4.0 consists of. The theory part is based on a literature review. 

In the examination of challenges and requirements part, those are identified and compared 

to results from researchers´ report. To gather the company´s perspective for the 

comparison a survey was conducted. This survey was distributed to supervisors, 

development personnel, and factory managers of Neles´ Vantaa Technology Center to 

gather a comprehensive perspective. 

Overview of the factory part contains information gathered from production areas 

supervisors and production planners through inquiries. In this part production, equipment, 

suitable technologies, and ongoing projects are examined and described. 
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The final main part of the thesis focuses on the examination and comparison of the 

solutions. The comparison was conducted with a comparison matrix. After the most 

suitable solution is found it´s used as a core of the pilot and roadmap designing. This part 

concludes the previous parts and shows future steps towards SF. 

1.4 Limitations 

During the 6 months period in which this thesis was performed, there were a few 

limitations that affected the thesis. As this thesis was made during the Covid-19 pandemic 

it caused most of these limitations. During the pandemic, many supplies have had 

availability problems that were the thing in this case also. Many solution providers 

highlighted that those components needed for the devices to gather the information from 

production were out of stock and the availability for both was unknown. Even though a 

couple of the providers offered to borrow their devices, it would have only been a 

temporary solution and possible only with their solutions. This led to uncertainty in the 

time frame of the pilot testing, so the scope of the pilot part was kept in its designing. 

Another limitation that affected the pilot testing was the data-based nature of the SF. 

Many of the solution providers highlighted that pilot testing of their solution would need 

at least 3 months and, in that time, the functionality of the solution could be guaranteed 

but the benefits might not yet be achieved. This kind of time frame was too long 

considering the time frame of this thesis and without certainty, about the achievable 

benefits, it would probably have been pointless for this thesis. 

Other limitations were related to available solutions and the lack of human resources for 

the project. All available solutions were part solutions towards comprehensive SF, so 

piloting these would have only been a step towards this direction. As other ongoing 

projects tied up most of the available human resources this project would have probably 

remained at the pilot level without further advancements. Without proper resources to 

push this SF project forward and the possibility to build a comprehensive solution from 

the available part solutions, that pilot testing would have remained at the technology 

testing level. These caused some minor limitations to the scope of this thesis. 
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2 HISTORY AND DESCRIPTION OF INDUSTRY 4.0 

The Fourth Industrial Revolution (I4.0) is an era of digital technologies transforming how 

the manufacturing industry works. One of the keywords which are frequently mentioned 

when discussing I4.0 is smart. For a long time, we have had smartphones, smart 

televisions and lots of other things with the addition of the word smart and the count just 

grows. In dictionaries smart is often compared to intelligent and both terms refer to the 

ability to learn, understand and apply gathered knowledge easily. Though these terms are 

not interchangeable. The key difference is that smart is a quality that comes through 

learning and adopting this learned knowledge while intelligence is an inborn quality. So, 

the term smart is better suited to describe the smart factory concept as it uses the gathered 

data to make decisions. In addition, when smart refers to technologies, computers and 

connectivity are usually also mentioned. (Cambridge Dictionary 2021) With I4.0 

technologies the next things to be smart are manufacturing and factories. This digita l 

transformation is seen more like an evolution of the previous Third Industrial Revolut ion 

(I3.0) and that’s why is often considered disruptive. (Sufian et al. 2021, p. 1) To better 

understand the difference between I4.0 and I3.0 and its causes, effects, and impacts one 

needs to review the history and learn more about the previous industrial revolutions to 

understand the context behind them, the cause of their evolution, and the key drivers of 

each one. (Sufian et al. 2021, p. 1)  

2.1 History and Origin of Industry 4.0 

The history of industrial revolutions leads back to the late 18th century. Before that 

societies were agriculturalists. Engineering techniques at the time were related to 

harnessing the power of water, animals, and gearing mechanism to increase the work 

done. The progress made in mathematics in the 9th century made these engineer ing 

techniques considerably advanced and the introduction of the crankshaft systems in the 

late 12th century made the next big step in performance when rotary motion could be 

translated to linear motion. This gave birth to the concept of automatic machines. With 

the advancement of mechanical machines and steam power as the power source, a key 

technological drive for the first industrial revolution was born in the late 18th century. 

(Sufian et al. 2021, p. 2) 
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In the late 19th century next great leap in technological advancement was achieved and 

it´s known as the second industrial revolution. The key drivers of this revolution were 

electricity, gas, and oil to power combustion engines. This leap led to advances in 

manufacturing processes and methods. One example of this is the introduction of 

production assembly lines by Henry Ford which allowed mass production, albeit mainly 

of automobiles and airplanes. As a result of the second industrial revolution and mass 

production, public transport was revolutionized, and the cost of industrial products was 

considerably reduced. (Sufian et al. 2021, p. 2) 

The third big leap was taken in the second half of the 20th century with the rise of 

computers, electronics, and information and communication technology that penetrated 

the manufacturing industry. This led to automation in manufacturing and this 

technological advancement is known as the third industrial revolution. In this revolut ion, 

the use of programmable logic controllers and robotics were introduced. These allowed 

more flexible manufacturing and enabled the production of more sophisticated products  

and at the same time made the production costs lower. (Sufian et al. 2021, 

p. 2) 

In the 21st century, the manufacturing industry is on the brink of the fourth industr ia l 

revolution. This leap builds upon the third industrial revolution with the more advanced 

automation capabilities and digitalization. (Sufian et al. 2021, p. 2) The fourth industr ia l 

revolution is characterized by a high level of complexity and integration of products and 

manufacturing processes via a network. The first one to make this revolution public was 

the German government in the Hannover Fair in 2011 with the project Industrie 4.0 which 

is usually referred to as Industry 4.0. (Vestin et al. 2020, pp. 1-6) Furthermore, it was 

officially announced two years later in 2013 as a German strategic initiative to take a 

pioneering role in revolutionising the manufacturing industry. (Xu et al. 2018, p. 1) Since 

then, similar initiatives have been launched by other countries, such as Smart 

Manufacturing, USA; Manufacturing Innovation 3.0, Korea; Made in China 2025, China; 

Robot Strategy, Japan and Made Smarter, UK. The different initiatives share many 

similarities and the key theme of them is to improve productivity and flexibility through 

digitalization. These initiatives also share the expectations of fundamental improvements 

to the industrial processes involved in engineering, life cycle management, 

manufacturing, material usage, and supply chain management. (Vestin et al. 2020,  

pp. 1-6) 
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In order to show this progression from Industry 1.0 to Industry 4.0, the evolutions, and 

key enablers proposed by Xu et al. are shown in Figure 1. (Xu et al. 2018, p. 3) In the 

figure, steps present each industrial revolution, and the main enabler of the revolution is 

mentioned on the step while the more detailed explanation of its enablers is beside the 

step. 

 

Figure 1. The evolution and key enablers from industry 1.0 to 4.0 (adapted from Xu et al. 2018). 

2.2 Key Enablers of Industry 4.0 

The base of I4.0 is on digitalization and automation. This base gives a stand for digita l 

technologies to build a core upon it. In academia eight technology pillars have been 

identified. These technologies are Additive Manufacturing, Augmented and Virtual 

Reality, Big Data and Analytics, Cloud and Edge Computing, Cybersecurity, Digita l 

Twin and Simulation, Horizontal and Vertical Integration, and Industrial Internet of 

Things. To provide insightful information and to create value for data-driven 

manufacturing these technologies need to be connected, integrated, and used effective ly. 

(Sufian et al. 2021, p. 5) Even though there is still some fuzziness and overlapping in the 

terminology and content in the involved technologies these eight pillars should cover the 

technologies enough to one to understand what the key enablers of I4.0 are. (Vestin et al. 

2020, p. 2) These technologies enable the digital and virtual worlds which are two 

essential parts of Smart Factories (SFs). SFs also consist of people, IT systems, and 
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physical assets e.g., machines and products. The successful outcome of the SFs depends 

on connectivity, integration, and coordination of these assets. (Sufian et al. 2021, p. 8) 

Even though the technologies are key enablers of the SFs, the human factor is still at the 

core of the concept as the experience of humans feeds the loops that allow manufactur ing 

systems to grow and evolve. (Canãs et al. 2021, p. 4) To simple show, the connectivity 

relationships and the enabling technologies, the relationship circles and the digita l 

technology map is shown in Figure 2. (Sufian et al. 2021, p. 9) 

 

Figure 2. Connectivity relationship circles and digital technology map (adapted from Sufian et al. 

2021). 

2.2.1 Additive Manufacturing 

In traditional subtractive manufacturing methods, machining operations such as cutting, 

drilling, and grinding operations are used to convert raw materials into final products. 

This kind of manufacturing operations generates a large amount of waste in the form of 

chips and scraps. (Jamwal et al. 2021, p. 8) As word additive suggests this manufactur ing 

technique is based on adding material. Based on the geometry of a Computer-Aided 

Design module the manufactured product is divided into thin layers which are then built 

by melting thin layers of metal powder or plastic filament in the machine specifica l ly 

designed for this kind of manufacturing. These machines are usually known as 3D printers 

which also refers to 3D printing which is an alternative term for additive manufactur ing. 

This kind of manufacturing method enables manufacturers to produce proof of concept 

designs, prototypes, and products with difficult shapes which would be hard to 

manufacture with traditional methods. With the ability to produce this kind of concepts 
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manufacturers can simplify and speed up the processes of new product designs and 

manufacturing. The technology also allows manufacturers to produce small patches and 

samples without wasting materials which can result in savings. (Vestin et al. 2020, 

p. 5) In Addition to the improvements in resource efficiency also sustainability has raised 

as a highlight of the implementation of additive manufacturing methods. (Jamwal et al. 

2021, p. 6) 

2.2.2 Augmented and Virtual Reality 

Augmented Reality (AR) is an interactive experience with the real world while Virtual 

Reality (VR) creates a simulated 3D environment that can be similar or completely 

different than the real world. (Vestin et al. 2020, pp. 4-5) In AR user is enabled to 

incorporate things such as auditory, haptic, and visual that reside in the digital world into 

the real world to enhance the overall experience. AR technology is based upon a 

collection of technologies enriched by computer-generated text and 2D/3D virtual digita l 

content. This technology enables users to get relevant information around the physical 

things or processes in real-time by overlaying images, texts, and videos onto a view of 

the physical world. This is enabled by devices with a camera such as smartphones, tablets, 

or AR headsets. (Sufian et al. 2021, p. 25) In a VR environment, all this information is 

applied in the artificial world which is computer generated and where it´s possible to 

move around and interact with the virtual elements, items, and features. (Vestin et al. 

2020, p. 5) In contrast to AR, the VR doesn´t need devices with cameras to be enabled 

but a powerful computer is needed to construct the 3D space and with the VR headset the 

feel of the space can be made more authentic. While the technologies used by both AR 

and VR are quite similar, the use case of these technologies is very different. AR 

technology is usually used in the manufacturing industry in the areas of manufactur ing 

such as assembly and maintenance operations where example instructions are provided 

to workers with the technology. Whereas VR technology is mostly used for educationa l 

purposes and to simulate manufacturing to reduce cycle times, robot control, layout 

optimization, and process plan development. Both technologies aim to the reduction in 

errors and assembly times as manufacturing can be trained and assisted with the 

technologies. These technologies also make it possible to test layouts and other changes 

in manufacturing without making any physical changes to the processes. (Jamwal et al. 

2020, p. 12) 
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2.2.3 Big Data, Analytics, and Artificial Intelligence 

Big Data and the methods to analyse it known as Big Data Analytics with Artific ia l 

Intelligence (AI) make the foundation for the I4.0 technologies. Data is being generated 

continuously by everything in the surroundings which is digital-related. So e.g., devices, 

machines, systems, and sensors which makes the core of SFs. Data transmitted by these 

include real-time information and as these data sets are large those are known as Big Data. 

(Vestin et al. 2020, p. 4) Big Data has also been characterised by 5Vs which stands for 

widely recognised challenges such as volume, velocity, variety, value, and veracity. 

These terms are used to describe the data size (volume), ingesting, or processing data in 

batches or stream, real-time, or non-real-time (velocity), complex data formats, schemas, 

semantic models, and information (variety), delivered value add to some events by 

analysing the data (value), consistency and trustworthy of the data (veracity). (Cui et al. 

2020, p. 5) Big Data is categorized as smart data when collected in a structured manner, 

condensed, processed, and analysed in a way that turns it into actionable information. 

(Sufian et al. 2021, p. 18) 

To turn this high-volume data into actionable information Big Data Analytics is needed. 

With advanced computing technologies trends, preferences, and correlations can be found 

from the data for effective decision making. (Jamwal et al. 2021, p. 9) Big Data Analyt ics 

combines a set of mathematical and statistical techniques that enables the processing of 

data. Techniques are such as artificial intelligence, data mining, and machine learning and 

with these, the objective of analytics is to find correlations between process parameters 

and configurations based on the actual history of the shop floor which is contained in the 

generated Big Data. Then AI and optimization techniques are used for the optimiza t ion 

of the process planning and manufacturing parameters. (Bonnard et al. 2021, p. 3) With 

these techniques, the data can be also transformed into a more traditional analyt ics 

framework that drives improvements in industrial operations. This traditional view is 

divided into four types: descriptive, diagnostics, predictive, and perspective. Descriptive 

analytics describes the event and answers the question of what happened. The used set of 

metrics are referred to as Key Performance Indicators (KPIs) and these are represented 

by mathematical calculations to provide the performance of the operations. The other 

three types are widely used as analytical tools to drive operational improvements in the 

manufacturing industry. Those try to uncover questions such as why things happen 

(diagnostics), what would happen as a result (predictive) and what action to take in such 
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instances (perspective). The KPIs are widely used to gauge the health of the business and 

operations. (Sufian et al. 2021, p. 19) 

Applications and use cases of Big Data Analytics and AI vary in manufacturing. With 

Big Data Analytics common descriptive and diagnostics analytical applications can be 

shown e.g., productivity KPI metrices, condition monitoring, and performance analysis.  

Manufacturing organizations very commonly rely on KPIs that are mainly focusing on 

financial business performance e.g., the manufacturing cost per unit, metrices focusing 

on efficiency e.g., factory efficiency, overall equipment effectiveness (OEE), and 

metrices focusing on quality e.g., scrap rate and yield. By analysing Big Data, a range of 

KPIs can be implemented that allow the assessment and tracking of the manufactur ing 

process as well as success evaluation when compared to the goals and objectives. With 

these methods, KPIs can also be reported in real-time in digital visualization dashboards.  

(Sufian et al. 2021, p.20) Condition monitoring is one of the big trends where Big Data 

Analytics can also be applied. It gives a snapshot of the health condition of the machines 

and other factory assets. Tracking changes of e.g., status, performance, or utilization of 

the assets enable significant change to be easily spotted once occurred. Comparing to 

historical records of the assets, comparison and performance analysis can be performed.  

Trends and behaviours can be spotted when comparing machine utilization history, 

maintenance history, and failures modes with its peers. (Sufian et al. 2021, p. 20) This is 

where AI comes in handy. 

AI is the combination of several technologies that enable computers the ability to 

understand, sense, think, act, and learn based on self-learning and augmented human 

activities. (Jamwal et al. 2021, p. 9) Because of this AI is considered as a fundamenta l 

base and brain of I4.0 while other technologies provide the core to drive industries from 

automation to autonomy. (Sufian et al. 2021, p. 19) AI-based learning algorithms spot 

trends in the data for early warnings and indications of possible failures and breakdowns. 

This can be used in e.g., predictive maintenance of machines and assets. With predictive 

maintenance strategy maintenance can be scheduled and intervened rather than being 

dependent on periodic checks. This kind of proactive behaviour leads to a more reliable 

and sustainable production when compared to reactive behaviour. Saving achieved from 

predictive maintenance is one of the key factors created by AI, other driving factors being 

transforming operations, providing better customer service, and creating a better 

workplace environment. (Sufian et al. 2021, p. 19) 
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2.2.4 Cloud and Edge Computing 

Cloud and Edge Computing are both an act that relates to running workloads in either 

cloud or edge. Clouds are software-defined environments created by datacentres or server 

farms while edges are also places where data is processed and analysed but instead are 

physical environments outside a datacentre and closer to the location where the data is 

collected. (Georgakopoulos et al. 2016, p. 4) This processed data and analysing is the Big 

Data and Big Data Analytics mentioned in the previous chapter. While Cloud and Edge 

Computing can exist on their own those are usually linked to the Industrial Internet of 

Things (IIoT). IIoT provides the solutions and standards that are internet-based to the 

bidirectional machine-to-machine and machine-to-system communication. This is needed 

for transferring the data to the cloud or edge and back and for the straight communica t ion 

between assets, machines, and systems. (Georgakopoulos et al. 2016, p. 4) 

Cloud datacentres have been the traditional place to proceed the Big Data since they 

provide virtually unlimited computing power with considerably cheap. Though rapidly 

growing IIoT ecosystem has imposed challenges to clouds. One of being the resource 

capacity necessary for processing all the data especially when the amount of it is raising. 

Another notable challenge is the inefficient use of network bandwidth as it´s needed for 

bidirectional communication and energy consumption. This is where edge computing 

comes in handy as it´s closer to the point where data is generated. These edges can be 

used as a support for clouds to tackle the real-time data processing challenges. Same time 

energy and network bandwidth can be saved as the need for the data transfer is decreased 

and more data processing is done locally. These lead to reduces in communication delays 

and the overall size of the data that needs to be migrated across the internet and when 

more computing power is needed for the complex analysis the clouds can be used. 

(Georgakopoulos et al. 2016, p. 4) 

2.2.5 Cybersecurity 

Cybersecurity can be thought of as a support function and the main challenge in the I4.0 

context. Cybersecurity functions and strategy is needed to reduce the risks involved in the 

SF environment where everything is connected to the internet. If these connections are 

not handled correctly the whole network is less secure and resilient. (Sufian et al. 2021, 

p. 14) Networks can be subjected to vulnerability exploitation, malware attacks, device 

hacking, and other common breaches which are also the problems of the public networks.  
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These attacks can be difficult to detect and defend and if protection fails manufactur ing 

activities can be disrupted. (Jamwal et al. 2021, p. 14) Examples of the risks that can hit 

the manufacturing activities are hacking the machines and assets which can cause danger 

to the operator along with the stop in manufacturing processes. Other potential risks are 

related to machines, tools, and data they handle and the functions within the network 

operations. Cyber-attacks can also affect highly sensitive industrial data as it includes 

information related to the products and other copyright details. (Jamwal et al. 2021, p. 14) 

However, usually industrial data collected from the plant floor doesn´t include any 

personal data that complies with the General Data Protection Regulations (GDPR) so 

security methods to protect such data might not be required. (Sufian et al. 2021, p. 15) 

2.2.6 Digital Twin and Simulation 

Digital Twin and Simulation are technologies that can be used separately but are often 

used together as the technologies boost each other’s performance. Digital Twin (DT) is a 

purpose-driven virtual representation of a physical asset, person, process, product, 

service, or system. It acts as a mirror of the real world to provide the means to detect, 

predict, or prescribe aspects of the desired performance and with gained knowledge 

changes can be mirrored to the physical environment. (Qamsane et al. 2021, p. 1) 

The simulation aims for simplification of a live operation in a virtual environment. Its 

goal is to make designing, testing, and realization of manufacturing systems more 

economically favouring. Simulation evaluates and shows the impact of changes made in 

the configuration of machines, processes, and plant designs. It allows testing the 

effectiveness of the changes without them being realized. This ensures success under 

certain conditions and without interrupting the operations. With simulation manufacturers 

can prevent errors at early stages when changes can be tested virtually and on the other 

hand with this kind of testing, plant operations can also be optimized during ongoing daily 

operations. (Vestin et al. 2020, p. 5) 

Together these two technologies enable full implementation of the DT. Without 

simulation, DT can be referred to as a digital model or digital shadow. This is due to the 

lack of evaluation and testing which happens in the simulation. If only data is going 

bidirectional between the physical and virtual world, changes with known results can´t be 

made. As data is in a big role in the Digital Twins and Simulations so is Data Analyt ics 

and in the world of I4.0 it´s the Big Data and Analytics described earlier. Another big role 
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in this scenario goes to IIoT as it enables the data transfer between the two worlds which 

is crucial for Digital Twin and Simulation applications. (Cañas et al. 2021, p. 9) 

2.2.7 Horizontal and Vertical Integration 

Information Technology (IT) and Operation Technology (OT) systems in manufactur ing 

are used to manage business applications and plant operations. Both functions and 

systems are often operated independently but in the I4.0 world, the integration of these is 

the backbone of the concept. (Sufian et al. 2021, p. 15) There are three types of 

integrations which are Horizontal Integration, Vertical Integration, and End-to-End 

Integration. The first two are in the key position here as those combined make the End-

to-End Integration within a company. Horizontal Integration consists of various IT 

systems which are used in different stages of manufacturing and business planning 

processes within a company and between other companies which are in the supply chain. 

In Vertical Integration, various IT systems are integrated which are used in different 

hierarchical levels. While Horizontal and Vertical Integrations are focused on the 

integration of IT systems within a company and supply chain, End-to-End Integration 

focuses on products. This integration happens throughout the engineering process so that 

the digital and real worlds are integrated across the product´s value and supply chains. 

Whilst also incorporating customer requirements. (Xu et al. 2018, p. 12) 

In the manufacturing industry, IT systems have been traditionally developed to collect 

and process data to manage work processes within manufacturing. Focus on this has been 

to meet specific functional areas within each operational level. These systems often 

operate independently and resolve a very specific set of issues. This is why integration in 

both horizontal and vertical directions are cornerstones of I4.0. When data and 

information can be shared in both directions, greater insight of the production process can 

be achieved and used for decision making, corrective actions, and optimization. With the 

integrations, systems don´t have to work independently as data can be transferred between 

systems, and IT infrastructure can use clouds to store and process the data. This also 

enables the transfer from solving very specific issues to solving any kind of issues. For 

illustration purposes, horizontal and vertical integration layers are shown in Figure 3. 

(Sufian et al. 2021, p. 16) 
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2.2.8 Industrial Internet of Things 

The Industrial Internet of Things (IIoT) is a dynamic global network infrastructure that 

enables physical objects to communicate with each other. IIoT is the inter-networking of 

buildings, physical devices, systems, and other assets with actuators, electronics, sensors, 

software, and network connectivity that enables objects to collect, exchange, and share 

data and information to coordinate decisions. As IIoT is the industrial application of the 

Internet of Things it not only refers to a network of physical objects but moreover includes 

the digital version of products, processes, and manufacturing infrastructures. These can 

be things such as 3D models or physical behaviour models of machines i.e., simula t ion 

models. (Vestin et al. 2020, p. 4) 

van Kranenburg described IIoT as a dynamic global network infrastructure with self-

configuring capabilities based on standard and interoperable communication protocols 

where physical and virtual “Things” have identities, physical attributes, and virtual 

personalities and use intelligent interfaces, and are seamlessly integrated into the 

information networks. (Xu et al. 2018, p. 4) So, IIoT can be described as a gateway for 

communication and data transfer between digital platforms or infrastructures and 

internet-enabled hardware and software components. In Figure 4 one possible IIoT 

solution is shown. (Sufian et al. 2018, p. 13) In this solution, the IIoT components are 

stacked and combined into two groups. The first group namely IIoT Gateway includes 

Figure 3. Horizontal and Vertical integration stages (adapte d 

from Sufian et al. 2021). 
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the components close to the data source. These components are used to gather the data. 

The second group namely the IIoT Platform includes the components needed to analyse, 

process, and visualize the gathered data. Additionally, this group also includes the storing 

of the information. These two groups are tied together with communication and 

cybersecurity to enable a working and secure entity. 

 

 

 

 

 

 

 

 

 

2.3 Cyber-Physical Systems 

Cyber-Physical Systems (CPSs) are one of the key enabling technologies of the I4.0 but 

rather than being a single technology it´s a combination of the I4.0 technologies which 

combined make collaborating computational entities. These systems are in intens ive 

connection with the surrounding physical world and its ongoing processes. In addition to 

this, these systems use and provide data-accessing and data-processing services through 

IIoT to achieve the aforementioned ends. (Xu et al. 2018, p. 3) CPSs integrate imaging 

and control functionalities into relevant systems which enables systems to respond to any 

feedback generated. This allows control and check of process feedbacks for the generating 

needed outputs. (Vestin et al. 2020, p. 3) 

Figure 4. IIoT connectivity stack (adapted from Sufian et 
al. 2021). 



24 

 

CPSs are engineered systems built from and depend upon the seamless integrat ion 

between physical components and computational algorithms. Advances in CPSs will 

enable adaptability, capability, resiliency, safety, scalability, security, and usability that 

will far exceed the current embedded systems. CPSs construct is shown in Figure 5. (Xu 

et al. 2018, p. 7) 

In I4.0 academia has raised the term Cyber-Physical Production Systems (CPPSs) which 

is an applied form of CPSs in production. The idea in CPPSs is to connect the physical 

and the virtual world which enables the equipment used in SFs to become even more 

intelligent and that way eventually enable smart production. But this is just researchers’ 

idea of a fully implemented SF. (Xu et al. 2018, p. 8) 

2.4 Smart Factory in the Context of Industry 4.0 

SF is an I4.0 based manufacturing facility where at least some of the I4.0 technologies 

are applied. SF can be described as an upgrade from old-fashioned automation to a linked 

and flexible system. This is the stage where I4.0 technologies enable the transition. To 

achieve this linking between systems and to enable flexibility in production, connectivity 

and IIoT are needed. This link between physical, operational, and human assets allows 

the flow of data that is assimilated from the previously mentioned areas to drive 

manufacturing, maintenance, inventory tracking, digitalisation of operations, and other 

activities in manufacturing systems. (Kalsoom et al. 2020, p. 3) This data is at the core of 

Figure 5. CPS (adapted from Xu et al. 2017). 
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the SF as most of the decision-making is based on processed data. This combined with 

integration in horizontal and vertical directions allows connected, optimized, transparent, 

proactive, and agile manufacturing processes and leadership. (Sufian et al. 2021, p. 7) In 

such an environment, the manufacturer has the ability to meet the changing customer 

requirement at the last minute by adjusting production specifications and other settings 

of the machines. One of the key features of an SF is its capability to readjust and evolve 

along with the growing needs of the organisation. In addition to tailor and learn from real-

time data to be more receptive and predictive to avoid machine downtime and other 

process failures. (Kalsoom et al. 2020, p. 4) 

In academia, these intelligent features fulfil two out of four levels of SF. The other two 

levels make use of this communication environment, data, and data processing. These 

two levels go further with the data and are more support than the core functions of the SF. 

The first of the two levels include AI and manufacturing methods e.g., Additive 

Manufacturing and Robot solutions. These technologies enable more intelligent 

manufacturing as data can be processed the way that computers can perform analysis and 

make the decision while in the manufacturing site the machines can adapt automatica l ly 

to these decisions and perform as those changes determine. The second level includes 

AR, VR, DT, and other human-machine integration technologies. This kind of 

technologies gives an intelligent virtual interface for humans to access the manufactur ing 

processes. (Shi et al. 2020, p. 4) These levels are supported by cybersecurity, which is 

already a very important factor in IT, but its importance is more essential in the SF 

environment. (Sufian et al. 2021, p. 15) 

In chapter 2.3 CPSs and CPPSs were discussed and by academia and practitioners, these 

are defined as key technologies of SF. But as earlier mentioned applying this kind of 

systems is a full implementation of SF and it needs advancement in technologies to be 

achieved. (Shi et al. 2020, p. 3) For illustration purposes, there are two different SF 

concepts shown in Figures 6–7. The concept shown in Figure 6 is fully implemented SF 

with CPPS. In this concept Internet of Thing and Internet of Services supports the CPPS. 

Additionally, the CPPS works as a core of the SF and enables Smart Products to be 

produced from the Smart Materials. 
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The other concept shown in Figure 7 is the more traditional one. In this concept, the 

factory is divided into four layers that act as each level of the SF. This kind of concept 

can be used as a base to build an SF. 

 

 

 

 

 

 

 

Figure 6. Smart Factory concept with CPPS (adapted from 

Hozdic E. 2015). 

Figure 7. Basic Smart Factory concept (adapted from 

Osterrieder et al. 2020). 
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2.5 Reference Architectures and Standardisation 

I4.0 includes many advanced technologies and many of them are still in the development 

phase. These technologies are tested, and researchers and industry representatives are 

looking for the benefits of applying these in real-world scenarios. But to make these I4.0 

technologies and SF concepts available to everyone in the manufacturing industr ies , 

standardisation and reference architectures are needed for the easier implementation and 

development of the technologies. (Bastos et al. 2021, p. 1) These serve as a general guide 

and aim to facilitate interoperability and simplicity. Even though most of these reference 

architectures and standards are not straight related to I4.0 those are still partly related to 

the same topic. (Sufian et al. 2021, p. 13) 

In the I4.0 topic, the most relevant reference architecture is the pioneer Reference 

Architecture Model for Industrie 4.0 which is usually referred to as RAMI 4.0. (Bastos et 

al. 2021, p. 2) This was introduced by German Electrical and Electronic Manufacturers 

Association. RAMI 4.0 is built on a three-dimensional coordinate system that describes 

all crucial components of I4.0. (Xu et al. 2018, p. 13) The vertical axis represents the 

layer that represents data map perspectives, functional descriptions, communica t ion 

behaviour, hardware and assets, and business processes while the horizontal axis 

represents the hierarchical levels which are the enterprise level, work centers, stations, 

and control devices. (Cañas et al. 2021, p. 8) So, within this system complex and 

complicated components can be decomposed into subsystems, clusters, or modules. (Xu 

et al. 2018, p. 13) RAMI 4.0 coordinate system is shown in Figure 8. 
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Internet of Things and its industrial version IIoT has more reference architectures than 

I4.0 and as mentioned in chapter 2.4 it’s a very crucial part of the SF. Industrial Internet 

Consortium has two IIoT related reference architectures which help to evaluate the 

connectivity of the IIoT solutions. The first one is the Industrial Internet Reference 

Architecture and the other one is the Industrial Internet Connectivity Framework which 

facilitates broader industry applications. The European Lighthouse Integrated Project has 

also proposed a reference architecture known as the Internet of Things Architecture which 

provides a detailed overview of the IoT information technology aspect. (Sufian et al. 

2021, p. 13) 

The International Organization for Standardization (ISO) and the Internationa l 

Electrotechnical Commission (IEC) provide six domain model frameworks for the IoT-

based reference architecture. This standard is from 2018 and goes on by the name 

ISO/IEC 30141:2018 Internet of Things (IoT) – Reference Architecture and it focuses on 

resilience, safety, and security. (Sufian et al. 2021, p. 13) ISO has also other I4.0 related 

standards such as ISO/IEC TR 633063-1/2:2020 which is publishes in 2020 and describes 

the framework and the vocabulary that is used for the development of entries in the Smart 

Manufacturing Standards Map Catalogue and ISO 23247-1 which is related to Digita l 

Twin framework for manufacturing but is still under development as of 15.10.2021 (ISO 

23247-1, 2021) 

Figure 8. RAMI 4.0 coordinate system (adapted from Bastos et al. 2021). 
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The National Institute of Standard and Technology has a report NISTIR – 8107 Current 

Standards Landscape for Smart Manufacturing Systems which provides a review of the 

standard landscape in which future smart manufacturing systems will operate. The report 

focuses on integration standards within and across three stages of the manufactur ing 

lifecycle: product, product system, and business. In the report, also opportunities and 

challenges for new standards are discussed and emerging activities addressing these are 

presented. (Lu et al. 2016) 

Researchers Lee, Bagheri, and Kao from the University of Cincinnati proposed a unified 

five-level architecture as a guideline for the implementation of CPPS. These five levels 

are smart connection level, data-to-information conversion level, cyber level, cognition 

level, and configuration level. This architecture is based on the hierarchical model of 

ANSI/ISA-95 i.e., the automation pyramid of 5C. The pyramid is shown in Figure 9. 

In RAMI 4.0 Open Platform Communications Unified Architecture (OPC UA) was 

recommended as an industrial communication standard. OPC UA is an open standard that 

specifies information exchange for industrial communication particularly on devices 

within machines, between machines, and from machines to systems. It provides 

communication protocol and information modeling method which allows easy modeling 

Figure 9. 5C pyramid architecture of CPPS (adapted from Vogel-Heuser et al. 2015). 
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and development of Digital Twin of manufacturing assets in cyberspace.  (Lu et al. 2019, 

p. 4) 

2.6 LEAN Practices and Industry 4.0 

The concept of Lean production was introduced by Womack et al. in 1990 and it was 

inspired by the Toyota Production Systems. This system provided tools and 

methodologies to eliminate waste in an effective way. Womack et al. systematized Lean 

Thinking and combined it to five critical elements of Lean implementation, i.e., value, 

value stream, continuous flow, pull, and continuous improvement. (Shahin et al. 2020, 

p. 1) These elements are shown in Figure 10. 

Lean manufacturing has been around for three decades, and it has proven its effectiveness 

over time. It can be defined as an integrated socio-technical system whose main objective 

is to eliminate waste by concurrently reducing or minimizing supplier, customer, and 

internal variability. This waste reduction is achieved through a bundle of organizationa l 

practices rather than the implementation of new technologies. (Shahin et al. 2020, p. 2) 

The key criteria in a successful lean implementation are the elimination of all steps that 

do not add value from a customer point of view and especially by adopting a mindset for 

continuous improvement. Adopting this kind of mindset raises a willingness to adapt 

mentalities, approaches, and a forward-thinking attitude which is crucial, especially when 

combining LEAN Principles (LPs) to I4.0 technologies. (Bittencourt et al. 2019, p. 1) 

Figure 10. LEAN elements (adapted from Womack & Jones 

2003). 
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LPs and I4.0 technologies aim partly for the same goals, but their approach is essentially 

different regarding digital technology. Even though these two methods are focusing on 

different things, waste reduction, and digital technologies respectively. They can and 

should coexist as they support and interact in a positive way. (Miqueo et al. 2020, 

p. 18) This positive interaction is a result of lean production process orientation and 

defined tasks and times i.e., standardised processes which allow the identification of 

errors and the consequent troubleshooting. This is essential for valuable synchronisa t ion 

of the various processes and makes a good base for the implementation of I4.0 

technologies. (Ciano et al. 2021, p. 6) This has been studied by many researchers and as 

Maria P. et al. summarised in their research about the enabling effect of LEAN practices 

and techniques on I4.0 technologies that all the case studies investigated in their study 

confirmed the agreed statement of LPs as a prerequisite of I4.0. They also found that in 

all the cases LPs had been in general adopted before I4.0 which supports this view. (Ciano 

et al. 2021, p. 14) In addition to this, the empowering effect from the relationship between 

LPs and I4.0 technologies are in both directions i.e., I4.0 affects LPs and vice versa. These 

two paths have a different nature as LPs create opportunities for the development of I4.0 

and I4.0 empowers LPs. (Ciano et al. 2021, p. 20) Even though scholars agree on these 

boosting effects they have pointed out also some negative points. These are mostly related 

to applying I4.0 technologies on otherwise non optimised nor standardised production 

environments leading to not achieving the best possible results. (Ciano et al 2021, p. 14) 
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3 SMART FACTORY REQUIREMENTS AND CHALLENGES 

When moving from traditional manufacturing to smart manufacturing and into a Smart 

Factory (SF) concept, there are requirements and challenges that are related to 

implementing the involved technologies, people and their know-how, investments and 

other costs, management structures, and integration in horizontal and vertical directions 

and cybersecurity. It’s also mandatory to have a good base to build upon so the achieved 

benefits from new technologies and cultural change can be maximized. That’s why these 

requirements and challenges should be noted before implementation and handled 

beforehand or at the latest in the implementation phase. (Shi et al. 2020, p. 6) In this 

chapter requirements and challenges noted by academia will be covered and with a survey 

company´s perspective is inspected. Through this inspection, those requirements and 

challenges in this specific case are highlighted so that those are known and before any 

implementation, those can be tackled. 

3.1 Requirements 

SF requirements can be inversely thought of as roadblocks to the implementation of 

Industry 4.0 (I4.0). This is because roadblocks are barriers that need to be overcome when 

implementing new technologies and adapting to new ways of working. When these are 

translated to another way around, we have requirements that need to be checked 

beforehand to have a smooth translation to the new era of manufacturing. Requirements 

can be divided into five categories which are Human Resources, Behavioura l, 

Operational, Procedural, and Management. (Virmani et al. 2021, p. 7) These categories 

can be further divided into two entities which are related to human and company factors. 

The first of the two entities include requirements related to human resources and their 

behaviour.  Human Resources requirements are related to employees and their know-how. 

This category also involves psychological requirements e.g., openness, resistance, 

motivation, and passion as these affect humans’ willingness to learn, absorb, and apply 

new. That psychological area leads to the behavioural requirements as they are very much 

related. In every company there are some rules and ways that employees should work but 

as humans always, we want sometimes to do things our way. When ways to do things 

change and new technologies are applied there needs to be a unified way to do things, so 

that the outcome can be tracked. (Virmani et al. 2021, p. 7) 
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The second of the entities include requirements that lean more to the company´s 

operational, procedural, and management side but have pieces that are related to the first 

entity as in the end there are humans in the company’s management. The operational 

requirements are related to implementing new technologies and always when some 

changes are made in the company, there needs to be a clear understanding of what that 

new thing is. That’s why good communication and the change of information are required. 

In chapter 2.6 LEAN was described and it was found out that it gives a solid base for the 

implementation of I4.0. One of the key elements of LEAN Principles (LPs) was related 

to organizational and process change and as some changes are required in the 

implementation of I4.0, the willingness to change is required. As I4.0 technologies are 

mostly quite new and are related to the internet and data, companies are required to be 

aware of security, privacy, and legal things as these are new areas to work with. (Virmani 

et al. 2021, p. 7) The procedural requirements are related to vertical and horizonta l 

integration, standardization, willingness to invest in research & development, and 

continuous improvement culture i.e., LPs. The management requirements are related to 

top management commitment and understanding of the strategic importance of I4.0, 

funding the investments to these new technologies, creating new digital business models 

with training and educational programs to support them. (Virmani et al. 2021, p. 8) 

3.2 Challenges 

Requirements described in the previous chapter create challenges for the implementa t ion 

of I4.0 technologies and SF concept as depending on the company, their maturity level in 

these varies. In the previous chapter, five different categories of requirements were 

introduced, and challenges based on each category will be described in this chapter. These 

challenges are niche points in each category and as those categories have a wide reach in 

their sector, many challenges occur in each one. 

The first category of requirements was related to human resources. In many cases, 

employees are fed up with their work and are reluctant to change the way they do their 

work, and are not interested in learning new technologies, and sometimes those can even 

cause fear. The type of challenges in this category is related to this kind of mentality and 

way of acting. These challenges can be described as follows: fear of technology change, 

enhanced skill requirement, resistance to change, lack of motivation and passion for new 

technologies. (Virmani et al. 2021, p. 7) 
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The second category of requirements was related to behaviour. Challenges in this 

category are related to how people will respond to changes and how the company can 

smooth the road to get people on board when moving to new technologies and ways to 

do things. The type of challenges in this category can be described as follows: regulatory 

compliance issues, lack of empowerment, recognition, and reward system. In addition to 

these interpersonal skills were mentioned as a challenge in this category but it´s as much 

of a challenge in the human resource category also. (Virmani et al. 2021, p. 8) 

The third category of requirements was related to operations. The operations category has 

the widest reach to different parts of the business. These challenges differ more from each 

other than in previous categories. The type of challenges in this category can be described 

as follows: lack of clear understanding of I4.0, information and communica t ion 

technologies, security and privacy issues, and legal and contractual uncertainty. First of 

the challenges in this category is also indirectly related to two previous categories as lack 

of understanding leans to those categories. (Virmani et al. 2021, p. 8) 

The fourth category of requirements was related to procedures. Challenges in this 

category can be divided into two groups. In the first group are challenges that are related 

to implementing new and in the second group are challenges related to improving the 

current situation which can also affect new things. Challenges in the first group can be 

described as follows: lack of standards, reference architectures and research and 

development activities. While the challenges in the second group can be described as 

follows: lack of knowledge management system and continuous improvement culture. In 

addition to this also seamless integration and compatibility issues were mentioned in the 

second group. (Virmani et al. 2021, p. 8) 

The fifth and last category of requirements was related to management. This category 

involves challenges related to the big picture of leading the company to the new era of 

manufacturing. These challenges have the biggest impact on the transfer to the I4.0 era 

as these can stop the transfer in the starting line. Challenges in this category can be 

described as follows: lack of top management commitment, understanding of the strategic 

importance of I4.0, and funding needed to implement these new technologies. Other 

challenges in this category relate to the lack of digital business models and training and 

educational programs to support the transfer. (Virmani et al. 2021, p. 8) 
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3.3 Ideas to Tackle the Challenges 

At the beginning of chapter 3, it was mentioned that these challenges noted in the previous 

chapter should be tackled before the implementation of I4.0. In this chapter few ideas to 

tackle each category of challenges will be covered. The first category was related to 

human resources and the challenges were mostly related to the new technologies and how 

the implementation of those affect people. These kinds of challenges can be tackled by 

involving the employees in the projects and by listening to their opinions. Project leaders 

should also be clear with the intended goals of the project so that employees are known 

what it´s all about. When the project is ongoing and equally after that employees should 

have the possibility to develop their know-how on the topic and technologies so that their 

skills are at the needed level. 

The second category was related to behaviour and the challenges in this category were 

related to how employees respond to new technologies and new ways of working. Mostly 

same ideas apply to these challenges as to the challenges in the previous category. 

Additionally, specifically tailored reward systems would get employees more easily 

onboard and participate in the developing SF. 

The third category was related to operations and the challenges in this category were 

related to the lack of clear understanding of I4.0, information and communica t ion 

technologies, security and privacy issues, and legal and contractual uncertainty. 

Depending on the willingness to invest in the topic-related projects, one easy way to 

tackle the first challenge is to commission theses, so the students get opportunities to 

finish their studies and the companies get the information of the topic at a reasonable 

price. Information and communication technology challenges can be tackled by keeping 

the systems updated and by refreshing them from time to time. Mentioned issues and 

uncertainties are part of the daily operations and should be cared same way as before. 

The fourth category was related to procedures and the challenges in this category were 

related to lack of standards, reference architectures and research and development 

activities. Also, lack of knowledge management system and continuous improvement 

culture were challenges in this category. These challenges can be tackled by investing in 

research and development projects related to the topic and by developing knowledge 

management systems and continuous improvement culture. 
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The fifth and last category was related to management and the challenges in this category 

were related to lack of top management commitment, understanding of the strategic 

importance of I4.0, and funding needed to implement these new technologies. These 

challenges can be tackled by gathering the information on the topic in lower levels of the 

company and involving the top management in the final steps of the projects so that they 

see the outcome and that way enrich their knowledge which in long run will help to tackle 

these challenges. 

3.4 Company’s Perspective 

In academia, many requirements and challenges in the implementation of I4.0 

technologies have been raised in surveys made in companies. Because these technologies 

affect how things are done, these requirements and challenges are related to it as well. To 

gather a company´s perspective of the topic, a survey was conducted. The survey was 

made using Google Forms as Google tools are used in the company. Forms also have this 

feature that creates graphs from the answers which help in analysing them. The survey 

was focusing on the challenges as each area and layer of the company has its own. In 

addition, these challenges can be used to specify the requirements. To gather a 

comprehensive perspective this survey was distributed to supervisors, development 

personnel, and factory managers of Neles Vantaa Technology Center. These respondents 

made a good cross-section of each area and layer of the factory. The reason to include 

people only from the Vantaa factory was to know what are the challenges that might have 

an effect on the road towards SF and on the pilot implementation as the Vantaa 

Technology Center was the reference location in this thesis. 

The survey included five questions related to different areas and layers of the business 

and production. Each question was split into two questions with different perspectives 

while the area or layer stayed the same. The first questions were multiple-choice questions 

and the options marked how challenging each challenge would seem. These questions 

were related to those five categories mentioned in chapter 3.2 and the questions 

themselves were formed based on the result of the academic research to get a comparable 

result. A comparison between the results is at the end of this chapter. The second 

questions were open-ended, and the aim was to gather a perspective on the challenges 

occurring specifically at the Vantaa factory. Results from these questions were left out of 
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this thesis and were used to develop the factory operations. Used questions in their 

categories are shown in table 1. 

               Table 1. Challenge Categories and Questions. 

Human Resource Challenges 

Fear of Technology Change 

Lack of Passion for New Technologies and 

Way to Do Things 

Resistance to Change 

Skill Requirements on IT 

Lack of Motivation to Evolve and Change 

Behavioural Challenges 

Regulatory Compliance Issues 

Lack of Empowerment 

Lack of Suitable Reward System 

Lack of Recognitive Atmosphere 

Lack of Interpersonal Skills 

Operational Challenges 

Lack of Clear Understanding of Industry 4.0 

Technologies 

Lack of Information and Communication 

Systems 

Security and Privacy Issues 

Legal and Contractual Uncertainty 

Organizational and Process Change 

Procedural Challenges 

Lack of Standards and Reference 

Architectures 

Seamless Integration and Compatibility 

Issues 

Lack of Research and Development 

Activities 

Lack of Knowledge Management System 

Lack of Continuous Improvement Culture 

Management Challenges 

Lack of Top Management Commitment 

Lack of Funds 

Lack of Understanding of the Strategic 

Importance of Industry 4.0 

Lack of Digital Business Models 

Lack of Training and Educational Programs 
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As the survey was conducted in Finnish all the questions and options were in Finnish. 

Some small differences between the translations and the original ones were possible, but 

these can be considered so small that these results are still comparable. In the results, the 

questions are translated back to English and are in the same order as in table 1. The options 

for the questions are in order from left to right and from least challenging to most 

challenging. In Figure 11 are shown the responses to questions related to human resource 

challenges. 

 

Figure 11. Questions and Answers Related to Human Resource Challenges . 

In a quick look answers to the questions related to human resource challenges follow a 

gaussian distribution. This means that many of the respondents chose their answer from 

the middle of the options and the least and most challenging options were chosen in only 

a few responses. But overall, it´s good that in all questions almost all options got support. 

This indicates that respondents had different opinions on the matter. Additionally, this 

makes it possible to compare the degree of the challenges and to create a comprehens ive 

perspective of the occurring challenges in the company. 

The first challenge in the category is related to the fear of technology change. Most 

responses in the challenge got the Challenging option. Very and Slightly Challenging 

options got almost the same support. This spread of the answers indicates that some fear 

will occur but depending on the area or layer of the factory, the degree of the challenge 

has some variance. As the Most Challenging option didn´t get any support, good 

management and leadership in the research and implementation phases of the new 

technologies should overcome these fears. 
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The second challenge in the category is related to the lack of passion for new technologies 

and ways to do things. The balance of the responses is on the less challenging side, but 

the more challenging side also got some support. This spread of the answers indicates that 

people are interested in the new technologies but as this topic is related to the new era of 

technologies and ways to do things, some older employees may lack the interest in new 

as the old seems just fine. 

The third challenge in the category is related to resistance to change. Most responses in 

the challenge got the Challenging option. Otherwise, the balance of responses is on the 

more challenging side but also the less challenging side got some support. The 

distribution of answers is similar in the fourth challenge which is related to skill 

requirements on IT. These two challenges go hand in hand as it is basic human behaviour 

to have resistance against things you are not familiar with. A good informing of the topic 

and by involving employees to the topic related projects will increase employee’s 

knowledge on the topic which will lower the resistance to change. 

The fifth and last challenge in this category is related to a lack of motivation to evolve 

and change. Options from Slightly to Very Challenging got almost the same support and 

only a few respondents chose the extremities options. The spread of answers indicates 

that the degree of challenge in this topic is probably related to many factors e.g., age of 

employee and area and a layer of the factory. Overall, this is an interesting finding as this 

challenge is seen differently by different respondents. 

 

Figure 12. Questions and Answers Related to Behavioural Challenges. 

Responses to the questions related to behavioral challenges are shown in Figure 12 and 

those follow the same line as the answers in the first category. Most of the respondents  
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chose the Challenging option in four out of five challenges. Just shy behind the middle 

option comes the Slightly and Very Challenging options. The extremities options got only 

a few or no support. Overall, the spread of answers is quite similar to the first category.  

The first challenge in this category is related to regulatory compliance issues. Most 

responses got the Challenging option, and the balance of the responses is on the less 

challenging side. This distribution of responses indicates that employees are willing to do 

things as agreed. 

The second challenge in this category is related to the lack of empowerment. Options 

from Slightly to Very Challenging got almost the same support and only a few 

respondents chose the extremities options. This result indicates that some variance of 

empowerment occurs depending on the area or layer of the factory. With good leadership, 

this challenge can be handled. 

The third challenge in this category is related to the lack of a suitable reward system. 

Options from Slightly to Very Challenging got almost the same support and only a few 

respondents chose the extremities options. This spread of responses indicates that some 

are happy with the existing reward system but most of the respondents think that it´s not 

good enough or doesn´t support this kind of development. 

The fourth challenge in this category is related to the lack of a recognitive atmosphere. 

Almost all responses went to the Slightly Challenging and Challenging options. This 

result indicates that the atmosphere at the factory is recognitive and to improve it only 

minor tweaks are needed. 

The fifth and last challenge in this category is related to the lack of interpersonal skills.  

Almost all responses went to the Slightly Challenging and Challenging options. This 

result indicates that some challenges in this field occur but overall, the interpersonal skill 

is at a good level. 
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Figure 13. Questions and Answers Related to Operational Challenges. 

The first two categories had a similar spread in the responses but in the third category 

related to the operational challenges, the spread is a bit different. The responses to this 

category are shown in Figure 13. What that different spread means is that even though 

the Challenging option got many responses in all questions, the other options got also 

very good support. In three out of five questions the balance of the responses is on the 

more challenging side. This indicates that in operational areas real challenges may occur.  

The first challenge in this category is related to the lack of a clear understanding of 

industry 4.0 technologies. Options from Slightly to Very Challenging got good support 

but the balance of the answers is clearly on the more challenging side. What this result 

indicates is that most of the respondents see that there is a clear lack of understanding. As 

the Slightly Challenging option got also good support it indicates that some respondents 

see that there is only a little or some lack. This is interesting as in conversations the lack 

of clear understanding has been obvious. 

The second challenge in this category is related to the lack of information and 

communication systems. Most responses got the Very Challenging option, and the 

balance of the responses is on the more challenging side. This indicates that the lack or 

stage of these systems is a real challenge 

The third challenge in this category is related to security and privacy issues. Most 

responses got the Challenging option, and the balance of the responses is on the less 

challenging side. This distribution of responses indicates that the level of cybersecurity is 

at a good level. As the subject is the kind that respondents are not very familiar with it , 

that may decrease the actual degree of the challenge in the results. 
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The fourth challenge in this category is related to legal and contractual uncertainty. Only 

options from Least Challenging to Challenging got support. This result indicates that 

these subjects are not familiar to respondents as these are quite essential areas. 

The fifth and last challenge in this category is related to organizational and process 

change. Most responses got the Challenging option, and the balance of the responses is 

on the more challenging side. This spread of responses indicates that challenges may 

occur when making bigger changes in organizations and processes. 

 

Figure 14. Questions and Answers Related to Procedural Challenges. 

The fourth category of challenges is related to procedural challenges. The responses to 

this category are shown in Figure 14. Responses in this category have a similar spread as 

the first two categories. So, lots of support to Slightly to Very Challenging options. 

Overall, the balance of the responses is on the more challenging side. Only a few 

responses had the extremities options which are a familiar outcome from the previous 

categories. These answers indicate that most of the challenges in this category are likely 

to occur. 

The first challenge in this category is related to the lack of standard and reference 

architectures. Most of the responses are shared between Slightly Challenging and Very 

Challenging options. This is an interesting result as from academia´s point of view this 

area is still very much in progress and the lack in this area is a challenge. The balance of 

the responses is on the more challenging side, so most of the respondents are in the same 

line with academia. Still, many respondents chose the less challenging option which 

indicates that respondents are not so familiar that these subjects have an effect in this 

field. 
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The second challenge in this category is related to the seamless integration and 

compatibility issues. Most of the responses are shared between Challenging and Very 

Challenging options. This result is good as this integration and compatibility issues 

between systems is a real challenge in this area. So, it´s good that this result also indicates 

that respondents are aware of that. 

The third challenge in this category is related to the lack of research and development 

activities. The distribution of responses is similar to the previous challenge. This result 

indicates that respondents are on the same line with the reality of the research and 

development activities as some projects in the field are ongoing but on a bigger scale, no 

major projects are going on. 

The fourth challenge in this category is related to the lack of a knowledge management 

system. Most responses got the Very Challenging option, but the Slightly Challenging 

option was not far behind. Overall, the balance of responses is on the more challenging 

side. The spread of answers is interesting as this indicates that some respondents have the 

opinion that information from the production is used in the daily management and the 

development activities while others think that there is still a lot of work in this area. 

The fifth and last challenge in this category is related to the lack of continuous 

improvement culture. In this challenge, the balance of responses is on the less challenging 

side. Still, many respondents chose the Very Challenging option. This matter splits the 

respondents’ opinions as many see that there is this kind of culture and equally as many 

see that there is not. This kind of spread in the answers is probably caused by the 

respondent’s different point of view. In the production, there might be this kind of 

activities going on but in the other areas not so much. 
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Figure 15. Questions and Answers Related to Management Challenges. 

The fifth and last category of challenges is related to management. The responses to this 

category are shown in Figure 15. In this category, the balance of responses is on the more 

challenging side. In two questions the Least Challenging option got no support, and these 

questions were related to the lack of understanding of the strategic importance of Industry 

4.0 and lack of funds. These two matters go hand in hand as, without the understanding 

of strategic importance, there will not be any investments. So, these are big challenges to 

overcome. 

The first challenge in this category is related to the lack of top management commitment. 

Most responses got the Slightly Challenging option, but the Very Challenging option was 

not far behind. In this challenge, the balance of responses is quite even. This is an 

interesting result as this kind of development projects has not been in the first place in the 

development activities. Probably respondents in this matter have taught that when 

management is onboard in the projects, the interest and commitment are at a good level. 

The second question in this category is related to the lack of funds. Options from Slightly 

to Very Challenging got good support but the balance of the answers is clearly on the 

more challenging side. As mentioned, if the knowledge of these technologies is at a low 

level and the strategic importance is not known, it´s an obvious outcome that the 

willingness to invest in these technologies is at a low level. 

The third question in this category is related to the lack of understanding of the strategic 

importance of industry 4.0. Most responses got the Very Challenging option, but the 

Slightly Challenging option got also quite good support. Interestingly, the Slightly 

Challenging option got so much support as it´s very important that management is on 
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board with the investments and understand the strategic importance. So, it´s good that 

most of the respondents chose the Very Challenging option as that indicates that this 

challenge is already known. 

The fourth question in this category is related to the lack of digital business models. Most 

responses got the Very Challenging option, but the Challenging option was not far behind.  

As current business models are quite traditional it´s understandable that these new digita l 

models are a challenge. Additionally, respondents are probably not familiar with this topic 

which adds support to the more challenging options. 

The fifth and last challenge in this category is related to the lack of training and 

educational programs. Most responses got the Very Challenging option, but the Slightly 

Challenging option was not far behind. This spread of answers is probably related to 

different areas and layers of the factory. As in some areas and layers, there are good 

possibilities for these programs while in others there is a clear lack in these activit ies.  

This is a topic in which all should have equal opportunities to educate and develop their 

knowledge and know-how. 

In the results, many challenges had the balance of responses on the more challenging side. 

These challenges at least should be noted and tackled in the process towards Smart 

Factory. In a conclusion, these challenges are listed next. 

 Fear of Technology Change 

 Resistance to Change 

 Skill Requirement on IT 

 Lack of Suitable Reward System 

 Lack of Clear Understanding of Industry 4.0 Technologies 

 Lack of Information and Communication Systems 

 Organizational and Process Change 

 All Challenges in the Procedural and Management Categories 
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4 OVERVIEW OF THE FACTORY 

In the previous chapters, involved technologies were introduced and explained as well as 

requirements and challenges raised by academia were highlighted and compared to the 

company´s perspective which was constructed from the survey. This chapter is divided 

into four parts and the first part will focus on an overview of the factory. In this case, the 

purpose of the overview is to describe the two main production areas related to valve 

manufacturing and related machine tools and IT systems. In addition to these, critical 

machine tools and bottlenecks of the production are described. Those are important to 

highlight as those are interesting and valuable for Smart Factory (SF) pilot testing. In 

chapter 5 which will be focusing on designing the pilot, these will be further examined 

and described. 

The second part of this chapter focus on describing the suitable Industry 4.0 (I4.0) 

technologies and achievable benefits for the areas described in the first part. As we had 

to delimit the focus of this thesis to include only valve production areas, not all I4.0 

technologies will be useful. This part has significance in the fourth part of this chapter as 

knowing the useful technologies and achievable benefits affect the comparison of the 

solution providers. This applies also in chapter 5 as these have an influence on designing 

the pilot. Chapter 5 also describes in more detail the delimitation of the thesis to the 

previously mentioned areas. 

The third part of this chapter focus on the examination of ongoing projects that are related 

to I4.0 technologies. At the time of this thesis, there were four ongoing projects that were 

related. The first project is related to Microsoft HoloLens which is Microsoft´s take on 

Augmented Reality (AR). In the project, the goal is to pilot test these AR glasses in our 

inspection area in a remote Factory Acceptance Test (FAT). The second project is related 

to the 5G wireless network in the factory. In the project, the goal is to find out if the 

connection reliability of Automated Guided Vehicles (AGVs) in the factory can be 

improved. The third project is related to Virtual Reality (VR) and the focus of the project 

is on using the VR technology to factory layout designing and process flow simulat ion. 

The fourth and last ongoing project is related to Product Lifecycle Management (PLM) 

system implementation which is an important part of SF and improvement over the 

current Product Data Management (PDM) system. Even though these projects are 
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individual and the base of these are not to build an SF these are related to I4.0 technologies 

and that way related to making the factory smarter. 

4.1 Production Areas 

In this part production areas related to valve manufacturing in Neles Vantaa Technology 

Center are described. This factory is at the core of this thesis as it´s the place where this 

was done and where the pilot testing was designed. The valve production in Vantaa 

Technology Center can be divided into four main areas. These areas are in chronologica l 

order logistics, machining, assembly, and inspection. As this thesis focus on the core of 

the valve production logistics and inspection areas are left out of this examination. 

Machining and assembly areas can be subdivided into sections that are described in their 

corresponding parts. 

In the part related to each production section the production of the section is described 

and compared to others. As the problematic points of the production are interesting for 

the pilot testing, critical and bottlenecking machine tools and production phases are 

described in their corresponding parts. In addition to this Information Technology (IT) 

systems related to each section are described as these have an important role in SFs. IT 

data sources combined with data gathered from machine tools, production, and user inputs 

give a good combination of different kinds of data. Gathering data from multiple sources 

enables patterns and correlations to be found between products and production. This will 

be further examined in chapter 5. 

4.1.1 Machining 

The machining production area is the second biggest production area in a workstation 

wise in the Vantaa Technology Center. There are in total around 50 machine tools that 

are used in daily production and a few machine tools that are used for auxiliary works. 

Each machine tool in the area is seen as an individual workstation. The production area 

can be divided into three subareas and each subarea is focused on the production of a 

specific product category. These product categories are trim parts, seat parts, and heavy 

parts. As each category includes different parts and part combinations, they require a 

different kinds of machine tools for production.  
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Heavy parts machining includes all parts of the heavy product category. This means that 

valve bodies, seats,  and trim parts are machined in-house. The size of the parts in this 

category varies by product but in general seat parts are 8”–48”, valve balls are 10”–36”, 

valve discs are 28”–48”, and valve bodies in all sizes. These inch sizes indicate the 

diameter of the flow port of the valve. These parts come to the factory casted or 

premachined, so machining work is mostly making features with tolerances or some final 

touches to the products. The heavy parts machining area includes 15 machine tools. The 

area supervisor and production planner pointed out that three of these machine tools make 

bottlenecks to the production because the machining time of the products in these are so 

long. In addition to that two of these bottlenecking machine tools are also critical as 

machining work done in these can´t be purchased from subcontractors. These three 

machine tools are listed next: 

 575 Ball Grinding Machine 

o Grinding machine for valve balls 

o Workpiece sizes 12”–36” 

o Bottlenecking and critical 

 516 Ball Grinding Machine 

o Grinding machine for valve balls 

o Workpiece size 10”–24” 

o Bottlenecking and critical 

 562 Machine Tool 

o Universal machine tool 

o Workpiece size varies by product. Valve balls 6”–24”,  

Valve discs 10”–24” 

o Bottlenecking 

In addition to this also repairing machining is included under the heavy parts machining. 

Repairing work done is mostly related to fixing new parts which have some faults straight 

from the suppliers and defects on valve parts of valves under maintenance. Parts in this 

area are random as those can be new or old and the condition of parts varies a lot. 

Repairing machining includes a few machine tools and the same IT systems are used for 

management and control of the production as in heavy machining. 
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Trim parts machining includes the trim parts of the valve i.e., valve balls, discs, segments , 

and plugs. The difference from heavy parts machining is the size of these parts. The size 

of the parts in this category varies by product but the typical size for valve balls is 

1”–12”. These inch sizes indicate the diameter of the flow port. In addition to trim parts, 

there is the ability to also machine valve bodies and caps with the new 5-axis machine 

tool. In trim parts machining the parts come to the factory casted or premachined. This 

means that the initial condition and the machining work done are the same as in heavy 

machining. The trim parts machining area includes 10+4 machine tools. Those four 

machine tools are used a maximum of 10 hours per week as those are an auxiliary role. 

As the use of those machine tools is so low the tracking of those is not very important. 

The area supervisor pointed out that the ball grinding machines of the area may cause 

bottlenecks for production but only in occasional cases. 

Seat parts machining includes different kinds of valve seats in various sizes. The size of 

the parts in this category is from under 1”–36”. These inch sizes indicate the diameter of 

the flow port. In addition to machining these parts, also plasma welding of the coating is 

part of this production area. The seat parts machining area includes 21 machine tools. The 

area supervisor and production planner pointed out that three of these machine tools and 

the plasma welding station make bottlenecks to the production because the part portfolio 

which can be machined on those machine tools are large and the welded coating is very 

common. In addition to that four of the machine tools and the plasma welding station are 

also critical as the work done in these can´t be purchased from subcontractors. These 

machine tools and the plasma welding station are listed next: 

 526 Lathe 

o Big lathe for seat parts 

o Workpiece size 4”–16” 

o Large part portfolio 

o Bottlenecking 

 539 Lathe 

o Grinding machine for seat parts 

o Work done in the machine can´t be purchased from subcontractors 

o Critical 
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 548 Seat Grinding Machine 

o Grinding machine for seat parts 

o Work done in the machine can´t be purchased from subcontractors 

o Critical 

 566 Seat Grinding Machine 

o Grinding machine for seat parts 

o Large part portfolio 

o Work done in the machine can´t be purchased from subcontractors 

o Critical 

 583 Seat Grinding Machine 

o Grinding machine for seat parts 

o Large part portfolio 

o Work done in the machine can´t be purchased from subcontractors 

o Critical 

 561 Plasma Welding Station 

o Plasma welding station for coating 

o Large part portfolio as a common coating for seat parts 

o Work done in the station can´t be purchased from subcontractors 

o Critical 

In these production areas following IT systems are used for management and control of 

the production: M3 as an Enterprise Resource Planning (ERP) system, Aton as a PDM 

system, Manufacturing Execution System (MES) which is not yet implemented, and 

Teams. Information in these systems is related to products information and production 

management. This information is necessary for the future on the smart factory as this 

information includes the basic information of the production e.g., what parts products 

include when they are scheduled to the machine tools and which machine tool will be 

used. 

4.1.2 Assembly 

The Assembly production area is the biggest production area in a workstation wise in the 

Vantaa Technology Center. There are in total tens of workstations in the valve assembly 

area that are used in daily production. These workstations are divided between four value 

streams and further to different phases of the valve assembly. Those four value streams 

are Stock, Assemble to Order (ATO), Special and Heavy. Value streams are specified to 
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assemble valves of a different kind even though some overlapping between valve 

portfolios occurs. In the case of understaffing, the employees or production can be moved 

from one value stream to other as the basic assembly process is more or less the same.  

This applies also if the production needs to catch up with the lead times. In each value 

stream, the workstations are divided into three phases which are in the order valve 

assembly, pressure test, and topworks. Information in each part was gathered with inquiry 

to area supervisors. 

In Neles Vantaa Technology Center most valves are assembled in the Stock value stream. 

Valves in this stream are assembled in other sites and only the topworks phase of the 

assembly is done at Vantaa. Generally, Stock valve assemblies are faster to produce, and 

the valve sizes are from the smaller end of the portfolio compared to e.g., ATO 

production. As there is only 3 topworks workstation in the value stream those are not 

listed. 

ATO value stream is focusing to assemble the valves to orders. The idea on this 

production strategy is to make valves quickly after the order. As the parts are usually 

stock items the lead times only include three phases of the valve assembly. This strategy 

also gives customers the ability to customize the valves to some extent. Valves in this 

value stream are usually with lower pressure ratings and looser leakage ratings. The size 

of the valves produced in the ATO value stream is 8” and under. This inch size indicates 

the diameter of the flow port. The workstations in this value stream are divided as follows 

to each phase of the valve assembly: 

 Valve assembly 

o 6 workstations are in use in a daily production 

 Pressure testing 

o 6 workstations whereof 1 are not in use in a daily production 

o Bottlenecking phase of the valve assembly 

 Topworks 

o 8 workstations are in use in a daily production 

o Depending on the workload the tasks can be shared between the ATO and 

Stock workstations to balance the workload  
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The special value stream is focusing on assembling the valves to projects. The size of 

valves assembled in this value stream is the same as in the ATO value stream but as the 

production is project-based it differs in a few areas. These areas are customizability, 

pressure rating, leakage rating, and requirements for instrumentation i.e., topworks. The 

customizability of these valves is broader as the lead time for these valves is longer so 

some design changes can be made if customers require them. Changes in designs mean 

that in-stock parts can´t be used which affects the lead time. Pressure and leakage ratings 

are usually opposite to the ATO value stream, so these valves may have a higher pressure 

rating and tighter leakage rating. Otherwise, the assembly procedure is the same in the 

Special value stream as others. Valves in this value stream go through the three phases 

which were mentioned at beginning of this part. The workstations in this value stream are 

divided as follows to each phase of valve assembly: 

 Valve assembly 

o 8 workstations are in use in a daily production 

 Pressure testing 

o Around ten workstations are in use in a daily production 

o A bottlenecking phase of the valve assembly 

 Topworks 

o 12 workstations are in use in a daily production 

o 5 of the 12 workstations are for bigger valves and those are bottlenecks for 

the production 

The heavy value stream is focusing on assembling the heavy valves. The size of heavy 

valves is 8”–88”. These inch sizes indicate the diameter of the flow port. As there are 

some overlapping between each value stream in the 8” valves the ones assembled in the 

heavy value stream have a higher pressure rating than the ones assembled in others.  

Production in a heavy value stream is a combination of assembling valves to orders and 

projects. This means that valves assembled in the heavy stream are customizable by 

customers to some extent. Otherwise, the assembly procedure is the same in the Heavy 

value stream as others. Valves in this value stream go through the same three phases of 

valve assembly as in other streams. The workstations in this value stream are divided as 

follows to each phase of valve assembly: 
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 Valve assembly 

o 3 workstations are in use in a daily production 

 Pressure testing 

o 3 workstations are in use in a daily production 

o Pressure testing can be done by using flanges. This method doesn´t need 

a workstation as it´s done on the floor 

o A bottlenecking phase of the valve assembly 

 Topworks 

o 6 workstations are in use in a daily production 

o A bottlenecking phase of the valve assembly 

In these production areas following IT systems are used for management and control of 

the production: M3, Aton, and MES. As these systems are the same as in the machining 

production area, the same importance of the information for smart factory applies also 

here. 

4.1.3 Summary of the Production Areas 

In the previous parts, machining and valve assembly production areas were examined. 

Area supervisors and production planners highlighted many machine tools and production 

phases that are either critical, bottlenecks, or both. Some of the machine tools were 

exclusively described as critical while both machine tools and production phases were 

described as bottlenecks. In this case, the critical was used to describe machine tools 

which production can´t be purchased from subcontractors. This means that in the case of 

breakdown there could occur more troubles than only fixing the machine tool e.g., 

replanning the production if there´s available another route to manufacture the part or a 

potentially long delay in lead time if there´s no fast solution to fix the problem. To avoid 

these inconveniences these machine tools should be monitored more thoroughly so that 

their status would be known better. This makes these critical machine tools potential for 

pilot testing as there are obvious benefits to monitoring them. Additionally bottlenecking 

machine tools and production phases are interesting for pilot testing as solving or helping 

the bottleneck problem with I4.0 technologies will increase the production performance 

by improving the efficiency of existing assets. The following list summarizes the 

bottlenecking production phases and critical machine tools in their respective areas. 
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 Heavy parts machining  

o Bottlenecking and critical machine tools: 575 and 516 

o Bottlenecking machine tool: 562 

 Trim parts machining 

o Potential machine tool for more thorough monitoring: 584 

 Seat parts machining 

o Bottlenecking machine tool: 526 

o Critical machine tools: 539, 548, 566, and 583 

o Critical workstation: 561 Plasma welding 

 ATO assembly 

o A bottlenecking phase of production: pressure testing 

 Special assembly 

o Bottlenecking phases of production: pressure testing and topworks of 

bigger valves 

 Heavy assembly 

o Bottlenecking phases of production: pressure testing and topworks 

4.2 Suitable Technologies and Limitations to Usage 

At the beginning of this thesis in chapter 2.2 was introduced eight technologies identified 

in academia. In the chapter, these were referred to as technology pillars as the SF entity 

should be built upon these. Functional SF doesn´t have to include all these technologies 

and as there are some implementation limitations it makes this even impossible. In this 

chapter, suitable technologies for the use case of this thesis will be identified and the 

limitations that prevent some technologies exploitation will be highlighted. But before 

diving more into the suitable technologies and limitations, the eight technologies are listed 

next as a reminder. 
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 Additive Manufacturing 

 Augmented and Virtual Reality 

 Big Data and Analytics 

 Cloud and Edge Computing 

 Cybersecurity 

 Digital Twin and Simulation 

 Horizontal and Vertical Integration 

 Industrial Internet of Things 

All these technologies are suitable in the use case to some extent and as these are the base 

for SF these are linked to each other, some more than others. When considering valve 

manufacturing one of these technologies has huge potential in it but the current limitat ions 

for its usage are blocking that potential. This one technology is Additive Manufactur ing 

of metal materials which allows new ways to design valves and through that enable better 

performance as the manufacturability with traditional methods cause some limitations to 

the designs which affect the performance of the valves. The limitations that are blocking 

this potential manufacturing method usage is the lack of material and method 

standardisation. Valves are pressure-retaining components and material documentation is 

a critical part of a valve manufacturing and without these valves can´t fulfil the pressure-

retaining component requirements. But as the potential is known, Additive Manufactur ing 

of valves has been piloted in the R&D department, and in the future when standardisat ion 

is ready these technologies might be used more. In the meantime, Additive Manufactur ing 

of plastic materials can only be used in less critical production equipment and tools. 

Additive Manufacturing of metal materials in these applications is not cost-effective and 

that´s why not referred manufacturing method. 

The other technologies are not limited by the standardisation but rather by the stage of 

development. As an example, Augmented and Virtual Reality applications. In the Vantaa 

Technology Center, the VR is already used in e.g., layout and production flow designing, 

and the AR is piloted in a service environment and FAT inspection. More of this AR pilot 

will be covered in the next chapter. In these cases, the technology is available, but the use 

cases are limited and the technologies still lack user-friendliness in both software and 

hardware. Meaning that the e.g., the glasses need a powerful computer to work which 

limits the spaces and areas of usage as it needs to be close and new virtual environments 

need a lot of expertise to be created which makes it costly and slow. 
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These above-mentioned technologies are kind of separated from the others as these can 

be used individually. Those include parts from the other technologies, but the entity is so 

seamless that it feels just one. Seamlessness is one of the key terms to describe SFs, as 

the integration between these technologies should be seamless. This is the difference 

between the other six technologies compared to those mentioned above. In most cases, 

all these six technologies need to be combined to achieve a working solution and in those, 

the borders of different technologies are very clear. For example, a machine tool 

monitoring application where data is gathered with Edge Computing solution and internet 

connection is used to transfer the data to Cloud. After the data is in the Cloud, Data 

Analytics is done within a Cloud Computing solution and after the data is transferred to 

understandable form it´s transferred to a monitoring interface which in this case is a 

Digital Twin related solution. And all these technologies and steps are surrounded by 

Cybersecurity and Horizontal and Vertical Integrations which makes this entity secure 

and working. This makes it challenging to build a functional SF solution as these 

technologies needs to work together to achieve that seamless feel otherwise it´s just a 

bunch of individual technologies and an inoperative entity. 

4.3 Ongoing Projects Related to Industry 4.0 

In the previous chapter, it was mentioned that some I4.0 technologies have been piloted 

in the R&D department and factory already. During this thesis, there were four ongoing 

development projects related to the topic. The first one being the augmented reality 

solution which was in a pilot phase at service and FAT environments. The second project 

was related to the 5G wireless network which was set on hold as the need for this was 

under examination. The third project was related to VR technology and its usage in the 

factory layout and process flow designing. The fourth and last ongoing project was related 

to PLM system implementation. In this chapter, these four projects will be covered, and 

their scope and idea will be examined. 

The scope of the first project was to find a solution for remote support. As the Covid-19 

situation made traveling hard and sometimes even impossible there was raised the need 

for this kind of solution. Before Covid-19 times customers or their chosen third-party 

inspectors usually came to the Vantaa factory for FAT and service employees went to 

customer sites. As the traveling restrictions made these impossible, a quick fix was 

tailored to overcome these challenges. In this solution, Microsoft Teams was used as a 
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platform to share video to customers and communicate between customers and inspection 

personnels. As Teams is designed for video calls it lacked in features and the video quality 

wasn´t good enough for the purposes. Missing features were related to annotations, 

pointers, and Teams function to save the conversation and shared material to the chat. 

The last one was a huge challenge as after the chat only included personneĺ s could access 

the shared material again. In an ideal situation, the material would be stored in some 

centralised location where anyone with permission could access it. These features are 

included in other commercial solutions so with other software these challenges can be 

solved. In this project couple of software’s were already piloted but the needs were not 

fully met. During the thesis project personneĺ s were working on piloting Microsoft 

Remote Assist software and additionally testing Microsoft HoloLens 2 mixed reality 

glasses which is a Microsoft AR solution. The focus of this pilot was more on testing the 

software but as the AR solutions are raising trend and the HoloLens glasses are designed 

to work with the software the definition of achievable benefits and use cases were part of 

this project. Pilot testing was still in progress during this thesis, so no result was available 

but as this kind of technologies and ways to do things is at the core of SF it was necessary 

to highlight this project. This kind of projects tries to find part solutions for a more 

comprehensive SF which is a good way forward. 

The second project was focusing on pilot testing a private 5G wireless network and its 

capabilities on data transfer with Automated Guided Vehicles (AGVs). During this thesis, 

these AGVs were connected to the factory´s WLAN and there occurred continuous 

connection problems between these two. As this project had a low prioritisation and there 

was no active leader this received little to no attention at the time. Even though this pilot 

testing didn’t go forward, the factory´s IT support personneĺ s made changes to the 

WLAN base station´s locations and added some new ones to support the connection´s 

coverage. During the inspection period, these changes seemed to solve the connection 

problems between AGVs and WLAN. So, this 5G wireless network pilot project was set 

on hold as a clear need for that could not be determined. 5G connections have been raised 

by academia as one of the key enablers of I4.0 and this project was highlighted. At the 

moment 5G connections are not used widely in the I4.0 solutions but testing and applying 

this kind of technologies is a good thing as 5G connections can be also used as a basic 

connection method between computers, phones, and devices already. With the gained 

experience and knowledge, the network and its capabilities could be improved so that 
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when the larger-scale need for this kind of connection occurs it would already be 

available. 

The third project was focusing on using VR technology to design factory layout and 

process flow. In 2021 VR technology was introduced to factory layout and process flow 

designing through a thesis project. After the implementation of the technology, it´s used 

in the new project factory layout and process flow designing. In the future, it will be used 

more in this kind of activities as the current factory needs some layout and process flow 

changes after the new factory is ready. Additionally, use cases related to educational and 

training activities have been pointed out for the technology. 

The fourth and last project was related to PLM system implementation. During this thesis, 

only the PDM system was in use. PLM system compared to PDM system gives better and 

wider information of the products and related tooling, machine tools, and production 

paths. As the whole lifecycle of the products is stored in the PLM system it supports better 

the transition to SF. Additionally, to get full advantage of the SF the PLM system is a 

must as the PDM system doesn´t include enough information. In the fully functional SF, 

one of the use cases is to combine the PLM system information with a machine tool 

monitoring data and e.g., the most suitable alternative production routes can be 

automatically proposed in the case of a machine tool breakdown. 
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5 DESIGNING THE PILOT AND ROADMAP 

The main focus of this thesis was on designing a pilot implementation and forming the 

roadmap of the future steps. Originally, the idea was to include the pilot and an 

examination of the pilot´s results in this thesis. Due to the Covid-19 situation, there has 

been a global electrical component shortage. This was raised as a challenge by many 

solution providers and due to this, it was likely that delays would occur in the 

implementation schedule. Additionally, considering the nature of data-based solutions 

where achieving good results can take months, these challenges were considered to cause 

too much uncertainty for achieving valid results within the six months’ time frame. So, 

the pilot implementation and the examination of the results were scoped out of this thesis. 

In order to get the most benefits out of this thesis without changing the topic, the focus 

was changed to examining, and comparing the solutions, and designing the pilot around 

the most suitable solution so that this thesis could be used as a base for the pilot 

implementation in the future. 

The first step in this chapter is to examine the focus and idea of the pilot and after these, 

the suitable area for the pilot will be chosen. The second step is an examination of the 

solutions by Finnish providers and after that, the solutions are compared, and the most 

suitable solution will be selected. The third step in this chapter is to summarise why that 

solution was chosen, what machine tools should be included, and what are the possible 

data gathering methods. In the last step, the roadmap will be formed to show the next 

steps towards a more comprehensive Smart Factory (SF). 

5.1 Focus of the Pilot and Selecting Area 

In chapter 4.1 two main production areas related to valve manufacturing in the Vantaa 

factory were examined. These areas were the machining area and valve assembly area. In 

the examination, it was pointed out by the area supervisors and production planner that in 

the machining area there are many machine tools that are either critical, bottlenecking, or 

even both for the production. In the same chapter, it was also mentioned that machine 

tools and Information Technology (IT) systems are good data sources, and combining 

data from different sources enables patterns and correlations to be found between 

products and production. As the valve assembly is heavily manual work and the data 

sources in the area are not so easily identifiable it was a simple decision to choose the 
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machining area for the pilot. Additionally, two other factors supported this area selection. 

The first factor was that at the beginning of this thesis it was highlighted by the thesis 

adviser that the machining area would be a good and interesting area for pilot 

implementation and the second being that almost all Finnish solutions which are 

examined in the next part were related to machine tool monitoring even though they were 

marketed under terms Smart Factory and Industry 4.0 (I4.0). 

In this case, it wasn´t a bad thing that the focus on the examined solutions was on the 

machine tool monitoring as the above-mentioned factors made a need for this kind of 

solution in the pilot. Combining the facts mentioned in this part pointed to the focus for 

the pilot implementation. In this case, the focus of the pilot should be in gathering the 

data from machine tools and monitoring their status and condition. This kind of focus for 

the pilot is also supported by the fact that at the moment the status and information about 

the machine tools are not known and before any advanced analytics, the baseline for 

machine tools condition should be defined. This is only possible by gathering data from 

machine tools and analysing that data. Additionally, monitoring the machine tools and 

through that the production, it´s a good first step toward SF. 

5.2 Smart Factory Solution´s Examination 

SF and I4.0 as themes are hot at the moment, so lots of solution providers have some kind 

of offering in this area. When some terms are hot, companies tend to ride on them to 

achieve the market potential for sales. This puts the solution purchaser in a tight place as 

they need to understand their real needs and what the providers are offering as often 

solutions and products might not be what the purchaser is looking for even though they 

are marketed under the looked terms. If the needs for this kind of smart solution are not 

examined properly and only sales personnel of the solution providers are listened to, bad 

acquisitions can be made, and the solution might not provide any benefits. In this chapter , 

Finnish solution providers are examined and compared so that in the designing the pilot 

and roadmap phase the optimal solution provider can be chosen for the needs. 

The mapping of Finnish solution providers started by using Google search engine with 

terms Smart Factory and Industry 4.0. In addition to this companies already known by the 

advisers of this thesis were examined. After a thorough Google search and conversation 

with the thesis advisers’ 9 companies were discovered in its entirety. As mentioned earlier 
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that many kinds of solutions go under the used search terms which will be shown as the 

solutions from different providers have quite a spread. Next, the companies and their 

solutions will be described. This information was gathered by 30-60min interviews with 

the solution providers. Interviews were open conversations where the solution providers 

could introduce their solution and as the presentation progressed, a discussion took place. 

To get a baseline for the interview next questions were asked from solution providers: 

1. What their solution includes? 

2. What do they try to achieve with their solution? 

3. Is their solution extensible i.e., maintenance, daily management, and if there are 

more niche features such as machine diagnostics available? 

4. In what timeframe could they provide a Pilot test of their solution? 

5. Price range for Pilot test? 

5.2.1 Elisa IndustrIQ 

Elisa IndustrIQ consist of five companies. Four of the companies Elisa Corporation has 

acquired to fulfil their digitalisation portfolio. These companies are camLine, 

CalcuQuote, Tenforce, and sedAptagroup. Even though Elisa Corporation is behind this 

company it´s their sub-brand Elisa Smart Factory that plays their role in this entity. All 

five companies are focused on their specific areas but together they have synergies in the 

digitalisation business. The unifying factor in these companies is that they are all focusing 

on softwares. The original focus of the Elisa Smart Factory was IIoT applications and 

analytics services related to those applications., but they are more and more transferring 

the focus to AI and Machine Learning applications and businesses under the new name 

Elisa IndustrIQ. 

camLine´s offering is focusing on fast-paced production mostly related to semiconduc tor 

production. With their portfolio, they try to offer tools for production control and 

increasing the performance of the production. For semiconductor production their 

solution is comprehensive but in the case of valve production, it doesn´t have much to 

offer. Only parts that they thought had some advantages are related to control and 

enhancing the logistics. 

CalcuQuote’s offering is focusing on automated quoting and purchasing. Mainly their 

tools are used in electronics supply chain processes. As their focus is on the whole 
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different industrial sector and in production support operations these solutions don´t have 

any attainable potential in valve production. 

Tenforce´s offering is focusing on risk management and Health, Safety, Environment , 

and Quality i.e., HSEQ management. With their portfolio, they also focus on improving 

performance in these sectors. As their offering is also in production support operations 

these solutions don´t have any attainable potential in valve production. 

sedAptagroup’s offering is focusing on increasing the performance of the production 

chain with Artificial Intelligence and Machine Learning. Their solutions include 

planning, implementation, and optimisation. Also, LEAN analytics is part of their 

solution. Their solution could have some attainable potential in valve production as their 

focus is on workstation production.  But for the machine shop environment, their solution 

doesn´t have any attainable potential. 

From Elisa´s point of view companies’ production functions are siloed. When different 

parts of the production do just their own thing in their silo, the production is far from 

optimal. This is because if the information doesn´t reach every silo of the production, it 

can´t adapt if something unexpected occurs. Neither can it plan the production efficient ly. 

This is the point that Elisa tries to solve with their portfolio. From Elisa´s portfolio, they 

suggested that they could tailor the original Elisa Smart Factory for machine tool tracking. 

Pilot test for this kind of solution including the data collection from machine tools and 

visualisation for 10–15 machine tools would cost from 60k€ upwards and addition to that 

yearly license 40–60k€/y. Timeframe for pilot testing they suggested 3–6+ months 

depending on the scope. 

5.2.2 Konecranes Smart Factory 

Konecranes Machine Tool Service offers their Konecranes Smart Factory as a part of 

their portfolio. They describe their smart factory as a digital twin of the existing real-

world factory. Their offering is based on the Process Genius Digital Twin platform with 

Konecranes specific functions. In version 1.0 these functions are related to maintenance, 

production tracking, and machine tool tracking. This is not surprising as they are 

developing their smart factory under their maintenance business and with this solution, 

they want to have a more comprehensive maintenance solution to offer to their customers.  
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Process Genius Digital Twin platform is visually pleasing, and they have really put an 

effort into the 3D visualisation. Process Genius offers their platform also independently 

whereupon it can be tailored to customer needs and the visualisation can be done e.g., 

production line rather than the factory floor. In the case of Konecranes Smart Factory, the 

factory floor with the machines and machine tools are visualised. In addition, there can 

be visualised safety equipment or other objects of interest. This 3D visualised view is 

used as an interface where the information from the machine tools and upcoming 

maintenance tasks can be monitored and managed. 

In version 1.0 they are focusing on gathering the data from machine tools and 

maintenance operations and visualising it. In the medium term, the focus is on scaling the 

machine capacity in their pilot testing so that they have a better understanding of the 

scalability of their platform. Meanwhile, they have started to offer their solution to 

customers, and they plan to develop the platform in co-operation with their customers. 

The solution they offer includes the software and they have a ready solution for gatherin g 

the data from machine tools with a box connected to a PLC. As they have experience 

from machine tools, and they have a ready solution for the connection their idea of the 

pilot test timeframe was 3 months. 

5.2.3 FliQ Smart Factory 

FliQ Smart Factory is an Industry 3.5 solution offered by FliQ in a collaboration with 

Devatus. In their collaboration, FliQ is focusing on hands-on working in the field and 

through their gathered experience suggest improvements to develop the solution. While 

Devatus focus on the software and developing it based on the suggestions. As these two 

companies are focused on the development of the solution, they have an agreement with 

a third company called Kauko for the distribution. Functions in this solution are related 

to maintenance, production tracking, and machine tool tracking. In addition to that also 

digital lean tools can be added to the solution. 

FliQ Smart Factory is based on their Digital Twin platform which is more of a marketing 

term rather than a real digital twin. This is because there is no digital twin in the solution, 

but rather than they use photos of the machine tools in machine information cards to show 

the machine. These machine information cards include the gathered data in a form of a 

basic bar and pie charts and values to show e.g., OEE or availability. Each machine tool 

has an individual machine information card which can be accessed from 2D visualised 
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factory floor interface. In the interface, all the machine tools are shown in their places on 

the factory floor. Although they offer 3D visualisation of the factory floor but in their 

own words, they didn´t see that it would give more value to the solution. So, the user 

experience is quite raw but all necessary information is shown in an intelligible way. 

The raw user experience is a consequence of the hands-on perspective which they have 

for the solution. They started to develop the solution for maintenance operations which is 

a big part of the solution. In the interface, you can make maintenance tasks for the 

machine tools and manage those tasks depending on the user. That’s why the machine 

tool information is kept basic so that it gives only the needed value add to make the 

decision for the maintenance and production management. In the future, their focus is to 

improve these functions rather than bring new features. As this solution fulfil their vision 

of what they wanted to achieve with it and they have experience with machine tools with 

a ready connection solution for them, their idea of the pilot test timeframe was 3 months. 

This kind of pilot test would cost 3–15k€ depending on features and the amount of 

machine tools. 

5.2.4 Novotek RS Production 

Novotek RS Production is fundamentally a bulk solution for machine tool tracking and a 

versatile OEE solution that adapts to the company´s needs. As this is a bulk solution only 

tailoring available is related to the indicators and inputs so that company can measure 

variables they desire. This solution is extensible to Manufacturing Execution System 

(MES) and with those functions, it can be used for production management and reporting. 

Their mission with this solution is to improve their customer production and service 

through data. 

In the basic form, the RS Production doesn´t have any visualisation of the factory floor. 

If the customer needs that kind of visualisation, 2D visualised layout can be done. As in 

most cases, there is no visualised layout in the interface. It consists of a menu where you 

can choose which machine tooĺ s information you want to examine and some basic 

indicators of the factory in the main menu. Those indicators are related to OEE and 

machine tracking and are always presented by graphic indicators e.g., bar and pie charts 

and values. If more advanced analytics is needed the customer needs to take care of those 

themselves. So, as they described their solution it´s more for tracking the machine tools 

and production so that the employees have the information to do the decisions. 
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Novotek representative said that this solution tries to reduce the gap between production 

and management and to support development strategies such as Total Productive 

Maintenance (TPM), Lean, and Six Sigma. All of these have attainable potential in valve 

production. Their pilot test offer was very attractively priced which is a consequence of 

the nature of the solution. A small pilot of one to two machine tools including the needed 

PLC hardware to gather the information and the software for 60 days trial was priced at 

2,5–3k€. In addition to this, they had needed equipment already available, and the pilot 

test could be started in two to four weeks from the deal. 

5.2.5 Schneider EcoStruxure 

Schneider EcoStuxure is a solution portfolio that is an entity of six solutions that are 

targeted at the following areas: Power, Building, Machine, Plant, Grid, and IT. All 

solutions can be used individually to help in some specific area, or these can be combined 

to achieve a comprehensive smart factory solution. As Schneider is a company focused 

on electric solutions, they have collaborated with Aveva in the EcoStruxure Plant solution 

as it´s not in their core business but fulfils their solution portfolio. That also means that 

some of these solutions are focused straight on the electrical sector e.g., Power and Grid 

so those solutions are left out of further examination and the focus is kept on the others. 

EcoStruxure Building is a solution for modernising building management and securing it 

for the future. It combines hardware, software, and services. With this solution, their focus 

is to improve energy efficiency and lower co2 emissions of the buildings through 

proactive energy management technologies and to offer a personalised experience and 

intuitive space control or increased user convenience depending on the use case. In 

addition to these, this solution helps to gather real-time data for improving operations.  

EcoStruxure Machine and Plant are IIoT platform solutions for almost any industr ia l 

sector e.g., process automation, machines, food industry, water and waste management, 

oil and gas, concrete, metal, and mining industry. For all the above-mentioned industr ies 

these two solutions can be tailored. The base of these solutions lies in plant and machine 

industries. The plant solution offers scalable design and use of the connected systems 

through connected products, interface management and applications, analytics, and 

services. These features enable gathering advanced process information for smarter  

functions, a clear interface that makes local management easier and real-time for 

improving productivity, and software solutions for data management and analytics to 
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support decision-making. The machine solution other hand offers smart hardware 

solutions which are better connected and flexible. Through these products this solution 

enables hardware layer monitoring and operation with open standards protocols for better 

connectivity and flexibility, interface management which is also based on open standard 

protocols helps manufacturers to utilize digital and cloud services, and software solutions 

for connecting and integrating the machines to IT layer for improved usability and 

performance with lower maintenance costs.  

EcoStruxure IT is a solution for data centers and their lifecycle management. This is a 

comprehensive solution for datacentres, including servers with all needed hardware, 

power delivery, safety, software, building, and lifecycle management. The IT solution 

offers connected products that are a durable and efficient combination of IT, mechanics, 

and electrical centers. Edge control for real-time monitoring, trouble management and 

analysing, and resource utilization. Apps, analytics, and services for better durability and 

coverage, proactive analytics, and smart alarms through real-time sensor data. 

Schneider´s goal is to offer comprehensive smart factory solutions with sustainability in 

mind. As their solutions can be tailored and are scalable, are based on an open-source 

platform and they have thought integration to and from it, a solid base for a 

comprehensive solution is ready. In addition to that their knowledge and offering in many 

sectors globally supports this. In an interview with them, they emphasized that the scope 

needs to be clear when figuring out which solution is best in this scenario. As our scope 

includes machine tool monitoring at the base level their estimation for a small pilot test 

for a few machine tools included the software and needed hardware was 15-30k€. This 

would include also needed tailoring and the right tools to solve case needs. In their typical 

case, this kind of pilot would last 6-7 months to achieve the wanted results. 

5.2.6 Etteplan Industrial Digitalization 

Etteplan is the first of the two solution providers in this mapping that don´t have a ready 

solution for a smart factory or industrial digitalisation but is rather focused on tailoring 

customer-specific solutions as they are an expert company specialized in software and 

embedded solutions, engineering solutions, and technical documentation solutions. As 

they have knowledge and know-how in IT, automation, electric, and IoT sectors they have 

a comprehensive entity for designing smart factories, digitalisation, and IIoT projects. In 

the discussion, they emphasized that the lack of ready solutions may not be a bad thing 
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in digitalisation-related projects as they usually need tailoring and needs to be scalable 

and easily integrated into existing softwares and systems. 

Etteplan´s solution idea started from precisely specifying the data points and sources so 

that useful data could be gathered in real-time. After the data points and sources are 

known and they match the wanted outcome the next step in their opinion was to design a 

data pipeline so that the data input can lead to the wanted outcome as described. In the 

earlier phases of the data pipeline, Etteplan suggested that an edge computing solution 

could be used to transform the gathered data into useful information. This information 

could be visualised in the e.g., PowerBI basis. After these steps, their idea of a bigger 

next step was to use this gathered and visualised data for preventive maintenance. In 

addition to that, they have ready interfaces for ERP and MES so that information from 

these systems could be used as well.  

For the pilot, Etteplan suggested two different options. The first option was a prestudy of 

the customer needs which included a sketch that would show what the customer wanted 

out of the gathered data and where and how this could be done. They described this option 

as a wireframe model of the solution. The price range for this option was 18–19k€ and 

timeframe 2–4 weeks. The second option was a Proof of Concept (POC) of this wireframe 

model which means that the prestudy would be implemented in the real world. They 

suggested duration of at least 2 months for this option but in general, their thought was 

that in this timeframe the PoC could on show that the wanted data is moving but further 

correlations and verified benefits could not be found. The price range for this option was 

50–80k€ depending on the scope. 

5.2.7 AFRY Digitalisation and Smart Site 

AFRY is the second of the two solution providers in this mapping that don´t have a ready 

solution for a smart factory or industrial digitalisation in assembly and machining 

manufacturing but is rather focused on tailoring customer-specific solutions as they are 

an expert company specialized in engineering, design, and advisory services. Even though 

they don´t have knowledge and know-how on digitalisation projects on assembly and 

machining manufacturing they have a Smart Site solution for process industries, and they 

have gathered lots of experience from there. With that experience and know-how from 

Engineering Technology, Operational Technology, and Information Technology projects 
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they assured that they could design a solution for assembly and machining manufactur ing 

needs. 

AFRY´s solution idea was very similar to Etteplan´s. The first step was to specify the data 

points and sources so that useful data could be gathered in real-time. After the data points 

and sources are known and they match the wanted outcome the next step in their opinion 

was to design a data pipeline so that the data input can lead to the wanted outcome as 

described. To get the wanted outcome from the gathered data it needs to be processed and 

after that visualised so that it can be understood. These two steps namely data processing 

and visualisation are the key areas of know-how in AFRY. In the future, their solution 

could be expanded to other software’s and systems as their solution would be fully 

tailored. 

For the pilot AFRY´s idea was a simple solution that included defining the data points 

and sources, designing the data pipeline, and visualising the gathered data. This solution 

would use a couple of machine tools as inputs and the outcome could be e.g., OEE or 

similar Key Performance Indicators (KPIs). For this kind of pilot, their recommendation 

was to have a budget of at least 10k€ and that month would be a good starting point for 

the duration of the pilot. 

5.2.8 Advian EdgeAI 

Advian EdgeAI is a solution that in their own words has a niche and focused target. As 

the name suggests it´s based on Edge Computing and Artificial Intelligence. The base for 

this solution is to make the latency of data gathering as low as possible and at the same 

time keep the data processing as close as possible to the data points and sources. For data 

processing, Advian had over 100 ready data models which they said that works in most 

cases but in the case that those wouldn´t work they could tailor a specific model for the 

case. As mentioned earlier that this solution is very specific, those are the features they 

are focused on. So, the solution doesn´t offer any data visualisation or other functions for 

a comprehensive solution. However, the gathered data could be visualised or further 

refined by other vendors from e.g., cloud but this kind of multiple vendor solution was 

not an option in this case. 

With this solution, Advian tries to solve the common IoT problem where data is gathered 

and transferred to the cloud and after that, it´s been processed. In their opinion, this kind 
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of method leads to reacting late to problems. In their previous use cases, they have used 

their solution to detect defects from parts and that´s the use case that they suggested to 

us. Alternatively, they suggested that this solution could be used to control the machine 

tools with the gathered data. With this kind of control solution, their idea was that the 

defects could be prevented as the parameters of the machine tools could be changed 

before the problem occurs. This solution was very different than others in this 

examination and even though there are probably many use cases for this kind of solution 

it wasn´t really for this case. For a pilot, they suggested a timeframe of at least 3 months, 

and the price range for a couple of machine tools would be 30–50k€. 

5.2.9 Pinja Gema 

Pinja Gema is a solution that is a part of Pinja´s software solution portfolio for the 

manufacturing industry. The focus of the Gema solution is on machine monitor ing. 

Pinja´s marketing this solution as an easy and cost-effective way to develop production 

according to Lean principles. In the Gema, data is gathered straight from the machine 

tools and user inputs are used to enrich the data. This data is then visualised and used for 

making reports with PowerBI tools. For the visualisation, Pinja has a simple user interface 

where all the necessary information is visible in a bar and pie chart and KPI values to 

show the situation. There is no 2D or 3D factory layout visualisation available. In addition 

to the machine monitoring functions, Gema can be expanded to an MES solution and with 

those functions, it can be used for production management and reporting. In addition, if 

the customer has an existing MES solution there is an interface to get that information 

into Gema. 

With the solution, Pinja wants to offer its customers a real-time and transparent snapshot 

of their production. Gema solution has one big benefit from the other solutions in this 

examination. It´s a part of the same software solution portfolio as the new maintenance 

software Pinja Novi which will be used from the beginning of 2022. This means that these 

two software’s are designed together, and they fulfil each other’s functions as those can 

share data and information. This makes this solution combined with the maintenance 

software a most comprehensive and ready solution for the case. For pilot Pinja´s pricing 

differs from other vendors. It can be purchased as a Software as a Service, and it cost a 

minimum of 500€ a month and first machine tools cost 150€ each but when more machine 

tools are added the cost can go around 30€ per machine tool. In addition to that, each 

machine tool needs a device for data gathering which is 200–300€ each. Alternative ly, 
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the solution can be run from own servers, and in that case, the pilot cost would be 20k€ 

plus the device cost for data gathering. In both cases, Pinja´s recommendation for a pilot 

timeframe was 2 months. 

5.3 Solution´s Comparison and Selection 

In the previous part, solutions were described and examined. To find the best possible 

solution for the case needs, a comparison was executed between these solutions. The 

comparison was made with a comparison matrix as it´s a functional method to visua lize 

features, functions, and other factors. It also enables a simple and effective way to 

compare those solutions to each other. In this case, each solution was marked in rows and 

functionalities on the columns. To achieve a realistic outcome from the comparison, each 

functionality and degree of those were given weight. As the focus of the pilot was in the 

machining area, functions related to that area were given a higher weight than others. 

Also, if the degree of importance of function in the solution was higher it had a higher 

weight than with a lower degree of importance. The comparison matrix is shown in 

Figures 18–20 of appendix 1. As it was mentioned above that each function and degree 

of importance of function was given weight. The weight table is shown in Figures 21–23 

of appendix 2 to give some insight before diving into mathematical comparison. 

For mathematical examination weighted average equation was used as it takes into 

account varying degrees of importance of cells in the comparison matrix. In the equation, 

each degree of importance cell is multiplied with the weight of that functionality and then 

summed up. After that, the sum is divided by the sum of functionalities weights. Weighted 

averages of solutions are shown in Figure 16. 

 

Elisa IndustrIQ 1,98

FliQ Smart Factory 2,31

Konecranes Smart Factory 2,33

Novotek 1,89

Advian 1,27

Schneider 2,47

Etteplan 2,02

AFRY 1,60

Pinja 2,36

Figure 16. Weighted Averages of Solutions Rounded to Two Decimals. 
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The three best solutions were in score order Schneider (2,47), Pinja (2,36), and 

Konecranes Smart Factory (2,33). The next main points for their success will be 

examined. Schneider as the best candidate was the most comprehensive and extendable 

solution so it got the best weights in many functions. Race for the second spot was a tight 

battle between Pinja´s solution and Konecranes’s Smart Factory. Most of the 

functionalities were the same but as the connectivity between solutions is in a core of SF, 

Pinja´s solution got better weight in this area. Reason being that in the Vantaa factory 

there is already implemented Pinja´s Novi maintenance management solution and this 

machine tool monitoring solution is part of the same solution portfolio which means that 

these two are designed together. This leads to that the connectivity between these 

solutions is a step ahead compared to Konecranes´ solution. This is also the reason that 

the recommendation for the pilot is Pinja´s solution. Even though Schneider´s solution 

scored best, the score only applies to the full solution. It had parts in building and IT 

management which raised its score and at the moment there is no need for these. So, 

without these parts in the solution, it will go down to the third spot as the comparable part 

was higher priced and not as suitable for the case needs as the others. 

5.4 Choosing Machine Tools for the Pilot 

In chapter 4.1.1 which was related to the machining area, many machine tools were 

highlighted as bottlenecking and critical. In total 8 machine tools fulfilled either or both 

of those criteria. For a sensible pilot implementation, 8 machine tools are too much. This 

is because it´s lots of work to determine the baseline for each machine tool and decide 

what and how to measure from each machine tool as the age of those varies and the same 

methods for data gathering may not be suitable for all. 8 machine tools in a pilot also 

increase the price too high for the test implementation. 

The suitable amount of machine tools for the pilot was determined to be 2–3. These 

numbers were raised in a conversation with solution providers and in-house. To get all 

machining areas onboard to pilot testing the solution it would be ideal to take one machine 

tool from each area. Next is listed recommended machine tools and reasons behind the 

recommendations from each machining area. 
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 Heavy parts machining 

o 575 Ball Grinding Machine 

o Bottlenecking and Critical 

 Trim parts machining 

o 584 5-axis Machine Tool 

o New and interesting for more thorough diagnostics 

 Seat parts machining 

o 526 Lathe 

o Bottlenecking 

These machine tools were chosen as those have high value for the production and as they 

have value in the development of the solution. Even though these machine tools were 

recommended also other´s mentioned in chapter 4.1.1 are good choices for the pilot and 

those machine tools should be considered first when increasing the count of machines 

tools in the solution. 

5.5 Selecting Data Gathering Methods 

Machine tools in the Vantaa factory as well as machine tools recommended for pilot 

testing represents the varying scale of age. This means that all machine tools can´t be 

monitored the same way and that way same methods can´t be used. In general, four types 

of methods are used for data gathering.  

The first method is to monitor the electric signal that is used to power the status indicator 

light on the machine tool. Usually, the light has three color-coded options. The green 

color indicates that the machine tool is on normal operation, yellow indicates that some 

warning or small problem is on and red indicates that the machine tool is on fault mode 

or failure condition such as emergency stop.  

The second method is to monitor the machine tool input power current. After the baseline 

for machine tools power usage has been determined many problems can be identified 

from the power usage trend as many faults have a straight correlation to how much power 

is used. As these two methods use mandatory equipment and variables i.e., status indicator 

light and power usage, these can be used in any machine tools as this information is 

available from all.  
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The third method is to monitor the PLC signals through OPC Unified Architecture (OPC 

UA). This method allows monitoring almost every parameter and information that the 

machine tool uses in its operation. This method is the upcoming normal way to monitor 

machine tools as more information is available compared to the two previous methods. 

In this method, there are few limitations in its usage. The first one is that machine tool 

manufacturers can deny access to some of the information so the data availability varies 

depending on the manufacturer, the second one is that manufacturers may void or 

decrease the level of the warranty if connections to the machine tooĺ s PLC is made during 

the warranty period and the third one being that if the machine tool is older this kind of 

possibility to access machine tools data may not be possible through OPC UA. 

The fourth method is to monitor the machine tools with retrofitted sensors. These can 

measure many variables e.g., vibration, temperature, and humidity. This kind of 

information can be crucial when defining the condition and status of the machine tools. 

Retrofitted sensors can also reduce the gap between methods one and two compared to 

method three. This is because many of the parameters that can be gathered through OPC 

UA are related to those variables. So, combining the information from these sensors to 

the data gathered with the first two methods, come very close to what can be achieved 

with method three. 

In the pilot testing and earlies phases of the solution implementation, the recommendation 

is to use the first two methods for data gathering. Even though those methods don´t offer 

all the functionalities as the third method those are easier and simpler to implement. Those 

two methods are also applicable for all the machine tools so gathering knowledge on how 

to get the most out of those methods would help in the future when extending the solution 

becomes topical. In the machine tool recommendation´s 584 5-axis machine tool was 

highlighted as it´s a new machine tool and more thorough diagnostics through OPC UA 

could be a potential way to gather experience of the third method to gather data. This 

would give valuable knowledge for the future when OPC UA would cover most of the 

production machine tools. Additionally, method four can be implemented later to support 

the first two methods and enable that way more thorough monitoring of the machine tools. 

This is a useful combination of methods if the OPC UA connection is not available. 
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5.6 Roadmap 

At the beginning of this chapter, it was mentioned that the original scope of this thesis 

included pilot implementation of the most suitable solution which was selected in chapter 

5.3. As the pilot testing was left out of this thesis it was replaced with the smart factory 

roadmap so that when the time is right for this kind of project this thesis will give a kick 

start for it. In the roadmap, bigger steps to go forward will be described. Detail level 

describing is left out as the SF and I4.0 themes evolve all the time so in that level, things 

change fast so those should be examined at the time. Focus on the roadmap is on the 

machining production area as it is in the core of this thesis and the information described 

in this thesis is most suitable for that area. Even though part of the roadmap is to examine 

and determine how SF should be implemented in other areas and what technologies would 

be most suitable. 

In total roadmap includes 8 steps. In this thesis technologies, machine tools, and solutions 

were examined, compared, and based on these, recommendations were made. In the 

roadmap, the first steps are related to re-evaluating these factors. Depending on when 

project related to this topic comes relevant many changes may have happened to areas of 

this field e.g., which solutions are still available and is the one recommended in this thesis 

still the most suitable, which machine tools fulfil the spec at the time and in overall what 

is the scope of the project as this thesis includes just part of the production in Vantaa 

factory while SF and I4.0 have potential in other areas as well. In Figure 17 is shown the 

roadmap. 
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After the re-evaluation phase, the next steps should focus on determining what kind and 

level of monitoring would be necessary to achieve the specified output. In this step, it 

would be ideal to examine which methods described in chapter 5.5 would best suit the 

scope of the project or if new or more suitable methods are available. This step applies if 

the scope of the project is on the machining production area but if some other area is 

chosen for the pilot area, examination of suitable monitoring methods is needed. 

Additionally, in this step, it would be best to determine what data e.g., quality or product 

information is wanted to combine with the machine data as these effect to what should be 

measured. 

These two phases determine the base and what knowledge can be used from this thesis to 

the project. The ideal next phase would be to determine the breadth of the project scope. 

Would the project include only a small pilot with the machine tools recommended in 

chapter 5.4 or should it include more machine tools that were described in chapter 4.1.1. 

Additionally, when deciding which machine tools should be included in the pilot it would 

be ideal to determine which are the next steps and what machine tools and data sources 

to include when expanding the solution if the project is successful. This should be done 

hand in hand with the determination of machine tools that would be included in the pilot 

as evaluation between machine tools are done already in this phase to some extent. 

Figure 17. Roadmap of the future steps toward smart factory. 
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The final phase of this roadmap is to examine solutions and partners for data processing 

and analytics. As the first steps towards a smart factory relate to making the data available 

and the information in a structured format, designing how to gather the data, and 

visualizing the data. These are things that can be done in-house, and the functionalit ies 

are included in the solutions examined in this thesis. To go further and make the factory 

smart this data needs to be combined from different sources and analysed to find 

correlations between e.g., quality, products, and production. These kinds of 

functionalities were not included in any solutions examined so other solution and partner 

needs to be determined for these. With the decided partner few areas need to be discussed. 

These are related to where the data processing is done i.e., in the cloud or on own server, 

and determining what are the future steps of data analysing so that the project goal can be 

achieved. 
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6 DISCUSSION 

In the previous chapters Industry 4.0 (I4.0) technologies have been described, 

requirements and challenges examined, the current state of the factory analysed, and pilot 

with a roadmap of the future steps designed. As the topic of this thesis is “Smart Factory 

Benefits and Specification for Piloting” the information gathered in this thesis will be 

concluded in this chapter so that the scope is fulfilled. 

During this thesis, it has been found out that academia in their research has come a long 

way in their research. Academia has a quite clear understanding of the I4.0 technologies 

and the possible use cases. After almost ten years of research, testing, and piloting these 

technologies and solutions starts to land to the markets and into full-scale real-world 

applications. Even though there is still a lack in the development of the standards and 

reference architectures, the first steps in this field have been taken and the development 

is on full steam. As these develop, it will further speed up the full-scale implementa t ion 

processes. If the company wants to stay and be at the head of the competition, now is a 

good time to start the journey towards Smart Factory (SF). This is because the I4.0 

technologies and ready solutions start to be available. This enables the possibility to start 

building the comprehensive SF piece by piece and take the first steps towards it. That 

journey will be long, and the first steps will be very pioneering and returns for investment 

will not be immediately available. The company´s management and development 

personnel’s need to believe in this concept and be ready to make the investments. Next 

will be described what kind of benefits can be achieved from different data source 

combinations and what is the specification for piloting in this use case. As the machining 

production area was chosen for pilot testing, these benefits are mostly related to using the 

machine tool data as a part of the data combination. Hopefully, these help to lower the 

barriers for the company´s management to invest in these technologies and solutions as 

the theoretical benefits are known. Next, the benefits are described with the explanations 

why those are highlighted. 

The first set of benefits is related to the up-to-date information. This can be divided into 

two benefit categories. Firstly, it´s essential to have a list of the machine tools and 

production equipment so that it´s known what assets are in the factory. As these assets 

are crucial data sources, the information needs to be correct and up to date. Secondly, the 

information in IT systems needs to be up to date. This category can further be divided 
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into three supporting benefits. Product information needs to be in a structured manner as 

it makes the information clearer. The Product Lifecycle Management (PLM) system is at 

the core of this. Information about products, production, and tooling needs to be correct 

as this information is essential in SF. Overall, the user experience of these systems is 

more pleasant and users don´t need to examine if they have the correct version or 

information. 

The second set of benefits is related to gathering data from the machine tools and 

production and taking advantage of it. This can also be divided into two benefits 

categories.  Firstly, it enables to know the status of the assets and production overall. 

When the status is known and the gathered data analysed, it´s e.g., possible to move from 

preventive to predictive maintenance. This is a step towards a more advanced 

maintenance strategy. Secondly, it makes it possible to use real-time data from machine 

tools in I4.0 technologies. These technologies enable the simulation of the production 

with real-world information and to develop the production without making changes in the 

testing phase. 

The third set of benefits is related to combining the above-mentioned data sources which 

enabled correlations to be found. To have a better idea of what kind of correlations can 

be found next is described two scenarios. The first scenario includes combining the 

machine tool data and quality data. This makes it possible to find upcoming problems in 

the production equipment through detecting anomalies in parts. The second scenario 

includes combining machine tool data and production data. This combination is the base 

for production simulation, it makes it possible to find problematic products and fix the 

related problems, and enables to automatically reroute production in the case of a 

breakdown. 

The fourth and last set of benefits is related to using the I4.0 technologies to support 

maintenance, education, and training. The key technologies in this area are Augmented 

Reality (AR) and Virtual Reality (VR). With AR glasses instruction can be given to 

maintenance employees and in the VR environment, the training can be done safely and 

without real products. 

In chapter 3.4 was discussed that a part of the survey made during this thesis included the 

open-ended questions. Answers from these questions were used to develop the operations 

in the reference case as well as to construct a specification for the SF. Additionally, the 
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requirements which occurred in the factory and solutions examinations, chapters 4.1 and 

5.2 respectively were used to support the survey results. Next, the specification is 

described with the supporting factors. 

The specification can be concluded into eight main factors. Above it was mentioned that 

one of the benefits is that the information is up to date in the IT systems. It´s also the first 

specification factor and again the PLM system is in the core as it makes it possible to 

have comprehensive information available. To enable analytics other data sources are also 

needed as described in the benefits. Data needs to be gathered from the assets, so it´s 

important to have the possibility to use multiple data gathering methods. This is the 

second factor as there are new and old assets in the production and the same methods 

won´t work with all. 

The next three specification factors are related to the current state and development of the 

IT systems and their providers. As the data is available in many IT systems, it´s necessary 

to have interfaces for all current systems. In the reference case´s production, there are 

three systems used in daily production. These are the M3 enterprise resource planning 

system, Aton product data management system, and manufacturing execution system.  

Additionally, it´s important to get the interfaces also for new systems as the systems 

change and evolve all the time. In the reference case, the product data management system 

will be replaced with a PLM system so this will be a crucial factor in the case. Overall, 

it´s necessary to have a solution provider who gives strong support and wants to develop 

and evolve. This is a must as these solutions and the topic evolve so fast. Areas, where 

this kind of activity is needed, are the development of the new features related to e.g., 

analytics and other technologies, expandability, improving solution overall, and 

long-lasting support. 

The last factors of the specification are related to the SF entity and the overall vision of 

it. To have a working entity it´s necessary to have seamless operation and integration of 

the part solutions. Through these, the entity should feel like it´s just one system. 

Achieving this kind of seamless and fully integrated solution is not self-evident. 

Additionally, the solution needs to be simple enough to get users on board as the user 

inputs are necessary to enrich the gathered data. In the reference case, there is also a need 

for the possibility to have the Finnish language in the user interface as all employees don´t 

understand English enough. As most of these solutions are made for global companies 
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this is neither a self-evident feature to have. Overall, when building an SF entity, there 

needs to be a clear vision of it. As the topic is hot it leads to the wide offering and those 

are not always what is marketed. Without a clear understanding of the needs and wanted 

output, it´s possible to make bad investments. 

Comparing these benefits and specification to the solutions examined in chapter 5.2 it´s 

interesting finding that those are not fully achievable and applicable in any of those. Some 

of the benefits can be achieved with the available solutions but to achieve all the described 

benefits lots of work and other solutions needs to be integrated into the entity. Availab le 

solutions are steps towards making the data available. The obvious next steps are related 

to combining and analysing the data and that way go towards the more advanced benefits.  

What comes to the specification, the available solutions don´t tick all the boxes. All 

solutions lack expandability in the I4.0 technologies and the overall content of the 

solutions is not quite there what is marketed. Additionally, there is a lot of work to be 

done in the reference company also. IT systems and information in them are not 

constructed in the most suitable way. To achieve a working SF entity these should be 

tackled but to achieve the goals, the technology investment and the inhouse work with 

the IT systems and information should go hand in hand. 
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7 CONCLUSION 

At the beginning of this thesis, four Research Questions (RQs) were described. The first 

RQ was related to what is Industry 4.0 (I4.0) and what does it consist of. In the literature 

review, it was found out that it builds upon Industry 3.0 (I3.0) digitalization and 

automation capabilities with more advanced capabilities. It was also described that it 

builds upon eight technology pillars namely Additive Manufacturing, Augmented and 

Virtual Reality, Big Data and Analytics, Cloud and Edge Computing, Cybersecurity, 

Digital Twin and Simulation, Horizontal and Vertical Integration, and Industrial Internet 

of Things. To provide insightful information and to create value for data-driven 

manufacturing these technologies needs to be connected, integrated, and used effective ly.  

The second RQ was related to what kind of challenges and requirements does the current 

situation at the reference location cause for the implementation of SF. In the literature 

review, it was found out that the research made on the topic revealed that many challenges 

occurred in the companies that attended the research. In these cases, the occurring 

challenges were partly related to the requirements. In the research report, it was found 

five challenge categories related to human resources, behaviour, operations, procedures, 

and management. Through the survey, it was constructed a reference company´s 

perspective of the occurring challenges. In the survey, it was used the same challenges 

that were revealed in the research so that it could be seen how the reference location 

compares to other companies. From the survey, it was found out that the most challenging 

challenges are related to basic human behaviour and know-how e.g., fear of the new 

technologies which leads to resistance to change, and lack of skills. Additionally, many 

challenges were related to the overall lack of knowledge of the topic which then affects 

negatively to the willingness to invest in the topic-related technologies. 

The third RQ was related to which area and equipment are the most suitable for the pilot 

testing, which technologies are suitable for those, and what projects are ongoing related 

to the topic. At the beginning of this thesis, it was discussed with the thesis advisor that 

the machining production area would be a good pilot testing area. Additionally, almost 

all the available solutions offered by Finnish providers were related to machine tool 

monitoring which also supported this production area for pilot testing. In chapter 4.2 it 

was found out that to build a comprehensive Smart Factory (SF) entity almost all related 

technologies need to be used in some extent. But as the available solutions were mostly 
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related to gathering the data from machine tools it was additionally examined the most 

commonly used data gathering methods. As the machine tools chosen for the pilot, and 

the assets in the production represent a wide variety of age, all of the methods needs to 

be possible to use as one method can´t be used in all. Additionally, it was found out that 

there are already a few ongoing projects related to the topic and those should be taken 

forward and the scopes should be made wider so that the relationship to SF would be 

covered more thoroughly. These ongoing projects were related to Augmented and Virtual 

Reality, 5G wireless networks, and Product Lifecycle Management system. 

The fourth and last RQ was related to which solution is most suitable for the use case and 

what are the next steps towards SF, what benefits can be achieved, and what is the 

specification for it. During the thesis, it was found out that there are nine solutions 

available and as above-mentioned, almost all of them were related to machine tool 

monitoring. Between these solutions, a comparison was made and the most suitable 

solution for the reference case was offered by a company called Pinja. Their solution had 

the most suitable features and integration interface for the current maintenance system. 

With that solution as a base for SF many benefits can be achieved but to achieve all 

benefits described in chapter 6, the next steps should be in combining data from different 

sources and analysing it. Specification for the entity was also described in chapter 6 and 

it included eight main factors. These factors were related to the up-to-date information in 

IT systems, current state and development of the IT systems and their providers, and SF 

entity and overall vision of it. 

As the industries start to be on the brink of the I4.0, now would be a good time to start 

the journey towards SF. This is because the technologies and solutions start to be available 

and if the company wants to stay at the head of the competition, the implementation needs 

to start as soon as possible.  The road towards SF will face some challenges as was 

mentioned above but most of the challenges can be tackled with quite simple methods.  

As the lack of willingness to invest in the topic-related technologies was of the occurred 

challenges, small-scale projects e.g., theses could be a way forward. These would gather 

the information about the topic and would raise overall the knowledge of the importance 

on the matter in the company. These projects could include a pilot implementation of one 

of the solutions examined in this thesis. With these steps, the outcome should be very 

beneficial. In Addition, the production should be more flexible, efficient, and at the head 

of the competition. 
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APPENDIX 1 (1). Comparison Matrix for Solution Comparison 

 

 

 

Knowledge of machining and assembly industries Knowledge of machine tools Ready connection solutions for machine tools Smart Factory Extensibility

Elisa IndustrIQ
Yes

Through References

Yes

Through References

Yes

Know-How
No

Yes

Data Analytics

FliQ Smart Factory
Yes

Through Experience and References

Yes

Through Experience and References
Yes

Yes

Basic

Yes

Maintenance

Konecranes Smart Factory
Yes

Through Experience and References

Yes

Through Experience and References
Yes

Yes

Basic

Yes

Maintenance

Novotek
Yes

Through References

Yes

Through References
Yes No

Yes

Daily Management

Advian No No
No

Know-How
No No

Schneider
Yes

Through References

Yes

Through References

Yes

Know-How

Yes

Mediocre

Yes

Facility, Energy etc.

Etteplan
Yes (some extent)

Through References

Yes (some extent)

Through References

Yes

Know-How

Potentially

Basic but Extensible

Yes

Customisable

AFRY No No
No

Know-How

Potentially

Basic but Extensible

Yes

Customisable but what extent

Pinja
Yes

Through References

Yes

Through References
Yes

Yes

Basic

Yes

Maintenance, Daily Management

Figure 18. Comparison Matrix 1/3. 



 

 

APPENDIX 1 (2). Comparison Matrix for Solution Comparison 

 

 

Additive Manufacturing AR / VR Data Analytics Base for Analytics Artificial Intelligence Cloud Edge Cybersecurity Digital Twin

Elisa IndustrIQ No No
Yes

Focused
Own

Yes

Focused
Yes No Not Discussed No

FliQ Smart Factory No No
Yes

Basic
Own No Yes No Not Discussed

Yes

Basic Shadow

Konecranes Smart Factory No No
Yes

Basic
Own No Yes No Not Discussed

Yes

Basic+ Shadow

Novotek No No
Yes

Basic
Own No Yes Yes Not Discussed No

Advian No No
Yes

Focused

Own

Edge Solution

Yes

Focused
No No Not Discussed No

Schneider Mentioned Mentioned Yes Own
Yes

Basic
Yes No Not Discussed

No

But Possible

Etteplan Mentioned Mentioned Yes PowerBI
Yes

Basic
Yes No Not Discussed

No

But Possible

AFRY No No Yes PowerBI
Yes

Basic
Yes No Not Discussed

No

But Possible

Pinja No No
Yes

Basic
PowerBI No Yes No Not Discussed No

Figure 19. Comparison Matrix 2/3. 



 

 

APPENDIX 1 (3). Comparison Matrix for Solution Comparison 

 

 

 

 

Simulation Horizontal and Vertical Integration IIoT Cyber-Physical Systems Other Functionalities Free Word Price

Elisa IndustrIQ No No
Yes

Running Down the Business
No Dr. Level Analytics & AI

Pilot 3kk but inc.

Sales Cycle can take upto +6kk

Pilot inc. 10-15 Machines 60-120k€

+ yearly fee of 40-60k€

FliQ Smart Factory No No Yes No Maintenance Functions
Pilot 2-3kk Previous Pilots has been 3-15k€

Konecranes Smart Factory No No Yes No Maintenance Functions

Novotek No No Yes No Focus on Machine Monitoring

Pilot can start 2-4wk from deal

+ time for results

Software 60day free, 390€/mo

Data Collector 200-300€/ea

Start package 1000€/ea

Advian No No Yes No Focus on Edge Solutions
Pilot 3kk 30-50k€

Schneider No
Yes

Some Extent
Yes No

Biggest Player

Focus on Many Sectors

Case 6-7kk 15-30k€

Etteplan No
Yes

Some Extent
Yes No

Engineering Expert Company

Know-How on Many Sectors

PreStudy 2-4wk

PoC 2kk

PreStudy 18-19k€

PoC 50-80k€

AFRY No
Yes

Some Extent
Yes No

Engineering Expert Company

Know-How on Many Sectors

Pilot +10k€

Pinja No
Yes

OK
Yes No

Focus on Softwares

Machine Monitoring, Daily Management,

Maintenance

Pilot 2kk Data Collector 200-300€/ea

SaaS: 500€/mo min.

Own Server: 20k€

Figure 20. Comparison Matrix 3/3. 



 

 

APPENDIX 2 (1). Weight Table for Solution Comparison 

 

 

 

 

 

 

Knowledge of machining and assembly industries Knowledge of machine tools Ready connection solutions for machine tools Smart Factory Extensibility

5 5 5 3 4

Elisa IndustrIQ 3 3 2 1 2

FliQ Smart Factory 4 4 3 3 2

Konecranes Smart Factory 4 4 3 3 2

Novotek 3 3 3 1 2

Advian 1 1 1 1 1

Schneider 3 3 2 4 4

Etteplan 2 2 2 2 3

AFRY 1 1 1 2 3

Pinja 3 3 3 3 4

Figure 21. Weight Table 1/3. 



 

 

APPENDIX 2 (2). Weight Table for Solution Comparison 

 

 

 

 

 

 

Additive Manufacturing AR / VR Data Analytics Base for Analytics Artificial Intelligence Cloud Edge Cybersecurity Digital Twin

1 3 3 1 2 1 1 1 2

Elisa IndustrIQ 1 1 3 1 3 2 1 1 1

FliQ Smart Factory 1 1 1 1 1 2 1 1 3

Konecranes Smart Factory 1 1 1 1 1 2 1 1 3,5

Novotek 1 1 1 1 1 2 2 1 1

Advian 1 1 3 1 3 1 1 1 1

Schneider 2 2 2 1 2 2 1 1 2

Etteplan 2 2 2 1 2 2 1 1 2

AFRY 1 1 2 1 2 2 1 1 2

Pinja 1 1 1 1 1 2 1 1 1

Figure 22. Weight Table 2/3. 
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Simulation Horizontal and Vertical Integration IIoT Cyber-Physical Systems Other Functionalities

1 2 2 1 2

Elisa IndustrIQ 1 1 1 1 3

FliQ Smart Factory 1 1 2 1 2

Konecranes Smart Factory 1 1 2 1 2

Novotek 1 1 2 1 2

Advian 1 1 2 1 1

Schneider 1 2 2 1 3

Etteplan 1 2 2 1 3

AFRY 1 2 2 1 3

Pinja 1 3 2 1 4

Figure 23. Weight Table 3/3. 
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