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To create value for economic growth, new technologies need to be transferred into products
that can generate sales. Many fully commercialized technologies fail because unsuitable com-
mercialization strategies. Due to the need for renewable and recyclable materials and sustainable
production methods, innovations are emerging. Therefore, new tools to evaluate potential of sus-
tainable innovations are needed. Realizing customer value early in commercialization process is
categorized to be one of the success factors in technology commercialization. However, this fac-
tor is stated to be under-researched. This study tries to investigate how early identification and
understanding of customer value can support and facilitate the commercialization process. Addi-
tionally, environmental values are included in the evaluation.

To meet the research objective, a literature review and qualitative case study was conducted.
The case selected is a publicly funded multi-national research and development project with aim
of creating a novel cellulose-based 3D printing material and technology. The case project is called
NOVUM. The literature review will focus on the known benefits of the technologies, customer
value, commercialization process of technologies, challenges in commercializing technologies,
and utilizing business models in commercializing process. The data was collected through six
semi-structured interviews. The uniqueness of this case was the opportunity to study customer
value of potential end users in an early phase of the commercialization process. Also, much of
secondary data from the case project was utilized. A thematic analysis of the data was conducted
for obtaining the goals. A theoretical framework for commercializing technology was created and
experimented in this study.

This study shows that early participation of end users and understanding the real potential
customer value can help companies to evaluate different commercialization strategies and rec-
ognize the key resources and processes required for creating and delivering the desired customer
value. Realizing what truly delivers value to the customer can facilitate the commercialization and
adoption of innovations.

Keywords: customer value, commercialization, R&D exploitation, open innovation,
sustainable manufacturing
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Uusia teknologioita tulee vieda uusiksi myyviksi tuotteiksi talouskasvun mahdollistamiseksi.
Monet markkinoille viedyt tuotteet epaonnistuvat sopimattoman kaupallistamisstrategian takia.
Suuri kysynta uusiutuvista ja kierratettavistd materiaaleista seka kestavista tuotantotavoista syn-
nyttda uusia innovaatioita. TAman vuoksi on kysyntaa uusille tydkaluille, jotka arvioivat kestavien
innovaatioiden potentiaalia. Asiakasarvon ymmartaminen aikaisessa vaiheessa kaupallistamis-
prosessia sanotaan olevan yksi menestyksen avaimista teknologian markkinoille viemisessa.
Tata on kuitenkin tutkittu niukasti. Tama tutkimus pyrkii selvittdmaan, kuinka aikaisessa vai-
heessa tunnistettu ja ymmarretty asiakasarvo pystyy tukemaan teknologian kaupallistamista. Ta-
man lisaksi ymparistdarvot otetaan mukaan analyysiin.

Tutkimustavoitteen saavuttamiseksi suoritettiin kirjallisuuskatsaus ja kvalitatiivinen tapaustut-
kimus. Valittu tapaus on julkisrahoitteinen kansainvalinen tutkimusprojekti, jonka tavoitteena on
kehittda uusi selluloosapohjainen 3D tulostusmateriaali seka 3D tulostusteknologia. Projektin nimi
on NOVUM. Kirjallisuuskatsaus keskittyy teknologioiden tunnettuihin hyétyihin, asiakasarvoon,
teknologian kaupallistamisprosessiin, teknologian kaupallistamisen haasteisiin seka liiketoiminta-
mallin hyédyntdmiseen teknologian kaupallistamisprosessissa. Tutkimusdata kerattiin kuudella
puolistrukturoidulla haastattelulla. Tutkimuksen ainutlaatuisuus piilee siina, ettd potentiaalisten
loppukayttajien asiakasarvoa paastiin tutkimaan aikaisessa vaiheessa kaupallistamisprosessia.
Taman lisaksi analyysissa kaytettiin paljon projektin sekundaaridataa. Tutkimusdataa hyédyntaen
suoritettiin temaattinen analyysi tavoitteiden saavuttamiseksi. Teoreettinen viitekehys teknologian
kaupallistamiseksi luotiin ja sita kaytettiin tdssa tutkimuksessa.

Tama tutkimus osoittaa, ettd loppukayttajien osallistuminen kaupallistamisprosessiin ja todel-
lisen asiakasarvon ymmartaminen voi auttaa yrityksia vertailemaan eri kaupallistamisstrategioita
seka tunnistamaan paaresurssit ja -prosessit, joita tarvitaan halutun asiakasarvon luomiseen ja
toimittamiseen. Innovaatioiden kaupallistaminen ja kayttéonotto helpottuu, kun ymmarretaan
mika oikeasti luo arvoa asiakkaalle.

Avainsanat: asiakasarvo, kaupallistaminen, tutkimuksen hyédyntaminen, avoin innovaatio,
kestava tuotanto

Taman julkaisun alkuperaisyys on tarkastettu Turnitin OriginalityCheck —ohjelmalla.



PREFACE

Six years ago, the biggest dream of life so far came true when | was accepted to study
at the Tampere University of Technology. At that time, this thesis seemed as a distant
subject. | started out as a Mechanical Engineering student but over time Industrial En-
gineering and Management started to interest me more and more. And now we are
here. | got this incredible opportunity to write my thesis in an inspiring environment
about a fascinating topic where | really could apply in practice everything | have
learned through these years. For that | want to thank VTT’s organization and specially

my supervisors M.Sc. Alina Ruonala-Lindgren and D.Sc. Heli Kangas.

Thank you to my University and my examiners Professor Leena Aarikka-Stenroos and
Doctoral researcher Sami Rusthollkarhu for your encouragement and advice. While
studying in Tampere, | have enjoyed a great teaching and lived the best years of my
life so far. Therefore, | want to thank my best mates there limari Pohjavirta, Johannes
Salo, Jyri Raninen, Mikko Rajamaki, Mikko Siren, and Mikko Suonpaa. Not forgetting
my tutors. We had a blast! Luckily nowadays we all have a camera with us all the time
so we can live those moments over and over again. Next, | would like to thank my
friends | met during my exchange studies in Groningen. | will never forget the warmth

and spirit | experienced with you.

Finally, | would like to thank my family in my native language. Tack mamma. Kiitos isa
ja sisarukseni Nino, Nana ja Otto. Kiitos suunnannaytdsta seka kaikesta tuestanne ja
rakkaudestanne, jota olen kokenut elamani aikana. Tassahan alkaa olemaan jo aika-
moinen teekkarisuku kasassa! Lopuksi kiitos elamani rakkaudelle Essille ihan vain siita,

ettd olet olemassa.

Helsinki, 8 September 2021

Mio Silvennoinen



CONTENTS

T INTRODUGCTION ...ttt e e e e e e e e e e e e 1
1.1 Background of the study ............cceiiiiiiiiic e, 1

1.2  Research objective and SCOPE .........cccvvviiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeee 3

1.3 Structure of the report ... 5

1.4 Case deSCriPliON .....coi i 6
2.LITERATURE REVIEW.... ...ttt 11
2.1 3D printing and sustainable manufacturing ... 11

2.2 Customer value proposition.........ccoceevieeiiiiiiiie e 17

2.3  Technology commercialization process...........cccccceveiiiiiiiiiieeieeee, 21

2.4  Technology commercialization challenges ...........ccccccceeeiiiiiiiieeiiinnnnnn. 27

2.5 Business models in commercialization process..........cccccoeeevvveeviinnnnnn. 31
3.RESEARCH METHODOLOGY AND MATERIALS........ccooiiiiiiiiieieeeeeeeee 33
3.1 Data COIECHION .......ueiiiiiiiiiiii e 34

3.2 Dataanalysis .....coouuuiiiiiiiiie e 35

3.3 Evaluation of the research.............cccccoiiiiiiiiii 37
4URESULTS ittt ettt e e e e a e e e 38
4.1 Benefits from technology and material - OEM partners....................... 38

4.2  Benefits from technology and material - R&D partners....................... 43

4.3  Benefits from project’s value chain..............cccviiiiiiiiiiiiiiee 44

4.4  Benefits from the project ..o 46

4.5  Exploitation of technology ... 48

46  Potential challenges and barriers of exploitation ..............cccccceeeeee. 52

4.7  Drivers for exploitation ..........cccoooiiiiiiiiiii 56
5.ANALYSIS AND DISCUSSION ... ..t 58
5.1 Exploitable R&D reSUIS ........covvuiiiiiiiiieecce e 58

5.1.1 NOVUM material..........ueoiiiiiiiiiiiees e 59

5.1.2 Manufacturing ConCept........coooiiiiiiiiii 60

5.1.3 Multi-material 3D printing ........ccooieieeeee 63

5.1.4 Fibrous foam printing technology ... 64

5.2  Customer value proposition.............cooooiiiiiii 65

5.3  Exploitation Measures..........cccuuiiiiiiii i 67

5.4  Commercialization of project’'s results ..............cccoee 71

5.4.1 Finding a material compounder and supplier.............cceeeeeeeeeennn. 72

5.4.2 Finding a contract manufacturer...............ccccccei i 73

5.4.3 Financing of the production liNe ..............cccciiiiiiiiiiiie 73
B.CONCLUSIONS ...t e ettt e e e e e e e s e e e e e e e e e annnneeees 76

6.1 SUMMIAIY e 76



6.2  Practical Implications...........couuuuiiiii i 80
6.3 Limitations of the study ... 81
6.4  Proposals for future research.............ccccc 82
L N S 83
APPENDIX A: NOVUM VALUE CHAIN .....coiiiiiee et e e e 87
APPENDIX B: CUSTOMER VALUE CREATION FRAMEWORK ........cccccccvveeennne. 88
APPENDIX C: QUESTIONAIRE FOR OEM PARTNERS ..o 89

APPENDIX D: QUESTIONAIRE FOR R&D PARTNERS.........ooooiiiiii 90



\Y

LIST OF FIGURES

Figure 1.
Figure 2.

Figure 3.
Figure 4.

Figure 5.
Figure 6.
Figure 7.
Figure 8.
Figure 9.

Figure 10.

Figure 11.
Figure 12.
Figure 13.
Figure 14.
Figure 15.
Figure 16.
Figure 17.
Figure 18.
Figure 19.
Figure 20.
Figure 21.

Figure 22.
Figure 23.

Figure 24.

Figure 25.

The process of the SEUAY. ............ueeieeeieeeeeeee et 4
Application areas of NOVUM project; electrical insulation

components and parts for vehicles and cruise Ships. .................ccccc....... 7
Simplified value chain of NOVUM project. ...........ccccvvevueeeeeseeeeeeeinn. 8
Technologies developed in NOVUM project and utilized in the
Manufacturing CONCEPL. ...........uuuuiiaas 12
Most used 3D printing technologies in 2020 (Statista, 2020)................. 13
Recycling process of 3D printed material (Mikula et al., 2020). ............ 14
Most used 3D printing materials in 2018 (Statista, 2020). .................... 16
Creating customer value in R&D context (Wouters, 2010). .................. 18
Themes in the process of technological innovation

commercialization (Datta et al., 2013). ..........ovveeeeeeiiiiiiiieeeeeeeeeei, 22
Commercialization challenges and their linkages (Aarikka-

Stenroos & Lehtimaki, 2014). .....ooeeeeeeeeeeieiiiiiiiiiieieieeeeeeeeeeee 28
Elements of a business model (Johnson et al., 2008). ......................... 32
Qualitative research process (Kallinen & Kinnunen, 2021)................... 33
A theoretical framework for commercializing R&D results. ................... 36
Different layers in NOVUM pProject. ............ccoeeeeeeeeeeeiiiiieeiieeeeinn 38
Classification of customer values. ............cccccccoovvveeeeeeieiiiiieeeeeeeee 39
Exploitation value chain. ...................cooeeeuuuieeieeeieieeieeee e 52
Commercially exploitable results and their main stakeholders.............. 59
NOVUM material granules (picture acquired from VTT). ...................... 60
3D layout design of the pilot line (picture acquired from Abis). ............. 61
Fully automated post-processing line (picture acquired from Abis)....... 63
3D printed lampshade made of NOVUM material (picture acquired

FTOIM VTt ettt ettt raa e 64
Proposal for customer value propositions................ccccceeeeeeeeeeeeeeerennnnnn.. 67
Measures to counter the challenges and barriers of exploitation

and to ensure the exploitation. .................ccceeeeveeeieiiieiiiieeiiiiie e aaaa, 68
Key resources and processes to secure before the launch of

NOVUM material and manufacturing cOnCept. ..............cccccevvuuuunnnnnnnn. 72
SUMMArY Of FESUILS. ...ttt 79



Vi

LIST OF TABLES

Table 1.
Table 2.

Table 3.

Table 4.
Table 5.
Table 6.
Table 7.
Table 8.
Table 9.
Table 10.
Table 11.
Table 12.
Table 13.
Table 14.
Table 15.
Table 16.
Table 17.
Table 18.

Three types of value propositions (Anderson et al., 2006,).................... 19
Commercialization strategies (Aslani et al., 2015; Datta et al.,

2013; Henttonen & Lehtiméki, 2017; Markman et al., 2008). ................ 25
Success factors of technology commercialization (Kirchberger &

PORL 2076). .. s 27
INEEIVIEWS. ...t ettt et ete e e e eiaeaaeans 34
Economic values sought by OEM partners...............ceeeeeeeeeeieeeneennnnn.. 40
Functional values sought by OEM partners...........cccccoeeeeiveevevevvnnnnnnnn... 42
Environmental values sought by OEM partners.................c.ccccccvuuuunn.... 42
Benefits identified by R&D partners...............cccccceeuuuuuuuiuiiiinnns 44
Benefits sought from the project value chain by OEM partners. ........... 45
Benefits sought from the project value chain by R&D partners............. 46
Benefits obtained from the project by OEM partners. ............ccccouu....... 47
Benefits obtained from the project by R&D partners..............ccccovuuen.... 48
Exploitation of results by OEM partners. ............cccccovvveeeeeeeeeeeeerrrnn... 50
Exploitation of result by R&D partners...............cccceeevvvveeeeeeeeeeeirnnnn. 51
Potential challenges and barriers identified by OEM partners. ............. 54
Potential challenges and barriers identified by R&D partners. .............. 55
Drivers for exploitation. ..............ccccceeeiieeeiiiieie e 57

Comparison between NOVUM technology and the next-best
AIEINALIVE. ..o 66



LIST OF ABBREVIATIONS

ABS
AM
CAD
CER
CRF
CVP
ELV
EPS
EU
FCA
FDM
FFF
FGF
Hitachi ABB PG
MT
OEM
PLA
PP
R&D
SME
TRL
3D

acrylonitrile butadiene styrene
additive manufacturing
computer aided design
commercially exploitable result
Centro Ricerche Fiat
customer value proposition
end-of-life vehicles

expanded polystyrene
European Union

Fiat Chrysler Automobiles
fused deposition modelling
fused filament fabrication
fused granular fabrication
Hitachi ABB Power Grids
Meyer Turku

original equipment manufacturer
polylactic acid

polypropylene

research and development
small and medium-sized firm
technology readiness level
three-dimensional

viii



1.INTRODUCTION

In this chapter, this study is introduced to the reader. First, the background of the study
is presented. The motives, importance, and need of this study are described. Second,
the research objective and scope are presented. In this section, information about the
goals and research questions are introduced. Third, the structure of this paper is pre-
sented and discussed briefly. Last, the case of this study is introduced. The case pro-

ject and its partner organizations are presented in this chapter.

1.1 Background of the study

Commercialization is said to be the most crucial phase of the technological innovation
process (Chiesa & Frattini, 2011). Still, around 40 percent of commercialized new prod-
ucts fail (Castellion & Markham, 2013). Although the new products are functionally and
technically superior to the competitors’ offering, they can fail because of an insufficient
launch strategy. This has even greater emphasis in high-technology markets, which
have a fast-moving, volatile, and uncertain nature. Commercialization measures in
high-technology markets have a stronger impact on the performance of the launch than
in traditional markets. (Chiesa & Frattini, 2011) Market conditions have changed after
economic reforms. Organizations are under constant pressure to perform well, deliver
quality, and conducting this while keeping the operational costs as low as possible. It is
important for organizations to differentiate themselves by capabilities and competen-
cies to sustain in today’s market and meet customers’ need. (Gupta et al., 2013) Adopt-

ing novel manufacturing technologies and materials is a way to answer this demand.

The positive impact of research and development (R&D) activities on the growth and
productivity of companies, industries and countries have been demonstrated by multi-
ple studies over many decades (Becker, 2015). It is argued that the annual return of in-
vestment is around 20 percent in publicly funded projects (Hines, 2017). However,
there is a much greater risk in R&D projects than in other types of investment because
of the novelty of the new product or process (Guzzini & lacobucci, 2017). European
Union’s (EU) continent-wide R&D programs will gather all the talent and money to-
gether to generate complex R&D projects and supply chains that would not otherwise
occur. The largest EU’s R&D program Horizon 2020 is spending 77 billion Euros from
2013 to 2020. Publicly funded R&D also corrects market failures such as the need of



translating knowledge towards tackling societal challenges and uncertainty over profita-
bility of basic research. The direct benefits of R&D are employees hired to conduct the
R&D activities, services, licensing revenues, spinouts, and sales and tax revenue from
new products and services. Indirect benefits of R&D are increased number of useful in-
struments, knowledge, and methods, more skilled workforce, and increased productiv-
ity of the firm adopting the new technology. (Hines, 2017) However, many researches
have stated that the technology transfer and commercialization is the most important
and direct outcome of public R&D projects (Jung et al., 2015). To create value for eco-
nomic growth, new technologies need to be transferred into products that can generate
sales (Kirchberger & Pohl, 2016).

World’s population is skyrocketing, every day by 227 400 people. The capacity of earth
is on the limit. Furthermore, unsustainable production with non-renewable materials in-
creases global pollution and accelerates climate change. Only 10 percent of plastics
are recycled, 60 percent end up to landfills, and the rest are unaccounted. If the current
trend remains the same, in 2050 plastic industry needs 20 percent more supply of
crude oil. (Bandyopadhyay & Heer, 2018) The changing legislation is demanding for
more sustainable and material efficient manufacturing methods and using of more sus-
tainable and recyclable materials (Immonen et al., 2021). 3D printing and biomaterials
such as cellulose are considered to be a solution to this global problem (Bandyopadh-

yay & Heer, 2018; Immonen et al., 2021).

In this study, the commercialization potential of a publicly funded multinational R&D
project’s results is studied. The objective is to find ways how to maximize the success
rate of the commercialization and to ensure an effective exploitation of the R&D results.
This objective is tried to achieve by analyzing customer value of innovation. How realiz-
ing customer value can help managers to commercialize innovations? The R&D project
is studying cellulose-based materials in 3D printing process for industrial scale applica-
tions. The goal is to design a new sustainable, energy and material efficient manufac-
turing concept and to develop a bio-based material to be used as raw material in this
process. In this study, the commercialization refers to the launch of new product to the
target market. The case project NOVUM and its consortium is presented later. The
consortium consists of various stakeholders in the value chain such as raw material
supplier, research institutions, technology providers and end users. The study tries to
find out what are the benefits that each partner is potentially obtaining from the project
and if the R&D results are adopted into their value chains. The sought benefits are the

key input in analyzing and defining the customer value. Customer value will create the



framework how innovations should be commercialized so the launch would be as suc-
cessful as possible. The reasons why each partner is participating in the project and
how the results are planned to be exploited vary significantly between project partners.
Therefore, also the sought benefits and customer value are substantially different. The
commercialization tasks and strategies are conducted with help of information collected

from the project partners and how they are planning to exploit the technology.

NOVUM project is funded by Horizon 2020 program. In Horizon 2020, project partici-
pants must conduct an exploitation plan. This will be conducted in parallel with this
study. Exploitation plan will describe how partners are exploiting the results of the R&D
project. Exploitation of results refers to the actual utilization of the project’s results after
funding for the project ends. There are different types of exploitable results that can be
scientific, societal, political, economic, commercial or for improving public knowledge.
The exploitable results must be recognized, and their stakeholders or beneficiaries
must be identified in the exploitation plan. The direct or indirect value that the exploita-
ble results will deliver and their impact to each stakeholder must be concretized. (Ala-
Mutka, 2021)

The exploitation plan should also recognize the risks and barriers of exploitation and
then propose countermeasures to mitigate or eliminate these challenges. Also, the con-
crete measures that will ensure the exploitation should be described. The measures
should be engaged already during the project. The roles and responsibilities of different

partners in the exploitation and the supporting roles should be clear. (Ala-Mutka, 2021)

1.2 Research objective and scope

A comprehensive literature review about success factors in technology commercializa-
tion have been made by Kirchberger and Pohl (2016). Realizing customer value of the
new technology was categorized to be one of the success factors. However, they fur-

ther state that this factor seems under-researched and it should get more attention in
university context. This shows a clear research gap in the previous research. “An early
understanding of what truly delivers value, could be a powerful argument in commer-

cializing the technology.” (Kirchberger & Pohl, 2016) This study tries to bridge that gap

by analyzing customer value in the case project.

The purpose of this paper is to study how analyzing customer value of potential end us-
ers can facilitate the commercialization of technological innovations. Especially, new
emerging sustainability-focused innovations like 3D printing and cellulose-based prod-

ucts are in the scope. Analyzing customer value of these kind of innovations could



have various of benefits because of the disruptive and uncertain nature. The innova-
tions can have a great impact on the industry and there are applications that are still
unexplored. Also, the sustainability aspect of innovations and its environmental value to
end users need to be evaluated. The case project is a publicly funded multi-national
R&D project. The results of the project and how they will be exploited are still unknown.
Therefore, the R&D results and their boundaries need to be first defined closely, and
then, the benefits of each result for individual partner need to be studied. These cus-
tomer perceived benefits are studied for understanding the customer perceived
value. One major question is what are the factors that affect the commercialization of
innovations and what are the drivers. In this study, these targets are tried to achieve by
analyzing customer value and benefits. The perceived benefits are the starting point
that will guide the commercialization process of the innovation (see figure 1). The next
step is to find out what are the measures to be conducted for ensuring an effective ex-
ploitation and a successful launch of innovation. For maximizing the success rate of
commercialization, measures to overcome the challenges need to be identified and
planned before the launch. Therefore, general as well as case specific factors that cre-
ate challenges and barriers in commercialization process are studied. Innovations are
important for the growth and competitive advantage of companies and therefore a suc-
cessful launch is a critical stage of the process. To reach these objectives, a theoretical
framework will be created. The framework is a general tool that can be utilized in future

R&D commercialization projects.

Tasks and
Factors affecting the countermeasures Exploitation and
commercialization for ensuring launch
successful launch

Figure 1. The process of the study.

The research questions are studied through case study. The uniqueness of this study
is the end user involvement and the possibility to study customer perceived value be-
fore the initial launch of the innovation. The study is also interesting because of the un-
certainty regarding innovations and the number of players that will exploit the R&D re-
sults. In the scope of this study is five partners of the case R&D project. In this study,
the commercialization is studied from the viewpoint of developers and end users. All
the partners represent different industries. Their offering, material requirements, de-
mand, and markets are completely different which complicate the exploitation of the re-

sults. Therefore, a solution that would satisfy all the partners is needed.



The execution of this study consists of two phases. In the first phase, literature review,
earlier studies and theoretical background of the technologies and technology commer-
cialization is analyzed. Technologies regarding NOVUM project; 3D printing, fused
granular fabrication and cellulose-based material and their contribution towards sus-
tainable manufacturing is discussed. Technology commercialization part discusses
about the process, elements, and challenges. Information was collected from several

scientific articles, literature, and websites.

The second phase consists of the empirical part of the study. In this phase, the empiri-
cal data collected in interviews are analyzed and discussed to reach the objectives of
this study. The study uses qualitative semi-structured expert interviews as the primary
research data collecting method. The interviewees are representing the partner organi-
zations in the scope of this study. Therefore, the answers they offered suit best for their
organization and their targets, and thus cannot be generalized for the entire field of in-

dustry. Although generalized conclusions can be drawn.

1.3 Structure of the report

This report consists of five main chapters. Chapter 1 is the introduction of this report. It
will discuss the background and objectives of this study. Chapter 2 consists of literature
review and theoretical background of the study. In this chapter the existing literature is
reviewed to give understanding of the existing knowledge about the topic. It will first
discuss about the known benefits of the technologies and materials. Then customer
value proposition is discussed and how it is interconnected with the benefits. The cus-
tomer value proposition will guide the commercialization process which is discussed
last. The commercialization part will focus on the process, challenges, and structure.
Chapter 3 consists of the methodology of the study and how the study is conducted. In
this chapter the process of this study is discussed. Research methods, data collection
and analysis are presented. Also, the research is evaluated. Chapter 4 consists of the
results of this study that were collected with the primary data collection method, inter-
views. The chapter will present how each partner sees the situation. Chapter 5 consists
of analyzed and discussed findings of this study. It will also have the greatest emphasis
in this report, because the chapter answers to the research questions and presents
proposals for commercialization approaches. Different modes are compared and dis-
cussed. The chapters 2, 4, and 5 will all fairly close follow the process of benefits ->

customer value -> commercialization.



1.4 Case description

In this chapter, the case of this study is introduced. The research objectives are tried to
achieve through a case study where the case organizations are interviewed. The case
consists of NOVUM project and its group of members called consortium. The consor-
tium consists of 9 partners from 5 European countries. The partners represent several
steps along the value chain. (NOVUM, 2020) However, in the scope of this study is
only two R&D partners and three end users. The end user involvement in this study is a
unique opportunity to obtain knowledge of customer value that will guide the commer-
cialization process. The partners are representing three different industries, a research
institute, and a technology provider. The end users representing different industries are
all large multinational companies. The selected partners are the main beneficiaries of
this project and the project’s results can have a significant impact in their performance.
From now on, the end users are referred as the original equipment manufacturers
(OEM). The structure of this chapter is as follows. First, the NOVUM project is gener-
ally introduced. Second, the project partners that are in the scope of this study is intro-
duced in alphabetical order. Last, other members of the consortium are briefly intro-

duced.
NOVUM project

NOVUM is Horizon 2020 funded R&D project with aim to develop and demonstrate a
cellulose-based 3D printing material, technology, and manufacturing concept. The pro-
ject started in 2017 and will end in 2022. The Cellulose has been used in 3D printing
earlier but as a filler in other plastics such as PLA. In this way of using cellulose, the
cellulose content cannot be higher than 30 percent in the material. (Wang et al., 2018)
The developed cellulose-based 3D printing material is called NOVUM material. In
NOVUM material cellulose will be the dominant raw material. The technology develop-
ment will focus on the industrial scale 3D printer capable of using NOVUM material.
The designing of manufacturing concept will merge the novel material and technology

and create a fully automated production line where post-processing is integrated.

Another technology that is studied in NOVUM project is fibrous foam printing. Fibrous
foam is porous and lightweight material which can be used for replacing foam plastics.
As in NOVUM material the main raw material of fibrous foam is cellulose but in much
higher content because fibrous foam does not need to be thermoplastic and therefore
additives are not needed. The development of fibrous foam printing technology started

during the NOVUM projects when a need for this type of material was identified. There-



fore, the development is lacking behind the other innovations created in NOVUM pro-
ject. The applications studied in the project are electrical insulation components and
parts for automotive and shipbuilding industry. In figure 2 applications are introduced.
From left, the first picture illustrates electrical insulation components used in electric
power transformers. The second application is replacing plastic parts in vehicles. The

third application is fabricating decorative elements such as bar in the picture for ship-

building industry.

Figure 2. Application areas of NOVUM project; electrical insulation components
and parts for vehicles and cruise ships.

In the final stage of NOVUM project, a pilot line will be constructed where the technolo-
gies and the manufacturing concept are validated. (NOVUM, 2020) The pilot line will be
a fully automated production line consisting of 3D printer and post-processing line. The
3D printer will conduct the fabrication where the post-processing line will have tasks re-
lated to finishing the surface and quality control. The technology readiness level (TRL)
of the manufacturing concept in end of the project will be 6, which means that the tech-
nology is demonstrated in a relevant environment. TRL is used in Horizon 2020 for
evaluating the maturity of the innovation. (European Commission, 2014) In the begin-
ning of the project only one OEM partner was in the consortium and three different fab-
rication technologies where studied for different types of products. However, the consti-
tution of the consortium has changed over the years and in the final stage of the project
two more OEM partners have joined the project and only one fabrication technology is
chosen to be part of the manufacturing concept. The value chain of the scope of this
study is introduced in figure 3. For more detailed and broader value chain see Appen-
dix A. The OEM partners are representing different field of industries: electric power
transformers, shipbuilding, and automotive. The R&D partners have their own expertise
and responsibilities in the development.
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Figure 3. Simplified value chain of NOVUM project.

Brinter

Brinter is a Finnish bioprinting company. They provide 3D printing solution and services
for pharmaceutical, biotechnological, and cosmetic industries, universities, and re-
search facilities. All their products are custom built. (Brinter, 2018) Bioprinting is utilized
in tissue engineering and regenerative medicine. The operating principle is same than
in ordinary 3D printing, but the feedstock is combination of biomaterials and living cells

called bioink. The end products are engineered tissues and organs. (Ozbolat, 2017)

Brinter is one of the R&D partners in NOVUM project. As the technology provider in the
project, their main responsibility is to design and build a large industrial scale 3D printer
that can be feed with cellulose-based material. The built 3D printer will be implemented
in the pilot line. The printer will utilize multi-material 3D printing and fused granular

printing technologies which are discussed more in the chapter 2.1 3D printing and sus-

tainable manufacturing.
Centro Ricerche Fiat

Centro Ricerche Fiat (CRF) is the research and innovation division of Fiat Chrysler Au-
tomobiles (FCA) (after the merge with Groupe PSA the name changed to Stellantis).

CRF develops and transfers innovation to FCA’s products, vehicles. CRF’s portfolio in-



cludes powertrains, vehicles systems and features, materials, processes, and method-
ologies. Three principal axes of sustainability guide their operations: environmental, so-
cial, and economical. They conduct much of collaboration at national and international

levels with the aim of industrial exploitation of research. (NOVUM, 2020)

Although CRF is a research and innovation division they are referred as one of the end
users in NOVUM project (OEM partner). Their objective is to replace fossil-based plas-
tics with biomaterials in parts of FCA’s vehicles. They entered NOVUM project in a later

phase.
Hitachi ABB Power Grids

Hitachi ABB Power Grids (Hitachi ABB PG) manufactures, designs, supplies, and
maintains transformers, reactors, transmission and distribution network solutions,
power grid management guidance, automation, and control systems. They are operat-
ing in a field of energy and electricity companies, industry, transport, and infrastructure.
Hitachi ABB PG’s target is built a stronger, smarter, and more environmentally friendly
energy system. They are a multinational company with locations in 90 countries and
36 000 employees. (NOVUM, 2020)

They are one of the original OEM partners in NOVUM project. Their objective is to ex-
ploit NOVUM technology in fabrication of electrical insulation components, which are
used in electric power transformers. The current insulation components are made of
cellulose, but the manufacturing process is time and energy consuming and labor-in-
tensive. The process consists of multiple stages. The insulation components are hand-
crafted by using molds, generating a significant amount of waste and need for organiz-
ing and storing thousands of molds. After molding, insulation components are dried

which is a highly energy consuming process.
Meyer Turku Oy

Meyer Turku Oy (MT) is one of the leading European shipbuilding companies. MT and
its predecessors have had shipbuilding operation at Turku Shipyard since 1737. During
the time, shipyard has built over 1 300 ships for customers around the world. They are
designing and building innovative, tailor-made cruise vessels and ferries. MT invests in
environmentally friendly, energy efficient, and safe production. They provide state-of-
the-art technology solutions, advanced construction processes and cutting-edge inno-
vations for cruise operators. MT is a family-owned company with operations in Turku,
Finland and over 2 000 employees. However, because of the broad subcontractor net-
work of MT, the maritime cluster employs over 30 000 people in Finland. (NOVUM,
2020)
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MT is one of the OEM partners that entered NOVUM project in a later phase. The
scope of the products in this project are decorative elements in the passenger deck; fa-
cades, pillars, and bars to name a few. These elements are also called outfitting be-
cause they are installed in the outfitting phase of the vessel. The demand of these
parts is uneven because the parts are only needed in one phase of the vessel’s con-

struction process.
VTT Technical Research Centre of Finland Ltd

VTT Technical Research Centre of Finland Ltd (VTT) is the leading research and tech-
nology company in the Nordic countries. They provide research and innovation ser-
vices for private and public partners. VTT helps customers to create new products, pro-
duction processes, methods, and services. They mission is to promote sustainable de-
velopment, employment, and well-being. VTT offers also top of line research facilities

and a broad range of intellectual property right and licensing services. (NOVUM, 2020)

As a research institute VTT is the second R&D partner in the scope of this study. Their
main responsibility is the development of cellulose-based 3D printing material, NOVUM
material. Furthermore, the development of fibrous foam printing technology is in the re-
sponsibility of VTT. VTT is also the official project coordinator and therefore this paper

was commissioned by VTT.
Other partners

There are also many partners in NOVUM project that are not in the scope of this study.
These partners are either in a supporting role or their responsibilities in the project are
considered more as business as usual. Abis is the main designer of the post-pro-
cessing line. This line does not have any new groundbreaking features or innovations
that would affect the outcome of this project. However, it is fully automated and state-
of-art process. The technology itself does exist already. Abis will also construct and as-
semble the post-processing line for the pilot line. JRS is the cellulose supplier and will
share it knowledge of the material. AGH University of Science and Technology is a
University in Krakow, Poland. Their responsibility is to test and evaluate developed ma-
terials. Arditec Association is responsible of the final cost structure estimate and life-

cycle cost analysis of the technologies.
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2.LITERATURE REVIEW

In this chapter, important themes and aspects regarding innovations of NOVUM project
and desired results of this paper are introduced to the reader for obtaining a sufficient
knowledge to understand the phenomenon. First, 3D printing and its potential toward
sustainable manufacturing is introduced. In this section the emphasis is on the potential
benefits of adopting the cellulose-based material and 3D printing technology. When the
benefits are known, customer value can be identified. Moreover, individual customer
value propositions can be designed to simplify and concretize the allocated customer
value. Customer value proposition, factors affecting it, and the design methods are de-
scribed in the second subchapter. In this section the emphasis is on designing cus-
tomer value propositions for business-to-business markets and novel technologies or
innovations. Customer value and further customer value propositions are the starting
point of commercialization process. They are the guiding principles for key resources
and processes that are needed for commercializing innovations. Commercialization
can have many meanings but, in this study, it refers to launching or introducing new
product to the target market. This will be discussed in the latter part of literature re-
view where the process, challenges, and business model of commercialization are in-

troduced.

2.1 3D printing and sustainable manufacturing

The manufacturing concept developed in NOVUM project consist of three elements, in-
troduced in figure 4. The first one is multi-material three-dimensional (3D) printing
which have various advantages over conventional fabrication methods. Second ele-
ment is fused granular fabrication (FGF) which is an emerging and unique 3D printing
technology that can have a disruptive impact for the industry. Third element is cellu-
lose-based material which is an abundant, renewable, and recyclable. Because cellu-
lose is not thermoplastic by nature, it needs to be modified, to be able to use it in 3D
printing. All these elements combined enable more sustainable manufacturing and effi-
cient utilization of circular economy in manufacturing industry. These elements are in-

troduced later in this section and the benefits that they provide.
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Figure 4. Technologies developed in NOVUM project and utilized in the manufac-
turing concept.

3D printing or additive manufacturing (AM) is a production technology where 3D de-
signs can be fabricated directly from a computer-aided design (CAD) file. This way
part-specific molds, tools and dies are not needed. Also, the fabrication process is
more straightforward compared to conventional manufacturing processes when the
process is performed with a single machine. In 3D printing, products are fabricated
layer-by-layer in X-Y direction and growing towards Z direction. The materials used in
3D printing are usually polymers, ceramics, and metals. 3D printing is primary used for
rapid prototyping and small batch production. 3D printing is not just a one technology
but a group of rapidly developing technologies. (Bandyopadhyay & Bose, 2015; Irene &
Timothy, 2013) The global market size of 3D printing products and services is esti-
mated to grow from 16 billion US dollars in 2020 to 40.8 billion US dollars in 2024 (Sta-
tista, 2020).

There are many differences in production models of 3D printing compared to conven-
tional production models. Traditional manufacturing industry relies on economies of
scale when 3D printing enables a new production model, economies of one. It has
been predicted that in the future, economies of one will complement economies of
scale or even replace it in some industries. This will create more flexible manufacturing
industry. When the competitive advantage of economies of scale arises from low costs,
high volume and high variety, the competitive advantage of economies of one is end
user customization. In the new production model, production is made locally compared
to the distributed and extended supply chains of the traditional model. Because part-
specific molds, tools and dies are not needed in 3D printing, the same competitive ad-
vantage of low costs in economies of scale can be reached in single unit and low vol-

ume production. (Irene & Timothy, 2013)
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The basic principle of multi-material 3D printing is that a multi-material 3D printer can
use several different materials in the same printing event, creating multi-material parts.
The benefit of multi-material 3D printing compared to conventional manufacturing pro-
cesses and traditional 3D printing is that products with differing materials can be made
in one continuous step in a single machine. With conventional methods, system com-
ponents are made separately and then joined together to make composite parts. The
same issue is with traditional 3D printing. Components made with multi-material 3D
printing have the same advantages than traditional 3D printing, but the components
can have multiple materials, which adds the functionality of the product and provide
possibility to create even more complex geometries. Materials with different properties
(wear resistance, hardness thermal performance) can be implemented in one product
in places where these material properties are most desired, thus generating property-

specific areas in the product. (Bandyopadhyay & Heer, 2018)

In figure 5 are presented the most used 3D printing technologies in 2020. Fused depo-
sition modelling (FDM) is the most used technology in 3D printing. Its advantages are
affordability, accessibility, easy-to-handle process, and user-friendliness. In this tech-
nology the raw material is in filament form. The filament is heated up until it becomes
molten and then extruded through a nozzle. Sometimes FDM is also called fused fila-
ment fabrication (FFF) based on the form of the raw material. The raw material needs
to have thermoplastic features. The nozzle moves in horizontal directions to create one

layer of the product at the time. (Zhang & Jung, 2018)

® In-house @ External service Both in-house & external service @ Considered adding

Figure 5. Most used 3D printing technologies in 2020 (Statista, 2020).

One emerging material extrusion 3D printing technology is fused granular fabrication

(FGF) or fused particle fabrication. The basic operating principle is the same than in



14

FDM, but it uses granules instead of filament as feedstock. FGF generates great op-
portunities in the 3D printing industry. It has several advantages compared to the con-
ventional material extrusion technology (FDM/FFF). First, the printing speed is consid-
erably faster. FGF technology can be 6.5 to 13 times (Woern et al., 2018) or even 37
times (UPM, 2020) faster than filament-based methods. Second, the raw material cost
is lower. Commercial filaments are 5 to 10 times more expensive than the polymers in
granule form. This is because of the additional step in the process, filament manufac-
turing. High cost of filaments is most noteworthy with large-scale 3D printers which can
use over one kilogram of polymer in a single print. Also, with large printing works, FFF
requires changing of filament spools. Because FGF’s feed tank can hold much more
material, the need for manual work decreases and therefore operating costs are lower.
Third, FGF makes filaments obsolete and therefore recycled polymers does not need
to be processed into filament again. This enables more efficient utilization of circular
economy and broader range of available material. The recycling process and tighter re-
cycling loop is illustrated in figure 6. In conclusion, FGF technology can provide a posi-
tive environmental impact as well as operational cost benefits. (Woern et al., 2018)

Hence, FGF may increase the use of recycled polymers in 3D printing.

4 A

FGF
Virgin raw material
\ / Filament v
Grinding manufacturing 3D printing

' N (FFF)
Recycled raw :
material :
AN J/ '
A 1
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Figure 6. Recycling process of 3D printed material (Mikula et al., 2020).

3D printing has great opportunities what it comes to sustainable manufacturing. 3D
printed products that are customized or personalized can create stronger user-product
relationship and improve the attachment. This may reduce the possibility of discarding
a product for psychological reasons and therefore extend the product lifetime. With 3D
printing, one can design complex geometries which reduces design limitations but also
have impact on sustainability. Design freedom can lead to more simple assembly lines,
increased product functionality, reduced material usage and energy consumption.
Lighter structures can lead to operational energy savings. Spare parts can be digitally

stored and printed on-demand. On-demand manufacturing can lead to reduced inven-
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tories and may turn repairing more accessible which can increase the lifetime of prod-
ucts even more. Digital file of products empowers distributed manufacturing. Products
can be manufactured locally which reduce emissions of transportation and shorten sup-
ply chains. Overproduction is reduced when parts are made on-demand. Repairing and

recycling can also be done locally. (Sauerwein et al., 2019)

The 3D printing of certain parts can generate much of waste. The sources of waste are
typically filament leftovers, overproduction, support structures and misprints. The eco-
nomic and environmental feasibility of distributed 3D printing waste recycling has been
studied (Santander et al., 2020) and barrier analysis been made (Peeters et al., 2019).
The study demonstrates that recycling of 3D printing waste can we viable but mainly
because of the high price of PLA filament. In the case study CO2 emissions were 69.5
percent lower compared to no recycling situation. The latter study shows that the most
important barriers for recycling 3D printing waste are linear economy, consumption so-
ciety and high-quality demands of consumers. Homogeneous waste streams and
avoiding contamination are focal factors to promote recycling of 3D printing waste.
(Peeters et al., 2019)

The most commonly used materials in FDM technology are polylactic acid (PLA) and
acrylonitrile butadiene styrene (ABS) (Zhang & Jung, 2018). Since FDM is the most
used 3D printing technology, PLA and ABS are the most used materials in the industry.
As can be seen in figure 7, nearly half of all used 3D printing material is either PLA or
ABS. (Statista, 2020). PLA is made from plants such as sugarcane and corn starch,
thus making it biodegradable. However, ABS is made from crude oil, so it does not
have that same feature. PLA and ABS does not suit well for recycling. Product made of
recycled PLA and ABS have poor material properties and thus reduces the applica-
tions. (Cress et al., 2021; Mikula et al., 2020) Also, both materials create ultrafine parti-
cle and gas emissions such as monoxide when printed. Some studies have even re-

ported higher emissions in printing of recycled material. (Anderson, |., 2017)
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Figure 7. Most used 3D printing materials in 2018 (Statista, 2020).

Novel renewable materials are receiving more attention in several industries because
of the concern of environmental issues. The world’s population is rising, and the use of
earth’s resources is increasing which is devastating from the environmental perspec-
tive. (Bandyopadhyay & Heer, 2018) National and global legislations are demanding
more recyclable and sustainable materials. Biomaterials are used for replacing fossil-
based materials. Cellulose is a material that could answer to this call by replacing fos-
sil-based plastics. However, cellulose is not thermoplastic by nature, so it has to be
modified. NOVUM material is a composite made of cellulose derivatives and additives.
Composite materials have many benefits compared to neat polymers. Generally, they
have improved stiffness and high specific strength. Disadvantages of PLA are low du-
rability, high-temperature resistance, and UV light resistance. ABS have better material
properties that PLA, but it is made from fossil-based raw material. To increase the ma-
terial properties of PLA, fillers such as carbon or glass fibers, metal powders, wood,
and cellulose are compounded into the material, thus possibly changing the nature of
the material to non-biomaterial. However, PLA composites also have disadvantages,

and therefore are not suitable for many applications. (Immonen et al., 2021)

For producing one metric ton of PLA, 11.31 tons of sugarcane or 2.39 tons of corn is
needed as a raw material. For one ton of cellulose, 2.50 tons of wood is needed as raw

material. (IfBB, 2020) Hence, cellulose do not compete against food production.
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2.2 Customer value proposition

Customer value can mean the value for a company or value for the customer. The lat-
ter term can also be described as customer perceived value. This paper focus on the
customer perceived value. The simplest definition defines customer value as what cus-
tomers get if they purchase and use the offering versus what is the costs. This results
in an attitude towards the offering. (Smith & Colgate, 2007)

Customer value propositions (CVP) consist of the methods that are used for helping
customers to solve essential business-related challenges or for delivering value to their
business. It is one of the key elements of business models in new technology product
commercialization. (Pellikka, Jarkko Tapani & Malinen, 2014) CVP can also be defined
as the difference between the benefits that customers receive and the price they pay in
monetary terms (Wouters, 2010) or as a verbal statement that links companies compe-
tences with the needs and preferences of target customers (Rintamaki et al., 2007).
The difference between business markets and consumer markets are usually that in
the latter case purchasing decision is made based on aesthetics and taste when in
business markets the decision is made based on functionality and performance
(Wouters, 2010).

Technology push and market pull is an important comparison in the beginning of CVP
development. In a case of technology push, the invention, innovation, or technology is
the starting point of CVP designing process. There is already a solution ready and the
CVP is built around it. Basically, here the task is to find problems to be fulfilled. The op-
posite of this is market pull. In this approach, there are customer problems as a starting

point, which need to be solved. (Osterwalder et al., 2015)

Figure 8 illustrates how innovation creates value for the entire value chain and how that
value flow back to the R&D firm as revenues. The value is based on improved pro-
cesses of the technology buyer or offering superior products or services to the end
user. This creates either cost reductions or higher revenue for the technology buyer. If
the purchasing decision is made based on value in monetary terms the incentive to
purchase depends on comparing differential price and differential value. The incentive

to purchase a product or service can be demonstrated in the following way:
= Vr =Va) = (P — o), (1)

where Vi and Ps represent the value and price of the offering of the selling company

and V. and P4 represent the value and price of the competitor’s next-best alternative.



18

Customer will perform the transaction with the selling company if the outcome of equa-
tion 1 is a positive number. CVP can be developed by first converting the features of
the offering into desired benefits for the customer. Then the benefits are converted into

monetary value. (Wouters, 2010)

R&D—— > |__Superior products, ol |Jsers of new
. Technology services
R&D firm _ products,
Value-based buyer < Higher :
payments revenues services

Cost savings from improved processes

Figure 8. Creating customer value in R&D context (Wouters, 2010).

There are three different types of value propositions used in business markets. These
are all benefits, favorable points of difference and resonating focus. In all benefits ap-
proach, every aspect of the offering that are believed to deliver benefit to the target
customers are listed and presented. This approach needs the least knowledge of the
target market and thus is easy to use. Because of its simplicity there are various of dis-
advantages with using it. First, the customer value proposition may claim benefits that
the target customer does not value. This is called benefit assertion. Second, many of
the benefits listed may be points of parity with the competing technology. Points of
parity are the benefits and features that are shared with competitors and therefore are
necessary to match the competitors offering. However, points of parity do not differ
one’s offering from the competitor’s offering. Large number of points of parity will re-
duce the effect of point of difference which distinguishes one’s offering from the com-
petitors. If the value proposition shares many benefits with the second-best alternative

it might lead to price competition. (Anderson, J. C. et al., 2006)

The second type of value proposition is favorable points of difference. The starting
point in this approach is to recognize the alternatives for the customer to choose. The
objective is to differentiate the offering from the next-best alternative. Hence, this ap-
proach requires knowledge of competitors and next-best alternative’s capabilities. How-
ever, without understanding the customer’s requirements and preferences this ap-
proach can lead to value presumptions. Value presumption occur when incorrect as-
sumptions are made about features that are valuable to the target customer. The sup-
plying company may lead to emphasize points of difference which creates little or no

value to the target customer. (Anderson et al., 2006)

Resonating focus is the last one of the three types of value propositions. It is the ap-

proach that companies should prefer. In this approach, the most valuable elements for
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the target customer are emphasized and made superior compared to the next-best al-

ternative. The superior performance needs to be demonstrated and documented

clearly. Furthermore, the value should be communicated in a way where customer

feels its business priorities are understood. Resonating focus proposition concentrates

only on one or two points of difference that deliver the greatest value to the target cus-

tomer. The further study and product development should be concentrated to improve

the performance of these points of difference. Resonating focus value proposition

might also include a point of parity when it is essential to the customer. For example,

when delivering superior performance but with the same price that the next best alter-

native. (Anderson et al., 2006) The three types of value propositions are summarized in

table 1.
Table 1. Three types of value propositions (Anderson et al., 2006).
Value All benefits Favorable points of Resonating focus
proposition difference
Content All benefits that custom- | All favorable points of One or two points of dif-

ers receive from the of-
fering.

difference that the offer-
ing has compared to
the next-best alterna-
tive.

ference which will de-
liver the greatest value
to the customer now
and in future, and a
point of parity if it is re-
quired.

Answers the

Why one’s offering

Why one’s offering

What is the most valua-

question should be purchased? should be purchased in- | ble of one’s offering for
stead of the competi- the target customer?
tor's?
Requires Knowledge of own of- Knowledge of own of- Knowledge of how own
fering. fering and next-best al- | offering delivers supe-
ternative rior value to customers
compared to next best
alternative.
Challenges Benefit assertion and Value presumption. Requires customer

large number of points
of parity.

value research.

There are much of uncertainty in product development projects and understanding the
value of novel technologies can be difficult. It can get even more challenging in a R&D
network, where the entire value chain is involving. The problems and challenges in de-

signing CVP for novel technologies are:
o feasibility of the R&D,
e no previous data,
e substitutes, competitors, and benefits are unclear,

e applications are unclear,
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e next-best alternative is unclear,
e other technologies are required,
e innovation is disruptive and

e research is public or shared in a consortium and applications are still unclear.
(Wouters, 2010)

The feasibility of the R&D project may be uncertain because the development costs
can vary much and even building a working prototype might be uncertain. Customer
value cannot be analyzed because of the lack of data. When technology is new, the
products and services based on the new technology does not exist and thus there is no
previous data to be analyzed. It might be unclear what are the substituting products
and services, and who are the competitors. It is impossible to compare the new product
or service to the next-best alternative if these are unknown. Also, benefits of the tech-
nology may be unclear and moreover the monetary value of these benefits. (Wouters,
2010)

The next-best alternative may also be unclear when the new technology is not only a
better version of a current one, but a completely different. The new technology might
enable to offer considerably different and new products, processes, and services.
When other technologies are also needed to construct new products, processes, and
services it might be difficult to quantify the value of distinct technologies even when the
value of the new offering is known. If the innovation is disruptive it can lead to great
changes in the industry. It could lead to a new dominant design or industry architecture.
For these kinds of innovations, the value can be impossible to conceptualize and there-
fore to monetize. Last, even if the research is made public or shared in a consortium

the applications can be unclear. (Wouters, 2010)

Smith and Colgate (2007) have developed a framework which identifies four major
types of value and five major sources of value. The framework is presented in Appen-
dix B. The major types of value are functional/instrumental value, experiential/hedonic

value, symbolic/expressive value, and cost/sacrifice value. (Smith & Colgate, 2007)

Functional/instrumental value consists of product’s or service’s characteristics, useful-
ness, and performance. Functional/instrumental values are further categorized into
three key facets of value. First, appropriate features, characteristics, attributes, or func-
tions such as quality, customization, and aesthetics. Second, appropriate performances
such as performance quality and reliability. Third, appropriate outcomes such as effec-

tiveness, operational benefits, and strategic value. (Smith & Colgate, 2007)
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Experiential/hedonic value consists of experiences, feelings, and emotions that the
products or services create. In business markets many organizations concentrate on
social-relational values such as relationship and network benefits, responsiveness,
bonding, personal interaction and developing trust or commitment. Symbolic/expres-
sive value consists of customer attachment on psychological meaning to a product or
service. For example, using certain products because of their image benefits. (Smith &
Colgate, 2007)

Cost/sacrifice value consists of the transaction costs when the cost of purchase, own-
ership, and use are minimized. The focus here can be either minimizing economic
costs, convenience and minimizing psychological costs, minimizing the personal invest-
ment of customer, or reducing the risks perceived by customer. Economic costs are the
product price, switching costs, operating costs, and opportunity costs. Psychological
costs are stress, search costs, psychological switching costs, and learning costs. Per-
sonal invest of the customer includes the time, effort, and energy that the purchasing
and consuming process requires. Measures to reduce the risks perceived by custom-
ers are for example warranties, guarantees, and flexible return policies. (Smith & Col-
gate, 2007)

There are five main sources of customer value: information, products, interactions,
environment, and ownership transfer. Value chain activities such as public relations,
advertising, and brand management create the information. Value chain activities such
as market research, R&D, new product development, and manufacturing create the
products. Value chain activities such as service quality, recruitment and training, and
operations create the interactions. Value chain activities such as interior design, facility
management, and merchandizing create the environment. Value chain activities such
as delivery, accounting, and transfer create the ownreship transfer. (Smith & Colgate,
2007)

2.3 Technology commercialization process

An effective commercialization process is required for identifying the potential benefits
of innovation. In modern business environment this task is challenging because of the
rapidly changing customer requirements and reducing product lifecycles. (Pellikka &
Malinen, 2014) In the academic literature, commercialization has many meanings. It
can refer to the product development process, launch of new product, successful mar-
keting of the new product, or the efforts to help customer to realize the full benefits of
innovation. (Pellikka, Jarkko & Virtanen, 2009) Datta et al. (2013) describes commer-

cialization of innovations as measures required for introducing an innovation to market.
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When an innovation is introduces to the market, typically only the innovators, who are
the technological enthusiasts, will apply the innovation in the early stage. They repre-
sent less than 3 percent of the market. A successful commercialization requires a
broader capture of the mainstream market, which consist of conservatives and pragma-
tists. Hence, the ability to commercialize innovations can be defined to be organiza-
tion’s capability to introduce new products to the market and reach the mainstream
market. (Datta et al., 2013)

The main activities in commercialization process are discovery, development, and de-
ployment. These activities can be further divided into six themes. The six themes con-
sist of various of elements and decisions. In discovery phase, market for the innovation
is recognized, followed by development phase, where the product is developed and
manufactured, and last, deployment phase, where the product is sold and distributed
through distribution channels. (Datta et al., 2013) The technology commercialization
process including the themes and elements, and their interactions are presented in fig-

ure 9. Next, the six themes and their elements presented in more detail.

> Entrepreneurial Activities to Commercialize Innovations >
Discovery, Invention: Development: Develop and Deployment: Sell
Market Recognition Manufacturethe Innovation into and Distribute the
for Innovation Goods Goods
Innovation Innovation Market Entry: \ \
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Figure 9. Themes in the process of technological innovation commercialization
(Datta et al., 2013).

The first theme is innovation source. It describes how organizations generate innova-
tions. For example, in NOVUM project the innovation originates from alliances and col-

laboration. Alliances and collaboration will help bringing organizations closer together
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through knowledge sharing and transferring. Networks are important for obtaining infor-
mation of new product ideas. Furthermore, external sources of information comple-
ments organization own R&D activities. These R&D networks are most important in
high-technology sectors where individual organizations may not have the capabilities to

commercialize the innovation by themself. (Datta et al., 2013)

The innovation type can be divided in distinct dimensions as seen in figure 9. Product
innovations are direct outputs of organizations when process innovations are generat-
ing improvements in the production. Radical innovations are completely different from
previous innovations and result in new products or services, whereas incremental inno-
vations are improvements in existing products and services. Architectural innovation
changes the design of the whole system, whereas component innovation does not
change the overall configuration of a system where it is implemented. Competence en-
hancing innovations are built on the organizations’ existing competences, whereas
competence destroying innovation is not built on existing competences but drives new

competences. (Datta et al., 2013)

Market entry: competence and feasibility consist of two main activities: entry time as-
sessment and first-mover advantage and competency analysis. Advantages of the first
mover are a reputation of technological leadership, gaining brand loyalty, capturing
scarce resources, exploiting buyer’s switching costs, and benefits from learning-curve
effects. However, there are also various of disadvantages such as high failure rates
due to high R&D costs and consumer uncertainty and possibility of poor infrastructure
of distribution channels, suppliers, and complementary goods availability. Second
mover can exploit the R&D and marketing efforts of the first mover. They can produce
the technology in lower costs and learn from the mistakes that the first mover has
made. The competence analysis concentrates on identifying core competences that
make the organizations product or service unique compared to other’s offering in the

same market. (Datta et al., 2013)

In protection theme, organizations need to consider how the innovation should be pro-
tected, how efficient the protection is, or should the innovation be left without protection
for accelerating its distribution and development. Technology diffusion can encourage
other organizations to promote and distribute the technology. Diffusion is most useful
when organization does not have the resources or does not want to control the whole
value chain, has competitors that could accelerate the development, or want to ensure

that the technology becomes the dominant design. (Datta et al., 2013)
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The three main elements in development theme are design and manufacture, the inno-
vation development process, and deciding the launch form. Design and manufacture
element consist of comparison between in-house and collaboration with other organiza-
tions. These collaborations through networks can be strategic alliances, joint ventures,
licensing, or outsourcing. Typically, when organizations have the capabilities to develop
the product and want to protect the technology and have control over the development
process, they tend to manufacture the innovation in-house. However, there are multiple
advantages over collaboration: cost and risk sharing, combining skills and resources,
knowledge transfer between organizations, and facilitating shared standard creation. A
successful innovation development process requires maximizing fit with customer re-
quirements, minimizing time to entry, and controlling development costs. Innovation
can be launched by one organization, spinouts, a subsidiary, or a joint venture. Spinout
is established when a division of an organization becomes independent over the parent
organization. Some of the assets, intellectual property and technology are transferred
to the spinout. Subsidiary is an entity that is controlled by a parent organization. Joint
ventures are used between organizations when much of resources and capabilities are
needed and for sharing risks. (Datta et al., 2013)

The deployment consists of launch time, licensing and compatibility, pricing, distribu-
tion, and marketing, and thus are regarding tactic decisions of commercialization. Fac-
tors that affect launch timing are seasonal effects and business cycle, production ca-
pacity and complementary goods availability, and assessment of the effects of the
launch to the existing products. Innovation can also be sold out or licensed depending
on the assets required for launch, the technical compatibility issues as well as back-
ward compatibility with previous generations. Two most common pricing techniques are
market skimming and penetration pricing. With market skimming organizations ask high
prices for covering the development costs swiftly or for signaling significance. Penetra-
tion pricing is used for achieving maximum market share. Organizations can utilize in-
termediaries or sell their products by themselves. Using distributors can accelerate the
distribution of the innovation. Marketing has a great role in significant in bringing inno-
vations to market. Decisions regarding marketing are cost, information content, reach,

and target segment. (Datta et al., 2013)

In table 2 is collected and summarized different commercialization strategies or meth-
ods that can be implemented in development phase. Basically, in-house and subsidiary
commercialization strategies are the only one that an organization can implement by

itself. All the rest can be defined as strategies for collaborative commercialization. Col-
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laborative strategies are used because organizations do not necessarily have all the re-
sources and capabilities to effectively launch an innovation to the market. They may
lack capacity for example in manufacturing, marketing channels, or global contacts.
(Henttonen & Lehtimaki, 2017)

Table 2. Commercialization strategies (Aslani et al., 2015; Datta et al., 2013; Henttonen & Lehtiméki,

2017; Markman et al., 2008).

Commercialization strategy

Description

In-house

Commercialization within the organization and employing
knowledge to the organization’s own products and services.

Outsourcing

Outsourcing is the opposite of in-house. It is used when or-
ganizations do not have the resources and capabilities to
conduct all functions in-house or want to achieve econo-
mies of scale in its core competencies.

Licensing

An organization acquires the right to utilize a particular
technology.

Joint venture

Joint venture is a partnership that typically requires creation
of separate entity. Two or more organizations invest in the
new entity for gathering resources and capabilities together
and for sharing risks.

Subsidiary

Subsidiary is a distinct entity that is controlled by a parent
organization.

Strategic alliance

Strategic alliance is an agreement between two or more in-
dependent organizations to cooperate on certain business
activities.

Knowledge sale

Knowledge sale is the transfer of ownership of a knowledge
asset such as patent or technology.

Divestment of company units

Consist of transfer of a knowledge asset as well as the unit
or division of the organization that operates with the innova-
tion.

Spinout

Spinout is much the same than divestment of company
units but here the division of organization splits off when in
the previous it is sold.

Venture capital

Gathering external funding for commercialization of techno-
logical innovation.

Exhibitions

Marketing the innovation in conferences, publishing articles,
and participating into international fairs of the industry.

Business incubator

An organization can utilize a business incubator who will be
the key facilitator to stimulate technology commercializa-
tion. This works best in complementary innovation system.

Open science and innovation

An innovation mode where different actors such as custom-
ers and end users, co-innovate and co-create.

Contract research and consul-
tancy

Research can be commercialized by providing access to
new knowledge, enhancement of R&D, and access to talent
against payment.

In chapter 2.2 Customer value proposition, different types of customer values were in-
troduced. These customer values were functional/instrumental value, experiential/he-

donic value, symbolic/expressive value, and cost/sacrifice value. Organizations seldom
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deliver only one type of value to the customer. However, the type of value they deliver
to the customer have a significant role on the marketing strategy. (Smith & Colgate,
2007)

Organizations that compete by delivering superior functional/instrumental value follow a
product-leadership strategy. They invest in value creation processes, which are related
to new product development, quality, market research, and technology R&D. Continu-
ous innovation and time to market are emphasized. Organizations that focus on deliv-
ering experiential/hedonic value follow customer responsiveness strategy. In this strat-
egy, organizations invest in customer support technology, customer service, market re-
search, facilities, and flexible manufacturing. Service quality, customer relationship,
and customized solutions are emphasized. Symbolic/expressive value driven organiza-
tions rely on image/brand equity strategy, where they invest in advertising and public
reactions, customer service and support, and product quality. They emphasize stake-
holder relationships, and reward for creativity and novelty. Organizations that compete
by delivering cost/sacrifice value follow operational excellence strategy. They focus on
efficiency and effectiveness in purchasing, manufacturing, and distribution. Emphasize
is on standardizing operating procedures and avoiding intermediate processing steps
and overhead. (Smith & Colgate, 2007)

Success factors of technology commercialization are presented in table 3. The table
have been collected from a comprehensive literature review by Kirchberger and Pohl
(2016). The main success factors in university-industry cooperation commercialization
projects are university policy and structure, followed by technology transfer strategy
and researchers’ individual characteristics. Technology application value means identi-
fying potential customer value of the new technology to the end users, which is one of
the key research questions in this study. ldentifying customer value can help to recog-
nize market orientation and understand the customer. This includes tasks such as iden-

tifying potential manufacturers and end customers. (Kirchberger & Pohl, 2016)
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Table 3. Success factors of technology commercialization (Kirchberger & Pohl, 2016).

Success factor Definition
Industry closeness How cultural, geographic, and network proximity of technology de-
velopers to industrial companies affect technology commercializa-
tion.
Innovation culture How general environment, values, and principles of an organiza-

tion affect technology commercialization.

Intermediaries’ support How external intermediaries can help to bridge the gap between
research and commercial environment.

Management techniques | How risk management, absorptive capacity, defining technology
champions, knowledge management, project management, and
transfer capabilities affect technology commercialization.

Networking activities How networks between and within organizations facilitate technol-
ogy transfer.

Property rights The possibility to protect new innovations and get property rights.

Researchers’ individual Personal attributes and demographics of researchers participating

characteristics in technology commercialization.

Team structure How the background, completeness, and size affect technology

commercialization.
Technology application How identifying potential customer value of the technology can af-

value fect technology commercialization.

Technology suitability How attributes of the technology can hinder or support the com-
for commercialization mercialization.

Technology transfer How the selected commercialization methods affect technology
strategy commercialization.

University policy and How the policies and organizations of universities affect technol-
structure ogy commercialization.

2.4 Technology commercialization challenges

There are much of uncertainty, problems, and challenges in commercialization of inno-
vations. Many activities, resources, and involvement of external organizations are re-
quired to bring new products to the market. The challenges vary much between small
and medium-sized companies (SMEs) and larger companies because of the limited re-
sources of SMEs’. Traditionally SMEs lack resources from marketing and financial ac-
tivities. Limited human resources can degrease propensity and ability to identify and re-
spond to potential opportunities and threats of the business environment. SMEs are
more dependent on external business know-how and networking. Also, business objec-
tives and strategies may be unclear due to potential lack of managerial experience and
expertise. (Pellikka, Jarkko et al., 2012)

Pellikka and Virtanen (2009) identified in their research the main commercialization
challenges of small technology firms. The problems are categorized into three areas:
environment of commercialization, marketing, and financing. The study shows that the

main challenges in environment of commercialization are lack of skilled employees and
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support and development services provided by local institution are not available. In
marketing the main challenges are acquiring of marketing resources, building of na-
tional sales and distribution channels, exploiting of market and customer information,
and timing of marketing. In financing the main challenges are gathering of financial re-
sources, insufficient venture capitalist, applying public funding takes time and re-

sources, and the need for financing is rapidly changing. (Pellikka & Virtanen, 2009)

Aarikka-Stenroos and Lehtimaki (2014) identified six commercialization challenges re-
garding radical innovations. These challenges and their interactions are presented in
figure 10. The challenges cannot be solved and decided at the same time because oth-
erwise important information is missing for solving the next challenge and thus solving
commercialization challenges is a step-by-step process. This process always starts by
choosing the correct strategy. Only the fourth challenge, acquiring support from stake-
holders and the ecosystem, and the fifth challenge, overcoming adoption barriers and

facilitating the adoption can be solved in parallel. (Aarikka-Stenroos & Lehtimaki, 2014)

1) Challenge of
choosing the

correct strategy 2) Challenge of
in conditions of .
understanding

uncertainty the customer’s \ 3) Challenge of

perspective creating credibility

for the innovation 4) Challenge of
and the firm acquiring support 6) Challenge
from stakeholders of creating
and the ecosystem sales at the

early majority
/\ market
5) Challenge of
overcoming

adoption barriers
and facilitating the
adoption

Figure 10. Commercialization challenges and their linkages (Aarikka-Stenroos
& Lehtimaki, 2014).

Much of uncertainty arise in innovation commercialization processes and therefore it
can be difficult to design a feasible strategy. Organizations may not have all the infor-
mation and experience of the market that are needed for designing the initial strategy.
After the launch of the product or service, often the strategy needs to be modified,
which can lead to changes in the offering, target segment, positioning, customer value

proposition, or business model. Interacting early with stakeholders such as customers,
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distributors, complementors, and legislators can help organization to gather market
knowledge and therefore creating a more feasible strategy. (Aarikka-Stenroos &
Lehtimaki, 2014)

The second challenge arise when organizations do not understand the customer bene-
fits. The customer value proposition should not be designed from the technology per-
spective. Organizations tend to focus on the technology and marketing and therefore
build their sales efforts around the technology’s benefits. It is important to recognize the
customers’ perspective on benefits and value potential, in which context customers are

using the technology, and their preferences. (Aarikka-Stenroos & Lehtimaki, 2014)

The third challenge is creating credibility for the innovation and the organization. This
challenge arises when the product category is new, and the supporting ecosystem is
not ready. Typically, these products have also many rivals with novel technologies,
which have the same benefits for the customers. Organizations try to increase their
credibility by partnering and networking, validating the innovation and its benefits
through scientific testing, customer references, customer education, and exploiting ex-
isting brands. (Aarikka-Stenroos & Lehtimaki, 2014)

When commercializing radical innovations, organizations need to either enter and mod-
ify an existing ecosystem or create an entirely new one. Therefore, challenge of acquir-
ing support from stakeholders and the ecosystem arises. Distributors and regulators
were identified to be the most crucial stakeholders in the ecosystem. (Aarikka-Stenroos
& Lehtimaki, 2014)

The fifth challenge is overcoming adoption barriers and facilitating the adoption. Radi-
cal innovations might require changes in customers’ as well as other stakeholders’ atti-
tudes, behaviors, or processes. The first step of organization is to identify these adop-
tion barriers. Then, these adoption barriers need to be overcome by preparing the mar-
kets. Actions to overcome these barriers are education, instruction, awareness build-
ing, and encouraging customers to switch from the old technology. However, these ac-
tivities consume much of valuable resources. One strategy is to collaborate with lead
users. (Aarikka-Stenroos & Lehtimaki, 2014)

The last and sixth challenge is creating sales at the early majority market. Challenges
in sales generation can force the organization to review its commercialization process
and make changes in strategy. Specific difficulties here are when organizations need

distribution partners and investors to launch the innovation, but these stakeholders re-
quire evidence of sales and market potential first. Also, although an organization suc-

ceed in early market, they may struggle in reaching the early majority market. This
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means that organizations need to apply different approaches when they try to capture

sales from different market categories. (Aarikka-Stenroos & Lehtimaki, 2014)

In this study the commercialization refers to launching new product to the target mar-
ket. Therefore, the reasons for market success/failure of the innovation once it has
been launched to the market is discussed next. The relevant performance indicators
when evaluating market success/failure are customer acceptance and financial perfor-
mance. Typically, these dimensions are interrelated but not in all cases. In their study,
Chiesa and Frattini (2011) identified two ways how to influence customer acceptance in
high-technology markets. First, ensuring support from the players in the innovation’s
adoption network. This is emphasized when commercializing systemic innovations.
Systemic innovation requires a considerable change of the other components in the
system. In the other hand, autonomous or stand-alone innovations does not have this
requirement. Therefore, many various stakeholders need to be persuaded to support
the innovation and their actions have greater influence on the success. Second, affect-
ing the attitudes of early adopters after the first purchase and use. This will trigger a
positive or negative word-of-mouth marketing effect towards later adopters. This have a
greater influence on radical innovations because the uncertainty of customers’ con-

sumption is much higher. (Chiesa & Frattini, 2011)

They suggest several recommendations how to ensure extensive supports from the

adoption network:

e Establishing long term strategic partnership with critical stakeholders in the
adoption network before the innovation is diffused into the majority of the target

market.

¢ Out licensing the technology to the main competitors and complementary prod-

uct developers.

o If a software is included, selling its development tool at low price or free of

charge.
e Clear positioning of the innovation.

For affecting the post-purchase attitudes of early adopters, they suggest measures pre-

sented below:
e The innovation is launched after the product configuration is complete.
e Early preannouncement if the product configuration at launch is complete.

o Early adopters are proactively targeted.
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e Positioning of the innovation as a groundbreaking technology.

¢ At launch, the product includes critical functionalities for the early adopters, and

they are working perfectly.

e Simple configuration with only few additional functionalities to the core func-

tions.

e The product includes all the functionalities communicated during the prean-

nouncement campaign.

e Focus on the technical capabilities and degree of sophistication of the innova-

tion during the preannouncement campaign. (Chiesa & Frattini, 2011)

2.5 Business models in commercialization process

Business models involve various business partners. All actions, which the partners in-
volved in the business model conduct, must be aligned to effectively exploit their com-
petences and technological assets in the commercialization process. Partnering up and
cooperating in the stages of commercialization process can significantly reduce the
time to market and expenses, increase profitability, enhance innovation capability, gen-
erate greater flexibility in R&D, expand market access, and create new business oppor-
tunities. However, customer involvement in the commercialization process may lead to
allocating limited resources too narrowly and hinder commercialization. (Pellikka & Ma-
linen, 2014)

Business models consist of four elements that together create and deliver value to the
customers. The four elements and their linkages are presented in figure 10. The most
important one of the elements is customer value proposition. CVP was discussed in
more detail in chapter 2.2 Customer value proposition. It describes the customer’s
problem that needs solution. It is the starting point of creating business model and
therefore the foundation that will lead the design of the other elements. (Johnson et al.,
2008)

Profit formula describes how the organization creates value for itself while the custom-
ers obtain the value of the CVP. Profit formula includes for example revenue model
(expected revenue), cost structure (cost of the key resources), margin model (profit),
and resource velocity (utilization of resources, inventory, and assets). (Johnson et al.,
2008)

Key resources are the key assets and elements required for creating and delivering the

CVP to the target customer. Generic resources that do not differentiate organizations



32

from its competitors and therefore do not generate competitive advantage are not re-
quired here. (Johnson et al., 2008) This is consistent with the principals of designing
CVP (Anderson et al., 2006).

Key processes are the processes that enable organization to create and deliver the
CVP to the target customer. These processes may facilitate organization to obtain re-
curring sales. Key processes include processes (designing, product development,
sourcing, production, marketing, training, and service), rules and metrics (lead times,
supplier terms, and credit terms), and norms (opportunity size needed for investment

and approach to customers and channels). (Johnson et al., 2008)

Key processes

Processes
Rules and metrics
Norms Key resources
Customer value People
. Technology, products
proposition .
Equipment
Target customer )
Information
Job to be done
Offerin Channels
9 Partnerships, alliances
Profit formula Brand
Revenue model \ /
Cost structure
Margin model
Resource velocity
Figure 11. Elements of a business model (Johnson et al., 2008).

Major changes in any of these four elements of business model affect each other. This
may lead to changes in the whole business model, and especially if the CVP changes.

(Johnson et al., 2008) A study made by Pellikka and Malinen (2014) noticed that many
small technology companies emphasized value creation to customers and understated
value capturing (profit formula) in their business models and therefore companies were
unable to realize the potential value of the innovation during the commercialization pro-
cess. (Pellikka & Malinen, 2014)
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3.RESEARCH METHODOLOGY AND MATERIALS

In this chapter, the research methodology and materials are introduced to the reader.
This study will be conducted with qualitative research methods. There has been argues
how the difference between qualitative and quantitative research are defined. However,
the most straightforward difference between these methods is that quantitative meth-
ods are based on numbers or quantities when qualitative methods try to explain the
phenomenon with other findings. (Hirsjarvi & Hurme, 2008) Quantitative methods could
not be used in this research because research problem is tried to be solved using opin-

ions and viewpoints of case project partners.

The research process is as follows (figure 12): In the first phase, the study is planned.
The study starts with an idea of research and then, a well-defined research plan and
problem are conducted. The objective and scope of the study is defined, research
methods are chosen, and the study is scheduled. The second phase is to introduce to
the topic. What have been studied before and introducing to the research case. Third
phase is the data collection. In this study, the main data collection method is semi-
structured expert interviews, but also secondary data collection methods literature and
a broad archive of case project documents were used. Fourth phase is data analysis. A
framework for analyzing the data and achieving the research objectives was created.
The last phase is the reporting phase, although writing is occurring in every phase of
the process. (Kallinen & Kinnunen, 2021) The case in this paper is given because this
study was commissioned by VTT. The case project was introduced in the chapter 1.4
The ecosystem of the study. The chosen organizations are the main beneficiaries of

the R&D results in the case project.

Planning Introduction Data Data Reportin
the study to the topic collection analysis P 9

Figure 12. Qualitative research process (Kallinen & Kinnunen, 2021).

In the chapters below, data collection and data analysis phases are introduced in dept

to the reader. Also, the research is evaluated in the last subchapter.
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3.1 Data collection

Qualitative research methods are used for achieving the objectives of this study. For
the primary data collection method was semi-structured qualitative expert interviews
chosen. Interviews were chosen to be the main data collection method because the
aim is to get different opinions how the commercialization should be conducted. The
idea behind semi-structured interviews is utilization of tape recorder. This way a large
quantity of data can be documented easily. (Kallinen & Kinnunen, 2021) Open-ended
questions are created in advance, so that interviewees can answer in their own words
and the questions are the same for all (Hirsjarvi & Hurme, 2008). The difference with
fully structured interviews is that the response alternatives are also created before-
hand. Precise and carefully generated questionnaires are useful in expert interviews.
(Kallinen & Kinnunen, 2021) Expert interviews are used when collecting data that can-
not be acquired elsewhere. Experts have special know-how about the researched topic
that no one else have or are in charge of the process. (Hyvarinen et al., 2017) In this
case, interviewed experts are the representatives of the organizations in the case pro-
ject NOVUM. They represent their organization in the project and therefore have the
best knowledge on the topics. Although questionnaires were created in advantage the
aim was to create conversation around the topics, thus having also features of theme

interviews (Kallinen & Kinnunen, 2021).

Questionnaires were sent to the interviewees a week before the interview so the repre-
sentatives could get to know the questions and discuss them internally. The questions
asked from OEM and R&D partners were different but were related to the same themes
and topics. The questionnaire for OEM partners is presented in Appendix C and for
R&D partners in Appendix D. In the table 4 below are the interviews and their infor-

mation presented.

Table 4. Interviews.

Organization Number of inter- Language Date
viewees

Meyer Turku Two Finnish 26.3.2021
Hitachi ABB Power One English 29.3.2021
Grid
Centro Ricerche Fiat Two English 31.3.2021
Brinter One Finnish 7.4.2021
VTT Two Finnish 8.4.2021

One Finnish 19.5.2020
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All the interviews were conducted online via video conference due to the Covid-19 and
the long distances. One and a half hours were allocated for each interview. The inter-
views were recorded for creating undisturbed conversation and later analysis purposes.
Although NOVUM project is a public R&D project the interviewees are kept anony-

mous.

Secondary data was also utilized and collected from project documents and theoretical
background. Secondary data is data that were initially collected for other purposes.
(Saunders et al., 2019) Especially when the benefits and the characteristics of the tech-
nologies were analyzed, the literature review could provide previous and general

knowledge of the topic.

3.2 Data analysis

Qualitative research analysis is defined to be compressing the data and processing it
into a theoretical form. There is not any universal pattern or model how the analysis is
conducted. However, the main task is to generate something substantial from little and
dig into the data. (Kallinen & Kinnunen, 2021) The data analysis in this research was
done utilizing thematic analysis. Thematic analysis is a systematic, flexible, and acces-
sible approach to analyze qualitative data. The first phase of the data analysis is to be-
come familiar with the data. This was done by producing transcripts of the interviews.
In this phase the recorded interviews were converted into literal form. Data familiariza-
tion is important in research because it will increase the interest in meaning, recurring
themes, and patterns in the data. (Saunders et al., 2019) In the data analysis perspec-
tive, the factual content of the interviews was the main interest. Therefore, some of the

content was filtered out in this phase already.

The next step of the analysis when the transcriptions are done, is coding (Saunders et
al., 2019). Coding is broadly exploited basic method for analyzing qualitative research.
In this method data are joined together and sorted out into categories or themes based
on similar characteristics of the data. (Kallinen & Kinnunen, 2021) Then the analysis
continued by seeking similarities, extremes, and divergent events (Hirsjarvi & Hurme,
2008). In this phase, the data is in a table form. The coded data is presented in table
form and then literally opened up in the text in chapter 4. Results. Next, this coded data
was utilized for creating the data analysis that will have the answers to the research
problem. In this phase, the categorized coded data is again seen as a unity, so that the

phenomenon can be analyzed in-depth. In the analysis and discussion, the phenome-
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non is tried to be described in thick matter, which means that not only facts are pre-
sented but also the phenomenon is described as deeply as possible. (Hirsjarvi &
Hurme, 2008)

As stated in the literature review, an effective commercialization process is required for
identifying the potential benefits of innovation. Therefore, a theoretical framework for
achieving the objectives of this study was created. The framework is presented in fig-

ure 13.

Customers
{(end users)
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Figure 13. A theoretical framework for commercializing R&D results.

This framework will be the foundation that will guide the analysis and discussion of this
study. First, with the help of the coded data collected from the interviews, exploitable
R&D results are identified. Second, the benefits identified in the literature review and
interviews are interconnected with the exploitable R&D results to identify and determine
customer value. However, the main input in identifying customer value are the individ-
ual interviews where end user specific information about benefits are obtained. To gain
distinguishable, shorter, and more controllable instrument for commercialization, dis-
tinct CVPs for each end user are designed. Third, general and case specific challenges
and barriers in technology commercialization are identified with help of literature and
interviews. Last, CVP, challenges, and barriers will guide the commercialization. In this

last step of the framework, key resources and processes for creating and delivering the
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CVP to the target market are identified and measures for ensuring these capabilities
are proposed. Also, countermeasures for identified challenges and barriers are pro-

posed.

3.3 Evaluation of the research

The terms reliability and validity are generally used when evaluating research. Reliabil-
ity means that when studying the same person, the outcome is the same every time. Or
in other words repeatability of the results of the research. The term validity has multiple
purposes. It can evaluate if the results from coming research can be predicted from the
results, is the research covering the desired matters, or can the results be generalized
for a broader use. However, these terms may not be feasible in interview-based re-
search because the circumstances are unique. (Hirsjarvi & Hurme, 2008) Therefore,
the results cannot be generalized for broader scope. In this study it means that the re-
sults are valid only in the case project NOVUM. Saunders et al. (2009) states that more
usable criteria for evaluating qualitative research are dependability, credibility, transfer-

ability, and authenticity (Saunders et al., 2019).

Quality control is important when conducting research. One aspect for achieving high-
quality results is creating good structure of the interviews. (Hirsjarvi & Hurme, 2008)
Therefore, the questionnaires went through review rounds where they were evaluated
and modified before sending them. Coding of the data was fairly easy to conduct be-
cause same kind of questions were asked from all the interviewees. The results of the
interviews were sent to the interviewees to ensure the authenticity of content before the

analysis and discussion was conducted.

One limitation of this study is the number of interviewed case organizations. Because
the organizations are participating in a radical R&D project like NOVUM, it can be said
that they are innovators and do not represent the mainstream market. As said in the lit-
erature review, the launch is stated to be successful when it can reach the mainstream
market. Therefore, a broader market study is needed, where the preferences of early

adopters are studied.
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4. RESULTS

In this chapter, the data collected in the interviews are presented as the results of this
study. NOVUM project is categorized into four different layers to get more detailed
overview and to cover all the benefits that partners are seeking. These layers are illus-
trated in figure 14. The first or core layer focus on the benefits that are sought from the
technology level. Second layer discusses the technologies as one, or in this case the
manufacturing concept. Third layer is the value chain level where the benefits obtained
from other partners are discussed. Last layer is the project level where the objectives
and gains of each partner are discussed. The benefits obtained from the technology
and manufacturing concept are quite much the same and their performance are inter-

dependent. Therefore, these benefits are presented as one.

Project

Value chain

Manufacturing concept

<___Technology >

Figure 14. Different layers in NOVUM project.

When partner’s objectives in each layer were defined, the exploitation of the results
was studied. In this part, the partners were asked how each will utilize the technology
and for which products. In the latter part of this chapter, first, the potential challenges
and barriers that were identified during the interviews are presented, followed by the

drivers for exploitation.

4.1 Benefits from technology and material - OEM partners

In this chapter the benefits that the original equipment manufacturer (OEM) partners

are seeking from the developed technology and material are presented. In this study,
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OEM refers to the manufacturer of the final product and under whose brand the product
is sold to the customers. The benefits sought by different partners in the technology
level are further divided into three different values by their nature. The benefits are con-
nected into the value where they have their greatest impact. The values are economic,
functional, and environmental as presented in figure 15. These distinct values are cre-
ated with help of Smith and Colgate (2007) framework introduced in the literature re-
view and fully presented in Appendix B (Smith & Colgate, 2007). The values are modi-
fied to suit better the operational environment of this study and business-to-business
markets. Experiential/hedonic value and symbolic/expressive value are replaced with
environmental value, which is emphasized in this R&D project. Also, in business-to-
business markets, value dimension that are more objective and utilitarian (functional/in-
strumental value and cost/sacrifice value) are emphasized over subjective and hedonic
value dimension (experiential/hedonic value and symbolic/expressive value) (Rinta-
maki et al., 2007; Smith & Colgate, 2007; Wouters, 2010). When business-to-business
organizations evaluate experiential/hedonic values, they focus on social/relational val-
ues which will be covered on the value chain layer of the project (see figure 14) (Smith
& Colgate, 2007). In some cases, the boundaries between different values can be un-
clear. The benefits identified have a great impact on each other and thus in most cases
one benefit will originate from another benefit. The results are introduced in the order

where the partners were interviewed.

Economic value

Functional value Environmental value

Figure 15. Classification of customer values.

The economic values that OEM partners are seeking are presented in table 5. All part-
ners are seeking for reductions in their production costs. However, the fundamentals
and how these production cost reductions are generated are different. The main com-
mon factor is that 3D printing makes molds obsolete, thus reducing costs relating to
molds. Mold costs consist of operating costs when the molds are produced and the

managing costs for storing them. This will also lower the investments needed for new
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components because molds tie up capital before the first transaction. Meyer Turku’s
(MT) and Hitachi ABB Power Grids’ (Hitachi ABB PG) current production is extremely
labor intensive. 3D printing could generate reductions and therefore benefits in labor

costs.

MT stands out from the other partners by seeking benefits in installation costs. In the
outfitting stage there are many works been done onboard the vessel which takes more
time. MT’s objective is to have the design freedom to be able to produce components

that are simple and light to install, thus reducing installation time and therefore costs.

The unique benefit that Hitachi ABB PG is seeking is the energy savings in their pro-
cess. Replacing the conventional method with 3D printing, they can eliminate the time
and energy consuming drying phase in their manufacturing process. Compared to the
other partners the reduction of mold storing costs was emphasized by Hitachi ABB PG.
Every year hundreds of new molds are designed and fabricated. Furthermore, some of

the new molds are used only for producing a few components.

For Centro Ricerche Fiat (CRF) the economic values are not the main drivers, but they
still identified a few distinctive factors. In their industry the spare part management is a
great cost for a company. Car manufacturers need to assure that spare parts are avail-
able for some time after the end of production of a specific car model. If new compo-
nents are manufactured using NOVUM material, they can use a digital warehouse and
fabricate new spare parts locally and for demand. There would also be cost reductions
in coating costs, if NOVUM material will have aesthetic features that would eliminate
the need for coating. Especially CRF is preparing itself for future plastic banning legis-
lation and requirement for using recyclable and bio-based materials. This is crucial for
CRF because it can take several years to redesign components and to acquire the ca-
pabilities needed. More about the changing legislation is introduced in the chapter 4.7

Drivers for exploitation.

Table 5. Economic values sought by OEM partners.

Meyer Turku Hitachi ABB Power Grids Centro Ricerche Fiat
¢ Reduced manufacturing e Reduced labor costs. ¢ Reduced manufacturing
costs. ¢ Energy savings. costs.
¢ Reduced labor costs. * Reduced cost of storage. ¢ Lower investment for new
¢ Reduced installation costs. components.

e Reduced logistic costs.

¢ Reduced coating costs.

e Prevention of plastic ban-
ning fees and costs.

Economic value
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The functional values that OEM partners are seeking are presented in table 6. The
functional value that is shared between all OEM partners is the design freedom which
can help them to optimize their products, fabricate complex structures or personalize
their products. MT and Hitachi ABB PG are also trying to reduce the lead time of manu-
facturing. MT could replace damaged components and products faster to the custom-
ers. In transformer business, delivery time can be a crucial factor to win tenders in

cases of transformer failures.

In long-term there are a few of unique benefits that MT is seeking. These are weight re-
ductions, vibration damping and soundproofing. Weight reductions will help in installa-
tion process but also, if utilized in greater scale, to reduce the mass of the whole ves-
sel. Weight reductions of the vessel could help to reallocate weight to other value gen-
erating functions for example adding an extra jacuzzi on the deck or generate opera-
tional cost reductions or in other words, savings in fuel cost. Also, weight reductions on
the upper decks increase the stability of the vessel. These benefits are dependent on
the development of fibrous foam printing technology and technology exploitation in very

large-scale.

The distinctive functional values of Hitachi ABB PG are reduced storage for molds and
the capability to redesign its transformers. By optimizing the shape of the components,
they could improve the performance of their current and coming transformers. For ex-

ample, improving oil circulation or the size of transformers.

Functional values that NOVUM material could provide to CRF are the unique material
properties and a broader range of material in their material portfolio. These material
properties still need to be studied more but they could be features like softness, low
gloss, scratch, UV resistance and so on. Functional values sought from 3D printing
technology are rapid prototyping and spare part production and management. These

benefits are well covered in the literature.
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Functional values sought by OEM partners.

Meyer Turku

Hitachi ABB Power Grids

Centro Ricerche Fiat

¢ Reduced installation time.

¢ Reduced lead time.

e Shorter value chain.

e Reduced mass of the ves-
sel or weight reallocation.

¢ Reduced labor time.

¢ Reduced cycle time.

¢ Reduced storage.

¢ Design freedom.

e Optimizing and improving

¢ Prototyping in early phase.
e Spare part production.

o Personalization.

e Broader range of materials.
* Aesthetic material proper-

ties.
e Other material properties.

e Fabrication of complex
structures / design free-
dom.

¢ Broader range of materi-
als.

¢ Vibration damping and
soundproofing.

performance of the trans-
formers.

Functional value

The environmental values that OEM partners are seeking are presented in table 7. MT
and CRF both stated that capability to offer more sustainable materials to the custom-
ers is an important environmental value. At present, the insulation components are
made from cellulose, so they do not provide the same benefit to Hitachi ABB PG. Using
bio-based and recyclable materials in their production, CRF could improve the overall
sustainability. In Hitachi ABB PG’s case the environmental impact from eliminating the
drying phase is considerable and it can be emphasized even more because coal is the
dominant energy source in Poland. The current production also consumes a significant
amount of water and therefore generates almost as much wastewater. The new manu-
facturing concept will help Hitachi ABB PG to reduce these issues. Local recycling and
reduced waste generation were also identified as an environmental value by MT and
Hitachi ABB PG. With 3D printing and fused granular fabrication (FGF) technology local
recycling would not be limited on NOVUM material but all 3D printable materials could
be recycled. Especially when cruise vessels are refitted the material could be circulated

more efficiently. However, it was stated that the recycling needs to be studied more.

Table 7.
Meyer Turku
¢ Use of environmentally
friendly materials.
¢ Reduced waste genera-
tion.
o More efficient recycling.
e Local recycling.

Environmental values sought by OEM partners.
Hitachi ABB Power Grids Centro Ricerche Fiat

e Reduced energy consump- | e Sustainability.
tion. ¢ Material from renewable
¢ Reduced water consump- source.
tion and wastewater gener-
ation.
¢ Reduced waste generation.
¢ Recycling of waste / local
recycling.
Environmental value
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The main drivers for MT are the functional and environmental values. Mainly the design
freedom and use of environmentally friendly materials. With these values they try to
stand out from competing shipyards and improve their competitive advantage. Main
drivers for Hitachi ABB PG are a combination of cost reductions, shorter cycle time and
more sustainable production. For CRF the main drivers are sustainability and new
green materials but also cost reductions and personalization when using 3D printing

technology.

4.2 Benefits from technology and material - R&D partners

In this chapter the benefits from NOVUM technology, material and pilot line are dis-
cussed more broadly and over the scope of OEM partners. These are the benefits that
Brinter and VTT identified as the research and development (R&D) partners. They
have carried the main responsibility for the R&D activities in this project. VTT as the
material developer and Brinter as the 3D printing technology developer. The benefits
are divided into three different values as in the previous chapter (see figure 12) and

presented in table 8.

It was emphasized that some shapes and structures can be difficult or even impossible
to fabricate with conventional technologies such as injection molding or handwork.
Also, using conventional manufacturing technologies the cost per unit is higher when
producing small batches. Hence, some components are not feasible to fabricate in
other technologies than 3D printing. The NOVUM concept can also enable more effi-
cient circular economy. This is because the material is reusable, and the NOVUM 3D
printing technology can use granules or grinded raw material. There is no need for fila-
ment production process and the material is immediately reusable after the grinding.
New business opportunities could occur because NOVUM technology is suitable for
other applications than just the ones proposed in this project. Developing oneself and
using green materials will also have image benefits as a pioneer, which can later be

used in marketing purposes.

3D printing enables more efficient demand driven manufacturing because there is no
need for stock of components. Components are fabricated on demand. Local manufac-
turing is more suitable for 3D printing because transportation is not needed when prod-
ucts are stored in digital warehouse. The production process is more simplified when
stages from fabrication process are eliminated and the whole fabrication is done with
one machine. One of the key benefits of the pilot line is the automated process. Auto-
mated process will ensure better and constant quality. Multi-material printing was iden-

tified by Brinter as one of the main benefits obtained from NOVUM technology. At the
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moment, products made from multiple materials cannot be fabricated with other tech-

nologies or at least the same time.

Using fibrous foam printing technology, products can be made porous and lightweight.
These products have also good heat insulation and vibration damping features. Inte-
grating multi-material and foam printing, one can produce sandwich-structured compo-
sites where the foam is used as the filler. When the product design is optimized and the
capabilities of 3D printing have been implemented in the design process, material con-
sumption can be reduced in the fabrication process. One focal environmental value that
an organization receive when replacing fossil fuel-based plastics with NOVUM material

is that it will increase the use of recyclable and bio-based materials.

Table 8. Benefits identified by R&D partners.
Economic e Individual part and small batch production are very expensive with other
value manufacturing technologies.
e Enables circular economy.
¢ New business opportunities.
¢ Image and marketing benefits.
Functional e Demand driven manufacturing.
value e Local production.
¢ Simplified production process.
o Automated process ensures better and constant quality.
o Multi-material printing.
¢ Porous and light structures.
Environmental | ¢ Reduced material consumption.
value ¢ Increase the possibility to use of recyclable, bio-based materials.

4.3 Benefits from project’s value chain

In this chapter, the benefits that each partner are seeking from the value chain level are
presented. The benefits that the OEM partners are seeking are gathered in table 9 and
the benefits sought by R&D partners are in table 10. Networking, acquiring know-how
by knowledge sharing and material testing were the connective factor for all the part-
ners. For example, Brinter predicts that bio- and cellulose-based materials will be more
commonly used in the future and thus want to build their expertise on it. Also, identify-
ing future development projects or activities was mentioned often in the interviews.
However, there are some focal differences between partners objectives in the value

chain level.

MT and Hitachi ABB PG are focused on gaining know-how and building their own ca-
pabilities. Hitachi ABB PG highlighted that EU funded consortium have more power

than smaller scale R&D projects. For example, the awareness of the project is higher,
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and it is easier to get external partners to be involved. In this project the material test-
ing by external partners have been easy because of the power of the consortium. It is
also important that the whole value chain from material development to the final pro-

duction is involved in the project.

CRF is determined to find solution for their challenge of the future. CRF’s goal is to find
new material formulations that are suitable for future legislation. Therefore, one of the
key tasks in this project is to study if there is a material compounder that can supply
NOVUM material in large quantity. Other approach is to provide NOVUM material for
CRF’s current suppliers for testing, and to find out if they can supply the material. Also,
CRF mentioned that because Brinter as a technology supplier is involved in the project,

the value chain for 3D printing is well covered.

Table 9. Benefits sought from the project value chain by OEM partners.

Meyer Turku Hitachi ABB Power Grids Centro Ricerche Fiat
¢ Know-how about 3D ¢ Know-how, different point | ¢ VTT can provide new materials
printing and novel materi- of views. and formulations that can be
als. ¢ Networking and building tested by CRF.
¢ Networking for future de- relationships with part- ¢ Finding a material sup-
velopment projects. ners. plier/compounder.
o Future activities / devel- ¢ Integrate parts from NOVUM’s
opment projects. value chain into CRF’s.
¢ The whole value chainis | e Technology supplier.
covered in the project.
e Power of EU funded con-
sortium.

For Brinter and VTT as R&D partners it is important to get information about the final
products from OEM partners. It was mentioned that R&D activities proceed better in an
ecosystem environment where there are also the end users involved. Inside infor-
mation that cannot be acquired anywhere else can be used for creating more suitable
and practical products. Products can be tested directly by the end users and when

there are several potential end users involved, the risks of the project are mitigated.

For VTT it is also important to get information from raw material supplier about how the
demand is evolving, what are the needs of their customers and how the technology and
material requirements are developing. Networking and cooperation broader than

NOVUM consortium are great benefits when partners can collaborate with stakeholders
from other partners network. In this project, this have happened several times. For VTT

as a research organization it is important to share its capabilities with partners because
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every project where VTT is involved is a marketing channel. Therefore, not only the re-

sults will determine if the project is a success but all the communication and events that

have taken place.

Table 10.

Benefits sought from the project value chain by R&D partners.

Brinter

VTT

¢ Networking and knowledge sharing.

e Research and development activities pro-
ceed better in ecosystem environment.

e End user participation which provide im-
portant information about final products and

o New and different perspectives from sev-
eral different companies.

e Inside information from the end users
about their current products.

¢ Information about material properties that

from different perspectives.
¢ Developed products can be tested.
¢ Several end users mitigate risks.
o Future cooperation.

are the most important.

e Raw material supplier provides know-how
and information about demand and future
technology and material requirements.

o Networking broader than the consortium.

o Cooperation.

o Identifying future research projects.

¢ Value chain as a marketing channel for
VTT’s capabilities.

4.4 Benefits from the project

In this chapter the benefits that each partner is seeking are discussed in the broadest
level. These are the benefits that partners are obtaining from the results of this project.
To obtain these benefits, the exploitation of NOVUM project results needs to be suc-
cessful. Results in this chapter have also the biggest dispersion between partners and
thus for each partner the benefits sought from the project is a unique unity. The bene-

fits regarding OEM partners are presented in table 11 and R&D partners in table 12.

Competition on the cruiser industry is tough and because MT cannot compete with
price against low-cost shipyards in Asia, it needs to find other sources for competitive
advantage. Being able to produce something that its competitors are not capable is an
opportunity for obtaining competitive advantage. Having the capabilities to offer novel
products with complex shapes could help standing out from competitors. MT have iden-
tified that 3D printing is a technology that can offer this kind of capabilities for it. In the
long term, multi-material 3D printing integrated with capability of fibrous foam printing
can have great impact on reducing the overall weight of the vessel. Weight reductions
could be exploited by offering its customers more functions that normally would not be
possible because of the additional weight. This would be a disruptive technology and
therefore considerably enhance the competitive advantage of the shipyard. However,

to obtain any significant weight reductions, the method should be used in large scale
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and therefore many obstacles such as fireproofing need to be overcame. Cruise indus-
try have had troubles with its image because there have been for example, scandals
relating to managing wastewaters and how efficient it is to operate such large vessels
just for fun. Using a sustainable material and decreasing waste generation in the manu-
facturing would provide to MT an opportunity to offer for its customers a new marketing

tool. This would improve MT’s competitive advantage.

Hitachi ABB PG is seeking for cost reductions, shorter cycle time and more sustainable
manufacturing methods. More energy efficient production can be used in marketing
purposes, but shorter delivery times can also have a great impact on gaining competi-
tive advantage. In case of transformer failures, fast delivery is a crucial factor to win
tenders. Hitachi ABB PG is also studying the feasibility of NOVUM material to be used
in other technologies and applications. For example, with injection molding they could
use the cellulose-based material for producing high volume insulation components and

for other applications like boxes and casings.

For CRF the main benefit is the material added in their portfolio. When having green
materials in their portfolio they are better prepared for the changing regulation of using
plastics in vehicles. Sustainable materials can also be used in marketing and promotion
purposes for customers. To answer the emerging demand for green materials they

need to have a functional supply chain ready. NOVUM project can help them to tackle

this problem.
Table 11. Benefits obtained from the project by OEM partners.
Meyer Turku Hitachi ABB Power Grids Centro Ricerche Fiat

e Sustainable material.

¢ Ability and readiness to of-
fer novel product concepts
to customers

o Stand out from competitors
and gaining competitive ad-
vantage.

¢ A new marketing tool.

e Cost reductions, shorter cy-
cle time and sustainable
manufacturing.

o Competitive advantage
from shorter delivery time.

o Possibility to use NOVUM
material in other applica-
tions with injection molding.

More sustainable vehicles.
Preparedness and solu-
tions to face changing reg-
ulation.

Functional value chain to
answer demand.
Marketing and promotion
tool.

The main benefit from the project to Brinter is the new product or 3D printer to be

added in their product portfolio. After the development phase they can commercialize

the new 3D printer in NOVUM project ecosystem as well as for global markets. The

printer will be an industrial scale 3D printer which size and operating principle are ra-

ther rare in the market. The size will be in the mid-range of commercially available in-

dustrial 3D printers, it uses FGF technology and is capable for multi-material printing.

Also, NOVUM project can help Brinter to sell solutions rather than technology when the



48

material and methods are added in their offering. With the pilot line Brinter can test and
validate this concept in industrial scale which will be a focal marketing asset. Brinter’s

goal is to gain recurring sales from reselling material, service, and printing heads.

For VTT the main benefits are related to the material development. VTT will have the
rights for the developed NOVUM material formulation which can be licensed for profit.
However, because of the nature of VTT the most important benefit from the project will
be its improved capabilities and know-how for developing bio- and cellulose-based ma-
terial. In an earlier project, cellulose was identified as a potential 3D printing material. In
this project the expertise to develop these kinds of materials have significantly im-
proved. In this project, VTT also developed a fibrous foam printing technology which
can potentially have a great effect in the future. Intellectual property rights (IPR) actions
have already been taken to protect the nozzle head for the fibrous foam printing tech-
nology. The technology is still in laboratory level (TRL 4) and thus will not be included
in the pilot line. Other partners as well as external customers have already shown inter-
ested in this technology and its applications. Especially packaging industry have indi-
cated interest towards foam printing. Their ambition is to replace expanded polystyrene

(EPS) or other fossil-based packaging foams with a new renewable material.

Table 12. Benefits obtained from the project by R&D partners.

Brinter VTT
¢ New product and material commercialization | e 3D printable cellulose-based material for-
for global markets. mulation.
e Products can be commercialized within the ¢ Improved capabilities and know-how for
project consortium. developing bio- and cellulose-based mate-
¢ An industrial scale 3D printer that is rather rials suitable for 3D printing.
rare in the market. * Revenue through licensing NOVUM mate-
e Manufacturing concept including technology, rial formulation.
material, and methods. o New technologies such as 3D printing with
foam.

4.5 Exploitation of technology

In this chapter we discuss how each partner is planning to exploit the results of this
project. This will create guidelines how the technology and material should be commer-
cialized and what action still need to be taken to fully exploit the results. In table 13 is
presented how each OEM partner is planning to exploit the results. These are ap-
proaches that could be chosen if the technology and material are feasible for their ap-

plications.

All the OEM partners have considered the option of buying the manufacturing as a ser-

vice. However, the reasoning behind it is very different between partners. Hitachi ABB
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PG and CRF have both also considered acquiring the technology and to make the

manufacturing in-house.

MT is planning to utilize the technology for fabricating passenger deck outfittings. The
fabrication and installation of the outfittings are made by its subcontractors or subsidiar-
ies. For that reason, it is natural that MT will be buying the manufacturing as a service
also in the future. Before technology implementation and demanding it from its subcon-
tractors, MT need to know how the technology and material works. An additional appli-
cation for 3D printing exploitation MT identified mold manufacturing. This is not in the

scope of this project but a potential development project for the future.

Hitachi ABB PG has not decided yet how the technology will be exploited. One ap-
proach is to acquire the technology and do the manufacturing of the insulation compo-
nents in-house. The other approach is to buy the manufacturing as a service from a
contract manufacturer. The fabrication of insulation components is currently done in-
house which would endorse the approach of acquiring the technology. About 50 per-
cent of the fabricated insulation components are sold to direct competitors and external
partners. Acquiring the technology would also provide to Hitachi ABB PG the oppor-

tunity to sell customized solutions externally, which could accelerate sales.

Hitachi ABB PG have four insulation kit centers where the fabrication of the insulation
components is made. These insulation kit centers serve approximately 50 transformer
production sites as well as external customers. Because the production of transformers
is highly distributed, buying the manufacturing as a service is also seen as a potential
approach for them. However, the economic, functional, and environmental benefits
sought from the project can remain low if the manufacturing is bought from an external
manufacturer. Additional exploitation path for Hitachi ABB PG would be using NOVUM
material in high-volume products and other applications such as boxes and casings.
This would require implementing of injection molding. However, Hitachi ABB PG stated
that this should be studied more. One great benefit is that CRF is already studying in-
jection molding with NOVUM material, thus reducing the effort needed by Hitachi ABB
PG to the further study.

CRF’s approach for exploiting the result is very different compared to other OEM part-
ners. There are two parallel approaches how the exploitation is carried out. The first

one is to replace high volume components made from fossil fuel-based polymers with
green materials. In this approach the fabrication method will remain the same which is

injection molding. In general, the scope of products here are all plastic components.
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FCA already have a complete value chain for these components and thus the exploita-
tion would be carried out by its current suppliers. Therefore, finding a material supplier

that can supply contract manufacturers proper material in quantity and in right quality is
crucial for the exploitation. The current component suppliers have also their own mate-

rial suppliers that could be utilized in the exploitation.

The second approach for exploiting the results has 3D printing included. This approach
is based on two parts. The first part is exploitation in spare part manufacturing and
management. The second part is component manufacturing with scope of small-sized
parts in low volume series such as sport cars or individual vehicles. Most of the compo-
nents used in vehicles are produced externally and only a few big-size parts such as
dashboard, bumpers and fuel tank are made internally. For this reason, buying the
manufacturing as a service from contract manufacturer is the most convenient ap-
proach here. In this approach there is also more space in the value chain for new play-
ers such as material and component suppliers. However, if CRF wants to ensure the

technology, it can be acquired, and the parts produced internally.

Table 13.

Exploitation of results by OEM partners.

Meyer Turku

Hitachi ABB Power Grids

Centro Ricerche Fiat

e Buy the manufacturing as
a service from its subsidi-
aries or subcontracting net-
work.

o NOVUM technology is
planned to be used for
passenger deck outfittings
that are complex in shape
and cannot be fabricated
affordable in conventional
technologies.

o Additional application is
mold manufacturing.

¢ Acquiring the technology or
buying the manufacturing
as a service are both con-
sidered.

¢ 3D printing is planned to
be used in small volume
production. Injection mold-
ing with NOVUM material
could be used in high vol-
ume parts and other appli-
cations.

¢ Selling customized insula-
tion components exter-
nally.

¢ High volume components:
buying the manufacturing
as a service. Here the fab-
rication technology is injec-
tion molding.

¢ Low volume components:
fabrication technology is
3D printing and manufac-
turing either in-house or
outsourced.

¢ NOVUM material could be
used in all plastic parts in
FCA'’s vehicles.

In table 14 is presented how Brinter and VTT are planning to exploit the results of

NOVUM project. Brinter is planning to exploit the results by selling the 3D printer to

manufacturers. Brinter is not interested in contract manufacturing and thus the pilot line

will be either sold or dismantled depending on its performance. Brinter's ambition is to

sell solution which would include the technology, material, and methods. The objective

here is to enable recurring sales though selling printing heads, material, and services.

This would mean that Brinter would be working as a sales agent for VTT's material.

The 3D printer will be fully modular, which means it can run various printing heads de-

pending on the customer’s requests. It is still unknown in under which launch form or
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platform the commercialization will be carried on by Brinter. The new developed 3D
printer can be left under Brinter brand or a new established brand which would have its
own customer interfaces. Possible directions would also be establishing a new com-
pany or a joint venture. Brinter also notes that finding a large material supplier would

serve their exploitation goals the best.

VTT’s exploitation is carried out by licensing the material formulation to a material com-
pounder. The material compounder will further supply OEM’s or contract manufacturers
with NOVUM material. VTT sees that NOVUM material can provide additional value to
an existing material compounders portfolio. The material compounder needs to have
the capabilities to ramp up the production to the level of customers’ demand. However,
in the early stage, the material compounder can be a small business. To mitigate the
risk of supplying shortages, there should be several material suppliers for NOVUM ma-
terial. The licensing agreement could also include further material development by
VTT. The best solution as a product would be that NOVUM material is a basis formula-
tion which can be modified and optimized according to customers’ preferences. To
learn more about the possible market, applications and demand, a market study on in-

terested companies and their material requirements should be carried out.

Because the fibrous foam printing technology is still in early stages it cannot be com-
mercialized within this project. However, the exploitation of foam printing technology
will include market studying, finding external partners, raising extra funding and further
process development. Multi-material printer with integrated foam printing capabilities
was identified as the most promising developing path. This technology would enable to
produce unique and complex sandwich-structured products. Products from the foam
material can also be fabricated with conventional technologies such as molding. This
will expand the exploitation possibilities and will extend the applications to high-volume
products. The material by itself is inexpensive because it mainly consists of cellulose

fibers.

Table 14.  Exploitation of result by R&D partners.

Brinter

VTT

¢ Best commercialization path would be to
sell solutions to customers including tech-
nology, material, and methods.

e The launch form or commercialization plat-
form of the technology is still unknown.

o Large global material compounders/suppli-
ers are the most potential for material ex-
ploitation.

e NOVUM material will be licensed to a suita-
ble material compounder.

¢ There should be several material suppliers
to mitigate the risk for delivery problems.

e The number of applications where the mate-
rial can be used is high.

¢ Basis for a cellulose-based material which
can be modified and optimized with custom-
ers’ demands.
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In figure 16 are illustrated where each partner’s exploitation will take place in the value
chain. It also clarifies the missing partners in the value chain. The value chain is still
lacking material compounders and contract manufacturers. Finding suitable partners
for these roles are extremely important for the exploitation to be successful. First of all,
there have to be demand from OEM partners or other external customers. This will jus-
tify the existence of the whole value chain. Then, the manufacturing of components
need to be conducted either internally or via contract manufacturers. Data to support
decisions regarding how the manufacturing will be initially carried out need to be col-
lected and evaluated. Furthermore, the manufacturing needs to be supplied with
NOVUM material and with the production/fabrication technology. Here the fabrication
technology will be supplied by Brinter, but material compounders and suppliers still
need to be involved into the value chain. VTT will license the material formulation to the

material compounder.
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Figure 16. Exploitation value chain.

4.6 Potential challenges and barriers of exploitation

In this chapter the challenges and barriers that may occur during the exploitation is pre-
sented. It is important to identify the potential challenges beforehand to be prepared
and to fix these problems. In table 15 is summarized the challenges and barriers that
the OEM partners identified during the interviews. It can be said that MT have many
challenges and barriers to overcome before the exploitation of this project can be suc-
cessful. The first reason for this is that implementing new materials in ship building in-

dustry is difficult. It is hard to implement new materials because of the regulation to the
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material requirements. For example, the material needs to have certain fire resistance

properties and weatherproofing.

The other key challenge for MT is its current manufacturing process where the outfitting
is done through its subcontracting network. This will create several problems in exploi-
tation. First, if there is lack of interest towards NOVUM technology it can lead to difficul-
ties in finding a right manufacturing partner. Second, the need for a facilitator from MT
to push the project forward and a possible absence of one. Last, manufacturing con-
tracts are usually signed before the manufacturing methods are decided. This can lead
to conflicts between capabilities of contract manufacturers and the required outcome.
Also, the future of the pilot line was mentioned to be a possible barrier because if the

pilot line will be dismantled it can be difficult to find a substituting production line.

MT and Hitachi ABB PG are both concerned about the final costs. MT stated that the
costs of the investment can be a barrier if the benefits remain low. Hitachi ABB PG is
more concerned about the cost of the material. Hitachi ABB PG is currently using cellu-
lose as the raw material for its insulation components. Cellulose in its basic form is in-
expensive and thus hard to beat. However, Hitachi ABB PG is trying to reduce the
overall costs by other means, thus justifying the use of new more expensive material. It
is still unknown where the break-even point will set in the new process. Also, recyclabil-
ity and final material properties are still unknown and thus identified as potential chal-
lenges or barriers. Material recyclability itself is not an issue for Hitachi ABB PG but it

can decrease the possibilities for implementing efficient recycling in the production.

CRF’s greatest concern is to find proper material suppliers that can meet their demand
and quality requirements. This is because CRF will utilize injection molding as the main
fabrication technology and therefore, they need a material supplier that can provide the
material in large quantities. Other notable challenge is competitors and substituting ma-
terials. There are other players in the market than just NOVUM, offering green materi-

als for injection molding. CRF mentioned that there is a cheaper cellulose-based mate-
rial for injection molding in the market. Also, legislation could cause challenges what it

comes to exporting, importing, safety, chemical compliance, and emissions.
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Potential challenges and barriers identified by OEM partners.

Meyer Turku

Hitachi ABB Power Grids

Centro Ricerche Fiat

Oulffitting is done through

subcontracting network.

o Lack of interest and finding
manufacturing partner.

¢ Need for a facilitator.

¢ Deals with subcontractors
are made before manufac-
turing methods are de-
cided.

¢ Profitability. Benefits are
low compared to invest-
ment.

¢ Future of the pilot line.

¢ Implementing new materi-
als in ship building industry
is hard.

¢ Material properties and fire

certification.

Weatherproofing.

¢ Recyclability of the mate-
rial.

e Material cost.

o Material properties.

Need of material suppliers
that can supply proper ma-
terial in quantity and in right
quality.

Competitors and substi-
tutes.

Restriction for exportation
and importation.

Safety issues and chemical
compliance.

Emissions in production.

In table 16 is presented the challenges and barriers for exploitation that were identified

by Brinter and VTT. There were many factors that are common with OEM partners but

also differences. In both cases there were concerns about the final material properties

and how they will suit the end applications. Brinter added that because some of the end
applications are designed to be manufactured with different technologies than 3D print-
ing, it can be difficult to integrate them. Furthermore, the lack of exploiting the capabili-

ties that 3D printing has to offer is a challenge. Product designers must know how to

fully exploit 3D printing so the products usability and fabrication can be optimized.

Because manufacturing costs of different products vary much, it is challenging to esti-
mate the break-even point and therefore, the profitability of different batch sizes.
Ramping up the production and controlling it can lead to challenges because of the
novelty of the pilot line. There have also been challenges in the development process.
Brinter mentioned that developing the material and fabrication technology parallel have
created challenges. Also, Covid-19 restrictions for travelling have complicated testing

and communicating.

From VTT’s perspective the biggest challenge in any technology commercialization is
the nature of the organization. This is because the main tasks are research and devel-
opment activities and for the commercialization VTT needs either external partners or

an internal team or a champion that would pursue the commercialization. In the product
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development phase, there are a few challenges to overcome before the initial exploita-
tion. For further and broader material testing there is need for larger scale material pro-
duction which cannot be contributed by VTT. Furthermore, extra finance is needed for
further research. It is still uncertain how the material development will continue when
the funding for NOVUM project ends. Other possible challenges regarding the material
are that it is not biodegradable, material properties are not sufficient and the final for-
mulation. If there is a non-commercially available raw material needed in the material
formulation, large scale production can be difficult to arrange. Also, there can be chal-

lenges regarding the legislation such as fireproofing in cruiser building industry.

VTT mentioned that when companies search for new materials the sustainability can
create the initial interest towards the material, but it does not create enough value for
the company to implement it. The material properties and the price are seen more im-
portant. Hence, if NOVUM material will be commercially successful it needs to deliver
other values than just environmental. Furthermore, because NOVUM material is proba-
bly more expensive than conventional materials (at least initially), it needs to deliver
something that other materials cannot perform. The last challenge identified by VTT is
to get material suppliers and end users to involve and to commit to the project at the
same time. In this case it means that also the contract manufacturers need to be found

if the manufacturing is bought as a service.

Table 16. Potential challenges and barriers identified by R&D partners.

Brinter VTT
o End application suitability and material re- | ¢ VTT as a research institution is not an ideal
strictions. organization for commercializing products.
¢ Finding material suppliers and contract ¢ Producing large volumes of NOVUM mate-
manufacturers. rial in the product development phase.
¢ Lack of exploiting of the technical capabili- | ¢ Extra finance for further research.
ties. o NOVUM material is not biodegradable.
e The manufacturing costs of different prod- | ¢ Material properties are not sufficient.
ucts vary much. ¢ Final material formulation.

e Large scale process control including ma- | e Legislation.
terial and process parameter adjustment. | ¢ When comparing materials, the material

¢ It would be easier to develop the technol- properties and the price is more important
ogy to an existing material and vice versa. than if it is bio-based.
e Covid-19 restrictions for travelling. ¢ The price of NOVUM material and the pilot
line.

o To get the material suppliers and end users
involved and committed at the same time.
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4.7 Drivers for exploitation

In this chapter the drivers for exploitation that were identified during the interviews are
presented. There was not any distinct question asked about the drivers during the inter-
views. However, the semi-structured interview created discussion and the topic was

brought out on partners own initiative. The drivers are presented in table 17.

One great advantage in exploitation of 3D printing is that there are no other novel com-
peting technologies. For example, in Hitachi ABB PG case the only competing technol-
ogy is the labor-intensive conventional manufacturing method. It is easy to justify imple-
mentation of new technologies if the benefits are significantly higher than in the con-
ventional technology and there are no other choices for gaining these benefits. Also,
the 3D printer can be integrated in any existing production line and special equipment’s

are not required, thus reducing the amount of investment needed.

Cellulose content in NOVUM material is high compared to the ones on the market. This
will help NOVUM material to stand out from competitors. CRF mentioned that in the ex-
ploitation of 3D printing, one great benefit is the low volume. When the demand for ma-
terial or components is low, there is no need for big suppliers that would have much of
bargaining power. Also, CRF noted that there are no technical barriers for exploitation,
and exploitation could be rapid if CRF’s current material compounders are used as ma-

terial suppliers.

Legislation can be a great driver for exploitation. For example, European Commission
is currently reviewing its directive on end-of-life vehicles (ELV). The directive was origi-
nally adopted in 2000. The aim of the directive is to set clear targets for reuse, recy-
cling, and recovery of vehicles. 85 percent of the total weight of the vehicle’s materials
need to be reused and recycled and 95 percent of the total weight of the vehicle’s ma-
terials need to be reused and recovered. Every year 12 million tons of waste is gener-
ated by ELV, but this number will increase with accelerating shift to electric cars. The
directive on ELV is reviewed because European Commission want to increase recy-
cling, extend the scope to trucks and motorcycles, and set up mandatory requirements
for the use of recycled materials and especially recycled plastics in new car manufac-
turing. Some of the measures might increase the costs of car manufacturers who are
less engaged in circular economy. (European commission, 2020) If the initiative on di-
rective on ELV will set requirements for the use of bio-based or recycled materials in

new vehicles, it can facilitate the adoption of the technology.
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The latter part of the drivers is concerning the unique characteristics of the technology.
FGF technology have many advantages over fused filament fabrication (FFF) technol-
ogy. These advantages were also discussed in the theoretical background of this
study. However, few novel points where identified during the interviews. For example,
injection molding is not the only conventional technology that can be used to fabricate
products with NOVUM material. The market for the NOVUM printer is also identified as

less contested than in other segments.

Brinter have identified multi-material 3D printing as an emerging technology. Multi-ma-
terial 3D printing enables printing of different types of materials simultaneously.
NOVUM material can be used in parallel with conventional materials as well as with fi-
brous foam. This will lower the barrier for exploitation because with the same machine
one can produce a wide range of different products. Another unique factor is that the
production process is fully automated. There is no need for manual moving of semi-fin-
ished products between 3D printing and post-processing stations. Moreover, the pro-

cessing stations are also fully automated.

Table 17. Drivers for exploitation.
¢ No other competing technologies than the conventional one’s.
e 3D printer can be integrated in any production line.
e Cellulose content is significantly higher than in other commercially available materials.
¢ No need for involving big suppliers.
e No technical barriers.
o Fast exploitation using existing suppliers.
e Plastic ban regulation.
e Granulate-based raw material can also be used in other fabrication methods than 3D
printing.
e Granulate form is better for fragile materials than filament form.
e Less competition in granulate-based printers than in filament-based.
e Less competition in the size category of NOVUM printer.
e Multi-material printing.
e Fully automated 3D printing process and pre-processing.
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5. ANALYSIS AND DISCUSSION

In this chapter the results of the interviews are analyzed and discussed. Proposals re-
garding the exploitation and commercialization are conducted. In the first subchapter,
first, a proposal for exploitable results are introduced, and then commercially exploita-
ble results are discussed in more detail. In the second subchapter, a proposal for cus-
tomer value proposition for each OEM partner is conducted. In the third subchapter, the
measures for ensuring an effective exploitation of the results are introduced. In the last
subchapter, tasks, obstacles, and strategies for commercialization and for capturing the
mainstream market are introduced. This analysis is conducted using the theoretical

framework that was introduced in the chapter 3.2 Data analysis (see also figure 13).

The exploitation and commercialization are two different subjects, because R&D results
can be exploited in other means than just commercial. Innovations can be fully ex-
ploited by partners without launching them to the markets. Also, if the innovation is uti-
lized in commercial way but only in one’s own value chain, exploitation is the correct
term to be used in this study. However, the economic benefits (sales) can remain low if
the R&D results are exploited only in the value chain of NOVUM project, especially for
the R&D partners.

5.1 Exploitable R&D results

When this study was planned, only one exploitable R&D result was discussed, the
manufacturing concept. However, during the interviews many more potential results
emerged. Based on the interview results in chapter 4, four commercially exploitable re-
sults and three societally exploitable results of NOVUM project were identified. By di-
viding the sought benefits into four layers (project, value chain, manufacturing concept,
and technology) and further dividing the technology level into three distinct values (eco-
nomic, functional, and environmental), a wide understanding of the motives and bene-
fits of each partner was achieved. This information was used for creating exploitable re-
sults that are most suitable for NOVUM partners in the scope of this study. The exploit-
able results were divided into commercial and societal one’s based on how they can be

exploited.

Commercially exploitable results (CER) and their main stakeholders are presented in
figure 17. The CERs are NOVUM material, manufacturing concept, multi-material 3D

printing and fibrous foam printing technology. Also, based on the interviews the most
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important CER for each partner is highlighted in the figure. The stakeholders here are
either developers or users. The developers are improving their knowledge of the tech-
nology and gaining revenue from future sales. The users will obtain the benefits they

were seeking by adopting and implementing these CER’s in their value chain.

4 A

NOVUM material Manufacturing Multi-material 3D _Fibrous foam
concept printing printing technology
\ J

{ Hitachi ABB PG ] { VTT ] Brinter
CRF Hitachi ABB PG { MT ] MT
[ CRF } Hitachi ABB PG
Figure 17. Commercially exploitable results and their main stakeholders.

Other exploitable results are the societal ones. These are mainly the results that origi-
nate from the benefits sought from value chain level. These results are not that con-
crete than the commercial ones but can have a considerable impact on the partners

performance. The societally exploitable results are:
e networking, information exchange and developed relationships,
e improved know-how and knowledge about the technology and material, and
o future development projects and cooperation.

All partners of the consortium will benefit from these results and therefore, every part-
ner can be defined as the main beneficiary. In the subchapters below, each CER is dis-
cussed more in detail and how the beneficiaries are planning to implement them in their

value chains.

5.1.1 NOVUM material

The first CER is the novel cellulose-based material (see figure 18). This CER refers to
the other fabrication technologies where NOVUM material can be utilized, primary in-
jection molding. VTT is the developer and will be the main beneficiary from commer-
cializing it. The material will be protected by a patent that is still pending and then be

licensed to a material compounder. Hitachi ABB PG and especially CRF are also plan-



60

ning to exploit the material with other fabrication technologies than 3D printing. There-
fore, they are also been defined as main beneficiaries for commercially available
NOVUM material. Both OEM’s are planning to exploit the material in high-volume prod-
ucts and with injection molding. Hitachi ABB PG is planning to use the material for pro-
ducing, for example, boxes and casings. CRF is studying the feasibility of the material
with one engine compartment part and two interior components but in general the ma-
terial could be used for replacing any plastic part in their vehicles. The values for the
OEM’s are mainly environmental but also economical if the CER is used for marketing
purposes, thus for accelerating sales. For CRF, the value can be significant if the re-

view on EU’s directive on end-of-life vehicles will set requirements for using bio-based

or recycled materials in new vehicles.

Figure 18. NOVUM material granules (picture acquired from VTT).

5.1.2 Manufacturing concept

Second identified CER is the manufacturing concept. Manufacturing concept consists
of the 3D printer, cellulose-based material, and the automated post-processing line.
Here, the manufacturing concept also refers to the pilot line, which is designed and
built in this project (see figure 19). Brinter has developed the 3D printer which is utilized
in the manufacturing concept and therefore will profit from a successful commercializa-

tion.

At the moment, the commercialization launch form of Brinter is still undecided, but it
needs to be decided before the end of this project. Either way Brinter will economically
benefit from the commercialization. In this CER, Brinter will be the technology provider

for a contract manufacturer who will perform the initial manufacturing of components.
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Figure 19. 3D layout design of the pilot line (picture acquired from Abis).
MT, Hitachi ABB PG and CRF are the indirect beneficiaries from this technology. Alt-

hough they may not be the manufacturers, they will obtain the benefits regarding the
components features and properties that the new manufacturing concept enables. It
can be difficult or impossible to obtain all the benefits that were identified in chapter 4.1
Benefits from technology and material - OEM partners if the manufacturing is out-
sourced. If Hitachi ABB PG decides to acquire the technology themselves, the benefits
sought in chapter 4.1 can be more likely achieved. MT and CRF have outsourced the
manufacturing of the components that are in the scope of this project. Therefore, it is
most obvious that the manufacturing is bought outside also in the future. If Hitachi ABB
PG ends up purchasing the fabrication from a contract manufacturer, they need to out-

source a part of their current production.

VTT could also be one of the stakeholders in this CER but there are a few reasons why
they are not. First, Brinter is one of the main developers and designers of the pilot line
and VTT is not. Second, VTT is not one of the owners of the pilot line and therefore is
not responsible of commercializing it. Last, VTT will profit indirectly if the manufacturing
concept is commercially successful and it uses NOVUM material but VTT have no con-

trol over the commercialization process.

MT is planning to utilize the manufacturing concept for producing decorative elements
and facades such as bars and pillars for its passenger decks. Additional applications
are equipment covers, complexly shaped room dividers, and mold manufacturing. The
elements are installed during the outfitting phase. These new products and unique

manufacturing capabilities are tools how MT try to get competitive advantage over its
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direct competitors. One potential and unique exploitation alternative is a mobile produc-
tion line. Because NOVUM technology is primary used in outfitting phase the demand
for the components is highly fluctuated. Therefore, a mobile production line such as a
production line built inside a container could be transferred to the site on demand, thus
reducing the transportation costs of the elements. This concept of a mobile production

line could be easily transferred between different sites and customers.

In MT’s case, all the components and products are produced individually but Hitachi
ABB PG and CRF are exploiting the technology in small batch production. Hitachi ABB
PG is planning to produce insulation components that are small in size. The average
size of insulation components is between 15 to 30 cm. The products itself will not cre-
ate any additional value to Hitachi ABB PG because the products will have at least the
same features and properties as products fabricated with the conventional technology.
However, 3D printing technology can help them to design more efficient products, thus
creating additional value. The main value originates from the evolved manufacturing
process and eliminating the use of molds in their process. Eliminating molds in their
process will have economic and functional value by making designing, manufacturing,
and storing of molds obsolete. CRF is planning to produce personalized parts for pre-
mium cars and components for low volume series and sport cars. 3D printing is already
used in these applications. Another application is spare part production. The additional
value here is received from the capability to fabricate the components with more sus-
tainable material because 3D printing is already used worldwide in spare part produc-

tion.

The pilot line has a great opportunity to prove and validate that the manufacturing con-
cept is feasible. It is rather rare to validate a feasibility of a technology in a pilot of this
scale. The pilot line itself and its performance can be used for marketing purposes.
What happens to the pilot line after this project is still unknown. If the pilot line is proven
to be functional and feasible, Brinter will try to sell it to a manufacturer. Another partner
who will profit from selling the pilot line is Abis who is the designer and owner of the

post-processing line. The post-processing line is illustrated more in detail in figure 20.
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Figure 20. Fully automated post-processing line (picture acquired from Abis).

5.1.3 Multi-material 3D printing

Third identified CER is multi-material 3D printing. It is a technology that Brinter have
also developed before this project. The novelty in this technology is the new printing
head that can use NOVUM material in granular form. In figure 21 is illustrated a test
print with NOVUM material. Also, an additional printing head is the fibrous foam printing
nozzle. Therefore, Brinter and VTT are both profiting from the commercialization of this
technology. Integrating NOVUM material and foam printing heads into a multi-material
printer can skyrocket the number of applications where this technology can be ex-
ploited. This fabrication method would make possible to produce sandwich-structured
composites where NOVUM material would be used in the exterior surface and fibrous
foam would serve the role of support material in the core. Sandwich-structured compo-

sites are lightweight but have high bending stiffness.
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Figure 21. 3D printed lampshade made of NOVUM material (picture acquired
from VTT).

The application area where cellulose-based material and 3D printing can be utilized is
wide. As in the literature review demonstrated, 3D printing is most suitable for individ-
ual or small batch production and personalized products. Also, complex structures are
more convenient to produce with 3D printing. Cellulose as a sustainable biomaterial
would be most suitable for environmentally conscious users. These characteristics inte-
grated would indicate that the technology is most suitable for the high-end and pre-

mium market.

The commercial exploitation of fibrous foam printing is more likely to occur in this CER
because the requirements for foam printing quality and accuracy is rather low when it is
used as afiller. MT indicated a great interest towards this kind of solutions and there-
fore are defined as the main beneficiary as the user in this CER. Their vision is to re-
duce the overall weight of the vessel or reallocate weight by replacing structures and
components with this type of composites. The value for MT is impossible to determine
because the concept would be a disruptive innovation. However, the material needs to

be fireproof before it can be used in large-scale and for interior ouffitting.

5.1.4 Fibrous foam printing technology

Fibrous foam printing technology is the last identified CER. Unlike the previous CERs
where the technologies are ready to be commercialized, the exploitation of fibrous

foam printing will consist of further research and development. The technology is still in
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the laboratory phase (TRL 4) and needs to evolve to be technically feasible for com-
mercialization. VTT has made an invention disclosure on the printing nozzle and pa-
tentability of the invention is under evaluation. The potential for fibrous foam printing
technology is enormous and VTT have already had many contacts from external stake-
holders. The opportunity to replace EPS or other fossil-based packaging foams with
cellulose-based fibrous foam can have positive influence on environment. For example,

low volume products can be packed and supported using fibrous foam printing.

In this technology the benefits are for the most part the same as in NOVUM 3D print-
ing: molds are obsolete. Fibrous foam can also be molded and thus it can be used for
high volume products. Brinter, MT and Hitachi ABB PG are the main beneficiaries as
the users. Brinter can exploit fibrous foam printing head as an add-on product in its
multi-material printer. MT can produce structures and Hitachi ABB PG can produce in-
sulation components that are lightweight, soundproofing, have great heat insulation
properties, and vibration damping features. The value for MT of this type of products
was already covered in the previous chapter. For Hitachi ABB PG the value and the
benefits are the same as in their initial application that were covered in chapter 5.2.1
NOVUM material. However, adopting and implementing this CER would broaden the

portfolio for which insulation component production 3D printing can be used.

5.2 Customer value proposition

In new technology commercialization process and business model, customer value
proposition (CVP) is one of the main elements to be designed. In this chapter, a pro-
posal for the CVP for each OEM partner is introduced. The CVPs are designed based
on how each OEM partner is planning to exploit the results or in other words based on
the most important CER (see figure 14). Because the demand for NOVUM technology
and materials originated from market pull, the CVP designing starts from identifying
high-value customer jobs. First, we compare the novel technology and material to the
next-best alternative. Then, a proposal for CVP for each OEM partner is conducted.
Anderson et el. (2006) states that a CVP should concentrate on one or two points of
difference that deliver the greatest value to the target customer. This approach is called
resonating focus. Points of difference are the factors and features that make the offer-
ing either superior or inferior compared to the next-best alternative. The CVP might
also include a point of parity when it is an essential factor to the customer’s buying de-
cision. Points of parity are the factors and features that are shared with the next-best
alternative. (Anderson et al., 2006) Therefore, in this analysis, one point of parity and

two points of differences were identified, and these are presented in table 18.
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For MT the competing technologies are the conventional one’s that they are using at
present, such as molding and handworks. They also stated that other 3D printing tech-
nologies are competing one’s but in this analysis the focus is on the conventional. The
point of parity is the capability to produce challenging and demanding shapes. Because
MT and its subcontractors uses much of manual labor and handworks, they have capa-
bilities to produce rather complex shapes, although with 3D printing the complexness of
the shapes will increase. The points of difference are that the fabrication process as
well as the installation process is remarkably faster, reduction in material and machin-
ing costs and a new more sustainable material. Also, the waste generation will de-

crease.

Hitachi ABB PG stated that they do not see any competing technologies and thus the
next-best alternative is their current production methods. Therefore, the point of parity
is the same main raw material which is cellulose. There are many points of difference
between these productions, but the main benefits are production cost reductions and

shorter cycle time.

CRF stated that the main competing technology is injection molding and materials such
as polypropylene (PP) and acrylonitrile butadiene styrene (ABS). CRF also stated that
there are other cellulose-based materials in the market, but this analysis will concen-
trate in their current production and the materials that NOVUM would replace. In CRF’s
case, they were more interested in replacing their fossil-based materials than the new
3D printing technology. Therefore, this analysis concentrates only on injection molding
applications. The point of parity is that with NOVUM material one can fabricate prod-
ucts with the same injection molding machinery. This is important for the commerciali-
zation because any additional investments in production are not necessarily required.

The points of difference are bio-based and recyclable material and its unique aesthetic

look.
Table 18. Comparison between NOVUM technology and the next-best alternative.
MT Hitachi ABB PG CRF
Next-best | Various currently used Current labor-intensive Injection molding and
alternative | manufacturing technolo- | conventional method. other plastics.
gies and methods.
Point of Complex shapes. The main raw material is | With injection molding
parity cellulose. NOVUM material can be
fabricated with same
machinery.
Points of o Faster production and | e Production cost reduc- | e Bio-based and recy-
difference reduced material and tions. clable material.
machining costs. e Shorter cycle time. ¢ Unique aesthetic look.
¢ Sustainable material.
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With help of the comparison in table 18 above, CVP proposals was conducted. These
are presented in figure 22. They follow fairly close the point of parity and the points of

difference identified in analysis above.

f

\

Customer value proposition

Meyer Turku - . - Centro Ricerche Fiat
Stand out from competitors g:?dcuTthBSoZ?gngigg: Bio-based, recyclable, and
by providing unique and and shorter cvele time b aesthetically unique material
complex shapes with lower eliminatin mar?ual work a):'ld to answer future customer
costs, faster productions, and enegr Savinas demands and EU regulations
sustainable material. 9y gs. without large investments.

Figure 22. Proposal for customer value propositions.

5.3 Exploitation measures

In this chapter, we discuss the concrete measures to ensure an effective and a suc-
cessful exploitation. Exploitation refers to the actual use of the results by each partner
after the project funding ends. A successful exploitation is important for creating credi-
bility of the innovation. Customer references from large brands such as the OEM part-
ners in this project are essential for further commercialization. The exploitation
measures are very much interconnected with the elements of business model in com-
mercialization process. The CVP is the foundation that will guide how the rest of the
business model elements are designed (profit formula, key resources, and key pro-
cesses). The exploitation measures should ensure these elements. How each partner
is planning to exploit the results of this project is presented in chapter 4.5 Exploitation
of technology, and further discussed in previous chapters 5.2.1-5.2.4. The measures
that are discussed in this chapter are for ensuring these exploitation objectives. Also,
the data from chapters 4.6 Potential challenges and barriers of exploitation and 4.7
Drivers for exploitation were utilized for creating this analysis. The key challenges iden-
tified in the interviews were mainly related to ensuring key resources and processes
(proper material properties, subcontractors, and material suppliers). The results of the

analysis are presented in figure 23.

The measures are not linked in any individual CER, but in general each partner is pro-
moting the CER, which is most important for them (see figure 17). Together these
measures should facilitate the adoption of all the CERs. When these measures should
be implemented are not discussed because there is much uncertainty regarding the
schedule and the maturity of each CER. However, for effective exploitation partners

should try to achieve as much as possible during the project funding phase.
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Figure 23. Measures to counter the challenges and barriers of exploitation
and to ensure the exploitation.

For MT there are many challenges and barriers regarding the material properties. Ini-
tially the material is planned to be utilized in outfittings on the sundeck of the cruise
vessel. Therefore, and because cruise vessels mainly operate in tropical climate, the
material needs to be suitable for harsh conditions such as rain, ultraviolet radiation, and
heat. Furthermore, they need to ensure that the material meet their requirements
through extensive material testing and validating. Because MT is planning to exploit the
technology by buying the manufacturing as a service, they need to promote the manu-
facturing concept to its subcontractor network. This task is important to be conducted
by every partner. By promoting the innovation to their current networks, partners at-
tempt to overcome adoption barriers and facilitate the adoption. Education, instruction,
awareness building, and encouraging customers to switch from the old technology are

measures for promoting the innovation.

Hitachi ABB PG’s application also requires unique and demanding material properties
such as oil and electricity resistance. The initial material testing has been promising but
further testing and validating is needed for ensuring the technology and material. Hita-
chi ABB PG have not chosen the exploitation path yet. They will either acquire the
technology and make the production in-house or outsource the production and buy the
manufacturing as a service. Therefore, they need to study which alternative is more

cost-effective. Furthermore, they need to evaluate other factors regarding make-or-buy
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decision and other non-economic benefits obtained from each alternative. In this study,

many benefits were identified for mainly in-house production.

CRF’s ambition is to exploit the NOVUM material within its current value chain. There-
fore, CRF needs to discuss and promote the material to its material suppliers and con-
tract manufacturers to find out their capabilities for producing the material and for fabri-
cating the components. In this task, VTT also have a key role in communicating, shar-
ing knowledge, and providing material to the value chain. CRF is fairly confident what it
comes to the technical performance of the material. Therefore, further material testing
is not highlighted here, although it is most certainly happening. For CRF exploring new
materials and technologies is also more or less risk management because they are

preparing for changing legislation.

VTT’s main objective is to successfully launch the novel cellulose-based material to the
markets. One obstacle before the market uptake is to find a material compounder. For
this, VTT suggested that the initial compounder could be a smaller business at first.
They need an external material compounder to meet the growing demand for a broader
material testing. VTT is not capable and it is not its primary task to provide materials in
this scale. Therefore, to fulfill the growing demand for NOVUM material, VTT should ini-
tially find a small-scale compounder. After the material is validated by different custom-
ers or end users, a large-scale compounder or compounders are needed. Multiple ma-
terial compounders and suppliers will mitigate the risk for supplying shortages and the
competition will keep the price reasonable. Furthermore, because the demand of the
user side in this project (MT, Hitachi ABB PG and CRF) is rather unsteady and low,
VTT needs to conduct an extensive market study of potential customers, applications,
and target markets. Also, the material requirements of these target customers need to
be studied, because VTT’s ambition is to develop a modular and flexible material that
can be configured based on the customer requirements. To mitigate the risks in the de-
velopment process, new end users and customers need to participate to the funding.
One big question is how necessary material’s biodegradability is for potential custom-

ers. At the moment the material is not biodegradable in short-term.

During the interview, Brinter could not tell which is the launch form of the technology.

The options here are that the technology is launched by themself, a spinout, a subsidi-
ary, or a joint venture. Brinter needs do discuss with potential partners about joint ven-
tures or other type of cooperation such as strategic alliances. According their website,
Brinter as a brand including mission and vision, leans strongly towards bioprinting and

so the target group is entirely different in this project. 3D bioprinting is used for printing
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tissues, organs, or drugs in industries like pharmaceutical, biotechnological, and cos-
metic. Hence, Brinter would probably not be the best brand for commercializing
NOVUM technology. A new brand is suggested to be established. There are much of
uncertainty regarding the performance of the 3D printer and the manufacturing con-
cept. For example, the full capacity of the 3D printer and the post-processing line, cycle
time of each product, need for manual labor and service, material feed, operating
costs, and bottle necks. The pilot line is co-owned with Abis, who is the designer and
the owner of the post-processing line. It is in their both interest if the pilot line is sold af-
ter the project. Therefore, they should take co-operations for promoting the manufactur-
ing concept and pilot line. Furthermore, Brinter should promote the multi-material 3D

printer for potential customers or manufacturers.

The test drives of the pilot line are also critical for the exploitation of the manufacturing
concept. Because the pilot line is fully automated it needs to be adjusted and control-
ling large scale process can create challenges. If the perform is insufficient it can be a
great drawback for the exploitation of R&D results. Therefore, there should be a clear
plan how to proceed if this happens. Fortunately, the other CERs are still feasible if the

pilot line fails or it is not suitable for end applications.

The material price was mentioned as a potential barrier by all the partners. However,
the cost of the production equipment was only mentioned by MT. This is probably be-
cause CRF is more interested in the material than the technology and Hitachi ABB PG
have higher volume and steadier production which enables dividing the investment
costs for higher number of units. The final cost structure estimate and life-cycle cost
analysis are conducted by Arditec Association at the end of NOVUM project. The mate-
rial price is estimated to initially be higher than other similar materials. At the moment
VTT estimates that the material cost in laboratory environment is 200 €/kg but they fur-
ther state that the cost could decrease to approximately 20 €/kg in large-scale produc-
tion. The average material cost for most generic PLA and ABS filaments is approxi-
mately 25 $/kg (Goldschmidt, 2020). These are not the main competing materials, but it
gives some perspective on the price. It is also difficult to compare NOVUM material to
other cellulose-based materials. Typical cellulose-based 3D printing materials are com-
posites, where cellulose and its derivatives are compounded with conventional 3D
printing materials such as PLA and ABS. In these applications, cellulose is used in

lower content (under 30 percent). (Wang et al., 2018)
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5.4 Commercialization of project’s results

In this chapter, commercialization process including tasks, challenges and strategies
are discussed. These are related to the key resources and processes to be ensured
before the launch of innovations. In this study commercialization refers to the use of the
results beyond the project partners or in other words launch of new product to the tar-
get market. The greatest challenge in this R&D project is that the initial objective was to
develop a more efficient manufacturing process not product. The manufacturing con-
cept and the pilot line represents the more efficient manufacturing process. The prob-
lem is that none of the project’s partners are willing to acquire the technology and start
manufacturing in-house (at the moment Hitachi ABB PG is considering to acquire the
technology or buy the manufacturing as a service, but have no interest towards the pi-
lot line). Therefore, the exploitation of the manufacturing concept requires an external
contract manufacturer to acquire the technology. Another problem is how to commit the
contract manufacturer to purchase the manufacturing concept because the benefits
identified in this project are unique for the OEM partners and generated in the perspec-
tive that the partners will do the manufacturing in-house. It would be easier to request
the contract manufacturer to acquire the technology if the innovation would also include
the product. Or in other words, if the product cannot or is not feasible to manufacture
with other technologies. With current information the manufacturing concept will not
make conventional technologies obsolete. However, if the pilot line will prove to be a
superior against other manufacturing methods, it will facilitate the adoption of this con-
cept. In conclusion, this problem relates only to the manufacturing concept not the
other CERs. For conducting an effective exploitation of the manufacturing concept,

finding a contract manufacturer is the main issue.

The architecture of the CER'’s are also very different. Where NOVUM material and
multi-material 3D printing technology are autonomous or stand-alone innovations, the
manufacturing concept is a systemic innovation. Hence, adopting the manufacturing
concept requires a significant readjustment of the whole system and therefore many

actors in the adoption network need to be persuaded to support the innovation.

It is most convenient to discuss about the commercialization tasks and challenges
through the manufacturing concept because it contains also the NOVUM material and
the multi-material 3D printing technology. Fibrous foam printing is discussed here only
briefly because of its low TRL grade. There are three focal tasks to be conducted be-
fore the manufacturing concept can be fully exploited by each partner, and especially

before launching the technology to the mainstream market. These are: finding a mate-
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rial compounder and supplier, finding a contract manufacturer, and finance of the pro-
duction line, as presented in figure 24. For launching NOVUM material, only key pro-
cess and resource to secure is the material compounder and supplier. By conducting
these tasks, the value chain can be ensured, which is a key resource and process in
new technology product commercialization. The commercialization process becomes
complicated when all these tasks need to be conducted at the same time. The launch
of the multi-material 3D printing technology requires no additional key resources or pro-

cesses because it is business as usual for Brinter.

The TRL for the pilot line will be 6 at the end of the project, which means that the pilot
line or the manufacturing concept needs to be implemented in actual operational envi-
ronment to get to the highest TRL 9. Hence, when the manufacturing concept is ex-
ploited by any partner the technology will get the highest TRL grade. After this, the
manufacturing concept can be properly commercialized. For positively affecting the
post-purchase attitudes of early adopters, at launch, the configuration needs to be

ready and the critical functionalities are included and working perfectly.

/ Get everyone interested, involved and committed at the same time \

e N | 7 N | 7 N
Finding a material
compounder and
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manufacturer production line

- / \- /
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~~ —
Figure 24. Key resources and processes to secure before the launch of

NOVUM material and manufacturing concept.

5.4.1 Finding a material compounder and supplier

Finding a material compounder and supplier is especially important for two CERSs:
NOVUM material and manufacturing concept. It is obvious that material supply is im-
portant for these. NOVUM material cannot be sold if there are nothing to sell and man-
ufacturing concept will not run if there are no raw material. However, multi-material 3D
printing can utilize various raw materials because of its modularity and fibrous foam

printing technology uses entirely different raw material. VTT has the main responsibility
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for finding a material compounder. Because VTT has done material development for
decades it has a wide network of potential material compounders. However, utilizing
the OEM’s current material compounders and suppliers could facilitate the exploitation
because the value chain is already existing. Utilizing an incumbent material com-
pounder and supplier is seen as the most attractive commercialization strategy by
every partner. However, the size of the material compounder has divided the partners.
Some states that a large material compounder and supplier would serve their opera-
tions best when others are supporting a small business. A large business would have
the resources to produce the material in high quantity and promote the material through
its distribution channels. However, in the launch phase the quantities are still rather

low, and a small business would have a lower bargaining power of supplier.

5.4.2 Finding a contract manufacturer

Finding a contract manufacturer is most important for the exploitation of the manufac-
turing concept. Only Hitachi ABB PG is still considering acquiring the technology. This
task needs to be conducted with close cooperation between Brinter, Abis and the OEM
partners. It is proposed that, first, the contract manufacturer is sought from partners ex-
isting value chains, and then, broaden the scope. The pilot line has been designed to
be suitable for all the OEM partners. So, if the pilot line would eventually be sold to one
contract manufacturer, which would supply components to all the OEM partners, many
of the benefits sought in this project would not fulfill. This is because of the long dis-
tance between each partner. Ideally 3D printing should be exploited in distributed man-
ufacturing. Hence, finding additional customers close to OEM partners and establishing
three separate production lines is the most suitable solution. Other commercialization
strategy would be a strategic alliance where Hitachi ABB PG acquires the technology
and then agree to supply MT and CRF. For MT this arrangement would be suitable be-
cause of the uneven demand and the relatively short distance from Poland to its ship-
yards in Finland and Germany. However, in CRF case this might not be the best solu-
tion because of the higher demand and lead time requirements of spare parts. Also, it

is not studied yet, if one production line has the capacity to serve all the OEM partners.

5.4.3 Financing of the production line

The financing of the production line is also a critical task for exploitation. At the mo-
ment, the 3D printer alone is a significant cost for a contract manufacturer. According to
Brinter, the hardware of the 3D printer, which is designed and built for the pilot line,

have a cost of approximately 50 000 € excluding the printing heads, which are 10 000-
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30 000 € each. Therefore, it can be said that in its most basic configuration, the cost of
a 3D printer is over 100 000 €. When more printing heads are added and the post-pro-
cessing line is included, the cost will increase even more. This means that a small- or

even a medium-size business probably does not have the assets to invest alone in this

technology.

One solution would be that the OEMs will participate by partly funding the production
line and thus be co-owners of the production line. For mitigating the economic risks of
acquiring the technology, OEM partners could also establish a joint venture. The joint
venture would have a base clientele from its owners and when the demand is secured
and steady, they could start to expand their operation to new customers and segments.
Because this is not OEM’s core business, the joint venture could be sold to a larger
contract manufacturer after a successful launch. Other convenient commercialization
strategy would be gathering funding for the production line from venture capitalist or
other sources of funding. In this approach the manufacturing should be controlled by
one or several NOVUM partners, and therefore a subsidiary or joint venture needs to
be established. The problem with these approaches is that initially the partners were
not interested in in-house manufacturing. Also, who would be the facilitator in these ap-
proaches is unclear. The potential material compounder does not need any additional

investment into equipment as long as the production volumes are rather low.

Because Hitachi ABB PG was the initial and only end user when the planning of manu-
facturing concept began, the configuration is mainly designed on their terms. Although
the manufacturing concept is designed to be suitable for all the products that were in
the scope of this project, it may not be the most optimal and cost-effective configura-
tion. Therefore, it can be discussed how necessary the post-processing line is for MT’s
configuration. Their sought benefits are more related to the bio-based material, design
complexity, and faster production; not cost reductions. Hence, MT would obtain the de-
sired benefits with a less expensive configuration of the manufacturing concept. Also,
the uneven demand and large size of the components can drive for a stripped-down
version. MT stated also that they were planning to exploit the technology inside the ex-
isting value chain, meaning that their current contract manufacturers or subsidiaries

would conduct the manufacturing.

In conclusion, it is extremely difficult propose which mode is the best for exploitation of
the manufacturing concept before the final cost structure estimate and life-cycle cost
analysis are ready and the pilot line’s capabilities are known. When this information is
available, OEM partners should analyze and compare the differences between in-

house and outsourced manufacturing. Not only in monetary term but to consider all the
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benefits that are obtained if the technology is adopted. The potential approaches identi-

fied in this analysis are:

e Strategic alliance where one production line is owned and operated by Hitachi
ABB PG,

o three separate production lines locating close to each OEM partner (requires

additional customers),
e one production line operated by one external and large contract manufacturer,

e one co-owned production line operated by one external but smaller contract

manufacturer,
e one production line owned and operated by a joint venture,

e one production line owned by venture capitalists and operated by a subsidiary

or joint venture, and

o three separate and customized production lines owned and operated by an ex-

ternal contract manufacturer or in-house.
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6. CONCLUSIONS

This chapter concludes the thesis. First, a summary of the results of this study is pre-
sented and reflected to the literature. Second, practical implications are introduced.
Third, limitations of the study are described. Last, proposals for future research are pre-

sented.

6.1 Summary

The objective of this study was to investigate the factors that affect the commercializa-
tion of innovations and how the R&D results are effectively exploited. To answer these
questions, the customer value was studied by interviewing potential end users of the
case R&D project. The case selected in this study was NOVUM project. A multi-na-
tional publicly funded R&D project with aim of developing a new efficient and sustaina-
ble manufacturing process. The challenge in implementing the R&D results in partners’
value chains is much greater in publicly funded and multi-national R&D project consor-
tium. All the main partners are operating in different industries and therefore their prod-
ucts vary much what it comes to size, structure, shape, and desired material properties.
Moreover, the identified customer values are different for each end user, and therefore

a consistent commercialization strategy can be difficult to design.

Realizing potential customer value of new technology has been identified to be one of
the success factors for commercializing innovations. However, the topic is stated to be
under-researched. Kirchberger and Pohl (2016) further stated that the benefits of stud-
ying and understanding customer value in early phase could be a powerful argument
for commercializing new technology. (Kirchberger & Pohl, 2016) This study tries to vali-
date this argument to be true. Realizing potential customer value early in the commer-
cialization process can help to recognize the full potential of the innovation and poten-

tial challenges in the commercialization process.

An interesting finding from the literature review was that identifying potential customer
value is not included in Datta et al. (2013) commercialization process of innovations
(Datta et al., 2013). Analyzing customer valuer could have a great contribution in the
deployment stage before manufacturing strategy and launch strategy are developed. In
this study, customer value has been the foundation and placed the boundaries for mak-

ing the make-or-buy decisions and creating the launch strategy.



77

Identifying general as well as project related challenges was one of the subobjectives
in this study. As presented in the literature review and in a study made by Aarikka-
Stenroos and Lehtimaki (2014) there are multiple challenges in commercializing radical
innovations. Realizing potential customer value can help to overcome many of these
challenges. First, it can lower the level of uncertainty which is affecting the decision
making. Second, it can help to understand the customer’s perspective. Third, it can
help to create credibility towards the innovation by indicating the real customer value.
Fourth, understanding what truly delivers value to the customer can facilitate the adop-
tion. Last, exposing potential customers to the innovation early can help to create first

sales.

This study gives many proposals how the commercialization of NOVUM project should
be conducted. It tells what the main challenges are and propose countermeasures to
ensure an effective exploitation. The same process can be conducted in any technolog-
ical innovation’s commercialization. The challenges and therefore the exploitation
measures focus mainly on ensuring the key resources and processes. These capabili-
ties are needed for creating and delivering the customer value proposition to the end
customer. As demonstrated in the literature review, key resources and processes are
one of the main elements of a business model (Johnson et al., 2008). Hence, it can be

said that utilizing business models in commercialization process can be a useful tool.

For commercializing innovations, the main tasks were to first, understand the real cus-
tomer value by interviewing potential customers or end users. Then to design individual
customer value propositions for each potential customer, and after that, secure the key
processes and resources that are required for creating and delivering the customer
value. The launch will focus on the innovators, who are the forerunners and technologi-
cal enthusiasts of the market. These users represent around 3 percent of the market.
The commercialization is considered to be successful if innovation is gaining ground
from the mainstream market, early adopters. The customer value propositions de-
signed in this study are clearly most suitable for the innovators market. The customer
value identified in this study can be utilized in evaluating and choosing new markets

and narrowing down potential customers.

The greatest challenge identified in this study is that when the development activities
are related to manufacturing process, not product, the exploitation can be extremely
difficult when the initial manufacturing is outsourced. When the innovation is systemic
not autonomous or stand-alone, the exploitation and adoption require more stakehold-

ers. This will create extra work and requires seamless cooperation between partners.
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Especially, like in this case, the external stakeholders (material compounder and con-
tract manufacturer) need to get interested, involved, and committed at the same time.
Hence, the greatest challenge in commercializing technological innovations is the in-
complete value chain. Also, fully automated production line can be difficult to configur-
ate and optimize when there are many end users as customers. The greatest drivers in

other hand are superior performance and the low competition in new markets.

In this study, a theoretical framework for commercializing R&D results was developed
and utilized for analyzing the results. The framework demonstrated the process from
gathering data from end users to commercialization analysis. The benefits of adopting
the R&D results of NOVUM project are indisputable. When benefits of the innovations
and the value that these benefits deliver to each potential customer are known, individ-
ual customer value propositions can be designed. However, as in the literature review
demonstrated, the incentive to purchase can be defined as the difference of customer
value and costs. Therefore, the adoption of a technology is more complicated than only
demonstrating the benefits and the customer value. However, the cost estimates were

not in the scope of this study.

In figure 25 is illustrated the summary of this study. It can be generalized so it can be
used for commercializing any 3D printing technology with a sustainable material. The
figure follows the same structure as the theoretical framework. The commercially ex-
ploitable R&D results identified in the study are, first, cellulose-based material that can
be utilized with different fabrication methods such as 3D printing and injection molding
based on the production volume and the need for complex structures. Second, manu-
facturing concept that merge all the innovations developed in R&D project into one pro-
duction line. Third, multi-material 3D printing that can use multiple materials in one fab-
rication run producing sandwich-structured composites. Last, fibrous foam printing
technology that can be exploited in small batch production of lightweight and porous
components. The main economic, functional, and environmental benefits of these inno-
vations are presented in the figure. How each end user prefers these benefits were an-

alyzed and based on that customer value was identified.

The customer values were simplified and concretized by designing individual customer
value propositions for each industry as shown in the figure below. Analyzing customer
value seems to be suitable for business (marine and electrical insulation industry) and
consumer markets (automotive industry). Customer value brought out the differences
between the industries such as what are the preferences of each industry and how

should the exploitable R&D results be exploited in their favor. The customer value was
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the main driver in commercialization planning. Challenges and barriers also create re-
strictions and obstacles to be solved in the commercialization process. For the launch
to have the possibility to be successful, key resources and processes need to be en-
sured for creating and delivering the customer value that was defined earlier. In the
analysis the focus is on the key resources and processes that the ecosystem does not

have.

Challenges and barriers
Finding a manufacturing
partner and material supplier
Lack of interest by external
e mmmmmemmemmemaemaaa .. stakeholders
/" Exploitable R&D results " Financing
Cellulose-based material Insufficient material

Manufacturing concept properties
Multi-material 3D printing
Fibrous foam printing / Customer value \ / Commercialization \

~

7~ Marine industry N
Stand out from
competitors by providing
unigue and complex
shapes with lower costs,
faster productions, and

i Value creation and
Ny legistation o \_sustainable material. /

delivery
Component fabrication
L»{ |[conducted in-house or by
contract manufacturers
External material supplier
N PPrey

Economic benefits
Reduced production costs
Lower investment for new

components

Prevention of future

/" Electrical insulation

Functional benefits .
industry

Key resources and

Design freedom . processes
S Production cost w ; .
Personalization - . #1 | Material compunder and
! > reductions and shorter i
Faster production : N supplier
cycle time by eliminating
Reduced storage Contract manufacturer
Material properties manual work and energy Financing
\_ / \ Sa\”ngs- j \ /
4 I /“Automotive industry

Ensuring capabilities
Patenting
Value chain
Strategic alliances
Further material
Qevelopment and testmgj

Bio-based, recyclable,
Environmental benefits and aesthetically unique
Green materials — material to answer future
Sustainable production customer demands and
EU regulations without

A\ Py \\ large investments. y

v
v
I
v
v
0
v
v
0
v
v
v
I
v
v
i
v
v
0
v
v
v
I
v
v
0
v
v
0
v
v
v
I
v
0
0
v
v
i
v
v
v
I
v
v
0
v
v
0
v
v
v
I
v
0
0
v
v
i
v
v
v
I
v

Figure 25. Summary of results.

One interesting finding in this study was that when the end users were asked about the
benefits of adopting the technologies, they all answered as they would be the initial
manufacturers, although later they told that the technology will be exploited externally.
This is confusing when creating the analysis because these benefits do not exist any-
more in that event. This finding implicates that analyzing customer value of process in-

novations is more complicated because of the distributed and outsourced productions.
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6.2 Practical implications

The results of this study can be utilized in commercialization of innovations. As a result
of this study three recommendations to managers who are working with innovation
commercialization are made.

1. Managers should discuss with potential end users about the sought benefits to

obtain knowledge of the real customer value.

The most suitable areas would be radical innovations or products which market does
not exist. Radical innovations can include values or applications that only end users
can recognize. Therefore, managers should discuss with potential end users about the
sought benefits and exploitation to obtain knowledge of every application area and their
value to the end user. This will create multiple exploitation paths and help managers to
identify which is the most attractive. When managers know what truly delivers value to
the customer, they can enhance the adoption and overcome adoption barriers by argu-

ing the facts to the customers.

For example, in this study the initial exploitable R&D result was the manufacturing con-
cept but after the interviews, three commercially exploitable R&D result arise. When
customer value is fully understood, the market segmentation is easier to conduct. As
Anderson et al. (2006) stated, the improvements of the technology should concern the
points of difference which deliver the greatest value to the target customer (Anderson
et al., 2006). Therefore, if the real customer value is recognized early in the R&D pro-
ject, it can reduce the development cost of unimportant features and improve the cus-

tomer perceived value of the most important features.

The core perceived benefits of innovation are the main input in defining customer
value. Customer value is the basis for evaluating commercialization potential and creat-
ing commercialization strategy. This study shows that end user involvement in early
phase at commercialization process can help managers to identify the real customer
value. In early phase, value chain can be designed to create and deliver the desired
customer value. It also shows that one value chain cannot satisfy all the potential cus-
tomers and multiple launch strategies can complicate the commercialization process.
Hence, analyzing customer value can help to identify different commercialization strate-
gies. For example, in this study the sought benefits by the end users differ and the ben-
efits are interconnected into individual R&D results. Therefore, one commercialization
strategy cannot satisfy all the partners. The theoretical framework developed in this
study helps managers to identify critical factors affecting the launch by analyzing cus-

tomer value.
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2. Managers should analyze customer value before making make-or-buy decisions
in process innovations.

One major finding in this study was that the end users described the benefits of adopt-
ing the technology as they would be the initial manufacturer. However, most was plan-
ning to exploit the technology through a contract manufacturer and therefore this will
hinder the benefits of adoption. Customer value is a great tool in evaluating the benefits
of in-house and outsourced production because managers can easily compare which
values are delivered in each alternative.

3. Managers should use customer value for identifying key resources and pro-

cesses that are needed for a successful launch.

To create and deliver desired customer value, key resources and processes need to be
identified and ensured first. Chiesa and Frattini (2011) argued that one major way for
influencing customer acceptance is affecting the attitudes of early adopters. These atti-
tudes can be positively affected by ensuring that the configuration is ready, and all the
critical functionalities are included at the launch. (Chiesa & Frattini, 2011) Customer
value can contribute here by helping managers to identify key resources and processes

as well as key features for a successful launch.

One significant limitation identified in this study was the absence of the initial compo-
nent manufacturer and material supplier in the R&D project’s value chain. This creates
much of uncertainty for the launch of innovations as demonstrated. Managers should
emphasize the need for complete value chain in open innovation development projects.
In this case study the component manufacturer will conduct the initial investment in the
new technology. Therefore, the absence of the stakeholder that have to invest the most

into the hardware can lead to failure of exploitation.

Sustainability is an emerging factor in industrial operations. Although the case project
has a sustainability goal, it is not the driving factor as demonstrated in the results. The
direct or indirect goal is always gaining economic benefits from adopting the innovation.
Sustainability is a tool for companies to gain competitive advantage over its competi-

tors which lead to economic benefits.

6.3 Limitations of the study

The greatest limitation in this study is the uniqueness of the case project. Five stake-
holders of the case project were interviewed. Three of the stakeholders were repre-
senting the customer side and although they represented different field of industry the

results may not be transferable as they are. The results to be easily transferable into
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another innovation’s commercialization project, the innovation and value chain chosen
should be similar kind than in NOVUM project.

The credibility of this study is estimated high. The research method was interviewing
project partners of the case project. They have all invested in the R&D project and a
successful exploitation will benefit their all. Therefore, the data collected in the inter-
views is reliable. Also, the persons interviewed were the persons in charge in the pro-
ject and thus have the best knowledge about the innovations and the exploitation
paths. However, there is one great limitation that was identified after the interviews was
conducted. The role of the end users changed during the interview. First, the end users
described the potential benefits gained from adopting the new technology as the initial
manufacturer. But, when asked how they are planning to exploit the new technology,
buying the manufacturing as a service was the most common answer. This means that

the sought benefits may not occur in the different role in the value chain.

High credibility leads to good level of dependability. However, in the case project
NOVUM, the situations have altered through the whole project and the objective of the
R&D project have also changed. Therefore, the results in this study reflects the findings
of one certain period in the R&D project. This can hinder the dependability or repeata-
bility of this study.

6.4 Proposals for future research

Classifying customer value into three segments economic value, functional value, and
environmental value seems to suit well for busines-to-business market. However, previ-
ous research of this has not been made and therefore it should be studied more. The
literature cover well customer value in consumer markets but they tend to emphasize

symbolic and emotional values when in business market decisions are more objective.

Environmental value was included in the analysis made in this study. A conclusion of
this study states that environmental values are not the key drivers for adopting a new
technology, but the economic benefits obtained through it. However, this is just one
view made from the results and should be studied more. Especially comparing compa-
nies’ strategies and the decision drivers could tell if the external communication is

aligned with its actions.
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APPENDIX C: QUESTIONAIRE FOR OEM
PARTNERS

1. What are the key reasons you participated in this project and what are your goals?

1.1. What are the benefits you are seeking from NOVUM technologies?
- Economic value (for example, cost reductions in transportation and labor)
- Functional value (for example, customization, design freedom, flexibility)
- Ecological value (for example, waste/energy reduction, recyclable/renewable mate-
rial)

1.2. What are the benefits you are seeking from the manufacturing concept?
- Manufacturing concept refers to all the developed technologies as one i.e. industrial
scale 3D printing with cellulose-based material

1.3. What are the benefits you are seeking from the value chain level in this project?
- For example, relationships, joint action, networking

Project

Value chain

Manufacturing
Concept

Technology

Figure 1. Different layers in NOVUM project.

2. How are you planning to exploit the technology and material created in NOVUM pro-
ject?
For example:
- Acquiring the technology
- Buy as a service
- Design and manufacturing service / prototyping service
- Rent printing time in fab lab

3. Are you seeking to create new business i.e. accelerate sales, gain cost reductions or to
develop more sustainable production methods? Or a combination of these? Which one
is your main incentive?

4. For which products are you planning to utilize the technology of NOVUM project?

4.1. What is the competing technology or manufacturing concept?

4.2.What are the unique characteristics in NOVUM technology compared to competing
technologies?

5. What are the challenges and barriers that may occur in the exploitation of NOVUM tech-
nology?
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APPENDIX D: QUESTIONAIRE FOR R&D
PARTNERS

What are the key reasons you participated in this project and what are your goals?

What are the benefits that the NOVUM technology is offering to the customers?
e Economic value (for example, cost reductions in material and labor)
e Functional value (for example, fabrication speed, flexibility)

e Ecological value (for example, waste/energy reduction, use of recyclable/renewable
material)

What are the benefits you are seeking from the value chain level in this project?
e For example, networking, joint action, cost sharing, knowledge sharing

Project

Value chain

Manufacturing
Concept

Technology

Figure 2. Different layers in NOVUM project.

4. How are you planning to exploit the technology and material created in NOVUM pro-

5.

ject?
1. What is the competing technology or manufacturing concept?
2. What are the unique characteristics in NOVUM technology compared to com-
peting technologies?
3. What are the key factors to obtain (sustainable) competitive advantage?
4. How are the developed technologies protected?

In what other applications and industries, the technology and/or material can be used?
1. Short and long-term vision?
2. How will the technology develop in the future?

6. What are the challenges and barriers that may occur in the exploitation of results?



