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Abstract

Side stream utilisation isn@amportant research are@athe world today. More and more new ways are develop
diminish the amount of waste, recycle waste and utilise the side streams into good use instead of thrg
business opportunity and thaluable side stream away. Side stream utilisation possibilities should be inveg
not only in technology point of view but also in the business point of view also to find the best possibil
utilisation and have the longest possible lifecytdethe raw materials according to principles of sustain
development.

PetritT is alime rich side streanthat is createth the production of sponge iron. It has been handled and mal
as a waste and it has been thrown to the landfill but nowrtiduption company Hoganas AB is keen on utilig
the PetritT as efficiently as possible in the products in the world by selling the substance to other companie
willing to produce end products made of it. After getting the secondary raw matetas through REACH
regulation in EU, PetdT is managed as stabile material and different laws and taxes apply to it. It is usable
to postprocessing and to add value to the network around the company and profitapledunts.

This thesisstudiesthe utilisation of Petrill in the businesstilisation point of view.lIt is an economic feasibilit]
study in European Institute of Innovation & Technology (EIT) funded project dslIBdPET andit is one of three
pre-studiesin the beginning oftte project The goalto the feasibility study and to this thefgo givea proposal o
the business ecosystems of the selecteegpendlict scenarios, business models and business case ainatiiss
caseandto find an answeto following research qtions: 1How can the indusial side streams be analysiedhe
economic point of view? 2Vhat are the value streams and business model scenarios of thieesidesubstance
Hoéganas AB? 3What are the business cases of the side stream utilisation?

A descriptive studynethod has been used in this thesiditerature review provides a framework needed in
research and the empiric study fulfils the practical nelkd .riethods used are workshop group discussiod visua
modelling, interviews ashdetail gathering to an excel shdéhally the theoretical knowledge joined together with
the empirical research to form a business case analysis and business case proposal.

The most important findings are that the ecosystems can be formed in ragay@pending on the epdoduct]
scenario.In this studythe endproduct scenarios are acoustic panels and cementious binder that have th
ecosystems and concrete elements as a combined ecosystem from the two previous. The business caseals
that all the engbroduct scenarios can be profitable. Analysigalghat the acoustic panels have the best profitah
possibilities availablenvith 8500 0 0 €  aThe eutcdmle wf this thesis is a business case proposal
encourages to gmf all selected engroducts separately. The research has not taken into account the simul
production of two of more different produ@sd the cases considered are mutualfjusive

The results of the research can be used in the upcdidgPET project as a proof of the profitability of the proje
goals and as a guideline to establish the business around thd Rethis case. Also the results can be genera
into similar side streams in the iron production industryfEurope Theoretich study can be used in differe
industries but the research results are applicable only in this particulaiTbaseare many similar side strean
unutilised in the steel industry that need examples how to utilise them and make profitable busirfebgmut o

Keywords: Business ecosystem, business model, circular economy, business case analysis, side flow, s

by-product
Additional Information




TIIVISTELMA
OPINNAYTETYOSTA oulun yliopisto Teknillinen tiedekunta

Koulutusohjelma (kandidaatyrd, diplomityd) Paaaineopintojen a(hsensiaatityd)
Tuotantotalous

Tekija Ty6n ohjaaja yliopistolla

Saara Vaananen prof. Harri HaapasaloTKT P&ivd Kinnunen
Tyon nimi

Sivutuotevirtojenhyddyntamiseriiketoimintaekosysteemimnetalliteollisuudessa Petrit T tapaustutkimus

Opintosuunta Tyon laji Aika Sivumaara
Tuotantotalous Diplomity® Tammikuu2017 95s., 1 liite
Tiivistelma

Sivuvirtojen hydtykayttd opuhuttanut paljormaailmassaykypaivana Yha enenevassa maarin keksitdan kei
vahentaa jéieiden syntya ja kierrattéda sivuvirtatuotteita hydtykayttddn sen sijaandtetidisiinliiketoiminnalliset
mahdollisuudet hyddyntamatta feeitettaisiinsivuvirtatuotteita maan taytteeksi. Jotta raakseiden kayttd olis
mahdollisimman tehokasta jalinkaari pitkd kestéavan kehityksen periaatteiden mukaisesti, sivuvi
hyédyntamisen mahdollisuus tulisi tutkia niin teknologian kuin liiketoiminnankin nakdkulnTest@a opinnaytety:
tarttuu tdh&an teemaan syvallisemmin kiinni.

PetritT on huokoisen audan valmistuksessa syntyva kalkkipitoinen tuotannon sivuvirta, jota ennen on
jatteend jakaytetty maan taytteendnutta nykyaan sité tuottaila yrityksella Hégands AB:lla on kiinnostus
hyédyntéa sivuvirtaa mahdollisimman tehokkaasti uusisetteigsaliiketoimintaekosysteemia hyvaksikayttag
LainsdadannolliserREACH-prosessin kaytyaan Petfiit luokitellaan hyvin stabiiliksi sekundaariseksi rag]
aineeksi, jota koskee erilaiset luvat ja verot kuin jatettd. Se on kayttokelpoinen materiagigatikseen arvo
lisédaviksi ja liiketoiminnalligsti kannattaviksi tuotteiksi.

Diplomitytsséa on tutkittuPetritT:n hyotykayttoa liikketoiminnan nékdkulmasta. Diplomityd on dSaropear
Institute of Innovation & Technology (ElT)ahoittamaaMIN-PET projektia, jonka ensimmaisessé vaiheg
tarkoituksena on tehdé teknillisen ja ympéristollisen esitutkimuksen lisaksi liiketoiminnallinen esitutkimus
diplomityé on liiketoiminnallinen esitutkimus Petril:n hyddyntédmiselle. Tarkoituksena on luoda ehd
liketoimintaekosysteemin rakenteesta, liiketoimintamstkei eri lopputuoteskenaarioilleghda liiketoininta-
analyysi tsté tapauksesta ja vastata seuraaviin tutkimuskysymyksiin: 1. Kuinka teollisuuden sivutuotevirtoj
analysoida taloudellisestmakdkulmasta? 2. Mitkd ovat Hoéganas AB:n sivutuotevirran arvovirtaketj
liketoimintamalliskenaariot? 3. Mitk& ovat sivutuotevirran hyddyntamisen liiketoimintatapaukset?

Tutkimus on deskriptiivinen tapausutkimus. Teoriaosuus koostuu pa&osin tieistelh artikkeleista |
tutkimusaineisto kerattiin workshopissa projektiin osallistuvilta tahoilta ké&yttden visuaalista malli
ekosysteemeista hyoddyksi. Aineistona kaytettiin workshopin tukena my6s haastattelutuloksia ja tietojen k¢
erilaisin keinoin. Tuloksissa teoriatieto yhdistettiin empiiriseen tutkimukseen business case analyysiksi ja
case ehdotukseksi.

Tuloksista tulee ilmi, etta liiketoimintaekosysteemit voidaan muodostaa monella eri tapaa riippuen lopputy
Lopputuotemadiollisuuksista tarkasteltiin tdssa tapauksessa kolmea eri lopputuotetta: akustisia paneeleja,
sidosainetta ja betonielementteja. Kahdella ensimméiselld ovat omanlaisensa ekosysteemit, mutt
lopputuotemahdollisuus on yhdistelm& kahdestanemsiisestd. Liiketoimintanalyysista kay ilmi, ettéd kaikis
naista lopputuotemahdollisuuksista on mahdollista tehda kannattavaa liiketoimintaa. Kannattavin tuote kui
akustiset paneelit, jonka vuotuinen rahallinen hy6ty on arvioitujen kustannastefojen mukaan 850 0 O

Liiketoiminta-analyysin lopputuloksena liiketoimintaehdotus suosittelee lahtemaén suunniteltuihin uusien tu
valmistukseen ja ekosysteemien luomiséehunkin yhteen kerrallaariTutkimuksessa ei ole otettu huomio
kaikkien lopputuotteiden yhtaaikainen tuotanto.

Tutkimuksen tulokset voidaan kayttdd taydiiN-PET projektin tuleviin toimintoihin taysin sellaisena
osoittamaan projektin tavoitteen mukaisen Pa&triivuvirran liilketoiminnalliset mahdollisuudet. Tuloksiaidaan
soveltaa suoraan tdman tietyn sivuvirran hyddyntamisen liiketoiminnan perustamiseen. Tutkimusta voidaat
osittain samankaltaisen sivutuotevirran liikketoimintamahdollisuukdtantoittamiseen Euroopassa tergs
metalliteollisuudessa. Te@tista osuutta ja metodeja voidaan kayttada minka tahansa sivutuotevirran analy
soveltaen, mutta laskelmat ja tulokset ovat spesifeja vain tahan tapaukseen.

Asiasanat: Liiketoimintaekosysteemit, liiketoimintamallit, business case analyysit&ieus, sivuvirta, sivutuote)
Muita tietoja




PREFACE

In this researcla feasibility of the industry side stream is evaluatieughliterature
researcland empiric materiadbout the business ecosystem in an industry point of view,
business models andlsistreanbusiness case analysigation inthoseecosystemsrhis
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Industrial Engineering and Managemeértte research is done during the autumn period,
from the fird of Junein 2016and the last odanuaryin 2017.

The thesis was requestadd fundedoy an EIT Raw Material upscaling project called
MIN-PET: Mineral products from Petril sidestreamThe research journdyas been a
challengingadventure to ma the scientific and business world througkproject. The
interest towards the side stream utilization industry and circular economy has sparked in

me during the processd the curiosity keeps me searching my own way in the future.

Tothis thesis | hae got support from various persamsom | would like to thanki want
to thank professor Harri Haapasalo for valuable guidance throughoihtesie process
andstudiesin the University of Oulul also wish to thanr. Paivé Kinnunen for the
knowledge ad great supporin the research Thank youMr. Bjorn Haasefor the
importantsupportin the empiric parinformation gatheringand all other MIN-PET
project participants focollaborationand a good workingmbience | have had enough
strength to do thisesearch with thbelpof my dear friends andith the contributionof
other classiates. | have got also unwawey support throughout the studifem my
family and relativesvhich | am grateful far

Oulu, 24.12017 Saara Vaananen
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1 INTRODUCTION

1.1 Background

In the world of business it is important to keep moving and discover new ways to improve
modes of operation to keep the busiessdive. Developing new products brings new
business to the company and when doing the right things at the right time the new
products can become a success. One of the ways to find new opportunities is to follow
and forecast the trends in the world. New innovations and adeabe a page turner for

the company if they amevaluated carefully in terms of costs, benefits and ifrttemded

course of action is aligned with the company goals and strategies.

The circular economy igaining more and more attentiam the western world at the
moment(e.g.Monosiet al. 2016; Diaoet al.2016; Maet al.2014) The world economy

has devalped through industrial revolutions to the point where the manufacturing and
consumption are not in the sustainable Ié€ietschnitzGarberset al.2016) The world

and its people need to develop new innovations to preserve the nature and the
environmentve live in. The aimtodayis to minimise wasteto usenaturalresources more
efficiently and make business more profitalikerecycling and process optiratton(e.g
Winans et al. 2017; AbuGhunmi et al. 2016. Developed technologies enable the
materialefficient use, recovering and recycling the raw materials according to sustainable
development principles and use the recycled material in new prd@etss Rios and
Charnley 2016)Also EU has set goals towards zero waste with different laws and acts
(European @mmission 200BECHA 2010) The papeiTowards a circular economy: A
zero waste programme for Europe from European Commig2@i)explains thataw
materialresources are underutiid at the mond. The goal by 2050 is to reduce material
useby 60-80 % towards 610 tonnes per capita in Europe (Hirschitarberset al.
2016).In the European Union the metal industry also has awaken to recycle the steel slags
into use instead oahdfilling the slag side stream (Menshov 2014 Yhe recent resarch

the business opportities of the steel slags h&gen studied little (Menshov 2014;
Husgafvel 2016)In the practice the slag technological feasibility has been sturdibd
companies but the optinig and the business ecosystetitt would neel more attention

to have more interest into the side stream utilising indstonosiet al.2016)



Sustainable solution taitilise the side streamis to build the business sustainability
around these technologies. Business model structures needve$teggated and business
opportunities evaluatedto have more commercial interest around fh®ducts,
technologies andircular economyverall (Geissdoerfeet al.2017) One of the tools to
study the business benefits of the new innovation is the ecgonasibility. The
economic feasibility of the selectadnovationto industry side streanendproduct
scenarioss one key evaluation tool in the processrtiposes a structure of the business
ecosystem and value creatiorstgmaround the selected iastments or new products
Business ecosystems have been studiddnsivelyf r o m t leg. M&fe '1993; (
lansiti and Levien 2004; Zahra 2012; Galantenau 2013). Businesssnhadel also been
studied widely(e.g. Osterwalder 2005; ADebeiet al 2008; Quikki et al 2006 Bocken

et al 2013. The link between the business models in the side stream business ecosystems
is not researchedllotin the present studieA.financial prestudyin the form of Business
Case Analysis (BCA) fodifferent endprodud scenarioss included tothe economic
feasibility togive detailed evidence to support decision making to go or not go and build
the business around the intended innovatiinnunenT. et al 2011; Randall 2012).

1.2 Objectives

Themaingoal of this researcis to verify theeconomidfeasibility of side stream Patr

T utilisation for the EU fundedMIN-PET project lead by a Swedish metal coating
company Hoganas ABhe study aims téind knowledge about the businessosystems

in circular economyand find bugiess solutions to the side strepmoductsation The
economic feasibilitystudy of the selected metal industry side stream-pmaiuct
scenarios proposes a structure of the business ecosystem and value creation system
around these products. Also the fineh prestudy in the form of Business Case Analysis
(BCA) for different enebroduct scenarios is conducted to support the project
continuation decisionThe outcome for the research is a business case analgsie
streamutilisationendproduct possittities and business case proposal about the business
feasibility for the decision making purposashe projectThe objectives armmetwhen

the thesis answeto thefollowing research questions.

1. How cantheindustial side streams banalyse in the eonomicpoint of view?
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2. What are the value streams abdsiness model scenarios of the side stream
substancef HoganasAB?
3. What are the lainess cases of the side strasitisatior?

PetritT is a side stream that comes from the proces#ighndsOne ofhec o mpany ’ s
strategic goals is to have zero wastthe productionTheir answer to the waste reduction

is to recycle and process the side strednnther and makdeasible secondary raw
materials that can be used in different produétéganas not onlpenefits fran the
landfilling savings but also it can make profitable business out of the-Petntl other

side streams. The main business for Hoganas is the metal powders and these side streams
are the side business to the company. Another ambitiorusetthe PetrT internally in

some form of engbroduct. The project success is in many waysrall beneficial to
Hoganasvhen making a waste into a valuable prodBcbject MINPET and Hoganas

presentations in detail are in the chapter 3.

The aim is ¢ find the right ways to analyse side streams in the economic point of view
and study the business cases of the PEtnit Hoganas case company. The thesis has
been outlined to be in an optimal extent. Therefore some of the relevant dimensions of
the thenes has been excluded from the research. The internal accounting principles and
practices are excluded in this research because the situation is to study the feasibility of
the solutions and very precise details are not available in this phase of thegndjdte

aim is to give a proposal to continuum of the projatdo different marketing principle

plans to gain detailed knowledge about the markets have been excluded but they are

lightly estimated in the empirical analysis.

1.3 Research Process

The resealt starts with thetudyof thescientific literature of the side streartilisation

and business network them@gure 1) Literature reviewincludes the themes dfie
business ecosystems, business models and business case eoalysied into the side
streamutilisationmechanicsAfter the theoretical synthesis the industry and all the main
partners in thMIN-PET project is described as well as the side stream substance Petrit
T. Theempiricdata and informatioaf the projecis gathered frolMIN -PET projectand

in the empirical part of the research different busieessystems industryside stream
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productisatiorare discussed and creatednvarkshops Also the details of business case
analysiswerecollected and value creation system inventethéandustry contextn the
laterpart of the research the theory and the empirical part are combined to form a holistic
understanding of the possible business cases isittésstream cas&he lastphaseof

the research procesglude validation oftie study, reliability study and conclusions with

the further research suggestions.

Objectives and research

question formation

RQ 1: How can the industry side streams be analysed in
the economical point of view?

Theoretical study based on Theoretical synthesis and
the literature research framework
7 ™

RQ 2: What are the value stream business model scenarios of the side
stream of the case company?

Description Empirical Business ecosystems Business case

of the study in analysis details
: Value chain creation Interviews
project workshop

environment session

RQ 3: What are the business cases
of the side stream utilization?

Economical feasibility study of
the project

Reliability, validation

and conclusions

Figure 1. Research process.

In the first step the research motivation needs to be clear to understand what the need for
the study is ath how it isgoing to be usefullhe scoping the field of study happens with
precise research question formulatiwhich was done the previous chapter. ITRe

research question design is based on the need what the research wants to achieve. In this
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thesis there is tiee research questi@which define the goal and the next steps of the

study.

The answer for the first research question is fahnough the theoretical study from the
researclof the scientific papers, publications, European Union guidelines and doctoral
theses. This research needs a besa the scientific publications amutevious studies
about the topics to have a solid understanding about the researcbnerent and
concepts examined. Then the synthesis is made from the literature research ta gather
big picture about the scientific research of the side streflisation its business
ecosystems, value creation and business case analysis. Theoretic examilatswer

the first research question agides a holistic view how the side streams ba analysed

in the economic point of view.

After the theoretical part the description of the project and the side stream substance
Petrit T is explainedn the empiric part of the studl is important to find out the practical
environment and the contein which the research is implemented for scoping the
research. The project need is one of the main motivation for this research in addition to
scientiic advancement. Project environmet¢fines also the objectives which the
research is aiming to. Theestription details are gathered via interviews, internal

introduction papers ahinternalprojectdocuments.

The empirical study continues with the information gathering about the practical
formulation of the business environment towards the ecosysteme whileam and
business case analysis creation. In this part the practical aspect of the research is gathered
as a case study. The information is gathered in the group discassionterviewat the
workshop where all theVIN-PET project participants arenvited as well as EIT
representatives. uginess structure and financigtails are gathered in the discussion
interviews with the key participants. This information gathered will give an answer to the

research question two of what are the business sosradrthe side stream in this case.

The third research question leads the study to evaluating the business case of the side
stream. The stegombines the theoretic knowledge with the practical need into one entity
and the answer to theconomic feasibilityin the form ofbusiness case analysis and

propositionof the side stream. This is made by combining the financial details with the
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business ecosystem and value structure into an outcome what are the business cases of
the side streamtilisationin this cae.At the very end of the research the validity and
contribution of the research is evaluated to give an explanation why the research was done

and how reliable the research is scientifically.
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2 LITERATURE REVIEW

The scientific literature is studied to werdtand the theoretical background of the themes
and gain knowledge to condubte researcin the mostefficient and reliablevay. The
theoretical study begins with the business ecosystwnew with its structures and
participantsto investigate how thecosystems are formed and what mechanisms are
needed when forming the ecosysteamtinuing with the business model and business
case analysidn this case study also the side stream analysis mechanisms are needed to
examine. They give an insights of tmelustry context to this researcfhe side stream
analysis themes are examined via European Union legislation and other analysis tools.
The internal accounting practices and tools are excluded from this study since it is not the

focus in the goals.

2.1 Business Ecosystem

Moore (1993) states that to keep up in the market, companies have to evolve themselves
and their business quickly. This can be achieved if a company attracts customers,
suppliers, investors and other actors obisinessetwork.When creatig a business
ecosystem, the plan and ambition should be visible in the corporate sti@egye
1993).Zahra and Nambi san ( 2 0gdic2hinking fo€uyes aone f e r
visualisng the future before it happens, a process that entails buildthgasidering

di fferent scenarios”. I n business ecosyst
changing and dynamic (Zahra and Nambisan 20TRese businessetworks are
communitieshatcancreata ew I nnovations t o iithdrfingsbusir
success and capital. Business network is a framework that managers can use in order to

comprehend the strategic meaning of the changes in the n{athete 1993)

The business ecosystem as a concept is to look the network actors which répatwhsh
each other is symbiotic, emvolving and dynamic (Hearn and Pace 2006)he business
ecosystem point of view, company should be considered as a part of -@nduesssy
business ecosystem rather than as a one actor of a single field of irfiilegirg 1993).
Frosch and Gallopoulos (1989) entitles the importance of the industrial ecosystem with

the fact that using raw materials in industry inefficiently producing waste, burden would
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be huge on earth in the futurglso Schulte (2013) reminds thhhear supply chain
creates waste and disposal of the waste. A broader mindset of product life cycle should
take into account more to optireishe material flow efficiently (Schulte 2013) cycle

raw material better more integrated ecosystem model &sa of recycling processes,
energy andmaterial consumption is optirdd and was&t minimised (Frosch and
Gallopoulos 1989)The circular economy thinking in new business models in ecosystem
creation benefits both the economy and environment (Schulte ZXi&)core of the
business ecosystem is the cooperation and connection between the suppliers and partners,
states Gossain and Kandiah (1998)gether, companies can endorse each other around
an innovation with collaboration but aladth competition whiclarouses the need for the
second generation innovation to keep the leadership in the m@kesain and Kandiah
1998) Moreover, competition between business ecosystems are changing the industrial
world nowadaysThis balance between cooperation and coitipetforms a complex
interaction and cevolution.(Moore 1993Relationships can be changeablénme or in

different seasons gbey are not frozen and stationaf@ossain and Kandial998).

Moore (1993) refers the business ecosystem as a biologmsystem in the nature. As

the biological ecosystem, business ecosysteoulds gradually from a complex
randaonness into a systematic network. Also the life cycle is the same in business
environment as in nature. Ecosystem is born, expanded in the groagh, plomination

of the environmerand in the last phase, renewal or death. If thereaéwal occurs, the

cycle can continue and ecosystem thrives evenrioree s e f our phases ¢
life cycle are represented in thablel based on MB) propeseds Thg 1 9 9
Evolutionary Stages of a Business Ecosysi@foore 1993)
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Table 1. The Evolutionary Stages of a Business Ecosysteatified from Moorel993)

The Evolutionary Stages of a Business Ecosystem

| Cooperative Challenges _ Competitive Challenges
|Birth
Protect your ideas from others who might be|
Work with customers and suppliers to y ¥ S i 2 ’
i working toward defining similar offers. Tie
define the new value ", ;
ok : . up critical lead customers, key suppliers, and
proposition around a seed innovation. : '
important channels.
Expansion

Bring the new offer to a large market by Defeat alternative implementations of
working with suppliers and partners to similar ideas. Ensure that your approach is
scale up supply and to achieve maximum the market standard in its class through
market coverage. dominating key market segments.

[Leadership | provide a compelling vision for the future
|that encourages suppliers and customers to
work together to continue improving the
complete offer.

Maintain strong bargaining power in relation
to other players in the ecosystem, including
key customers and valued suppliers.

iSelf-renewal Maintain high barriers to entry to prevent
innovators from building alternative
| Work with innovators to bring new ideas to ecosystems. Maintain high customer
the existing ecosystem. switching costs in order to buy time to
incorporate new ideas into your own
products and services.

In the evolutionary stages of a business ecosystem, there are coepmardtcompetitive
challenges in addition to benefits. In the birth phase the company stemdda seed of
innovation anddiscuss with the customers and the suppliers about the value creation
around the innovatiobut also to protect theewly discoverednnovations from rivals.

This is achieved when making tight and close partnerships with all other stakehaltlers
design the business the way it serves the customers and potential martetggrowth

and expansion phase ready product or service igggbimugh a ramjup phase and
introducing the value to the big markets. Challenge in this phase is the competition. The
company has to make bold moves to defeat compettidrgain a control of the market

But realistic demand and supply planning takes@in cost efficiency.eadership of the
ecosystem makes the company to set the pace in the innovations of its field of study with
encouraging stakeholder§o reach leadership the company must not only satisfy the
customer need but also develop the bessnagilely and strive towards continuous
improvementChallenge is to keep the position and negotiating power in the market in a
constant competitiorA strong actor in the market can be also called a central ecological
contributor. Central contributor &tacts suppliers to stay in the ecosystem due to

investments they have made to cooperate with the contribB&skrenewal phase
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demands new ideas and innovationthe obtained ecosysters @ell as preventing new
actors, ecosystems and innovatiargeing the market(Moore 1993)Gossain and
Kandiah (1998) reminds that before extending product or service portfolio with the new
innovation, it is important to review the business strategy and core businesses, is the new
field complementary of competitivergduct to existing products and does the new
innovation fit to the value proposition towards the custonfer&eep rival from entering

the market, the company can use high product or service switching costs or other high
barriers. The renewal can mean alsransforming into a new ecosysteth.the self

renewal does not happen the ecosystem, as it is, will face the death of its liféMgole

1993)

Ecosystem can be presented in many ways. The research shows that the business
ecosystem is a complex angindmic busiess network that includes hangally and
vertically different companies. The innovation or the new joint value proposition connects

the relevant stakeholders together (figkxe

Logistics
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Company

& r,\}QQ
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Figure 2. Business ecosystefoombiredfrom Moore 1993Gossairand Gandiah 1998;
Frosch and Gallopoulos 1989; Schulte 2013; Hearn and Pace 2006).
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2.1.1Forming the Ecosystem

Ecosystems can be classified into categories in ecosystem &ealtipe point of view
Galatenu (2013) has divided diffent aspects as thigure 3shows based on the previous
literature findingslansiti and Levien (2004) categoeis the ecosystem health in a very
similar way: instead of the innovation they presented Niche creation. When an ecosystem
has diversity in mendrs and industries, ecosystem is more flexible in the economy and
competition fluctuation times. (lansiti and Levien 2004).

Productivity

Robustness @ Innovation

Ecosystem

Figure 3. Business ecosystem classificatignmsdified from GalanteanR013)

When forming the businesscasystem from individual organisations, the existing
businesses can be modified with adjustments to match to the ecosystem model. The
ecosystem doesn’ t n e e thoutdedrom the dredentfbusioesses h e
to save time, effort and costsn®of the means to create an ecosystem from building
blocks is to make the business parts to modules that can be collected together and form
an entity(Zahra and Nambisan 20IPsvetkova and Gustafsson 20@)ategic planning

of the business ecosystemmesdalers lhe linkages between the membdiise entrepreneur

point of view it benefits the most when instead of managingsteady state, the
ecosystem bonds are modified and redesigned with the principles of continuous
improvemenwhenever it is beneficia(Zahra and Nambisan 2012)
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2.1.2Strategy Rolesin the Ecosystem

In ecosystem it can be seen different roles in the ecosystem structure and dipagedcs

on the strategyMain strategiesare a keystone, a niche player and a domirrater The
keystones are,sathe word itself statesn the core of the ecosystemhey give the
ecosystem steady assets, increase ecosystem productivity, improves robustness and
advances niche creation. If the keystones collapses and are removed from the ecosystem
it is most likelythat the whole ecosystem goes with it. The development of the ecosystem

is the core intention to keystones who want to assure the survival and prosperity to
themselves. They have the power, means and resources to do that and benefits from the
investments.The two main strategies that keystones have is to create value in the
ecosystem with innovation, platform, tool or technology creation and to share value with

other players in the ecosysteffansiti and Levien 2004)

Dominators avails their leading, poviidrrole in more oldfashioned way compared to
keystonesDominators are a threat tioet ecosystem as they only utlithe value and they

take over the network. However, they are accountable for the utilised and consumed value
in the network. Physical damators want to possess the ecosystem and lead it themselves
outright aggressivelyDominators can be either physical or value dominators. As physical
domi nator has a | ot of control over an e
a bit ofvalue tself to the ecosystem even though it extracts the value as much as possible
and sooner or later the ecosystem crashes down taking the value dominato(lesitsitit.

and Levien 2004)

Niche players are keen diuilding up their own capacity, knowledgedaassets. They

focus on developing their strengths and produce resources to other members of the
ecosystemAs they focus on their own speciality and keystones give the possibility, niche
players thrive and provides a lot of valued innovation$o the eosystemNiche players

have power in numbers. Usually there is tens or hundreds niche members in the ecosystem
and together they can have their voice heard. If the keystone start to take too much control
and consumes the value or in other way start tou@ebadly in the ecosystem, niche
players have influence prevent keystones to transform into domingéftamsiti and

Levien 2004)



20

Commodity role is a strategy which is low in complexity of relationship and level of
innovation and innovation. Part of thengpanies actindependgnbr don’t have
dependency towards other industry players in a mature and steady industry. Business
ecosystem strategies are not relevant with these type of companies. (lansiti and Levien
2004; Koivistoet al. 2004)

All'in all, roles are dynamic and changing in the ecosystem. Niche players can grow into
keystones and keystones can evolve into dominators. Keystones can also become niche
players if a niche grows in business. The same company can be in a different role in a
different ecosystem, niche player in one and a keystone in another. (lansiti and Levien
2004)

2.1.3Competition

It is important to take in consideration also the competition situation. Rivals also create
their own ecosystem and network of suppliers and custorh&rsriportant to try to find

these relationships and analyse them against our own ecosfdtsone 1993 ahra and
Nambisan (2012) mentions that in a business ecosystem there is huge amount of
knowledge and knovkow that needs to be protected. But afeogcosystem as a business
entity is very efficient ad powerful against the rivalsAlso the ideas and innovations
must be consideretb be protectedWhat innovations and supplier support does the
competitor have and could it be the one that replacesaution?If it replaces, what

would it take to make new innovations and what kind of processes and cooperation it

requires to stay in the leadership positighloore 1993)

Developing the business ecosystem even further, it is possible to take custbonirs
ecosystem as a partner. Customers can be involved to the business with giving the
company product reviews, recommendations and feedback to enhancing the customer
experienceThis way everyone in the ecosystem including the customer will benefit t

collaboration(Gossain and Kandiah 1998)
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2.2 Business Models

To understand a concept Business Model’
two used wordsn this context b usi ne s s ’'. Osenwdldekit mo(20@5) Have
definedb u s i n e ® s;ctivatysof providing goods and services involving financial,
commer ci al and i ndumb dhepHave defipead s tsimpliffed A’ wo
description and representation of a complex entity or procgsterwaldeet al 2005

5)

In the studis regarding business models, there has been many different definitions as a
concept. Researchers have a little bit different point of view depending on the field of
study. The business model can be viewed differently if yowaanf interest is either
organisational structure, revenue sources or product architectwigeBeiet al. (2008)

have developed the guidelines to make a consensus for the concept of business model.
The conceptonssts 10 different perspectivésble 3. (Al-Debeiet al 2008)
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Table 2. Guidelines to develop a msensus for the business mo¢tabdified fromAl-
debeiet al 2008§.

Perspective Authors

1 |A way in which organizations create value. Amit and Zott, 2001; Kallio et al., 2006.
A The ways in which an organization, along with its Magretta, 1998, 2002; Petrovic et al.,

suppliers and partners (business actors) creates |2001; Torbay et al., 2001; Stahler,

value for its customers. 2002; Osterwalder et al., 2005;

Haaker et al. 2006.

B [The ways in which an organization, along with its Bouwman, 2002; Stahler, 2002; Haaker

stakeholders (business actors), create value for et al., 2006; Andersson et al., 2006.

each party involved.

2 |A way in which an organization generates revenue. [Timmers, 1998; Magretta, 1998, 2002;

Rappa, 2000; Linder and

Cantrell, 2000; Torbay et al., 2001.

3 |An abstraction of the existing business and a future |Stahler, 2002.

planned business.

4 |An architecture for the organization, including its Venkatraman and

assets, products, services, and information flow. Henderson, 1998; Timmers, 1998.
5 |As business logic relating to the ways in which Petrovic et al., 2001; Osterwalder et
businesses are being conducted. al., 2005.

6 |A way in which an organization enables transactions |[Amit and Zott, 2000; Bouwman, 2002;
through the coordination and collaboration among |Haaker et al., 2006.
parties and multiple companies.

7 |An organization’s strategy or set of strategies. Leem et al., 2004; Kallio et al., 2006.
8 |An interface or a theoretical layer between the Camponovo and Pigneur,
business strategy and the business processes. 2003; Tikkanen et al., 2005; Rajala and
Westerlund, 2005; Morris et al., 2005,
9 |A conceptual tool, a business abstraction, and a Stahler, 2002; Haaker et al., 2004;
blueprint. Osterwalder et al., 2005.

10 |A way of understanding a single organization or a Bouwman, 2002; Haaker et al., 2006
network of organizations

As we can see, business modehceptis strongly linked tahec o mpany’ s abi
create value to customse company strategyd organiation internally and the network
externally. Also revenue making and a manuscript of a company and its core business are
in focus. AlDebeiet al (2008) summarss al | t hese definitions
business model is an alett repesentation of an orgaison, be it conceptual, textual,

and/or graphical, of all core interrelated architecturatogerational, and financial
arrangements degied and developed by an orgaiien presently and in the future, as

well as all core pragtts and/or services the orgaatisn offers, or will offer, based on
these arrangements that are needed -to ac
Debeiet al 2008 8)
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Teece (2010) also combines the different meanings of business model asicalpract

demonstration of the |l ogic of company’ s a
how it “creates and (Beeck 20¥0el73As ivialikelaenaptoo C U s
manuscript of the c¢omp anentty.sTeecee0dl8)t ence an:

The importance obusiness model as a concept is young slo@ly cominginto the
consideration in revenue gathering. Teece (2010) states that customers do not want only
the product but the solution to their need. In some cases maleint even egt when
organigition of a company has been initiatedetast and in this situation the value
creation towards the customer who does not know yet that they need a solution, has to be
designed(Teece 2010Porter (2001) criticiss the business model thing. Only the
business model pl an doesn’t cover enough
value creation to the customer as a consbpuld bedken into accoun{Porter 2001)t

is a good and necessary foundation but alone mot enoughAlongside the business
model, a company needs a plan to face the competition and the value chain and revenue
model concepts covethis issue. (Margetta, 200Business model design &part of
building a business to implement transactions and gain revarthe iong term. (Teece,

2010)

Different business model types that also usedd taxonomies are tightly linked to the
industry tyge according to Osterwalder (20030sterwalder (2009) has created a
framework of business model canvas for building the lmssimodels simply (figurd).
The business mai canvas is a practical tool foompanies to design and evaluate the
business model# this literature review we concentrate thevery core of the definition
which is thevalue chain, networking and rewemodéaspects of the business model

instead of creating a whole business model and business plan of one company
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Business Model Canvas
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Figure 4. Business model canvésodified fromOsterwalder 2009

2.2.1Circular Business Model

Schulte (2013) introdus acircular economyconcept of a circular business model to
reduce waste in the landfills in linear supply chain thinking@mdte circular model to
utilise the materials more efficiently to benefit not only the economy but also the
environment aroundis. There is five main principles to the circular business model
according to Schulte (2013). They are presented ifighee 5 below. (Schulte 2013)
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* In product and system design

Minimize waste * Select appropriate materials

e Standardize solutions in recycling

U n de rsta nd the e Transparency of the interactions

* Product lifecycle

tOta| ecosystem e Improve collection and cycling systems

. MaXi m ize ﬂex'blllty * Product design to ease modifications and usage
through design e Product modularity

Use renewable
energy sources

* To avoid the use of mineral oil, gas or coal

|[9pOwW SSauisng Jejnai aylL

Maximize energy
efficiency

* Reduce the energy content of products or services

Figure 5. Five principles of circular business mo¢®lodified fromSchulte2013).

The circular business model is strongly linked to the business ecosystem mindset as the
degradation and cycling activities can be passed & cthimpanies which are speciatis

to that. With this ecosystem partnership the circular process caacteterated.The
ecosystem in waste @ide stream matial collection need careful planning and extra
attentionin infrastructure and recovery technologi€bese actions are closely regulated

and requires permissions from authoritié€Schulte 2013)

Also ather research have been done regarding sustainable business models which focus
on also ecological aspects of acoromical business modelBdckenet al 2013).
Bockenet al (2013) summarss that to aim for sustainable economy, ways to achieve it

is to design a closetbop business models where raw materials would be used as
efficiently as possible and creating as least waste as posshiblish the system that
highlights the end value, customer experience and deliverable instead of just product
ownerdip in the companieand build an ecosystem based on cooperation and sharing of
knowledge and capabilities instead of competitidhese fit vell to the ecosystem
mindset.(Bockenet al 2013)
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2.2.2Business Model Famework

Suikki et al (2006) have created ampgral business model creation framework fram
theoretical study of related researdimeyintroduce the frameworks to business model
evaluation in mobile telecommunications field but the general framework is applicable
aso to other industries. TablesBows the introduced framework what can be uised

building a business model arnd different industries

Table 3. Framework for describing and building business modelsn Suikki et al
2006).

Dimension Component Description

Offering Composition What is the offering: what physical, information and
service aspects are included?

Customer Who is the customer? (If relevant, identify both end and
direct customer.)

Sales approach Sales channel, distribution, billing (how do customers pay)
Value creation  Structure Networked or chain? Position of the firm?
system

Network players Who are the players? What are their roles? The
relationships between playeres and the firm?

Network size The number of the players, how many customers,
suppliers etc.

Revenue model Basic logic How and from whom is the revenue generated, where in

the business system the firm takes profit?

Cost and pricing What kind of cost structure is in producing the offering
structure (fixed and marginal costs)? Value-based or cost-based
pricing? For what customers pay, bundling or unbundling?

Market Which market is served? Size of the market? Market
structure (dominant player, diversified)?

Share of total value How big portion of the total value created in the network
can the firm capture with the revenue model?

In the framework the business modemponents are divided into three classes: Offering,
value creation system and revenue model. On offering a company should investigate what
do they offer to customers, who is the customer and how the sales brings the money to
the company. When regardingetiialue creation system company should define what is
the entity around the core business of the offeengwho are the players, stakeholders,

suppliers and retailers. Third dimension is the revenue ntbdeldescribes the profit
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paths, cost structurenarket details and share of total value created in the net{@orikki
et al. 2006)

This framework presented is very similar to other frameworks that have been suggested
in the literature. Tsvetkova and Gustafsson (2012) have four main dimensions in the
focal business model framework to the business ecosystems: Customer, capabilities,
value proposition and revenue modé&hey introduce three business configuragion
related to biogas supply chain ecosystem and evaluate all the configurations with the
presented dimensiongl'svetkova and Gustafsson 2012)

Suikki et al (2006) have also created a framework to evaluate the existing business model
and it has been composed based on the criteria of Slywotzky (1996) and Hamel (2000).
The framevork is presentedni the table 4The framework has been established to
consider is the business modetiopd at e but it daeeteenmodel work | |
or not. (Suikkiet al. 2006)

-
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Table 4. Business model evaluation framewdftom Suikki et al. 2006).

Dimension Questions to consider

Suitability How well does the model meet customers’ most important priorities? Are
there priorities that are not served? Is it likely that the priorities will change
and thus make the model obsolete?

Internal consistency How internally consistent is the model? Do all the parts work together for
the same goal? Do the elements positively reinforce each other? Are there
conflicting elements or elements that do not support the meeting of
customer priorities?

Uniqueness Does the model differ from those of competitors, or the ‘average’ within the
industry in conception and execution? Is it unique in ways that are valued by
customers and benefit them?

Efficiency What value do customers derive from the offering? What costs does the
firm incur in providing that value? Does the value customers place on the
benefits exceed the cost of producing them, i.e. is the model an efficient
way of delivering customer benefits?

Ability to capture value  Can the model recapture value? Does it capture sufficiently large portion of
the total value created in the network? Are these mechanisms sustainable
ond defensible?

Economic considerations  |s the revenue model sound? Are the cost and pricing structures
reasonable? Is the market large enough? How cost effective is the model?

Future potential Does the model represent a better way than the existing alternatives? Will
the model meet the customers’ priorities also in the future? How long will
the model be sustainable? Are alternative models being empoyed that meet
the next cycle of customer priorities better?

Feasibility Is the model realistic? How easy is it to implement? Is it possible to ‘sell the
idea’ to other network players? How probable is it that the model would
work in practice?

2.2.3Value Sreams

Original concept of the value chain is f
internal processes as a value ch&arter (1985) defines a value chain as an entity of
activities that are identified and in the proecig&e chain and as a product flow, how the
offering is made. The value chain analysis and representation describes all departments
of the company, their activities and how they are linked to the production of the offering.
All activities, direct or indirectjn the company should be linked to the value chain that
creates the value to the custoniBorter 1985)Later on the basic concept has been
expanded to inclde network concept into a hasigal value chain as well as vertically
industry wide value chaima even combination of these two as a value ndét\{iotler

1997; Hooveret al. 2001; Allee1999). Tsvetkova and Gustafsson (2012) explains that
value network is a certain number of value chains in different industries and business

ecosystem is formed whehe value network is linked with each other. The individual
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value chains are connected to one another over industry interfaces (Tsvetkova and
Gustafsson 2012).

Value chain can bereated defining the scope thfe regions, industries, segments and

departnents irhouse. Porter (1985) represents these four dimensions as competitive
scope. When looking for the right value chain configuration these four dimensions shown
in figure 6 can be assesseBusiness boundaries can be assessed investigating the

relatiorship between the value chain and competitive dimensjBoster 1985)

/

¢ Product varieties
produced and
buyers served

¢ Range of related
industries in
which the firm
competes

Ny

)

Segment
scope

Industry
scope

)

Figure 6. Four dimensions of competitive scope affecting to the value ¢h=dified

from Porter1985).

2.2.4Revenue Mdels

(
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Geographic
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.

¢ Extent to which
activities are
performed: in-
house or
outsourced etc.

¢ Range of regions,
countries, groups
of countries

2

The revenue model is one of the kepits business model want to explain and represent.

It explains how the revenue is built and from whom to cover expenses and other financial
activities This includes the different pricing methods to different products and sources.
In this research we conaate on the revenue from the product instead of other methods
of financing the operationgRajalaet al. 2001)
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In the revenue model creation there is five attributes to take into account: Compensator,
Effect, Rating, Charging and Timing. Compensatorthe actor who gives the
compensation in the chain. This can be the customer internally or exteimalyenue

model the compensator actors and possibilities should be assessed as well as what are the
products or services they want to compensate. Hfieans if the compensation happens

or not and how. Compensation can be absent, money, other products or services or some
other payment in other ways. Causality shows the connection between a revenue model
and a business model. There can be many businesssiimd revenue model is always
linked only to one business pattern inside the business n@algdality study clarifies to

which businesgatternthe revenue model is referrinBating is a tool to measure the
utilisation of products or service®atingscan be estimated by amounts or tiosed.
Amounts used measueeg.the number of users or the volume of products. Rating by
time in the article of Popp (2011 described via software business and he explains that

it is estimated for time used, for a lted time or forever. Just how long consumers can
have the software for the money they consume. Charging is defined by22dgdp 80)

as the “way to define the compensation a
consumptioh. Charging dimensiofis defined but the rules are modifiable and can be
defined by the company itself in many different ways. The last dimension is the timing

of compensation. It defines at what time the compensation will happen from a customer.
Also it can cover all other adobnal conditions to timing. Aspects as is the product or
service prepaid, paid when consuneegbaid during the consumption can be determined.

Overall payment scheduling is the main activity of the timing dimengieapp, 2011)

Schulte (2013) states the circular business model introduction about financing models

to the circular economy modelBhe change from the linear business model structure to

a circular business model and ecosystems need new revenue creation models (Tsvetkova
and GustafssoB012. To sustain a good level of proftirough the transformatioand

forming new ecosystem business models companies needs to create new financing
models to make a switch from quick profit and return on investment to more constant

financial structure andrgams of cash. (Schulte 2013)
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2.3 Business Case Aalysis

Business Case rfalysis(BCA) is a tool to examing¢he potential investments and for
choosing the best investniento implementwhen a company is spending scarce
resources It describes which and why art@n investment opportunity should be
selected. The aim for these evaluations and business reasons is to help company
management make the decisions rationally by comparing the possibilitieduef of
potential investmentgKinnunen T.et al 2013; Busiess Case Pro 201Qpmpared to

other investment comparison tools, business case analysis is wider and more
comprehensive than a simple cost comparison between investment dptandall
2012).The BCA procedure is vastly used in the new product developiméhe stage

gate evaluation in different phases of the new product introdu¢munenT. et al

2013 Business Case Pro 2010

The business case analysis includes three aspects to take into consideration. Financial
analysis is needed to evaluatee thumbers behind the investment ahility to the
company strategy. In the base of the financial analysis ligethaical assessmethiat

gives knowledge about technical complexity, technological competence needed,
uncertainty, synergies and work eff@stimation.Market assessmerg another small

entity needed in the financial analysis andlefines target market, total market size,
potential and expected growth in the markets and it takes into account the competitor
extent and intensityAll theseaffects to the decision, is the investment match to the

c 0 mp agtrgtégy (Kinnunen T.et al 2011) The financial datacompetitor data and
technical or technological dashould be gathered to makebeneficial business case
study (KinnunenT. et al 2013). After the investigation of these three dimensions,
strategic fit evaluation can be done to review how the plans fit to the product and
technology strategy of a company before executing sales and cost estimates and financial

return assessmerfKinnunen T. et al 2011)

The business casiecklistby Business Case Pro (2010) has very similar phases as the
framework presented by Kinnunéh et al (2011). When starting to evaluate the
investmenBCA procedurehas 3 differentnain actionsaccording to Busiess Case Pro
(2010).The first step for evaluating the target proaesshich the investment is related

to. Process mapping studies the stakeholder inputs, intellectual and financial capital, the
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process itself and outputs in short and long térhve seond phase is to measure the
performance the investment brings to the company and to the process. Main focus in this
phase is to how the improvements can be measured and with which metrics after the
operational changes has been done. This is the techssegsment to have an overview

to the cost estimatélso the customer have to be defined was it internal of external.
(Business Case Pro, 2010his represents the market potential evaluation in the
framework by KinnunerT. et al (2011). The third and thdast step is tovalue the
performance improvements and transform the value into the financial calculations for
evidence and measurable units that different investments can be conf{Bastdess

Case Pro, 2010)his is the last phase in the BCA framewbykKinnunenT. et al. (2011)

which is the financial return analysM/ith the fundamental evaluation, a company can
find the best investment for their businebside these thremain principles there is
twelve steps in the checkliby Business Case P(@010)that guide the business case
evaluator through the investment assessmé&he differences between these two
approaches in the business case is the strategic fit evaluation. In the BCA checklist the
strategic fitqualitative assessmeastembedded inther parts of thanalysis withmumbes

but in the BCA framework by Kinnuneh et al. (2011) the strategic fit is a qualitative
analysis phase of its own in addition to the cost and market estimgdBoisiness Case

Pro, 20190 KinnunenT. et al. 2011)

Another approach to business case analysis is the Harvard Business Case Analysis
presented by Otto and Wood (2001). The Harvard Business Case method consists 8
phases: Problem statement, assumptions, major factors, minor factors, alternatives,
discussion bout alternatives, recommendation and implementatibime problem
statement is a one sentence about the problem in the market that the investment is
answering to. Assumptions that are limiting the business case and giving the direction to
the proposal aralso listed. These are for example costs and direction of the strategy.
Considering major and minor factors, you estimate the limitabom®ssibilities othe
environment impacts to the decision whether they weaed or secondaryhese can be

the stée of business or a goal for certain revenue amadltgrnatives to the investment

come naturally but if there is not any alternatives present in theiol®@ making moment,
hypothesied alternatives with pros and cons gives perspective to the evalasied c
Discussion about the alternatives compareogimns and in the end chooses the most

executable. After the assessments recommendation is the seventh step. The evidence
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behind the statement of recommendation is covered in previous steps. Lassphase i
implementation plan creation and execution. In the plan resource availability, time frame,

measurements or key performance indicators should be vigiiite.and Wood 2001)

KinnunenT. et al (2011) have combined the business case analysis prsfipia the
previous research to a simple process to follow when analysing businesdigaseg).

In the framewdk the market assessment througtiue definition will bring knowledge

about sales estimates and on the other side the technical feasipity will bring
information about the cost estimates. After the strategic fit evaluation the sales estimate
and cost estimate comparisoesults in financial return overview areentually to

decision proposa(KinnunenT. et al. 2011)

Market possibilities Technical feasibility

Needed investments,
production costs

Market size, sales proceeds,
extent of competition

Sales estimate Cost estimate

| 1
: Strategic fit :
I Fit to the product portfolio, i
i brand & image fit, right |
| time, product cannibalism |
1 1

Financial return
analysis

Figure 7. Business case procedyraeodified and simplified from Kinnunef. et al
2011).

The next paragraphs will explain in detail whiz building blocks of the business case
analysis by Kinnunen Tet al (2011)areand why they need to beken into account in

evaluating the new product introduction and investment decisions.



34

2.3.1Cost Estimate

Cost estimates for business case analysis comes from technical, technological and process
related details. Technical feasibility gives a base to condwharehensive study about

the costs of the business caggich a company is seeking business opportunities.from

The business casest analysis is mainly a quantitative analysis itneltide all the fixed

and variable costs of the new product producticadidition to the investment costs from
product development to business sustainability investm@itsiunenT. et al. 2011)

Technical feadlility is a key factor in analysg the costs. fie readiness of the technology

in producing the products needs tamacceptable level and mature enough to be able to
estimate the development costs now and in the future. Also the poaqegslities need

to be taken into account how the ecosystem can manufacture the planned pnoduct.
addition to all product specdd details as performance and technologies used, the risk
factors and success probabilities needs to be taken into account in the technical feasibility.
These technical aspects then can be translated into measurable units and assess fairly.
Cost estimatenicludes the technical feasibility in monetary units. Measurable information
used are for example development, production and other lifecycle @¢GatsunenT. et

al. 2011)

2.3.2SalesEstimate

Salesestimateis both qualitatve and quantitative when anaiyg the business case
through market assessmenhe reason to assess the market opportunities and customer
acceptance is to produce the right product and find the best business opportunities in the
market. The revenues can only be gathered if the demaresenpin the market. To find

the right markets is crucial factor to have sustainable busiff@ssunenT. et al 2011)

Market estimate includes also the value definition for the case. It needs to be known what
the customer nead and howthe customer rezlcanbe satisfiedand valuedelivered The

market assessment itself consists of four elements. Target market definition, total market
size, market growth estimations and intensity and extent of competition are the elements
that give as overview about thearket situation at the moment. The future market
situations and prospects are difficult to predict but if it is possible, the forecasting the

market movement supports the strategic planning of the business case after the analysis.
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After these descriptivevaluationsof the market assessmeastdone the sales estimate
can be formewvith the measurable units salesevenus, market sharerice estimation,

impact on saleand annual deman¢KinnunenT. et al 2011)

2.3.3Strategic Ft

Strategic fit is a qudiative analysis where the new opportunity will be assessed next to

the company strategy and purpose in the business. Besides the relatedness to strategy,
other concerns that needs to be taken into account are fit to the future plans, strategic
importanceal i gnment to the company’s strategy
goals. This assessment, when done in extreme honesty, gives a truthful insights about the
company’s commitment to give resources toc

theprospective case when selected to continue it. (Kinnlinehal 2011)

Also the product and technology strategy inside the company is useful to discuss. The
assessment, what is the new product position in the product portfolio and how the new
product wil affect to other product s’ posi ti
unnecessary losses. In some sabe new product can cannibalis ot her pr oduc
if they are substitutive or similar products. Also the technological and product timeline
evaludion helps to determine the right time to introduce the product to the markets.
(KinnunenT. et al. 2011)

2.3.4Financial Analysis and Business Caseréposal

Fromthe sales and cost estimates the financial analysis can be conducted in monetary
units to supporthte decision making about the new product or investment. Sales estimate
gives details to the revenue side and cost estimate provides the information about the
investment costs and other expens&sategic fit is a supportive knowledge to the
financial anajsis. It does not give any measurable factors to the calculations but is as
important as the cost and sales estimates to the result and business case proposition. In
financial analysis the profitability is calculated as well as payback level and cash flow
statement presented. To support the business case proposal, the simplest way to present
the financial analysis is through few figures and chéikisinunenT. et al. 2011)
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2.4 Analysing Industrial Side Sreams

In European Union there has been recently changhes waste policies that enable waste
and side streamtilisationas a recycled raw material in products. The Waste Framework
Directive (WFD) that has been enacted in 2008 allows to use raw materials more
efficiently and encourages companies to recyolgrtside streams more in the future.
This is an act for a more sustainable consumption of natural resources through circular
economy mindset. Besides the WFD, the landfill and waste handling costs have increased
which gives the companiescentive to utilise the wasteléws more efficiently to
minimise the actual waste amounts to landfills. (Husgafvel 281€) the ash and slag
waste recgling is supported by Europeamidn. After the EU required processes from
waste to secondary raw material the costpadducing building materials can be
diminished by 1830 %. (Menshoet al 2014)

Husgafvel (2016) presents the idea of symbiosis products. Different industry side streams
can be processed further and combine into symbiosis products. For example the side
streams from paper mill and steel plant can form a new product. This industrial symbiosis
rises from economic and environmental forces in the companies that strives for new
revenue sources through ecoadlustrial development, local industry knowledge and new

business opportunities. (Husgafvel 2016)

European commission (2008) has set the conditions to define4heby d uct t hat
produced product in the process but has resulted in the produltieryproduct can

also be mentioned as the side streabstancelf the substance can meet the following
conditions, it can be used as a side streamprbgluct instead of wasteEropean

commissior2008)

1. Further use of the substance or object is certain

2. The substance or object can be used directly withoufuather processing other
than normal industrial practice

3. The substance or object is produced as an integral part of a production.process

4. Further use is lawful, i.e. the substance or object fulfils all relevant product,
environmental and health protemtirequirements for the specific use and will not

lead to overall adverse environmental or human health impacts.
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2.4.1End-of-Waste Qiteria

In the side streanatilisationand in the analysis of it, eraf-waste criteria is relevant in
European Union. If the ®ust ance does mproduct oniterat it carnlee by
categoised as a secondary raw material or a product througtolewaste evaluation.
Through these different evaluations the aim is to make a useful commodity out of the
disbenefit or in this case wte.End-of-waste (EOW) criteria is a set of criteria that a side
stream material have falfil in order to have a status of a product or a secondary raw
material instead of waste. This assessment have to be made in the legislation point of
view to have atatus to a substance and further to be treated like the status permits. EoW
evaluation consists 4 criteria in the Waste Framework Directive in the artEEle@ean
commissior2008)

1. The substance or object is commonly used for specific purposes

2. A market or demand exists for such a substance or object

3. The substance or object fulfils the technical requirements for the specific
purposes and meets the existing legislation and standards applicable to products

4. The use of the substance or object will matd to overall adverse environmental

or human health impacts.

Some substances are excluded from the directive. Those are for example gaseous
effluents, contaminated soil, permanently connected to the land buildings, soil that is used
again in the constrtion of the natural state of the site, radioactive waste, dismantled
explosives, faecal matter that are going to use in other industries than agriculture, forestry
or energy production through biomass processes. Also other material have been excluded
sincethose are covered in other directives. After the evaluation when a substance has got
the status of the secondary raw material or a product, it can proceed to the REACH

protocol. European commissio2008)

2.4.2REACH Regulation

REACH regulation is in 2006 reqated protocol in European Union to ensure the high
level of human health and environment protection agathsimicals that are not
categoried as waste or not already under some other regulation in EU and the production

is over 1 metric tonne per ye&opean Chemicals Agen@p10). A substance is not a
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waste if it has overcome appropriate recovery and recycling activities. The protocol has
beenestablished also for the manufacturing and movement of the chemicals inside EU as
well as mae import more retible. Also new product introduction, innovation and
competitiveness enhancememefew of the goalghat have beemmproved due to the
regulation. The regulation is not applicable to the radioactive substancesolated
intermediates, dangerous sulbstas that travel by rail, road, inland waterways, sea or air,

or substances that need customs clearance. These are cbyeo#iter regulation.

(European commissiaz006)

REACH regulation has several steps and procebsesghwhich the substance can be
authoried to be safe to the environment. First a substance have to -begistered
affording information about the substance such as the name, address of a contact person
and estimated registration deadline. In the registration phase more detaildzburftha
substance is examined carefully. The processes that includes in the REACH regulation
are registration, evaluation, authorisation and restrictibacgpean Chemicals Agency

2010)

2.4.3Brand Image Effect to the Revenue eam

Corporate reputation andehethical branding has a distinct connection (Fan 2005).
Corporate reputation, also mentioned image, includes two dimensions: the functional and
the emotional. The functional components can be weighed with ease but the emotional,

t he ¢ ust ome aleniotiopscan bemie chgllenging to captutkaanalysis.

The emotional attitudes rise from experiences, information provided from the company
and from overall corporate image. The image can also differ from the point of view and
people might have ewn controversial views from the same company, depending on the
person’s personal schemas. Corporate i mac
experiences are collected from the memory into mental image. (Nguyen and Leblanc
2001)

Brand equityisacor di ng t o Aaker (1991) “a set of
to the company’s name and symbol and add
Leek and Christodoulides (2012) also mention these two brand value components,

functional and emmonal, as the financial and customer loyalty benefit lsraigo in B2B
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business. Branding has a positive effect to the feel of the quality and therefore also to the
demand, sales and eventually to revenue streams. The importance of the brand equity is
widely acceted and recogresl, however, the results have been varied. (Leek and
Christodoulides 2012)

Keller (2003) introduced a pyramid to determine how the brand equity is formed. Kuhn
etal (2008) has appl intetthe B2Biandronkae The eistomer p y r &
based brand equity pyramid form Keller (
B2B are compared in the picture. Topgihor t , Kel l er’ s (2003)
strong identity of the company that clear product attributes foilotihe second step.
Customers want to judge the price, design, the service it provides. Third step is all about
opinions and assessment of the brand. The brand and product quality comes under
assessment in this step. Thigheststep is the resonance, whiis achieved when the

loyal relationship has emerged with the customer. The same elements are the judgments,
performance and partly salieng&eller 2003) In the applied model it is salience of
manuf act uthatisdbservddlr andt he B2Blpyrdmgl thé salericd of

the corporate brand is more significant than the separate plodnds The comparison

of these two band equity pyramids shows a subtle change in terms and point of view in
B2B environment (figure 8)YKeller 2003; Kuhn 2008)
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Keller’s (2003) model

of brand equity 4. Relationships

What about you and me?
[

Resonance

3. Response

Judgments Feelings What about you?
|
2. Meaning
Performance Imagery Who are you?
~ |

1. Identity

Salience
Who are you?

Kuhn's (2008) applied model
into B2B environment

Partnership
Solutions

Sales Farce

Judgments Relationships

Performance Reputation

/ Salience of manufacturer’s brand

Figure 8. Brand equity pyramid comparisgmodified from Keller 2003, p. 76 Kuhn
2008, p. 50).

2.4.4Cost-Benefit Analysis

Costbenefit analysis (CBA) is a@&sion making tool just like a Business Cassalysis.

In short CBA is aboutevaluating positive aspects (benefits), negative effects (costs),
examine in monetary currency of the positive and negative impacts and compare the net
benefits to the status quo (Boardnedial 2006). The difference to investment evaluation
formulas whee they evaluate only the costs and benefits, CBA aims to take into account
the social costs and benefits also as an entity in the political and environmental
surroundings. The CBA has been used in environmental, transport and healthcare
problem solving sice late 1960s especially in governmental decision making. In the CBA
the benefits has been defined as how the product or solution will bring prosperity and the
costs that what downsides are there when implementing the solution. Benefits should

exceedthe ost s to make the “go” decision. (OE

When making a decision to implement the suggested decision, in the CBA there is many

measurable metrics that show the feasibility and fit to the business. One of them is Net
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present value (NPV). Rule is that giositive NPV projects should be accepted. If there

is a budget limitations, the evaluation becomes more complex. Then the-besefdtio

(B/C) ranking practice is needed. Another is the internal rate of return (IRR) but this is
not applicable to mually exclusive projects. IRR is a good tool when evaluating the

alternative option to interrupt the status quo. (OECD 2006)

CBA can be implemented in different phases of the project. If it is conducted before the
project to see is the project feasible ot,nt can be done ax anteand if the CBA is
evaluated after the project implementation gxspostdone as lessons learned exercise.

In medias re€BA is done during the project lifecycle, is quite similaexcanteanalysis

and is used when invagating would the resource change to alternatives be efficient. The
last type of CBA is the one that compaggsanteandex postanalyses. The tabeshows

the different types of CBA and which one to use in which purpose. (Boaretrah2006)

Table 5. Value of Different Classes of CB@nodifiedfrom Boardmaret al. 2006.

e ™

™ Class

Ex Ante / Ex Post or Ex

allocation
decision for this
project

best project and make
"g0" or "no-go"
decisions.

still shift resources. If
high sunk costs, usually
recommends
continuation

aver.

| S Ex Ante In Medias Res Ex Post Ante / In Medias Res
Value e Comparison
Resource Yes. Helps to select the |If low sunk costs, can  |Too late. The project is |Same as in medias res

or ex post analysis.

Learning about
actual value of
specific project

Poor estimate. High
uncertainty about
future benefits and
costs.

Better. Reduced
uncertainty.

Excellent. Although
some errors may
remain. May have to
wait long for study.

Same as in medias res
or ex post analysis.

Contributing to
learning about
actual value of
similar projects

Unlikely to add much

Good. Contribution
increases as performed
later. Need to adjust for
uniqueness.

Very useful. Although
ma be some errors and
need to adjust for
uniqueness. May have
to wait long for project
completion.

Same as in medias res
or ex post analysis.

Learning about
omission,
forecasting,
measurement
and evaluation
errors in CBA

No

No

No

Yes. Provides
information about
these errors and about
the accuracy of CBA for
similar projects.

When conducting the CBA analysis it takes effort, time, money and skills so it has costs
itself. It needs to be evaluated carefully that is the CBA the nibsieat analysis to

make. After analysis the procedure consists from 9 phases. Phases are presented in the
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table6. In the CBA analysis prediction is strongly present. Prediction about the impacts
or costs of the project might be hard to know very acelyraind even impossible but the

wise guesses have to be made to ground the analysis to the facts and numbers. (Boardman

et al 2006)

Table 6. Nine phases of the CBAnpdifiedfrom Boardmaret al 2006.

Step Phase Details
1 |Alternative projects Different sets of the solution. Inside the project
there is a lot of variables to modify.
2 |Whose benefits and costs Regional/stakeholder perspective.
count
3 |Impacts and measurement |Impacts are resources and outputs. Negative and
indicators positive impacts. Different stakeholders might see
impacts differently. How to measure these?
4 |Quantify impacts over Impacts over time.
project lifecycle
5 |Monetize impacts Value the impacts per certain time unit in monetary
currency.
6 |Discount benefits and costs |Future impacts in present time values.
7 |Net present values Difference between present values of the benefits
and present values of the costs.
8 [Sensitivity analysis Indicate how sensitive net benefits are to changes
in assumptions.
9 [Recommendation Largest NPV project is the most recommendable.

Even though the Co#teneft analysis is very similar to Business Case Analysis
procedure, they have differences. Both evaluates the costs and benefits but only business
case analysis takes the strategic fit into consideration and assesses the benefits to the focus
company. Howevethe Costbenefit analysis includes the impacts over project lifecycle

and society also that Business Case Analysis does not. The method that is going to be
used in the analysis of the investment or new side stream product development needs to
be examinedase by case and according to the characteristics of the project. (Boardman
et al 2006; Kinnunen Tet al 2001)

2.4.5Sensitivity Analysis

Sensitivity analysis isne toolto evaluate the robustness of the investment or the decision

that is planned theoreticgllAs the world around us is not certain, all the plans need to
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be asessed how the plans will workderthe uncertaintySuitable management actions

can only be done with carefully made predictions about the future and in that includes the
different posile outcome analyseSensitivity analysis can be therefore a part of risk
analysis in the businesBheabsolutec er t ai nty i s only found i
1999)

Sensitivity analysis is a set of tools to evaluate the investment to take.cilsutating
procedure that includir exampleN P V , Il RR and Pay Back Per
1999). Sensitivity analysis is a part of the doshefit analysis €.g. Hadley 2011;
Boardmaret al 2006). There is three types of sensitivity analysis methoasding to
Boardmaret al. (2006). Partial sensitivity analysis comes in place when variating only
one part of the net benefits. It is used when an analyst wants to examine which net benefits
equals to zero or find the breakeven point. Another methbeé isorst and best scenario
analysis. It gives information that with which combination of assumptions gives the worst
case scenario or in other words net benefits are zero. The third method is the Monte Carlo
sensitivity analysis. Boardmaat al (2006) eplains that this sensitivity analysis method
asks “What distribution of net benefits
assumptions as draws from probability distributions? The mean and variance, or spread,
of the distribution of netbenedit convey i nformation about
This analysis method provides details via statistical information analysis. It takes more
effort but the results are more detailed compared to the two other methods. It is both

accurate and reliahléBoardmaret al 2006)

2.5 Theoretical Synthesis

In the new product development in the side stream context the three level examination is
needed to have a holistic view about the profitability in the business ecosystem. In the
highest level the companies filoran ecosystem and the network through which the value

is created. In the medium level the compangompaniesieeds to define tlrebusiness

modek for themselves how they are going to do business in such a way that the company
makes profit with its aabins and activities in order to survive in the business environment.
The detailed level is the business case analysis that is needed in certain case to evaluate
is this certain product, product or investment worth to engage in. Business case analysis
is onetool to help making business decisions.
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In the lusinesecosystem and business model creation the value captdiréelivery to

the customeis commonly the wanted outcomgott (2010) explains in the litature

about thébusiness models irlausiness, sategy and innovation point of view the concept

of thevalue is the core of the business.d&&nthe ecosystem should be bwatound the

value stream and revenue mad&lko the business model concept needs to be separated
more clearly from the other silar concepts as other organisational forms, ecosystems,
activity systems and value networks. (Zott 2019)some research there has been
propositions that these two different conceplaisiness ecosystem and business model,
can be combined and work tdber in the practice. Tsvetkova (2012) seesdhaisiness

model can be built in the business ecosystem and even more the functions in the

ecosystem can be formed on modules to solve the complexity problavstkova 2012)

When looking the business netik thinking as the ecosystem and the revenue models,

we have to take into account the importance to match all the key actors in the ecosystem
and their individual revenue systems to function simultaneoOslg.solution is to create

a hybrid businessmode and hybrid revenue model to c
(2011) introduces the concept of hybrid business model and states that when different
companies have their own business patterns, these several patterns can be summed up as
a hybrid busines model. This collects the patterns under the same roof and creates
synergies and competitive advantages. Also all the companies have their own revenue
streams and to combine them together the hybrid revenue model needs to beAmdated.
because of theddinition of the causality dimension, when there is hybrid business model

there is also always a hybrid revenue modEbpp, 2011)

All'in all, in the big picture a business ecosystem concept is clearly linked to the business
model and business case asa@y(figure9). Business ecosystem is seen as a value
network that consists of several different stakeholders, partners, regulators and suppliers.
They all together have gathered to create value to the direct and end customer and in the
same time taking thbusiness opportunity to their own compaltye analogue and basis

is in the ecosystems of the nature (Moore 199Bg business model is needed to define
both the ecosystem and a single company business structure how they do the profitable
business to #imselves. The sustainable and vizing business ecosystem consist only

if all can have their profit share from the value creation revenue. Even though the business

ecosystem is dynamic and ever changing structure as the ecosystems in the nature, the
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ecoystem nourishes when the network structure feeds the stakeholders and it is created
as a complex partnershiansiti and Levien 2004)Every company needs to make a
decision themselves about the investments, projects and new product development
activitiesis it according the company goals and if it is profitable to them to join the
ecosystem. The business case analysis comes into discussion at this point and is done to
evaluate every product or project separately to go or not to go into that businesgrDeci
making requires a careful analysis about the upcoming project and its possibilities. All
these business activities are unique in the industrial context, in this case the side stream

utilisation which surrounds the specific business case, the congpaniethe business

ecosystem.
/ Business Ecosystem \
== Side stream production
= -
. B =y
Company
\QQ\ , Industry context
Mg
>>>>> o= =
-
./ =
°_
company I _ A
Al T |
Market size, sales proceeds, Needed investments,
extent of competition production costs
Sales Es‘timate Cost Esl‘imate
analysis

Figure 9. Theoretical synthesisf the business ecosystem, business model and business

case analysis (modified froKinnunen T.et al. 2011;Osterwalder 2009
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3 ECONOMICAL FEASIBILI TY OF PETRIT-T

In this part of the thesis the practical implementation of the theoretical ressarch
representedThe practical part includes thproject, theresearch method, the project
formation and the side stream material P8ttxplained in detailTheempirical maerial

and thematerial gathering methodse introduced andnalysed The material consists
thePetrit T substancéntroduction business ecosystem knowledge gathering in this case
study, value creation to the customer and the details to form a holsticabout the
economic feasibility and business case proposititrether takeor not to take the

investment ad technology into business itementation.

The research is a study for MINJPESWhEHIF Raw
led by a Swedish copany Hoganas AB. EIT Raw Materials is one of the European
Institute of Innovation & Technology consathat has an ambition to help society use

raw materials as efficiently as possible and make it as a strength for Europe via innovation
and entrepreneungp. MIN-PET is a project which studies and pilots the raw material
efficient utilisation from side stream to secondary raw material in the circular economy
mind sethrough alkahactivation and hydration to end product as acoustic panels, cement
binder and sustainable concrete. Project has started in 1.1.2016 and it has seven phases as
known as work packages from feasibility studies to industrial sgal& his thesis is the
economic feasibility study of the side stream Pdtrittilisationin the very bginning of

the project. Other tasks in this phase includes technical feasibility studies which are made
by KinnunenP. and lllikainen(2016) fromFibre and Particle igineeringResearch Unit

in Oulu University and Kriskovat al (2016) from Katholieke Unersiteit Leuven. The
environmental feasibility study is authored by Korat and Ducman (2016) from ZAG (The
Slovenian National Building and Civil Engineering Institute). After the feasibility studies

and continuation decision the project goal is to do tldipg of the business feasibility

and the technologies with business partners Destamatic and Dansk jordstabilisering. The
MIN-PET project formation is presented in the figue 1
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Figure 10. ProjectMIN -PET participants and foration

3.1 Research Method

In this thesis the empirical findings have been studied with qualitative, descriptive
research methods to investigate possible business ecosystems, value networks and
businesase analysis the case of Petril utilisation Empirical research will answer

to the research question two of what the value streams business model scenarios of the
side stream of Hoganas ahe this chapter the methods fanpirical study data gathering

areexplained(figure 11)
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/’

RQ 2: What are the value stream business model scenarios of the side
stream of the case company?

Description Empirical Business ecosystems Business case
analysis details

of the study in
project workshop
environment session

U

Value chain creation Interviews

Empirical study in workshop session Interviews: Business case details

Workshop preparation, method decision Cost template, market template and interview
Business Value chain question preparation
ecosystems creation Cost Market
. . Strategic fit
stakeholderstudy  mapping exercise Cost details Market details  Interview from
) DISCUSSIOI’Il '_D'SCl_"SfS'on and from project from project focus
- To determine the visualising to a participants participants company
ecosystem key swim lane chart - Fromother - Market - Guiding
players i ﬁnd. o feasibility estimate questions and
responsibilities studies, template open
between the key interviews distribution  discussion
players via phone,
email and
3 discussion )
Mt gz
el

Empiric data analysis

RQ 3: What are the business cases
of the side stream utilization?

Economical feasibility
study of the project

Business case
analysis

Figure 11. Research method.

To gain pratical knowledge in this MINPET project, the workshop between all the
project members and possible ecosystem members was needed to gather information that
is good quality and wide enough to cover itegearch topisatisfyingly.The first step in
theempirical research was tiesign the workshop where the empirical data was going to

be gathered. The preparation included the information package creation to the participants
and the workshop method design. The metheoel® selected to be suited to the nature of

the event. Next step was ¢ollect the data in the MINPET workshop. The workshop
eventwasorganied 27" of Octobelin VTT Espoopremises by VTT participants ands
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invited by theproject leader HéganasB. The workshop participantsere all the MIN
PET project memberand they knew each other alreads the project. Participants of
the workshopare listed in the tablé. The methods used in the workshop weggoup
discussion, brainstorming andsual swim lane value chainmappingwith sticky note

exercise

Table 7. MIN-PETworkshop participants

Name Title Organisation MIN-Pet project role Other information
Bjorn Haase/Sponge Iron ProductionHéganads AB Leader of the project. Strong knowledge in steel production,
Manager metallurgy and side stream utilization
planning in Hoganas AB.
Eva Global Process Hoganas AB Representative of the Many year's experience in logistics,
Jacobsson |Development Manager company Hoganas AB, product transition and process
process development development in H6ganas AB from 90's.
specialist.
Paivo Post doctoral University of Oulu, Author of technical feasibility Team leader in geopolymer research
Kinnunen |researcher at Fibre and Particle study about geopolymer team. Has authored and co-authored
University of Oulu Engineering granules via alkali-activation. |many scientific articles to geopolymer
and metallurgy journals.
Yiannis Senior researcher, Katholieke Universiteit Author of technical feasibility |Several year's knowledge about
Pontikes  [associate professor Leuven (KU Leuven) |study about cementitious metallurgy, especially steel slags and
binders from sinter- cement production in KU Leuven.
treatment.
Lidija Korat |Assistant with Slovenian National Author of environmental Doctorate assistant and researcher in
doctorate Building and Civil feasibility study. cement and ceramics materials. Strong
Engineering Institute experience about geopolymers.
(ZAG)
Harri Professor, head of IEM |University of Oulu, Supervisor of the economic  |Many year's experience in research of
Haapasalo Industrial Engineering feasibility study. production management, business
and Management ecosystems, business models and
business case analysis.
Paivi Senior Scientist VTT Technical Side stream utilisation Great knowledge in mineral processing
Kivikyto- Research Centre of  |researcher, premise and raw material in the industry and
Reponen Finland Ltd, Material |coordinator. research.
modelling and
Ecodesign team
Marjaana |Research Scientist VTT Technical Side stream utilisation Experienced researcher in the field of
Karhu Research Centre of  researcher, premise material, physical and polymer chemistry.
Finland Ltd, Material |coordinator. Has research materials for several years.
modelling and
Ecodesign team

Theworkshop was a big part of the empiric data gathering and it consistied steps

that had specific goaldigure 12): Business e@ystem creation, value creation models
through roles and responsibilities and business case analysis big picture Aketagds.

these three main steps in the workshop also two other steps were in the agenda: end
product scenario selection and focus acteciglon for the business case analysis.
Workshop lasted one workday and the day went as plaiméte beginning there were

short pesentations from all the orgaat®ns present about their work in fhr@jectMIN -
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PET. The busines ecosystem creation egise wa& about identifying the key actors in

the decided engroduct ecosystemn value chain modelling phase the ecosystem key
actors were connected to each other to form a value stream and the big picture details for
the business case analysis wereiffigalisation to the interviewsThe exercises were

done by one group of nine persons asaaly discussion in five steps.

Time use
suggestion

1. End-product options All

Is there any other end-product options from side stream technologies that needs to be evaluated? 2o min
Proposed: Concrete, cement, acoustic panels, noise barriers.

Result: Decision of the end-products

2. Ecosystem scenarios Groups
What actors have to be present in the ecosystem in each end-product scenario? 4omin

Result: Max. 5 ecosystems per group

3. Valve chain modelling Groups

What are the roles and responsibilities of the actors? 1h
What are the relationships betwaen all the actors?

Result: Swim lane figure finished with roles and responsibilities

4. Decision of focus actor All

To make case analysis the focus actor needs to be determined. 3omin

Result: Decision of a focus actor

5. Case Analysis details

a. Technical feasibility = Cost estimates: needed investments, production costs 1h
b. Market potential = Sales astimates: Market size, sales proceads, extent of competition

. Strategic fit {(of the focus actor): From waste to secondary raw material, fit to the product

pertfolio, brand & image fit, right time.

Result: Big picture of the business case

Figure 12. MIN-PETworkshop steps and goals

The main exercise was tisemplified value stream mappingercise with sticky notes

into a swim lanechart(figure 13). The tool is widely used Lean manufacturing tool in the
new product development case studies and process mapping. The tool helps finding the
valueadding process steps in the entity of differamrkers or in this case in the
ecosystem(Naumanret al 2015).The tool was chosen to the research because it is clear
and simply enough to the purpose and will bring the wanted outcome when figuring out
the ecosystem participants, their responsibilgied the value stream flow.
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Figure 13. Value stream mappirtgol usedn the MIN -PETworkshop.

After the workshop the case analysis data gathering continued via emails and phone calls.
The surveys in different forms were sent betw the interviews. All intended key
stakeholders were contacted and interviewed directly or indirectly. The cost estimates
were gathered via excel sheet, market potential interviewing and sending the EIT Raw
Materials template to the project participaatsl company representatives, and strategic

fit from the focus actor by interviewing via email and phombe second step is
interviewing the workshop participants further via skype, phone and emails. The methods
used in an interview was fully open discassiabout the details of the business case
analysis and data filling to themplates obusiness casanalysis The questionnairef

the strategic fit ifound in the appendixe$he template of the cost estimate is found later

in the chapter 4.1E.g.talde 9 is filled to the cost estimate template. Market estimate
template to sales estimate analysis is found in the chapterAdonXduring this research,
other project activities took place. The technical and environmental feasibility studies
were used n this research as the empiric material. Those feasibility studies are
unpublished project studies which provide detailed information about the technologies,

their costs and the feasibility of overall in the project.

After data collectioranalyss of the catato make appropriate calculations, statements and

visual value stream mapakes placelLast in the fourth step the theoretical research of

business ecosystems, business models and business case analysis is connected to the
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empirical study to create sidtream business ecosystem cases, evaluate the feasibility of
the suggested models and answer to the research question three in the form of business

case proposal in chapter 4.

3.2MIN -PET Project and the Petrit-T Substance

In this research the main prodwdtich brings revenue to the business is the PEtsitle
product of the steel industrigibre and Particl&ngineeringResearch Uniin University
of Oulu investigatéd which end products the Petfit could be usedhrough alkah
activation and granulatioand they have foundvb applications— lightweight granules
and acoustic panels made of the granulber research body is in Leuv&matholic
University where they investigat¢he product possibilities using sinfgot treatmentln
the research theyalre developethe binder substance of cement from the Rétstde

stream byproduct.

PetritT is a stableby-product in the production of sponge irorearly production is
roughly 17000- 20 000 metric tonnes but the exact amount depends on the sponge ir
production.It comes from a sponge iron productisom iron orethrough solid state

reactionand it is a mix of limestone and cokela@ase2015)

The production processd the sponge iroalso results ithe side product Petsit (figure

14). The PetrHT is a refined substance from the tunnel kiln lime (TK lime). In the process
coke, limestone and anthracite are blehttgether and the carboeduceghe ground

iron ore in the high temperature tunnel kiln. The reaction is a solid phase reaction as the
temperature is around 1200 °C and no melting is happening in this phase. Result is the
sponge ironand the remaining reduction mix is the limeh TK lime. TK lime is

separated and processed further to produce He(litaase2015)
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Figure 14. Hogan&s sponge iron manufacturing proc@ssdified from Korat and
Ducman 2016).

A majorchallenge regarding Petit utili sationis the handling and storage of the product.
This is the one issue that will affect to the material handliniifierent states of the value
chain.If it is handled dry it is a powddike and must be handled with care since it
contairs lime. Inhalation of limedust, or any other dusthould be avoided. However,
product can be stored humid. In this case moshefitne reacts with water and forms
Portlandite. Only difference to Petfit dusty form is that fine particles are bounded
together and easier to handle, storage and trangidagse 2015)he humid form is also
better for safety reasons sincaldes notcause irritation or burns when inbkdlor in

contact with skin or eyes (US Department of labor 1978).

3.2.1End-Product Scenarios

The first step was to define all the emebduct possibilities that agoing to bedeveloped

and analysed in this part of the . The mutual decision was to limit taedproduct
quantity to three and theelectedproducts wereacoustic pans| binder cement and
concrete element$hese engroducts are the offering that the ecosystem can offer to the
customerTo analyse complely the acoustic panels, in this research also the lightweight
granules that acoustic panels are made of are anallisese products were selected to
represent actual developed products that will most likely to have good manketke
best realistic bsiness potentiallhe technology path from the source of the R&ttib

these selected emutoductsis shown in the figurd5 below. As the figure shows, the



54

alkali-activation technology is required to make acoustic panels via granulation and the
sinterpot treatment results in the binder substance of the cefhéntalso possible to

combinethese two technologies into one produbich isthe third eneproduct, concrete

element
= ]
Concrete blocks ‘
Leuven f —
Binding (]
Main product preem— bstance (Otherr§

Cement
“Just add water”

siawlolisnd)

Hoganéas
'
Side stream

Noise barrier blocks? :

Destaclean Oy —‘

Acoustic panels

Oulu
Tech 2

Granules

Figure 15. Technology path to selected gmaducts

3.2.20ther MIN -PET Feasibility studies

In theMIN -PET project different engbroducts are made througho different processes
and technologies. Acoustic panels are made through -al&@iation granwdtion and
cement binder throughinterpot treatnent. The concrete blocksan utilise these both
technologiesn the production Next paragraphs describe the technological feasibility
study of these two technologiesnd the environmental feasibility study about
environmental impact assessmevibre detdied explanations can be found in the actual

reports.
Technicalfeasibility study, Geopolyme&son

The technology adilkali activation (geopolymerizatiorg the responsibility of University

of OuluFibre and Particle Engineering Research Uhtey havestudied what different
processes can be used granulating the dusty-FPdoritfurther processing to efafoduct.
They have come up into one feasible solubonh of five different approaatsthat were
consideredThe Ca(OH) reaction and retarder usediasn the best results and the most
costenergyefficient reaction type. Also two other methods, calcination and grinding are

feasible in technologyise but theywere deemedoo costly to create sustainable
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business from theras the first approximatiom¢ actual calculations were mad&yo
remaining methods have been left out from the evaluation, the compatibiid retarder

use combination and plain Ca(OH) reacti ol
result in the material. The selected gess to granulate the Peffitis a combination of

these two latter methods. Together they are the most cost efficient and best performing
method availablelThe successful process was found due to the screening of trial runs with
different configurationsFor sound absorption properties, the pore size distributiorsneed

to be optimigd. Optimsation to processes and properties will be conducted later in the
project phased here is still some properties that need more development but overall the
granules a feasible and the product meets the requirements already with the technology
and process.The Granulation technology research is presented in the figére
(KinnunenP. and lllikainen2016)

Petrit-T

¥

oo Compatibilizers Ca(OH) Ca(OH) reaction
& retarders reaction & retarder

1. Sodium chloride (1,0g and 4,0g 1. Sodium chloride (1,0g and 4,0g)

) -
‘ 2. Zinc oxide (1,0g) ‘ 2. Zinc oxide (1,0g) 3
X 3. Aluminium oxide (0,5g) x 3. Aluminium oxide (0,5g) 3'
4. Silquest A-171 (0,5g) 4. Silquest A-171 (0,5g) o
5. Silquest A-1100 (0,5g) 5. Silquest A-1100 (0,5g) ~
Costly Costly 6. Triton X 405 (0,5g) Flash set 6. Triton X 405 (0,1g) 1
Flash set 7. Tin (1) chloride (0,5g) 7. Tin (1) chloride (0,5g) '5
8. Dibutyl tin dilaureate (0,5g) 8. Dibutyl tin dilaureate (0,5g) =
9. Silwet hydrostable 212 (0,5g) 9. Silwet hydrostable 212 (0,5g) =
10. Sodium tetraborate (Borax) (1,0g) 10. Sodium tetraborate (Borax) (1,0g)m

‘ 1 % Sodium tetraborate

Flash set
\A

Figure 16. Granulation researdmodified from KinnunenP.and lllikainen2016.

There is competition in the markets for lightweight aggregétesing a commodity good
that can be replaced with any other material with similar quasisebe granules. LECA
and ceramsiteare two similar producs which is done via firing instead of alkali
activation. The competitors compete with low cost and low. @®issions when
producing the product. For the eptbduct, acoustic panels, the competition in the market
is more scattered. As sound absorpsolution there is for example inorganic or organic
fibres, lightweight granule beds, textiles or foams. The -effgtiency is also an
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advantage in the acoustic panel markétse advantage of the geopolymers made of
PetritT is the process. All the higitnergy demanding process stémsishing, grinding,
firing and cooling have been removed and left only granulation and screening. This
brings cost savings in energy and in investmemte selected granulation process
towardsto the lightweight aggregatasd finallyacoustic panels is presented in figlive

below. (KinnunenP.and lllikainen2016)

Petrit-T Water
1
Sodium
silicate
Borax
(pellets)

¥ 8
Press into « Add « Lightweight
sheets binder aggregate
Il

Acoustic panels

Figure 17. Granulation procegsnodifiedfrom KinnunenP.and lllikainen2016.

Technical feasibilitystudy, Cementious binders fra@imter treatment

Binder technology is been studied in Klduven in Belgium in thisMIN-PET project.

They have studied the mixture design, chemistry, processes, substances and overall
technology feasibility in sinter pot treatment for PefrsubstanceThe study starts with
Petrit T material analysis and reaction mixture design. The minerals or-Petectide

the mixture content and the treatment circumstances. After the substance design, the
treatment mechaniereevaluatedThe research procese§thecementious bindeo the
MIN-PET project is represented in the figur® (Kriskovaet al 2016)
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Figure 18. Sinter pot treatment research prodqessdifiedfrom Kriskovaet al 2016.

In the lab scale they tested the possildatinent temperatures in Agni bottom loading
furnace. The temperatures tested ranged from 1350 °C to 1450teCthe lab scale
experiments the sinter pot treatment was tried to process theTR€elhe sinter pot
treatment process figud9 below showghat kefore the sinter treatment the dubte

Petrit T needs to be pellegd. After the experiments with modified temperature, time

and sintering method the result is that the process can be upscaled and used in several
different applications fully repking the most used Ordinary Portland Cement (OPC).
(Kriskovaet al 2016
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Figure 19. Sinter pot treatment process to bin@@odified from Korat and Ducman
2016.

Environmental feasibility study, Environmental impact assessment

In the MIN-PET project in work package zero there is also the environmental feasibility
study authored byesearcher&orat and Ducman (2016)om ZAG in Slovenia. The
environmental feasibility study contains assessment of the environmental impacts of the
use of PetrdT substancelhe Environmental Impact Assessmigrtiude the significance

of the environmental impacts of the substance, proposal of the mitigation actions and plan
to avoid the harmful effects of the use of the Pdtrih the futureaccordng to EU
legislation The environmental impact assessment has an mftu¢o the economic
feasibility through the waste treatment costs and financial benefits to the ecoagstem

the independent compani€korat and Ducma2016)

The environmental imp&e need to be taken into account because all the harmful events

and impacts to the environment due to the corporate actions brings costs to the company
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and society. Also the prevention measures and actions of the negative impacts can bring
operational cost or investments to the stakeholders. It is certain that the business
ecosystem can readi cost savings when preventing harmful impacts to the environment.
The environmentally friendly corporate image is beneficial not only in the name of brand

but also inancially.

The environment impactaissessmentnade byKorat and Ducman (2016)as been
conducted in the 5 scale classification according to ISO standard requireiftents.
likelihood (L) of the impact is evaluated by frequency (F), probability (P) with the

equationof 0  ——. The environmental significance (ES) is calculated with likelihood

(L) and consequence (C) with equataffO Y 0 0. The significance ranges from low
to high depending on the score that it can have frommabdmum?25. In thiscase the
assessment results in the impacts are from(knere 1- 4.9) to medium (score 16-

14.99)significance for the environmer{Korat and Ducmag016)

The early production and processing of P€irnis the responsibility of Hoganas. Also the
monitoring of the quality and substance preparation of later processing are the main tasks
for Hoganas. In this phaslee environmental aspects that needs to be taken into account
are the use of chemicals and emissions of heat and noise during productiocionsnass

soil and water during storage, emissions to air when handling the Petrits dust form

and chemicals used in quality monitoring. After the Patitansport to pogprocessing
venue, theesponsibility shifts forwardKorat and Ducma2016)

When producing the geopolymers, the granules thraligili-activation the noise, dust
emissions, use of hazardous materials, accidents and waste disposal have an impact to the
environmentAlso the air emissions from the use of machines are considernthe case

of hydration and sinter pot treatmexi$so the air emissions, accidents, use of hazardous
materials and waste disposal are the main sources of the environmental impacts. This

process has also the heat emissions to take into ac@éardt and Deman2016)

3.3 Business Ecosystems in thertd-Product Scenarios

The second step in the workshibye goal was to determirtee ecosystem actors in each

endproduct ecosystenthe base assumption is to have different ecosystem for each end
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product but later theimilarities can be searched and ecosystem combined partially or
entirely. The ecosystem participants in a high level were successfully determined in the
workshop (figure20). The ecosystem stakeholders were determined in the high level and
ecosystem wagsmaplified because there is no such ecosystem existing already and actors
ready to be invited in the ecosystefme results of the organised workshop were that
three actors were the same in edluteeecosysters Hoganas, regulator and transport.
Other actes were different depending on what product is been created. In the case of
acoustic panels other ecosystem stakeholders weresodium silicate provider,
granulator, panel producer and finally the customer. When producing binder cement,
stakeholders inhis ecosystem are limestone provider and sintetneatmentcompany

and customer. Concrete element product reqtheestakeholders from the both previous
ecosystems, aggregate and filler material provider through granulation, sodium silicate
provider,block producer and the customer. These ecosystems were mulisallgsed
anddecided.The result of theecosystem participamxercise is shown in thellowing

value chain chaptefsr each ed-product scenario

Acoustic Cementious Concrete
panels Binder elements
Sodium silicate T

e

supplier
.

S
[ Customer |

Figure 20. Ecogstem stakeholders in Petfit utilisation in different endproduct
scenarios.
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3.4Value Chains in the EndProduct Scenarios

The third part of the workshop was to investigate the value chains to each ecosfistem.
value chain modelling started with placing tstakeholders in a column in the order of

the actions. The green sticky notes represent the stakeholders and the yellow ones the
actions that the stakeholder is responsiblél'bé value chain modkng results seein

figure 21 below. To produce any endroduct, the PetrdT is assumed toej ateady the
secondary raw material status from REACH evaluation. Other assumptions to the value
chain modelling are the granulation recipes and design is excluded from the mapping
because it is regular product dey@inent work in the stakeholder companies.

R R

Frmurr
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Prusres  STWN g

UL EE
¢

orLvER

Figure 21. Value chain modelling exercise the MIN -PETworkshop

The value chain figures show how the value flows in the ecosystem through the business
model. There is an ecosystem &k selected erproduct scenario and each ecosystem has

its individual way to capture value to the customer. These business smegetsent
mechanismmhow the value is created and flowing towards the end customer.

3.4.1Acoustic Panels

The first value chainsifor acoustic panels. There in the ecosystem the initiative action
comes from Hoganas as a Pefriprovider. In the acoustic panel case, the granules are
formed in some other company than Hoganas itself. The ideal situation would be that the
granulationwill be done in the same company as the acoustic panel production to avoid
extra transportation and ensure the shorter lead times of the final product. This company
solution is shown in the figui22 by dashed circle. The granulation and panel production
can also be separated from each other. The Hetsitchanged into currency in every

interface. To produce the granules and the panels, other material is needed and for



62

example, the sodium silicate provider is one supplier stakeholder in the business
ecosytem. Suppliers are part of the ecosystem and value creation with their high quality

materials to ensure the maximum value to the customer.

The panel producer can add the P&inganels to its own business model and own product
portfolio. Exploiting the risting structures of the business model makes the ecosystem
more mature in shorter time and gains knowledge and expertise from the stakeholders.
Transportation company is in the supportive role in the ecosystem but we assume that
every company has existjrcontract with a transportation company. Also the reguojat
stakeholder is existing in every step of the value chain in somehow to look after that the
process from PetrT to the delivery the endroduct to the customer is safe and just for

all the stakholders and the society.

" Regulator =

v
Sodium

silicate
Sodium Silicate T e

provider “— Currency . _naiaae S
& Granulation —»
i
Lt .« Currency
\

e and

feedback “Panel

Petrit-T 4
il rovider ortati deljver:
Héganis B a Transport ransportation Panel producer L
> Currency [+ Currency™~~._ ¥ Currency

or product and

st i i feedback
Currency — *

* Transportation

Figure 22. Acoustic panel businescosystem and value chain

3.4.2Cementious hbnder

The value stream with the binder is constructed mainly with the same structure frame than
the acoustic panels. Hoganas witbvide the PetrT to the binder producer to operate

the sinter pot. The binder producer handles the production and selling the product

themselves through their own business. One recommended possibility to reduce extra
work and transportation is to hathee sinter pot operation and the ppsbduction of the

final product in the same company or at least in the mutual premises. This possibility is

shown with dotted circle in the figug3. This producer company will benefit themselves

in the form of PettiT and the design work from the project and Hoganas and turn the

material into binder and cement to be sold to the customer.
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Figure 23. Cemenbusbinder business ecosystem and value chain

3.4.3Concrete Hements

The concrete elememalue chain is the most complex and holds a lot of different
possibilities to construct the ecosystem and the value dfigure 24. In the first
business model Hoganas is the provider of the Petiat the producer of the concrete
elements. The prodaec of the elements buys the Pefritand processes it into the
elements, takes the product into its product portfolio and sells it to the retailer, customer
or to Hoganads as a customer according to their business plan. One possibility is to
combine the thee main processing steps, granulation, sinter pot operation and concrete
element production under the same company, as the dash circle shows, to avoid

movement waste in the process.

Other solution would be that Héganas holds the value of the-Petnibsance throughout

the production of engroduct of other company. Hoganas orders the processing of Petrit

T and will pay for it, but owns the substance and the product. Hoganas will take the
concrete element to itself, use it internally or sell it to thailestor endcustomer. The
producer company of the elements has a decision to make the concrete elements only or
do the required prprocessing of binder and granules also. If the producer refuses to
invest to the whole process, the granulation phase dmulal separate company in the
value chain as well as binder producer. However, the more companiesithegrehe
ecosystem, more it needs the profit as every company needs its share of the revenue to
survive in the ecosystem. The best solution is to Haeninimum but required amount

of companies to ensure both the production and the business. In this case someone in the
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ecosystem has to take the granulation and binder production and invest in those processes.

This investment is worth to take as thecoddtions further below proves.
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Figure 24. Concrete element business ecosystem and value chain

3.5Business @seDetails

The decision of the focus actor for business case analysis is the fourth step. In the
workshop it was decided tchoose Hoganas as the focus acttee business case is
formed around the focus actor and all the costs and benefits are calculated in the Hoganés
pointof view.Even t hough HOganas doesn’ fprodocav e i
producer or retailetthe whole chain to the ermtoduct delivery needs to be taken into
account in the business case analysis also. That way the benefits and costs are seen in the
calculations.Some assumptions have been made to take thereddcs into account.

For examplave assume that with the project participant knowledge and estimations about
the costs and benefits the calculations are done as if Hoganas is the producer of the end
product. In the ecosystem these responsibilities have divided to different companies.
Redistically Hoganas will be only the Petflt provider and some other company in the
ecosystem will take the responsibility of production of the mdiuct.

The final step in the workshop was to discuss and decide the business casdnditails.

case oBcoustic panels the main costs from the technical point of view are the granulation,
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alkali-activation, granule porosity and sound absorption properties technology
developmentThe technology development costs exeluded from the researeind the

busines case analysis since the costs of technology development have been taken into
account elsewhere in the projethe operational costs and capital investments are mainly

in the storing the dudike or humified PetriT and after the alkakactivation thegranules.

Material costs comes mainly form the sodium silicate @&sbig involume of the total
amount of granuled-or the granulation the slag prices are accordingib@aba.com

internet site2457 $/ ton. Borax costs ®HOahdi€ls80%n, s
of the materials used in granulation mixture. Water, processing and investments as
storage, handling and granulation costs were collected afterwards to the excel sheet. If 50
mm thick panel i s ma deGranumtntirvestmentin ncaohiné s a
is 500000 €, i n panel ma k i n ge.gnmrmomoalding, guring@@made n t

packing. Also a weighing statiand other facilitiesreneeded.

The binder cement costs are mainly thegited investment in the pelletigy, shtering and
milling equipment, material costs from | |
costs from electricity to pelletisg and milling. The concrete elements operational costs
consists mainly of transportation since the weight of the ctmetements, mixing and
moulding the elements and labour costs. There is no capital investments with an
assumption that the producer stakeholder of the elements have already the equipment
available. It was discussed that the binder production in the ¢ersteenents would have

the same costs as before mentioned in the binder section and the density and weight issues
needs to be discussed furth€he product design and features are out of scope at this
point of the project. This meaf® instancehat itis relevantf the concrete elementsea

made oflight-weight aggregates or not.

Business case details were gathered in the workshop and with interviews with the
techrology researchers and Hoganas. Afterworkshop arexcel template assend to

the inteviewees and they filled thietails needed.
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3.5.1Sales Estimate

Market possibilities cannot be evaluated with certdotythe estimates are showing that
there is real markefior the products made of Petfiit The market potential is mapped to

find the right narket to introduce the right product.

Business models are different in different gmdduct scenarios. Business model for the
ecosystem is the ordinary sell and buy business model in the cases of acoustic panels and
binder and each stakeholder have tbein business model and a way to sell the produced
out come. I n all of these cases thethebusin
product s’ b uThe evpbosaton stratege Isdo. utlss t he st akeh:
existing structures as well as pddsito lower the extra effort that the new product
introduction would bring and ensure the quick market penetration. The product will be a

part of the product portfolio of the producing company.

Project of the implementing the business plans into uses skditt gathering all the
stakeholders. In the future action the stakeholders will form a business ecosystem and the
ecosystem analysis tells who must include to the ecosystem. ThelReiltibe Hoganas

and the engbroduct producer at this point will i#gestamatic to the acoustic panels and
Dansk Jordstabilisering AB for the concrete elements. Other supporting ecosystem
companies will form from the present stakeholders ofelmsmpanies and those are
utilised in this Petri{l case products also. The nesdction will explain the market
environment to the selected epbducts. In the tabl@below it is described the markets

of the all three selected ejproducts made of Petit.
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Table 8. Market potential analysis

Market #1 Market #2 Market #3
Market name Acoustic panels Cement binders Concrete elements
Market Small markets, Large markets with Market size is
description dependent on many companies in th¢ moderate. The main
regulations (tightening| construction fi&d. Cost | market of the big
noise suppression efficiency leads in the | elements is the
regulations in urban | market and it is construction. Yard
areas) achieved with huge décor. Pavement
volumes. stones, price driven.

Potential benefits Low-cost material with] Reduce raw material | Low-cost material,

medium ndse dependence and CO2 footprint lower.
suppression not environmental impact | Lighter material
competing with high | of concrete products, | (lightweight
end applications integration of high aggregatesh,
waste volumes, lower | transportation cost
material cost, étter reduction, easier
environmental installation

performance lower
environmental impact
end product,
comparable or even
improved compressive

strength.

Market interest Sustainable material | More environmental | Interest in the market
for infrastructural friendly option for in in cheaper material
applications, such as | cement binder with the and recycled material
railroad noise same requirements. | content if the
suppression in urban minimum
areas. requirements in

properties are met.

Market Acoustic properties Durability, good Lower price, eco

requirements and durability need to bln_d_lng properties, cog frlendllness isa benefl

9 be shown. efficiency, in B2C, CE marking
affordability. needed, standard

requirements fofrost
resistance, concrete
properties, mechanica
properties.

3.5.2Cost Estimate

To make various engdroducts from PetnT, the investments are needed to make before
the production will startin addition to three selected eptbduct scenarios, also the
geopolymer granules have been taken into account in the business case analysis

calculations because those are needed in acoustic panel prodnctiencalculations it
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has been decided that the focus company is Hoganas who provides th€é Babply.

To take also into account the epdbduct in the calculations, it has been assumed that
Hoganas will also produce the eptbduct irhouse. In the real life the interest is not to
produce in Hoéganas but in the other stakehslgeemises.

Investments needete mainly in storage premises and capacity for PEtits workin-

progress products and final products. The storage estimations varieS(frod®— 400

000 €. Another big i nvest ment-TSintoagrapules, he n
acoustic panels, binder or concrete elements. In the case of acoustic panels, it is assumed
that the panel producer that will come to the ecosystem, alheedthe similar products

and required machines in use. In that case the investmeritsaare In the granules,

binder and concrete elements the machine investments varies from20@@0 000 €
Especiallybinder need significant investments in pellésing, sintering and milling if

those are not ready in producer’s premi se
to be 10 % of the variable costs in the calculations. Total investment costs are therefore
300 000700 000 €. B u sej logestcs marketing, aates machanics
doesn’t n e estments me the @an isitonudie al so exi sting

stakehol der s structures as well as possi
outsourced from the other binderoduction so the investments for milling is not
necessarily neked. The sinter pot and pelletig machines are quite specific and needs

investments if the binder production is wanted to be commenced.

Other costs are variable costs that depends on theghimdannually. In the calculations

the variable costs include material costs depending on thpreddct, and other possible
costs such as water, energy, labour and transportation. The biggest variable dosts are
granule production witB50 000€ / y with wse of all of the PetrT in a year which is

20 000 ton.

The profit for Hoganas comes from the landfilling cost savings and revenues from selling
the PetriT. The cost to landfill the Petsit woul d be 300 000 €/ ye
the landfiling cost i s estimated to bBis20D00&®Nt on
annually. It is foreseen that the landfilling costs are going to rise even more in the future.
If the annual PetdifT 1 s sol d entirely at t he 0@0r i ce

€/ year . I n addition HOganas’ benef it I S
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previously mentioned 300 O0O0-0foreHbogareimis400 Tot
000 €/ year.

In the calculationsfterwardst has been assumed that the anpuatuction of Petril

is 20 000 tons and the whole amount is used only in each product. If it is decided to
establish the ecosystem and business around several proposgaduntdts, then the
Petrit T annual amount will be split in certain shares. Pdsgdxes are not included in

the calculations. The investments have been taken into account and assumed that the
depreciation is for 7 years in straighte method. The profit calculations have been done

by subtracting the variable costs, annual paymithiecinvestment and depreciation from

the revenues and in efpadoduct producer point of view. In the return on investment (ROI)
calculations the same assumptions have been made. ROI has been calculated for every

endproduct scenario separately with onauydetails.

3.5.3Strategic Ft

The strategic fit has been conducted in the Hoganas point of view as in the workshop it
was agreed with all of the participants. Overak tPetriT and the posprocessed
products from it are a good fit to the strategy of Hégambganas have other similar
products that are from the side streams of the main products. TheTRetnitld not be

one of the main products but it is sellable product, which need a special approval to sell
the substare to each customer. This is onegee ofevidence that the PetTt is a good

fit to the special product portfolio as the other side stream products in the company.

PetritT fits very well also to the corporate image and brand strategy. Hoganas has a zero
waste corporate policy and the ais to perish the landfill waste totally. This is
implemented as the recycling thiele streanmto secondary raw material sustainably and

the PetritT is one of these produdisat can be used instead landfillingThis helps to
increase the value ofdltorporate image and brarndibganas The production and post
processing into products are very well al
is no limited themes in the strategy or plans to make changes concerning th& Petrit
substance, prodtion or any other matters that might change the output of Hetnithe

future.
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The development and tlulisationof the PetriT is a good fit to the technology roadmap

and product portfolio in timelingvise. In the markets the eco friendliness, soatality,

circular economy and corporate responsibility towards the nature is a rising and hopefully
lasting trend and the products that are aligned with this strategy have demand if the
requirements are met. In addition to the market situation, it isufable time
technologically. The technology to make PeTritprocess it and make it into the products

are available and viable. For the details, please look the technological feasibility studies.

In Hoganas point of view the Petilitisafood fitasit oesn’ t t ake shares
product in house. It is a competitive pr
butnoworit he f ut ur e i €anydadthesrevéntes af athemproduetd. There

is no products that are similarly usedsame purposes so the market potential for Petrit

T is unique. Overall, Petit i s a good f it for t he HOg
production to various erproducts is feasible in business sense to other stakeholders also.
Hoganas is primarily a mat powder producer so the suggested-gradiucts are not

aligned with the corporate strategy to be produced in house. Hoganas will be a provider
of PetritT andbe one stakeholder in produatig the engproducts made of Petft.
Héganas'’ m ann the PkteétThugliation prdject & to minimie the landfilling

Petrit T. The benefit from transforming waste into a usable goods is remarkable and even
ifthePetritT  doesn’t give a | ot of revenues, th
wilsati sfy Hoéganas’ needs.
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4 BUSINESS CASE ANALYSS OF PETRIT-T

In this chapter the results of the empirical research is connected to the theoretical
knowledge about the business ecosystdmsiness models and finatlye business case
analysis. Business caseadysis is the final analysis that leads to the business case
proposal.This chapter answers to the research question 3 of what the business cases of
PetritT are.

4.1 Business @seAnalysis

Business case analysis includes previously presented cost estialedestimate and
strategic fit whichare studied andnalysedn the previous chapten this case study.
Based on the first two components of the analysgletailed calculations to the business
case analysis are conductidt in this chapterto stud/ are the selected esptoduct
scenarios profitable and worth invest 8trategic fit is then added to the result of the
calculations to give an overall view of the business case and comprise a ptoposal

decision making whether to take the opporturotyhis new product and investments.

4.1.1Granules

In the endproduct scenarios the granules are needed in the acoustic panel production and
in these calculations for evidence behind the acoustic paBesiness case analysis
calculationsof Petrit T granules lsows that granules can be one profitable product to be

sold in the market as it is itself profitable prod(teble 9) Theprofit from the granules
cangeneratappr oxi mately 551 000 € annwually ir

has been paid, thegfit per year is growing.
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Table 9. Profitability of geopolymer granules

GRANULES
Cost Usage Price
Variable costs
Material Petrit-T 100000¢ k & S I NJ 20000ton/year S5ekiizy
Other production material
Borax 100000 k & S| NJ 200ton/year 500e K (1 2y
Water 28000¢ k & S| NJ 8000ton/year 35ekiz2y
Sodium silicate 840000 k & S| NJ 7000ton/year 120e k G 2y
Labour 150000e k @ S NJ 3
Drying 105600€ k & S I NJ 35200ton/year 3ekilizy
Electicity 29920¢ k & S I NJ35200ton/year 085e k 12y
TOTAL VARIABLE COSTS 1353520¢ kK & S NJ
Investment costs
Machine investments 400000¢
Storage investments/costs 100000€
TOTAL FIXED COSTS 500000¢
Overhead/other (10 % of total variable costs) 135352¢ k & S| NJ
Depreciation 7 years, straight-line 71429¢ k @ S| NJ
Revenue
Market prices / expected price 60e k1 2Y
Expected amount sold in year 35200ton/year
Revenues 2112000¢ kK & S NJ
PROFIT 551699 k & S I NJ
Other
Savings from landfilling 300000€ k & S| N2DOOO  ton/year 1Bekilizy

4.1.2 Acoustic Panels

The acoustic panels are assumed to be made of the previously presente@l Petrit
lightweightgeopolymegranules. This is a reason to excltige landfilling savings from

the benefitcalculations since that is covered in the granule calculafidret. benefit is

still mentioned in the calculation she@&the calculations shows that with the present
market value of the acoustic panels, it is guesto have around 1,3 million euros
revenues with annual production and when considering the costs, the business is
profitable with 850 000 euros in the first yeéeble 10)

The manufacturing can be done using a regular concrete product facilitthesatbre

the investment cost isstimatedfrom a larger manufacturing facility. i automated
factory with an outoput of 250 m2/ h has
Therefore, when only about a tenth of that is requiogoroduce the planned amount of
acoustic panels, approximately 32 000 m2/y and 20 ns2fall investmentsineeded.

However since the investment does not scale linéaurtgeded smaller fact@pmewhat
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larger investment need is assumed. This calculation method is likely to cause errors to the
final outcome, and may partly explain the extremely high returmweestment (70%),

however it is believed to show the correct trend nevertheless.

Table 10. Profitability of acoustic panels

ACOUSTIC PANELS For a concrete production unit with 250m2 per hour output
Cost Usage Price
Variable costs
Material Petrit-T granules 120000 k & S| NJ 2000ton/year 60e k 2y
Other production material
Cement 20000€ k & S| NJ 200ton/year 100e k G 2y
Other supporting production material
Water 700e k & S NJ 200ton/year 35eki2y
Electricity 3200€ k & S| NJ32000m2/year 0,1e K YH
Labour 150000€ k & S NJ 3 persons/shift
Transportation (in, out, between) 32000¢ k & S I NJ32000m2/year le K YH
TOTAL VARIABLE COSTS 325900€ k & S NJ

Investment costs

Machine investments 400000€
Storage investments/costs 100000€
TOTAL FIXED COSTS 500000€
Overhead/other (10 % of total variable costs) 32590¢ k & S NJ
Depreciation 7 years, straight-line 71429¢ k @ S NJ
Revenue
Market prices / expected price 40€ K Y H
Expected amount sold in year 32000m2/year
Revenues 1280000¢ k & S| NJ
PROFIT 850081 k & S NJ
Other
Savings from landfilling taken into account in 20000 ton/year Bekiz2y

granule calculations

4.1.3Binder

The case of cement binder is more challenging than the other products. In the market the
binder poduction straight from the raw material is profitable with large volumes. The
annual production of Petfit is only 20 000 tons and with this volume it is not in the
same level as with the traditional cement binder produciibe. investments are big
compaed to the output afementious binder in these estimated volumbs.low volume

brings a challenge to the profitability but still the business looks potdita he profit

wi | | be 198 000 € annually the first yea

landf il |l costs, the total finanf(abl@ll) bene!/
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Table 11. Profitability of cemenbinder.

BINDER CEMENT

Cost Usage Price
Variable costs
Material Petrit-T 100000¢ k & S| NJ20000ton/year 5ekiiz2y
Other production material
Limestone 117460¢ k & S| NJ11746ton/year 10ekiz2y
Other production material costs (electricity, water 15334€ k & S | NIB81000l/year 0,0035¢ K f
Labour 250000 k & S NJ 5 persons
Transportation 0,10€ k G k |
Milling 285720¢ k & S| NJ19048ton/year 15ekiiz2y
TOTAL VARIABLE COSTS 768514 k & S NJ
Investment costs
Machine investments
Pelletizing 100000€
Sintering 200000¢
Storage investments/costs 400000€
TOTAL FIXED COSTS 700000€
Overhead / others (10% of total variable costs) 76851€ k & S| NJ
Depreciation 7 years, straight-line 100000 k & S NJ
Revenue
Market prices / expected price 60ek G2y
Expected amount sold in year 19048ton
Revenues 1142880¢
PROFIT 197515¢
Other
Savings from landfilling 300000¢ k & S I NJ20000 ton/year 15ekiizy

4.1.4Concrete Hements

Concrete elements are assumed to be made partly of Pétathave enough volume to
produce the concrete elements, it is necessary to add some other aggregates in addition to
aggregates made of Peffit The aggregates woulik in this case small rocks and Petrit

T usedalsoas the part of the binder substance. Total variable costs are with this end
product scenario over 812 000 € annually
nevertheless very good, about 575 000 €
into account in the calculations. Here investmentneations are depreciated figures.
Overall the business case analysis calculations of concrete elements show that it is
possible to have profitable business of it wiarly600 000M €in addition tobenefit of
landfilling cost savings worth &f5000€ (t abl e 12) .
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Table 12. Profitability of concrete elements

CONCRETE ELEMENTS Based on a production of 10 000 blocks (& 2,4 ton) per year
Cost Usage Price
Variable costs
Material Petrit-T 5000¢ k & S| NJ 1000ton/year 5ekiiz2y
Other production material
Borax + others 50000¢ k & S| NJ 100ton/year 500€ k (i 2y
Aggregates/ballast mtrl 200000¢ k & S I NJ20 000ton/year 10ekiz2y
Limestone/cement 200000¢ k & S| NJ 2000ton/year 100e k G 2y
Other production material costs (electricity, water 7500e Kk & ST NJ
Labour 250000 k & S NJ 5 persons
Transportation Oeke&SFk N
Handling 100000 k & S I NJ
TOTAL VARIABLE COSTS 812500e k & S NJ
Investment costs
Machine investments 200 000e
Molds etc.
Storage investments/costs 50 000¢
Other various costs 50 000€
TOTAL FIXED COSTS 300000e k &8 S NJ
Overhead / others (10% of total variable costs) 81250e k & S I NJ
Depreciation 7 years, straight-line 42857 k @ S NJ
Revenue
Market prices / expected price 63eki2y
Expected amount sold in year 24 000ton
Revenues 1512 000
PROFIT 575393 k @ S| NJ
Other
Savings from landfilling 15000 k & S| NJ 1000ton/year Bekiz2y

4.2 Business @seProposition

The research question 3 is answered in the following chapter explaining what the business
cases are for thBetrit T utilisation Business case analysis leads to the business case

proposal through evaluation of the analysis and the feasibility assessment.

4.2.1Return on Investment

The return on investment is calculated to gain visibility of the benefit to the mneet.
If investments are made, the investor expects returns fraimdatreturn of investment for

endproduct producer stakeholder is calculated with the formiula

ROI pmt
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Where the gain from investment is calculated to be the revenues from sales plus the
benefit from landfilling the PetrdT. Cost of investnat is accumulated investment costs,
also mentioned total fixed cosM/ith this formula, the investment cost for each-end
product is calculated for this upscaling project regarding the Hetutilisation
possibilities in various endroducts in producegoint of view. The gain of the investment

can be estimated to be the total profit from the business possibilities and the landfilling
savings. The total benefit and investment costs from everypealict scenario are
calculated in the calculations in theevious section®ROl is calculatedor the first year
andseparately for every efatoduct scenario since it has been assumed that all the annual
Petrit T goes into one enproduct.

Geopolymer granules ROI h : mx X 1

Wheninvet ments are 500 000 € and tot al bene

3.4.1 shows, taking into account the savings freduced landfilling of PetHT.

Acoustic panels ROI h O

2 mx X T%.

h
(6]

= xi

When invest mennd tacoteal5 0lDend® irodéctidh bf@dcostic0 €

panels

Binder ROI o n g w ¢ dv.

When investmentsn binder manufacturingar e 700 000 € and to
l andfilling savings and honegativenvelsesor the ficsf i t

year, the ROI calculated for 2 years is 42%.

h ©O h ©

Binder ROI 2y —s ¢ 1.
Concrete elements ROl — r?g © oy 0Xp.
When the investments ar e 30filingOsavihgs @ndan d

busi ness prinaleicase obcdreret® dethents
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We can see that the best return on investment for the first years of the production is for
the concrete elements, even though the best revenues comes from the acoustio panels.
the binder case, the return on investment is negativeinvitre first year but the return

will accumulate along the years being on a positive side in the second year.

4.2.2Case Roposition

The waste policies alecoming stricter and regulations are tigihing in the raw material
sector Presented technologies and-gmdducts from the side stream PeTritan be used

as a secondary raw material according to circular economy-seind

To achieve a profitable business from side stream Hethié businesmfrastructure has
tobecreateddccor ding to the Moore’'s (1993) stu
PetritT is in the planning phase of the ecosystem birtte birth phase challenge is to

have a common accepted decision about the new value firopds the customer
between all the ecosystem stakeholders. ddrapetitive challenge in this phase is to
protect the innovation and also the supply and sales channels from the competitors.
Hoganas is one of the key players in forming ecosystem aroandaim innovation, the

side stream substance PefritAs the lansiti and Levien (2004ave studied, the Hoganés

fulfills the criteria for being the keystone in the ecosystem that is the very core of the
ecosystemAs the keystone, Hoéganas isinthekeylre t o ease t he ecos
create new products ithe ecosystem, give technologies to create new and simplify the
tasks and processes in the network. By doing this it will itself nourish and ensure own
business alsan this PetritT case andn general, He business ecosystem brings the
knowledge, assets and resources from all the included stakeholders and with suitable
business models the ecosystetti be formed sustainabliput dynamicValue is added

in everystakeholdepof the value networko ensure the best possible quality products in

best price.

Business models in the Peffitutilisation ensure that the right thing is done in every
company of the ecosystem. As Osterwalder (2005) has stated, the business model need to
be planned in evergompany separately and in larger scale in the whole ecosystem. The
Petrit T value stream analysis shows the mechanics that provide the value to the customer
through financial, commercial and industrial aspects in simplified process representation.
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Every \alue stream ecosystem has its own business model structure but it seems that the
mechanics doesn’t vary a | ot. Al compan
their products and services in this casd the focus is on the ecosystem business imode
The ecosystem business model here is to
strengths and use their present business channels and contacts. The business model
inspection supports the business case analysis and vice versa since business model is
strongly linked to the capabilities of tlewmpanies, strategy and orgatisnal aspects

as well as the monetaperspective as the Abebeiet al. (2008)alsohave stated.

As a summary, to produce acoustic panels, binder and concrete elements fremiPetrit
profitable business in the ecosystem stakeholder model and value creation business
models.Even though there is big investment, there is a market potential for all of these
endproducts if the product meets requirements in the properties and theigrice
competitive. The calculations show that the acoustic panels and concrete elements are
significantly profitable business with present market prices. Only the concrete binder
shows that with the investments the business is not in the beginning a hungs$bsit

in time it accumulates good profit and the benefit is greater when landfilling savings are
taken into accountigure 25 shows from the profitability calculations that all the end
product scenarios from the Peffitare profitable business. Acditspanels show the total

benefit that combines the profit and savings from landfillingwithroveB 50 000 € a
and granules 852 000 € with the estimati o
benefit but is lower due to the low annual production volume. Even though the revenue
expectations are | ower, a b dfiling savih@ are 0 0 €
remar kabl e and tot al benefit is 498 000
stable 590 000 € i n tTooutput quamtityt Conckete &tementt a n

business would have more potential as there is a lot naebrie- P available.

Total benefits are more than just the revenues from the business. In the&&dpaiew

it is shown the total benefit from the business potential and also the cost savings from the
landfilling. All the calculations assume that the Relris used only in one selected end
product. If it is decided to produce two or more different-pratiucts, the split
calculations needs to be doaed the production share optimds In the case of acoustic
panels, the landfill savings are excluded sititose are already taken into account in the

granule scenario.
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The total annual benefit of the business of Petrit-T
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Figure 25. Total annual benefit of the Petiiit

The second summaiig profit andloss from the business figure Bohere to show how

the profit accumulates ovehd years with 7 year investment depreciation. The profit
figure is based completely on the calculations presented in section 3.4 and is thade in
endproductproducer point of view. Thprofit and loss statemedbes not take the cost
savings from landfiing into account but is here to show the profitability of the different
endproduct scenarios. Profit for every scenario is expected to accumulate from the first
year onwards with same market demand and material availability. The best accumulated
profit is expected to come from acoustic panklss seen that the granules can be very
profitable product itself and concrete element trend in profit is in the same level with very
good expectations. Binder is also profitable product with these assumptiomrs abd

with the savings taken into account, it is worth the investments.
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Profit and loss statement

Millions

= Acoustic Panels
= Concrete elements
-Granules

Binder

1 2 3 4 5 6 74 8 Years

Figure 26. Profit and loss over 8 years, without taking into account the savings from

landfilling.

These results are made with the assumption that oalgitigle engbroduct scenario is
implemented to the practice. With sensitivity analysis it is possible to evaluate the
robustness of the solutions in the uncertainty. One uncertain aspect is the market
evaluations. In the salestanate in chapter 3.5.the market evaluation shows the
estimations about the customer acceptance. These estimations can vary in the practice and
in time. It is important to notice that if one of these-pnaducts is not a success, the
other one could bmore successful than estated. Nevertheless these risks needs to be
evaluated in detail whether to split the processing the Hetntmany different end
products or just only one. Calculations in the chapter 4.1 shows that all the evaluated end
products are feasible and profiteabSo at least in one of these products it is worth invest.
However the investment need is great in all of these cases. If it is decided to split the
processing the Petfit in different products, investment costs can be multiplied and
compared to the anmal output of Petril which is 10000 tons, return on investment will

fall and the expected benefit and value would realise after several years. In the business
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operations point of view it is more conveniémisplit the PetrdT into different products
to ensure the maximum usabilityof Peffit i n case of one of the
drop. In this phase where the project is in feasibility study phase, it isgdistifexamine
the business benefits in the investor point of view.according to thealculations, it is
advisable to focus on the one most promisingmdiuct to ensure ¢éhbest benefit to

the investor.

All'in all, with the market interest, selected gmaducts are worth the investments and
can give remarkable financial benefits te thusiness ecosystem built around the Petrit
T side streamThe profitability combined with the benefit of the brand and corporate

image will increase the success possibilities in the markets.

The most important conclusiofr®m this study can be summaeadisin:

1 Itis a profitable businegs produce acoustic panels, binder and concrete elements
including granules.

71 It is necessary to create a businesssystemfrom different stakeholderto
achieve the most profitable busingsagve the maximum beneéihddeliver value
to the customer

1 The most profitable business from this study is to produce the acoustic panels that

also includes, as the first processing step, the production of granules.

Therefore business case proposition with the present knowledgegasfdo in any of

theseselected engiroducts made of Petfdt in theMIN-PET projectseparately
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5 CONCLUSIONS

In this chapter the conclusions about the research success, validity and rebability
evaluated. Also the goal achievement is examined thrthegtesearch progression. The
last paragraph suggests the next possible themes that could be studied in the future around

this subject.

5.1 Contribution of the Study

Themaingoal of this research is to evaluate the economic feasibility aftisation of

Petrit-T substance by answering the research quesiibiedirst research questiofihow

the industial side streams can be analysed in the economical point of isi@nswered

in the first chapteby literaturereview. The literature review explains hahe economic
consortium formation is done around the innovations effectively. This is explained via
business ecosystem concept where all the participants form an ecosystem based on the
model from the living naturdlso it was examined what the econonotshe side stream
business models are and how they are formed. Finally in the literature review the business
part demands the review about the side stream context as an environment description. In
the side stream analysis review the legislation in thehB&Jbeen investigated and the

side stream analysis effects to the business environrhbet.theoretical synthesis
explains the entity of business ecosystems, business models and business case analysis

interfaces.

The empirical part of the study gives thesaer to the second research question of what

the value streams business model scenarios of the side stream of Hoganés are. In the
practical part the engroduct scenarios, business ecosystems with its stakeholders and
the business models are created whigaMIN-PET project participants. The ressilare

flow charts for every engroduct scenariolhe business models found in literature are
applied in this research very shallowly. The focus is in the ecosystem creation and the

value proposition planning tbugh theprocess flow in the ecosystem.

The final research question was what the business cases offRgiligationare and the

research has gathered all the information and knowledge about the business ecosystem
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and business modeéksic concepts anchplementation in this case. Also the business
case analysis details were gathereddbievethe desirable goal in form diie analysis

economic feasibilityf Petrit T utilisationand finallythe business case proposition.

The business esgstem is neextl to model in thiside streamutilisationcase since this

kind of consortium is not been created befarthe topic been researchaathis industry

and this kind of side streaffio be able to form a business cpsgposabf the technology

or investmenall the costs and market potential need tfobed,evaluatecand analysed

And these can be achievextly if the whole processvalue streanand network are
modelled.The key partners in the ecosystem need to be visible and the responsibilities
betweenthem planned even in the rough levEhereforethe researclstarts with the
ecosystem participation mapping and ecosystem formatiafue\streammodelling
between these participants will follow

Value chain modelling is important paftthe new businescreation since the main goal

of doing business is to create value to the customer and get enough revenues from it to
keep business alive. When the value creation structures are clear, theaddtalsosts

are possible to evaluadecording to the sficture and responsibilities in the ecosystem

All the endproduct scenarios are feasible for the business. Even though the demand drops
from one eneproduct, the other ones are still strongly beneficial to the ecosystem actors.

In the calculations it haselen assumed that all the annual R&tgoes into one product.

It is also possible to split the Petfitinto different shares in the eqoduct scenarios.

In these cases the risks success is split between different products but investment costs
will rise if more technologies and processes are credteelh also the return on
investments are going to change as the revenues change but the investments are still the

same

5.2 Evaluation of the Sudy

The research is evaluated in terms of reliabilityl aalidty. Reliability tells if the
researchs repeatablédy other peoplandif similarresultscouldbe found and applied in
some other similar researhthe future Also how the results are found from the data is

one aspect of the reliabilityalidity will reveal does the research study the right subject
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with right methodsnd does the research study what it is meant to .dtffdyndergt al.

2009) The business ecosystem analysis resautsall are reliable and outlast the time.

The details to the ecoggsn structure have been collected from pineject workshop

from different participants in theroject who ar@xperts in their field of technology. The
ecosystem formation is planned in the high level and gives the basis that the project team

and the comgny participants can build up the Pefribusiness in the future.

The visual ecosystem mapping method was a swimming lane chart exercise and it gives
a good frame to fill the details.iiTangpong 201IJhe methods used are more qualitative

and certain gentifically proved tools have not been used in this reseiewvertheless

the material gathering method here is not completely according to LEAN value stream
mapping principles. In this study it was notentionto map and improve one process
completey but the main target was to create a guidelines for the value stream around the
innovation. Therefore the value stream mapping method was modified lightweight
versioncombined to process mappimgthis research to serve the intentions and goals

better

The empiricablatahas been collected to the real purpose and need of the project to reflect
the real state of the business environment. The empirical information is as reliable as
possi bl e ws$ kntwledgd & the padicpsnts but few parts ia thsearch

brings unreliability.In the workshop there was nine persons present frorvtNePET

project. Unfortunately all thevited stakeholdersould not make it to the workshop. Two
companies and their representatives were absent from the workshibyseorings a little
distortion to the empiric material and analysis about the ecosystem structures and value
stream analysisThere is probably missing some key opinions and perspective from the
companies in the projecthe project and the case is 8 first phases and onlye
planning of the possibilities takes place in this phase of the projeetintervieve have

not been planned to be closedded but more opegnded and unstructurelilscussion

via phone, email and in persand therefor¢he questions wer@ot strictly specified. The

open discussiors unreliable data gathering method in very specific studies but in this
research ibrought more space to innovatiand inventing new ideas and that is why this
method has taken into the reseaMtarkshop participants knew each other beforehand
and this has brought trust and openness to the innovation in the workshop. Results are

validated since they are checked with the project participants and thesis supéersors.
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workshop was also audiecoded which reliability to the research with the access to the
discussion afterwards in the analysis phase. Transparency still is missing in the audio

recording since the workshop audio was never transcribed.

Thebusiness case analysis deté&ilisthe profiability calculationsare gathered from the
company representatives also and they have commented to the calculation details so the
profitability calculations are truly the best available estimataailable at this moment

The numbers in the business caralysis of the study contains a lot of estimations about
the costs and revenussice this kind of ecosystem and business does not exiahget
therefore the calculations are not the most reliableexactbut they are the best
estimatiors of the presenknowledge of the participant¥Vhen the market setup and
prices change, the calculation results are no longable and applicable ap to date.
Calculations are in methadlise reliable ad done as carefully as possible but theyld

be more reliablef the study has been done to the existing busindssertheless the
methods have been selected to suit to the purpbdse.calculations are based on
assumptions and estimates about the costs and market situatitims moment of
researchMore detailedand certain numbers were difficult to find out for the business
case analysis because the planning and ecosystem formation is only in feasibility phase.
Further in the future in the project it is possible to have more specific plans and numbers.
These redis are reliable to give an overall view about the feasibility for the project
continuation but not for the practical implementation and these calculation results cannot

be used directly in the specific business planning of the Hepribductisation

The results can be applied in the field of business ecosystem reseasitte stream
utilisation also in different industriesAlthough the detailed calculation results are
applicable only in this case studyhe methods and results are valid in the researtire
similar side stream product business ecosystem and business case dndhjisisase,
later in the project implementatiguhasemore specific calculations need to be deme
have clearer view about the success of the ecosyslagether, theesults can be used

generally in business ecosystem creation in side stream utilization in the future.
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5.3 Further Research

Further research is needed around these themes and the project. One future theme could
be the profitability followup for the selected elproductslater in the projecphases
before the practical implementati@nd comparison to the initial estimations in this
research. Another theme could be to study the business risksutiligeion of Petrit T

to these engbroducts The risk assessent including the detailed sensitivity analysis is
not covered in this researcdlnnual PetriT split into different productseeds ao more
attention and resear@nd could be one afew research subjects around this theline
would be interesting algo see how the researohbusiness ecosystem, business models
and business case analysiguld apply to some other side stream substances. Therefore
the similar research could be done in other case stuihesthemes presented here are
suitable for examlp for other master thesis subjects or in smaller scale to the bachelor

thesis subject.
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APPENDIX

Appendix 1. Questionnairout the strategic fit to the representative of Hoganas AB.

- What is the fit to the product portfolio of Hoganas AB? (How remarkable product
this would be for the company, expectations, compared to other products, what is
the position?)

- What is the brandnd corporate image fit to Hoganas AB? (Heendliness? The
corporate valuesg.“ no waste policy”)

- What is the right time for introducing the product? (Why now is the best time to
develop? Is the market ready for this product?)

- Could there be other pdact cannibalism if the selected epbducts are sold?
(Does PetrHT or its endproducts eat the revenues from some other product now
or in the future?)

- Is the product/investment for the product aligned with the corporate strategy or
enterprise architegte?



