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The UNFCCC’s Paris Agreement targets on climate change and the aim to reduce emissions 

on the energy intensive sectors, transportation, and energy production, creates enormous 

pressure to electrify mobility and to expand the amount of energy storage solutions. lithium-

ion batteries store high-capacity power, and are used on a wide set of application, to drive 

Electrical Vehicle, consumer electronics, industrial robots, and production equipment, but 

their usage comes at a heavy environmental and social cost. It also requires adapting these 

sectors to view lithium as a scarce material, that should be recovered and reused. To tackle 

the unwanted ripple effects of electrification of the world, circular economy aims to address 

the depletion of natural resources by slowing, narrowing and closing the resource loops. This 

study draws on prior literature to illustrate a foundation for circular economy of lithium-ion 

batteries, explain the development of lithium-ion batteries’ circular supply chains into 

circular value chains, and identify circular business model strategies. The empirical purpose 

of this thesis is to clearly illustrate the structure of the lithium-ion battery value chain in 

Finland and identify the challenges and opportunities for circular business within the value 

chain. This study focuses on defining the extent of adoption of circular business models in 

the rapidly developing lithium-ion battery ecosystem in Finland. The methodology for this 

thesis is a qualitative research method, the inductive interpretive theory building approach. 

The research data is collected through 16 semi-structured interviews of different 

stakeholders throughout the value chain. With the inductive approach, this study was able to 

summarize the perceptions and experiences of the experts in the field and identify key 

challenges the actors are facing. The findings also include analysis of the gaps in the value 

chain and assessment of the opportunities for future circular business. In regard to 

policymaking, this thesis also contributes to the Finnish National Battery Strategy 2025.  
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EU:n tavoitteet ilmastonmuutoksen hillitsemiseksi ja päästöjen vähentämiseksi etenkin 

energiaintensiivisillä aloilla, kuten liikenne ja energian tuotanto, luo paineen liikenteen 

sähköistämiselle sekä energianvarastointiratkaisujen etsimiselle. Litiumioniakut ovat 

tehokas ratkaisu akuuttiin ongelmaan, mutta niiden käyttöön sisältyy ympäristöllisiä 

haittavaikutuksia. Maailman sähköistymisestä seuraavien ei-toivottujen sivuvaikutusten 

torjuntaan voidaan soveltaa kiertotalouden periaatteita, joissa materiaalvirtoja hidastamalla, 

kaventamalla ja sulkemalla voidaan pysäyttää luonnonvarojen liiallinen kulutus. Tämä 

tutkimus pohjautuu aiempaan tutkmukseen kiertotaloudesta selventäessään toimitusketjujen 

kehittymisen kiertotalouden arvoketjuiksi sekä tunnistaessaan kiertotalouden 

liiketoimintamalleja. Tämän tutkimuksen tarkoituksena on ilmaista selkeästi Suomen 

litiumioniakkujen arvoketjun rakenne sekä tunnistaa kiertotalouden haasteet ja 

mahdollisuudet joita arvoketjuun sisältyy. Tämän tutkimuksen painopiste on ymmärtää 

kiertotalouden liiketoimintamallien omaksumisaste nopeasti muuttuvalla litiumioniakku-

alalla Suomessa. Tutkimusmenetelmänä käytetään laadullista tutkimusotetta, jossa 

omaksutaan induktiivinen tulkinnallinen teorian rakennus näkökulma. Tutkittava data 

koostettiin 16 semi-strukturoidun haastattelun avulla. Haastateltavina olivat eri 

sidosryhmien jäsenet läpi arvoketjun. Induktiivisen tulkinnallisen näkökulman avulla 

tutkmus onnitui tiivistämään alan johtavien asiantuntijoiden kokemukset ja näkemykset 

alasta sekä kartoittamaan keskeisimmät haasteet, joita alan toimijat kohtaavat. 

Tutkimustuloksista käy myös ilmi arvoketjun puuttuvat toimijat sekä tulevaisuuden 

kiertotalouden liiketoimintaa mahdollistavat tekijät. 

  



ACKNOWLEDGEMENTS 

 

First, I would like to thank my supervisors, Laura Albareda and Jaan-Pauli Kimpimäki for 

their encouraging guidance, support, and most of all patience throughout this whole process. 

This thesis’ topic was a completely new field of study for me and required taking a deep dive 

into the unknown.  It was definitely worth it, and I am now happy and proud to finally 

graduate. 

I was contacted by Professor Laura Albareda in the spring of 2021 about the possibility to 

write a thesis for LUT University’s new research platform — SCI-MAT (Sustainable 

Circularity of Inorganic Materials). I was of course extremely interested in opportunity to 

contribute to research in circularity and I am grateful to have worked as a research assistant 

at LUT University among other like-minded Trailblazers. I want to thank the members of 

the SCI-MAT platform for their insightful input to my thesis and their support throughout 

my grant period. Let’s keep in touch for future collaboration in circular economy! 

I would like to express my gratitude to everyone who participated in the interviews. Thank 

you for taking time to share your knowledge with me, and hopefully you find the results of 

this thesis useful. 

I would also like to thank my family supporting me and pushing me forward in completing 

my studies. 

Finally, I would like to thank my husband Olli for always believing in me and supporting 

me every step of the way. You’re my rock.  

 

Here’s to a new chapter in life! 

 

Helsinki, 01.04.2022 

Laura Torkkeli  



ABBREVIATIONS 

 

CBM Circular business model  

CE Circular economy 

CVC Circular value chain 

EE Ecological economics  

EOL End-of-Life  

EPR Extended Producer Responsibility  

EV Electric vehicle  

IE Industrial ecology 

IS Industrial symbiosis  

LIB lithium-ion battery 

PaaS Product-as-a-Service 

PRO Producer responsibility organization 

SaaS Software-as-a-Service 

SCI-MAT Sustainable Circularity of Inorganic Materials 



6 

 

Table of Contents 

 

Abstract 

Acknowledgements 

Abbreviations 

 
1 Introduction .................................................................................................................... 9 

1.1 Thesis Background ................................................................................................ 13 

1.2 Research Questions and Objectives ...................................................................... 14 

1.3 Research Limitations and Boundaries ................................................................... 15 

1.4 Theoretical Framework ......................................................................................... 16 

1.5 Structure of the Thesis .......................................................................................... 16 

2 Novel Business Models as Facilitators to a Circular Economy Transition .................. 18 

2.1 Conceptualization of Circular Economy ............................................................... 20 

2.1.1 Theoretical Development of Circular Economy ............................................ 21 

2.1.2 The Main Dimensions and Definitions for Circular Economy ...................... 24 

2.1.3 Barriers to Circular Economy ........................................................................ 27 

2.2 Circularity Perspective on Value and Supply Chains ........................................... 30 

2.2.1 Value Networks Alleviate Transition to Circular Economy .......................... 31 

2.2.2 Closed-loop or Reverse Supply Chains ......................................................... 33 

2.3 Circular Business Models Enabling the Transition Towards Circular Economy . 35 

2.3.1 Circular Business Model Definitions and Utilization in Practice .................. 35 

2.3.2 Circular Business Model Innovations ............................................................ 39 

2.3.3 Challenges in Practical Application of Circular Business Models ................ 41 

2.3.4 Conceptual Framework for Circular Economy, Circular Value Chains, and 

Circular Business Models ............................................................................................. 44 

3 Research Methodology ................................................................................................. 47 

3.1 Qualitative Research and Inductive Interpretive Theory Building ....................... 47 

3.2 Data Sources and Data Collection ......................................................................... 48 

3.2.1 Sampling Strategies ....................................................................................... 49 

3.2.2 Interview Protocol .......................................................................................... 51 



7 

 

3.2.3 Interviewee Introductions .............................................................................. 52 

3.3 Data Analysis ........................................................................................................ 55 

3.4 Validity and Reliability of the Study .................................................................... 57 

4 The Emergence of Lithium-ion Battery Industry based on Circular Economy: from 

Practitioners’ Perspective .................................................................................................... 59 

4.1 Characteristics of the Lithium-ion Battery Industry in Finland ............................ 59 

4.1.1 Material Scarcity Plagues Development of Circular Economy Solutions ..... 59 

4.1.2 Geographical Location ................................................................................... 60 

4.1.3 Changing Legislative Environment ............................................................... 60 

4.1.4 Maturity of the Value Chain and the Competitive Landscape ....................... 61 

4.1.5 Research and Innovation ................................................................................ 61 

4.2 The Structure of the Lithium-ion Battery Value Chain in Finland ....................... 62 

4.2.1 Lithium-ion Battery Circular Economy Stages: Holistic View on Existing and 

Missing Actors.............................................................................................................. 62 

4.2.2 Closing the Loop in Recycling ...................................................................... 69 

4.3 Circular Business Model Viability in the Market ................................................. 74 

4.3.1 Existing Circular Business Models ................................................................ 74 

4.3.2 Key Challenges .............................................................................................. 77 

4.3.3 Key Opportunities .......................................................................................... 84 

5 Discussion..................................................................................................................... 89 

5.1 Theoretical Contributions and Managerial Implications ....................................... 98 

5.2 Policymaking Implications.................................................................................. 101 

5.3 Limitations of the Study and Suggestions for Future Research .......................... 102 

6 Conclusions ................................................................................................................ 103 

References .......................................................................................................................... 104 

 

 

Appendices 

Appendix 1. Example set of interview questions 

Appendix 2. Detailed list of identified challenges 

Appendix 3. Detailed list of identified opportunities  



8 

 

List of Figures 

Figure 1. New EU Battery Regulation in relation to the battery value chain. Translated from 

Finland’s National Battery Strategy 2025 (Työ- ja Elinkeinoministeriö, 2021) .............................. 11 

Figure 2. Key actors in the Finnish and European battery market  (Adolfsson-Tallqvist et al., 2019).

 .......................................................................................................................................................... 12 

Figure 3. Conceptual framework of the thesis ................................................................................. 16 

Figure 4. Structure of the thesis ....................................................................................................... 17 

Figure 5. Structure of the theoretical chapter ................................................................................... 18 

Figure 6. Development of CE definitions over the past decade (illustration by author) .................. 25 

Figure 7. Conceptualization of CE (Geissdoerfer et al., 2020) ........................................................ 26 

Figure 8. Extended SCOR model (Vegter et al., 2020) .................................................................... 33 

Figure 9. The four CBM strategies (Geissdoerfer et al., 2020) ........................................................ 38 

Figure 10. Conceptual framework for circular economy, circular value chains, and circular business 

models. Adapted from (Geissdoerfer et al., 2020; Vegter et al., 2020) ........................................... 45 

Figure 11. Sampling strategies and schedule for interviews ............................................................ 50 

Figure 12. Data structure of this study ............................................................................................. 57 

Figure 13. LIB CE model with material flows (figure by author) ................................................... 64 

Figure 14. Fortum's direct influence in the LIB value chain (figure by author) .............................. 71 

Figure 15. Akkuser's direct influence in the LIB value chain. (figure by author) ............................ 73 

Figure 16. The material flows in the value chain from the perspective of the two main recycling 

operators (figure by author) ............................................................................................................. 73 

Figure 17. Summarization of the data structure in understanding the main challenges of CE for the 

LIB value chain ................................................................................................................................ 77 

Figure 18. LIB value chain actors plotted on the map of Finland .................................................... 90 

Figure 19. The structure of Finland's LIB value chain (Adapted from the National Battery Strategy 

(Työ- ja Elinkeinoministeriö, 2021)) ............................................................................................... 92 

Figure 20. Global cobalt reserves (Alves Dias, Blagoeva, Pavel, & Arvanitidis, 2018) ................. 98 

 

 

List of Tables 

Table 1. Summary of the literature review and implication for LIB research ................................. 19 

Table 2. Barriers to CE in prior literature ........................................................................................ 27 

Table 3. CBM definitions in prior research ..................................................................................... 36 

Table 4. Challenges in implementing CBM throughout literature ................................................... 43 

Table 5. List of interviewees. ........................................................................................................... 51 

Table 6. List of actors participating in this research ........................................................................ 62 

Table 7. Fortum's process steps for LIBs ......................................................................................... 71 

Table 8. Akkuser process steps for LIBs ......................................................................................... 72 

Table 9. Existing CBMs in Finnish LIB industry. ........................................................................... 74 

Table 10. Identified challenges and their aggregate themes ............................................................ 78 

Table 11. Synthesized actionable opportunities, their interviewee descriptions, and aggregate 

themes .............................................................................................................................................. 84 

  



9 

 

1  Introduction 

Over the past decade, in the face of the climate change crisis, the need for storing electricity 

has increased drastically. In addition to the increased amount of portable electric devices and 

the fast-paced development of hybrid and full electric vehicles, there has been major interest 

in electrification of industrial processes as well as shifting the energy production towards 

sustainable electricity produced from renewable energy sources. These trends have increased 

the demand for energy storage solutions of different sizes, from small lithium-ion batteries 

(LIB) to larger electric vehicle cell packs and entire energy systems. Electrification of the 

world is strongly driven by the strict and tightly monitored sustainability targets set by the 

Paris Agreement UNFCCC (2015) and adopted on the realm of battery development by 

different international and national entities, such as the EU’s Battery Directive, China’s New 

Energy Vehicle (NEV) battery recycling rules and the US ReCell Program (Ali, Khan, & 

Pecht, 2021; Costa et al., 2021). Also, the growing concern over climate change and the 

popularity of making sustainable choices among consumers, has made it feasible for 

companies to take steps towards creating more sustainability-oriented business models. 

However, challenges still exist. While LIBs are technologically the most efficient solution 

(Ali et al., 2021), their key metals and mineral components (lithium, cobalt, manganese, 

nickel, and Natural Graphite) are considered scarce and critical materials, and over 

exploitation of them has caused raw material prices to increase significantly, and create a 

need for the ability to capture the materials through recycling processes and loop them back 

into the manufacturing of new batteries (Vranken, 2020).  

LIBs are made of a combination of eight primary materials which are lithium, cobalt, nickel, 

manganese, aluminium, iron, graphite, and titanium. lithium is the main element in 

rechargeable LIBs, and it is the key component in cathodes for all LIBs. One of the most 

popular cathode materials is cobalt, which is the most valuable primary material used in 

LIBs. Due to its price and the questionable sourcing methods in developing countries, the 

battery industry has developed new chemistries to reduce the need for cobalt. The next best 

alternative for cobalt is nickel, which has increased its popularity as a cathode material and 

has seen prices increase in the past few years (Ali et al., 2021). nickel, cobalt, and lithium 

typically represent around 10 percent of the weight of a LIB, but due to their high value, they 

represent 80% of the cost of a LIB. The second most valuable primary materials are copper 
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and graphite. The rise in raw material prices for scarce materials has increased the demand 

for recycled materials. However, the recycling processes are sub-optimal and currently the 

focus is on recovering only the most valuable materials, which paradoxically has led to a 

situation where only the most valuable few materials are collected and others, such as 

lithium, are treated as waste (Costa et al., 2021). 

The value chain for LIBs is global. The vast majority of LIBs are manufactured in China 

(77%), followed by the US (9%). By 2025, the global LIB production environment will shift 

and become dyadic with China (65%) and Europe (25%) covering almost all of the 

production (S&P Global Market Intelligence, 2021). The demand for LIBs will also 

skyrocket with transportation LIB demand growing sixfold, stationary LIB tripling, and 

consumer LIB doubling within the next five years (Statista, 2021). The demand will be 

centred in China, whose monopolistic status in the global market is difficult for other 

countries to overcome. One of the main challenges is the demand of lithium as a raw material 

from LIB producing countries. Currently, China relies heavily on African countries for 

lithium, nickel, and cobalt raw materials, all of which are extremely scarce and rarely 

profitable to extract. Therefore, China is allocating most of the incoming materials towards 

production of batteries for various applications. The final products are shipped across the 

world, so even though China is currently leading in the production of LIBs and consuming 

the majority of the resources needed, the physical end products are distributed globally and 

concentrated mostly to Europe and the US (Costa et al., 2021). In the context of 

remanufacturing, repurposing, and recycling, the outlook for Europe looks bright as its future 

efforts towards circular economy will not be hindered by the lack of available batteries, 

especially when taking into consideration that most of the future demand will revolve around 

electric vehicle (EV) LIBs, which has traditionally been a stronghold industry for Europe. 

The EU is committed to slowing down climate change and has established ambitious 

environmental targets based on the Paris 2015 Agreement on Climate Change (Unfccc, 

2015) with the main goal to limit global warming to below 1.5 degrees Celsius, compared to 

pre-industrial levels. To achieve the set targets of the Paris Agreement, the EU Green Deal 

is committed to the transition to circular economy by revising its existing legislation related 

to battery recycling and LIBs themselves (Fetting, 2019). Currently, the EU sets the context 

for battery recycling in the Batteries Directive (2006/66). The Batteries Directive defines 

three different types of batteries and their recycling rates:  lead batteries (65%), nickel-
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cadmium batteries (75%) and other batteries (50%). Recycling of LIBs is not mentioned 

separately in the directive and it is currently categorized as “other batteries” with a required 

recycling rate of 50% (European Commission, 2006). LIBs are included in the EU’s Waste 

Framework Directive through the criteria for “end of waste”, which outlines the regulation 

by which waste is no longer considered waste and can be repurposed. Battery waste is no 

longer considered a waste after extensive processing and separation of materials (European 

Commission, 2008). The EU has proposed a new batteries regulation that aims to protect, 

preserve, and improve the quality of the environment by reducing the negative impact of 

batteries and waste batteries. The new regulation is part of the of the new circular economy 

action plan that was published in 2020, which outlines the roadmap EU has for the future. 

The aim is to significantly reduce net emissions, promote circularity, decouple economic 

growth from resource usage, and to ensure that all member states are part of the green future 

(European Commission, 2020). The European Commission’s proposal of new batteries 

regulation and its impact on battery value chains is illustrated in figure 1 below.  

 

Figure 1. New EU Battery Regulation in relation to the battery value chain. Translated from Finland’s National Battery 
Strategy 2025 (Työ- ja Elinkeinoministeriö, 2021) 

 

In Finland, battery recycling is regulated by EU and national level legislation. The biggest 

factors in LIB recycling are the Extended Producer Responsibility (EPR), the Finnish Waste 

Management Law (646/2011), and The Government Decree on batteries and accumulators 
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(520/2014). According to EPR, producers of batteries and accumulators are responsible for 

the arrangement of waste management. This can be done by individual companies or through 

a producer organization, which is a joint effort among several producers. In Finland, EPRs 

are responsible for the collection of battery waste and for ensuring that the collected batteries 

are recycled with the best available technologies in Finland (Paristokierrätys, 2021). 

To ensure readiness for the future surge of end-of-life (EOL) LIB, the Finnish Government 

has published Finland’s National Battery Strategy 2025, which aims to support the 

innovative environment of Finland’s battery industry, enhance sustainable economic growth, 

and enable reduction of emissions in transportation (Työ- ja Elinkeinoministeriö, 2021). The 

strategy work focuses on LIB technologies as they are the main battery technology of the 

future. Finland’s battery landscape is unique due to the long history in mining and refining 

industries, high level of education and innovation, and the high adoption of renewable energy 

across industries (Työ- ja Elinkeinoministeriö, 2021). Finland is also known for its heavy 

machinery and marine industries, which provide an advantageous environment for 

innovation in LIB applications and reuse. Finland’s long tradition in sustainable forestry and 

innovations in biochemistry enables a radical approach to developing battery technologies. 

The key actors in the Finnish battery sector according to the National Battery Strategy 2025 

are illustrated below in figure 2.  

 

Figure 2. Key actors in the Finnish and European battery market  (Adolfsson-Tallqvist et al., 2019). 
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While the illustration accurately identifies most of the relevant actors in the LIB industry, it 

can easily be interpreted incorrectly, as it seems like Finland has actors in all value chain 

activities. In reality, the value chain is much more complex involving different stages of 

manufacturing (components, semi-products, and products), separate actors for collection and 

recycling, and maintenance. The Finnish actors in the LIB value chain are introduced in 

more detail in chapter 3.2.3 and the value chain is discussed further in chapter 4.2.  

 

1.1  Thesis Background 

Literature reviews form the foundation for academic research (Snyder, 2019; Xiao & 

Watson, 2019). For this study a literature review is conducted to help create a solid 

foundation of the phenomena and context under investigation and to identify research gaps 

from prior research.  

While there is extensive prior research on the LIB industry itself, much of it is limited to 

studies focusing on the optimization of different industrial recycling processes for scarce 

material recovery (Abdelbaky et al., 2021; Chen et al., 2019; Gaines, 2018; Makuza, Tian, 

Guo, Chattopadhyay, & Yu, 2021; Sommerville et al., 2021; Velázquez Martínez et al., 

2019).  Many studies also focus on creating recycling technologies for LIB, that are more 

sustainable for the environment (Pagliaro & Meneguzzo, 2019; Yu, Tan, & Li, 2020) or 

assessing the environmental impacts of different recycling technologies with LCA 

(Ellingsen, Hung, & Strømman, 2017). Sustainable sourcing of battery metals such as 

lithium (Alessia, Alessandro, Maria, Carlos, & Francesca, 2021; Prior, Wäger, Stamp, 

Widmer, & Giurco, 2013) and cobalt are also studied (Mancini, Eslava, Traverso, & 

Mathieux, 2021). 

Prior research on LIB value chains focuses on material flow optimization and the focus is 

on developing linear value chains instead of circular ones (Mayyas, Steward, & Mann, 2019; 

Olivetti, Ceder, Gaustad, & Fu, 2017; Weimer, Braun, & Hemdt, 2019). Closing the loop is 

discussed in relation to recycling processes (Atia, Elia, Hahn, Altimari, & Pagnanelli, 2019) 

as well as through focusing on recycling at the design phase, to achieve optimal material 

recovery for further use (Quinteros-Condoretty, Golroudbary, Albareda, Barbiellini, & 

Soyer, 2021).  
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Although the LIB industry’s popularity in research is on the rise, there are still very few 

studies in the challenges and opportunities of circular business models in LIB value chains. 

Wrålsen et al. (2021) study stakeholders, barriers, and drivers for CBMs for LIBs, focusing 

on mostly an institutional point of view. Studies in circularity of LIBs have a main focus on 

EV LIBs (Albertsen, Richter, Peck, Dalhammar, & Plepys, 2021; Garrido-Hidalgo, Ramirez, 

Olivares, & Roda-Sanchez, 2020) and circular business models for EV LIBs have been 

studied on an EU level (Albertsen et al., 2021). In Finland’s LIB industry context, Levänen 

et al. (2018) study enablers and voids between circular economy business models and 

institutional actors. There is a research gap in identifying managerial challenges and 

opportunities of circular business models in the Finnish LIB industry context. There is an 

additional research gap in providing detailed descriptions of industry practitioners’ 

experiences and opinions of the LIB industry. In this thesis I aim to address these two 

research gaps.  

 

1.2  Research Questions and Objectives 

In this study I intend to provide insight on the theoretical background on circular economy 

and to promote the concept of circular value chains. Additionally, I summarize prior findings 

of challenges related to LIB circular business model implementation and based on these 

findings, derive what type of opportunities exist for promotion of circular business.  

The goal of this study is to identify the challenges and opportunities for circular business in 

the lithium-ion battery industry in Finland by gaining understanding on the existing value 

chain and business models and merging them with the concepts of circularity. To achieve 

this goal, I propose the following main research question: 

What are the opportunities and challenges for the development of circular business models 

in the context of lithium-ion battery industry? 

To help answer the main research question, I further define three sub-questions (SQ). With 

SQ1 I identify the actors in the current LIB industry in Finland and illustrate how the actors 

are interconnected.  

SQ1: How is the value chain of lithium-ion battery recycling structured?  
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Once the key actors in the LIB industry identified, I depict the perception that the actors have 

of their position and significance in the current market with the help of SQ2. The key is to 

uncover how each actor views the rapid development of the LIB industry and how well they 

are capable of adapting to the changes.  

SQ2: How do the actors in the LIB value chain perceive the current market?  

Lastly with SQ3 I uncover existing business models and assess their circularity. The key is 

to map out all business models in the market and objectively inspect their level of circularity.  

RQ3: What type of circular business models exist in the lithium-ion battery industry? 

 

1.3  Research Limitations and Boundaries 

The study focuses on the Finnish LIB industry, on the challenges the actors face in 

implementation of CBMs and the opportunities for circular business in the market. As 

circular economy’s theoretical foundation is not definite, this study aims to bring clarity on 

the definitions for key concepts such as circular economy, circular value chains, and circular 

business models. The goal of this study is to map out the actors participating in the LIB value 

chain and to analyze the key challenges and opportunities in the market. There are a few 

clear delimitations to this approach. 

First, due to this study holistic point of view, the analysis of the value chain actors, their 

relationships, and the challenges and opportunities are done with no consideration of the 

actual business process for each actor. This study focuses on the experiences and perceptions 

of the actors participating in the value chain, rather than their actual activities. Due to this, a 

major limitation to this study is conceptual nature of the results. For example, expressions 

of material scarcity are considered as is, without any actual validation of the claim or 

quantification against comparable units of analysis.  

Another limitation is the empirical context. The study is limited to Finnish actors in the LIB 

value chain and therefore the generalization of results should only be done with caution. 

Even though the legislative context on a high level remains the same across the European 

Union, there are various country specific differences in regulation. Also, due to the unique 
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characteristics of the Finnish market, the opportunities and challenges may vary significantly 

in other EU countries.  

1.4  Theoretical Framework 

This study is constructed on the theories of circular economy (CE), circular value chains 

(CVC), and circular business models (CBM). The conceptual framework illustrates the 

development of CE and CVC theories, as well as their connection through CBM. CBMs 

represent the practical application of circular economy strategies, and to be eligible CBMs 

need to be applied in CVCs. The theoretical foundation of CBMs is rooted in the intersection 

of CE and CVC concepts. Based on the research questions of this study, the CBMs are 

studied with the help of CE and CVC theories. The conceptual framework is presented in 

figure 3 below.  

 

Figure 3. Conceptual framework of the thesis 

 

1.5  Structure of the Thesis  

This study contains six chapters. Each chapter’s input and output is presented in figure 4 

below. The first chapter introduces the topic of research and identifies the research gap. Also, 

the research questions and objectives are presented, and the delimitations and conceptual 
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framework for the study are introduced.  The second chapter acts as the theoretical 

foundation for this study. It focuses on explaining the development of CE theory and drills 

down to the practical implementation of CBMs. Also, an investigation into supply chains’ 

development into CVCs is made and finally a new conceptualization for CVCs and CBMs 

is presented.  In the third chapter, an overview of how the study was conducted is made, 

including justification of the chosen method, description of the analytical process, and 

assessment of reliability and validity. The fourth chapter represents the results of the study. 

A thorough illustration of Finland’s LIB landscape, CBMs and key challenges and 

opportunities is presented. In the fifth chapter the results assessed and answers to research 

questions are provided. Also, the theoretical and managerial implications, as well as the 

suggestions for future research are outlined. In the sixth chapter, the key findings are 

concluded.  

 

 

Figure 4. Structure of the thesis 
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2  Novel Business Models as Facilitators to a Circular Economy 

Transition 

Circular economy’s (CE) importance to controlling climate change and limiting global 

temperature rise to 1.5 degrees Celsius is undeniable, and the EU has defined it as one of the 

key concepts for making the green transition1 possible (Unfccc, 2015). However, changing 

the traditional linear business models is not easy and to accommodate the transition, the 

operating environment needs to be suitable for the newly developed circular business models 

(CBMs), and the overall motivation for the transition needs to be shared throughout various 

levels in CE. The goal of this chapter is to provide clear definitions for the various concepts 

related to CE, and to make detailed descriptions on how the transition to circularity can be 

managed at company-level. Figure 5 below illustrates the structure of the theoretical chapter 

of this study. 

 

Figure 5. Structure of the theoretical chapter 

 

The chapter is organized in three main subsections that synthetize the literature on circular 

economy. On the first subsection, I explore the conceptualization of CE. I study 1) the 

theoretical development and definition of CE in the literature, and 2) the main barriers to the 

development of CE. On the second subsection, I have identified the importance of circularity 

perspective in the value chain and supply chains literature. It includes two subsections: 1) 

the analysis value networks and the transition to CE, and 2) the closed-loop or reverse supply 

chains. The third subsection studies the growing literature on CBMs enabling the transition 

towards CE. This includes four main lines of research: 1) the analysis of CBM definition 

and utilization in practice, 2) CBM innovation, 3) the challenges in implementing CBMs, 

 
1 Green transition refers to European Union’s strategic goal of making the energy intensive sectors more 

sustainable by electrifying the mobility and transforming the energy sectors towards renewable energy 

sources. This transition will result in exponential growth of EVs and energy storage solutions. 
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and 4) conceptualization of CBM strategies. The summary of the literature review is 

presented in table 1. 

 

Table 1. Summary of the literature review and implication for LIB research 

Main aggregated topic 

on the literature 

Sub-topic of research Main insights and implication for LIB research 

1. Conceptualization of 

circular economy 

Theoretical 

development and 

definition of CE  

Industrial ecology (IE) and ecological economics 

(EE) influence on CE 

IE: integration of industrial systems with natural 

ecosystems 

EE: interactions of economy, society and the 

environment (Bruel, Kronenberg, Troussier, & 

Guillaume, 2019; Hanaček, Roy, Avila, & Kallis, 

2020; Kish & Farley, 2021; Saavedra, Iritani, Pavan, 

& Ometto, 2018) 

CE micro, meso- and macro-levels (Ghisellini, 

Cialani, & Ulgiati, 2016)  

Micro: Companies improve operational efficiency, 

eco-design, product life cycle 

Meso: companies in extensive and complex 

interplays of resource exchange that require 

stakeholder value co-creation and engagement for 

symbiotic behavior (e.g., industrial symbiosis, waste 

management).  

Macro: redesign of industrial systems 

Definitions for CE (Ellen MacArthur Foundation, 

2014a; Geissdoerfer, Pieroni, Pigosso, & Soufani, 

2020; Prieto-Sandoval, Jaca, & Ormazabal, 2018) 

and the conceptualization of CE (Geissdoerfer et al., 

2020) 

Main barriers to the 

development of CE 

Market and strategic related barriers (Kirchherr et al., 

2018; Korhonen, Honkasalo, & Seppälä, 2018) 

Cultural and behavioral related barriers (Grafström & 

Aasma, 2021; Kirchherr et al., 2018; Korhonen et al., 

2018) 

Institutional related barriers (de Jesus & Mendonça, 

2018; Ranta, Aarikka-Stenroos, Ritala, & Mäkinen, 

2018) 

Environmental related barriers (Berkhout, Muskens, & 

W. Velthuijsen, 2000; Korhonen et al., 2018) 

2.Circularity perspective 

on the value and supply 

chains 

Value networks and 

the transition to CE 

Transforming value networks to CE: 1) improving 

performance and profitability of their operations 

considering the environmental and social impacts, 2)   

globalization of competition, efficient operations, 3) 

increase company collaboration to ensure sufficient 

skills and knowledge to meet the customer 

expectations, 4) servitisation of offerings, 5)   

flexibility and agility.(Fearne, Garcia Martinez, & 

Dent, 2012; Ricciotti, 2019) 

Closed-loop or reverse 

supply chains 

Designing-in the circularity to the supply chain helps 

create revenue opportunities.  

Circular supply chains need the following 

characteristics: 1) prioritization of use phase 

extension, 2) intensification and dematerialization, 3) 
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achieve highest retainment of value, 4) slowing down 

the cycle time, 5) minimizing the amount of waste 

generated throughout product life cycle, and 6) 

maximizing reduced, reused, recycled and recovered 

materials (Geissdoerfer et al., 2020; Yang, Smart, 

Kumar, Jolly, & Evans, 2018)   

Vegter et al. (2020) suggest a practical approach 

where the supply chain assessment tool, the SCOR 

model: return, use and recover phases that enable 

circular business models. 

3. Circular business 

models enabling the 

transition towards 

circular economy 

Circular business 

models definition and 

utilization in practice 

1) Categories of CBM: Regenerate, Share, Optimize, 

Loop, Virtualize, and Exchange (Ellen MacArthur 

Foundation, 2015)  

2) Slowing: Access and performance model, extending 

product value, Classic long-life model, and Encourage 

sufficiency 

Closing: Extending resource value, and Industrial 

symbiosis (Bocken, de Pauw, Bakker, & van der 

Grinten, 2016)  

3) Four generic strategies: Cycling, Extending, 

Intensifying, and Dematerializing (Geissdoerfer et al., 

2020)  

4)Three strategies: Retain product ownership, product 

life extension, and Design for recycling (Atasu, 

Dumas, & Wassenhove, 2021) 

Circular business 

models innovation 

Five type of innovations Kiefer et al (2021): 

Systemic innovations 

Radical and tech-push innovations 

Externally driven innovations 

Continuous improvement innovations 

Eco-efficient innovations 

Challenges of 

implementing circular 

business models in 

practice 

Complexity and challenges to implement CBM in 

practice 

Context specific challenges:  

1) Economic 

2) Knowledge and technology 

3) Organizational 

4) Supply chain 

(Guldmann & Huulgaard, 2020; Kirchherr et al., 2018; 

Tura et al., 2019; van Keulen & Kirchherr, 2021; 

Vermunt, Negro, Verweij, Kuppens, & Hekkert, 2019; 

Wrålsen et al., 2021) 

Conceptualization of 

circular business 

model strategies 

1) plan, 2) source, 3) make, 4) deliver, 5) use, 6) return 

and 7) recover 8) enable (Vegter et al., 2020) 

Cycling, Extending, Intensifying & Dematerializing 

CBM strategies (Geissdoerfer et al., 2020) 

 

2.1  Conceptualization of Circular Economy 

Understanding the theoretical background for CE is important to understand prior research 

advances and possible shortcomings. As the CE is mainly developed on top of industrial 

ecology (IE) (Ehrenfeld, 2000; Erkman, 1997) and ecological economics (EE) (Bruel et al., 

2019) it is natural that the circularity aspects only highlight the environmental and economic 
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aspects, and the solutions to circularity issues revolve around practical implementations. 

This sub-chapter aims to give a simple description of the theorical advancement of CE as 

well as highlight the main barriers existing in prior literature. This chapter sheds light on 

managerial and institutional implications of real-life CE case examples and provides insight 

from observations of stakeholders participating in CE structures. Finally, the various 

definitions for CE are analyzed to generate a new definition to append to the existing 

taxonomy. 

 

2.1.1  Theoretical Development of Circular Economy 

The current iteration of the concept for CE is strongly influenced by the work of the Ellen 

MacArthur Foundation in the early 2010s. The roots of CE however are deeply connected to 

Boulding’s (1966) theorization on the Earth’s limited carrying capacity, which has later 

morphed into the EE perspective, and the work of Stahel (1984), who introduced looping 

process outputs to minimize impact on the environment. This would later evolve into the 

concept of IE and provide a key foundation for most of the real-life applications of circularity 

today. The two schools of thought have co-existed for decades and throughout the years 

molded the conceptualization of circular economy.  

IE is a field of study that integrates industrial systems with natural ecosystems (Ehrenfeld, 

2000; Erkman, 1997; Saavedra et al., 2018).  IE considers industrial systems as sub-systems 

dependent on the surrounding biosphere and its resources, which means that the industrial 

design of products and processes needs to consider the environment by closing the material 

and energy loops (Bruel et al., 2019). To study the flows of matter, energy, and information, 

several tools, such as life cycle assessment (LCA) and eco-design, have been developed 

(Bruel et al., 2019; Saavedra et al., 2018). In prior literature (Bruel et al., 2019; Hanaček et 

al., 2020; Kish & Farley, 2021),  EE is defined as the interactions of economy, society, and 

the environment.  EE  has a broad spectrum of fields of study, majority of which focus on 

emission and waste prevention, and on preventing environmental degradation (Kish & 

Farley, 2021).  According to EE, economic planning needs to consider a broad ecosystem 

management perspective, where the efficiency of production goes hand-in-hand with 

sufficiency in consumption. This can be achieved by moving from a throughput-based open-

ended system to a circular one. Many tools for EE are described throughout literature, all of 
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which have similar objectives of efficiently utilizing input resources and reducing 

environmentally harmful output to secure the earth’s carrying capacity (Bruel et al., 2019). 

The key logic is to decouple the environmental impact from economic growth (Bruel et al., 

2019; Geissdoerfer, Morioka, de Carvalho, & Evans, 2018; Ghisellini et al., 2016). IE and 

EE share many traits and have the same end goal, but there are also a few evident differences. 

EE promotes a holistic approach, where the environmental resources are viewed as a finite 

regenerative stock of resources, whereas IE is a more practical approach that focuses on 

selective issues, and considers the natural system as a model (Bruel et al., 2019). While the 

historic weight for the definition of CE is on the analysis of industrial systems, Bruel et al. 

(2019) emphasize the need to expand beyond merely examining the physical flow of 

resources and energy, to include the impact considerations of these flows, and to take a more 

holistic approach and expand its focus to include the limitations of the carrying capacity of 

the Earth. 

One of the major changes in defining CE is the application of decision-making levels which 

describe the scope and impact of interactions. Ghisellini et al. (2016) describe the 

implementation of CE on micro-, meso-, and macro-levels where each have their own 

characteristic strategies and motives for circularity. At a micro-level, companies have 

different strategies to optimize their operational efficiency while also taking circularity into 

account. Eco-design, design for environment and cleaner productions are the main 

approaches to enhancing environmental performance throughout product lifecycle without 

sacrificing high-quality standards and product performance. Cleaner production has 

solidified its position as a best practice in many countries and it has proven its effectiveness 

for example in China, where it was even promoted to a law in 2002. In addition to legislation, 

an effective measure to promote circularity at micro-level has been the introduction of “green 

criteria” in public procurement, which lifts the importance of environmental impacts to same 

level as the ability to produce goods and services cost efficiently. Also, the heightened 

awareness of sustainability has increased the popularity of specific information and labelling 

systems covering consumer goods (Ghisellini et al., 2016).  

At the meso-level, companies engage in extensive and often complex interplays of resource 

exchange where traditionally separate actors begin viewing their overlapping or succeeding 

processes holistically to identify opportunities for symbiotic behavior. These industrial 

symbiosis structures help companies take full advantage of each other’s by-products, while 



23 

 

reducing their residual products or having better waste management. Majority of the well-

known industrial symbiosis “parks” have heavy utilization of by-product exchange, while 

other types of symbiosis, such as water or energy exchange, are less utilized. Understanding 

the behavioral and social interactions between economic entities enables adoption of micro 

foundation perspective for CE (Bruel et al., 2019; Ghisellini et al., 2016).  

At the macro-level the strategies for inducing circularity involve the redesign of industrial 

system, infrastructure system, cultural framework, and the social system. Therefore, these 

types of efforts are often government-led initiatives, such as eco-cities and zero-waste 

programs. Implementing systemic change at governmental level is an efficient measure to 

implement circular economy and for example in Finland the zero-waste initiatives enforced 

in the EU has led to an end in landfilling waste (Ghisellini et al., 2016). Improving the 

effectiveness of macro-level strategies requires CE to develop indicators for business and 

policy makers on economic aspects such as costs, profits, market distortion, and human 

behavior. These indicators help decision makers in developing effective policies around CE 

(Ghisellini et al., 2016). There is a need for harmonization of the language and terminology 

used for CE to become better aligned with the traditional economic indicators and 

intertwined in macro-level strategies. (Bruel et al., 2019). 

Another significant change is the emphasis on the need for CE to detach radically from the 

previous literature and aim for completely changing the perspective on economic growth. 

Up until now, economic growth has been considered sustainable if it does not cause net 

negative impacts on the natural ecosystem. However, CE should focus on decoupling 

economic growth from sustainability all together and emphasize economic de-growth 

through increased efficiency of production and consumption by appropriate utilization, 

reuse, and exchange of resources, i.e., doing more with less (Bruel et al., 2019; Geissdoerfer 

et al., 2018; Ghisellini et al., 2016). Geissdoerfer et al. (2017) provide an additional 

perspective to the assessment of circular economy by addressing the relationship between 

sustainability and CE. They define CE as a condition for sustainability and identify three 

groups of relationships: conditional, beneficial, and trade-offs. Conditional relationships 

describe closed-loop systems as a required component for achieving sustainability. The 

beneficial relationships are similar to conditional ones, except closed-loop systems are 

viewed as enablers of sustainability, without dependency. Beneficial relationships define 

closed-loop systems merely as one of the multiple solutions to sustainability. Trade-off 
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relationships focus on both sides of the coin. Closed-loop systems cannot exist on their own 

as forming these systems always has consequences and costs, which may lead to negative 

outcomes. These findings highlight that although it is tempting to draw conclusions that 

circularity is always the most sustainable approach, it is important to note that there could 

be drawbacks, which is why it is necessary to expand the perspective from the narrow IE 

solutions to a holistic approach. 

 

2.1.2  The Main Dimensions and Definitions for Circular Economy 

The definition of CE has evolved throughout the past decade. Initially, the definitions 

originated mostly from industrial ecology with a heavy focus on narrowing and closing the 

loops of industrial systems and emphasizing the practical level of circularity. One of the 

most acknowledged definitions for CE is the one of the Ellen MacArthur Foundation from 

2013, which underlined the industrial process’ inputs and outputs as problems for circularity 

that can be addressed through superior design for products and production processes first, 

and then business models. Over time the concept for CE started to gain interest from scholars 

in the field of IE and EE, which led to advancing the knowledge on CE utilizing various 

approaches. As a result, CE has been studied from the perspective of CBM, taxonomy of 

reduce, reuse, and recycle (3R), and through examining value creation for stakeholders 

throughout a supply chain which has led to a vast number of definitions and 

conceptualizations of CE. These conceptualizations were reviewed and summarized by 

Prieto-Sandoval, Jaca and Ormazabal (2018) into a new comprehensive definition for CE, 

which followed the footsteps of Ghisellini et al. (2016) to expand the unit of analysis for CE 

to micro, meso and macro levels as well as changed the perspective from an industrial gains 

and losses approach to a more holistic point of view, where societies are interconnected to 

their surrounding environment and therefore their actions should be considerate of the 

impact they cause. While the definition by Prieto-Sandoval et al. (2018) is broad and 

considers both schools of thought: IE and EE, it fails to provide a practical description of 

CE. Thus, to better understand and to create categorizations within CE, an additional 

definition is needed to cover the practical implications for individual units of analysis. For 

this purpose, the work of Geissdoerfer et al. (2020) is well suited. They base their definition 

on the work of Kircherr et al. (2017) who conducted an exhaustive review of the existing CE 
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definitions. Geissdoerfer et al. (2020) analyzed these findings and suggested a definition that 

includes all the aspects of CE studied in literature on a practical level: 

“An economic system in which resource input and waste, emission, and energy 

leakages are minimized by cycling, extending, intensifying, and 

dematerializing material and energy loops. This can be achieved through 

digitalization, servitization, sharing solutions, long-lasting product design, 

maintenance, repair, reuse, remanufacturing, refurbishing, and recycling.” 

(Geissdoerfer et al., 2020) 

The development of the definitions of CE over the past decade are illustrated in figure 6 

below.  

 

Figure 6. Development of CE definitions over the past decade (illustration by author) 

 

The chosen definition is easy to understand, and it defines circularity strategies and preferred 

outcomes. To better illustrate how these strategies can be utilized throughout a supply chain, 

Geissdoerfer et al. (2020) provide a conceptualization for the definition of CE, which is 

presented in figure 7 below. 
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Figure 7. Conceptualization of CE (Geissdoerfer et al., 2020) 

 

The conceptualization outlines the loopbacks from each supply chain phase and is based on 

the well-known Butterfly figure2 by the Ellen MacArthur Foundation (2015). The 

conceptualization is a holistic view on CE, where looping products and waste back into 

supply chain helps minimize energy and material input as well as reduce the amount of waste 

and emissions leaked to the environment. CE is considered to have levels which represent 

different circular strategies and retainable value. The innermost cycle represents the 

extension of the use phase, which maximizes the generated value of a final product. As the 

extension requires the least energy and additional processing, it is the most profitable circular 

strategy. The middle cycles of reuse, remanufacturing, and refurbishing require to some 

extent modifications to the original product and therefore are less profitable. However, it is 

possible to retain significant value from them. The outermost cycle represents waste 

utilization through recycling, and it is typically energy intensive as the product is 

transformed to a raw material state. These processes are often optimized for only a few key 

 
2 The Butterfly figure illustrates a hierarchical structure for CE through biological cycles and technical 

cycles. The biological nutrient cycles represent flow of natural materials and nutrients, while the technical 

nutrient cycle represents the flow of components and products. The hierarchical structure is built on different 

levels of CE, the higher the level of circularity, the further inside the diagram the loops are, the more 

profitable it is. The inner circles of the model consist of reuse, refurbishment, and remanufacturing, which 

require less energy and resources and are more profitable than the outer loop, recycling as raw materials 

(Ellen MacArthur Foundation, 2014b) 
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outputs, which makes retaining value challenging. (Geissdoerfer et al., 2020; Kiefer et al., 

2021: 1532)  

 

2.1.3  Barriers to Circular Economy  

The main goal of this thesis is to understand the barriers related to CE of LIB. As CE is 

disruptive by nature, requiring companies to re-assess their traditional linear supply chains 

and business models, it faces various barriers. Prior studies on CE have studied the barriers 

in the transition towards circularity  (Berkhout et al., 2000; de Jesus & Mendonça, 2018; 

Grafström & Aasma, 2021; Kirchherr et al., 2018; Korhonen et al., 2018; Ranta et al., 2018)  

and the most discussed barrier types are summarized below in table 2: 

Table 2. Barriers to CE in prior literature 

Barrier type Barrier Author 

Market and strategic related 

barriers 

Challenges to adapt the new circular 

economy market, including strategic issues, 

such as low cost of virgin raw material, 

high upfront investment cost for recycling 

technology, path dependency, and 

technological lock-in 

(Kirchherr et al., 

2018; Korhonen 

et al., 2018) 

Cultural  and behavioral 

related barriers 

Barriers based on consumer adaptation and 

cultural issues, such as lack of consumer 

interest in circularity and the definitions of 

waste, which makes measurement and 

assessment of CE efforts difficult 

(Grafström & 

Aasma, 2021; 

Kirchherr et al., 

2018; Korhonen 

et al., 2018) 

Institutional related barriers Challenges based on lack of institution, 

policy-making and regulation, such as 

focusing mostly on recycling over other 

efforts like reuse and remanufacturing, and 

legislation lock-in 

(de Jesus & 

Mendonça, 2018; 

Ranta et al., 2018) 

Environmental related barriers Issues based on environmental impact and 

environmental geographical boundaries, 

such as the thermodynamics of CE efforts 

(I.e. global net environmental impact), 

geographical boundaries of CE efforts, 

temporality of CE efforts (long-term vs. 

short-term effects), and rebound effect 

(Berkhout et al., 

2000; Korhonen 

et al., 2018) 

 

The most impactful barriers relate to the market and strategic related and cultural and 

behavioral related barriers.  
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Market and strategic related barriers are commonly identified by operators in the CE as 

low cost of virgin materials and relatively high investment costs of recycling technologies 

are easy to observe and have a direct impact on the profitability of the business model 

(Kirchherr et al., 2018). As the current global market is dominated by large corporations 

operating across continents, it is difficult for small businesses to penetrate the market with 

their circular economy innovations. Path dependency and lock-in can be described as a 

phenomenon of survival of the first. While the business models and products of these new 

CE businesses may be more environmentally friendly, the larger established organizations 

often manage to remain the more popular alternative (Korhonen et al., 2018). Any new CE 

innovation has to overcome the obstacles set by the existing cultures, routines, and 

management models as well as the competition of alternative CE solutions. In addition to 

the conditions on the market, products and services are also a focal point in barrier 

descriptions. Focusing on durability in product design and usage is important but equally 

important are the environmental impacts throughout a products extended lifecycle (Ellen 

MacArthur Foundation, 2014a). As a product's long-term environmental impact can never 

be fully assessed, a product's durability may also hamper circular economy efforts if it 

simultaneously causes harm to the environment (Korhonen et al., 2018). Our current global 

business environment, where innovation is constant and short product life cycles are 

common, may in some cases be better for the environment than the circular environment 

where products’ lifecycles are extended through reuse and repurposing. In most cases 

however, the current focus on innovating products with longer lifecycles and considering 

reuse and recycling already at the design phase, is more beneficial (Ellen MacArthur 

Foundation, 2014a; Korhonen et al., 2018).  

Regarding cultural and behavioral related barriers, according to Kirchherr et al. (2018), 

the lack of consumer interest and awareness are the most impactful cultural barriers in CE. 

The underlying reasons are the change in product ownership and the consumerism culture 

where products represent need fulfilment and status instead of core needs for survival 

(Grafström & Aasma, 2021). Another significant cultural barriers in CE are consumers’ 

constant needs and preferences to purchase new products (Ranta et al., 2018). In addition to 

consumer behavior, the common perception of what is valuable in a society can induce 

barriers for CE. The definition of waste and especially changes to the definition play a critical 

role. Traditionally waste is viewed as the output of a process where everything useful and 

valuable has been extracted from an object. In CE, all side streams and outputs of a process 
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have value and retaining that value as much as possible is considered a success. Currently 

the major barrier for CE is the lack of consensus for the definition of waste, which results in 

the lack of systematic monitoring and reporting of waste streams (Korhonen et al., 2018). 

These statistics are the prerequisite for regulatory changes which can alleviate institutional 

barriers.  

From an organizational perspective intra-organizational culture plays a significant role in the 

transition from a linear business model to a circular one. Hesitancy in company cultures and 

operating in a linear system are among the most impactful cultural barriers within 

companies, which indicates that there is a gap between what can be done towards CE from 

technological perspective, and what businesses are willing to do (Kirchherr et al., 2018). 

There is also a significant difference in the importance of circular economy between 

companies and institutional stakeholders, such as governments and public agencies, which 

suggests that circular economy is still an extra-curricular activity for companies, instead of 

a core value, and that there is interest for developing circularity at the highest level. 

Hesitancy in a company can present itself on three levels: managerial resistance, CE 

initiatives performed in isolation, and low engagement in management strategies. Especially 

in large companies, CE initiatives can be actively incorporated into marketing divisions but 

completely separate from sales and finance divisions (Kirchherr et al., 2018; Grafström and 

Aasma, 2021). Successful CE strategies are managed on both an intra-organizational and 

inter-organizational level.  

Regarding institutional related barriers, governments and public organizations at local, 

national and international level, represent the main drivers and main barriers for CE as they 

have the power to impact market conditions, policy-making but also control legislation, 

which is for the most part created for optimizing linear supply chains (de Jesus & Mendonça, 

2018). The lack of emphasis on reuse and sole emphasis on recycling hampers the creation 

of a holistic legislative context, where all strategies for CE are viable (Ranta et al., 2018). 

Also, as many policymakers are invested in and familiar with traditional linear supply chains, 

their views of the market and its future may be distorted (de Jesus & Mendonça, 2018). 

Globally the lack of standardization for products that would benefit most from CE practices 

and the lack of government support for funding CE solutions are significant institutional 

barriers. Also controlling the flow of products and materials across geographical boundaries 

is difficult. Reducing environmental impacts in one part of the supply chain often leads to 
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increases in other parts. This is why many companies that are successful in their CE efforts 

are localized, and their most significant environmental impacts are in the import and export 

phases of their supply chain (Korhonen et al., 2018). 

Environmental related barriers refer to the barriers set by the surrounding environment 

and their conceptual basis is rooted in industrial ecology (IE) and the notion of the Earth’s 

limited carrying capacity. Thermodynamic barriers limit economics and decision-making 

based on the flow of physical matter, energy, and money (Bruel et al., 2019; Korhonen et 

al., 2018).  According the Second Law of Thermodynamics all CE efforts should be 

evaluated by their global net environmental contribution, meaning all CE efforts should 

undergo a case-by-case analysis to fully define their contribution and impacts to the 

environment (Korhonen et al., 2018). Product lifecycles should be extended through reuse 

and remanufacturing, instead of recycling solely for their raw material value (Geissdoerfer 

et al., 2020).  

Economic growth also poses limitations to CE as it leads to an increase in products produced 

and consumed. This is supported by a phenomenon called the rebound effect3. Identifying 

the consequences of rebound effects is difficult as they are not limited to the economic 

equilibrium, but also consist of phenomena such as technological and behavioral spill-over 

as well as other ripple effects on the environment (Berkhout et al., 2000; Hertwich, 2005; 

Siderius & Poldner, 2021).  

 

2.2  Circularity Perspective on Value and Supply Chains 

In this section, I explore how circular economy (CE) has been studied in prior value chain 

and supply chain research. The literature emphasizes two main dimensions: value networks 

and closed-loop or reverse supply chains. 

The concept of different stakeholders creating value in the supply chain has evolved 

significantly since its first depiction in mid-1980s. Initially the focus of the concept was on 

the linear supply chain and how value is being generated by different actors in it. Gradually, 

 
3 Rebound effect refers to unintentional ripple effects caused by an action. For example, when the use of 

electric cars grows, the prices of electric cars are likely to increase. This will cause a surge in the usage of 

electric cars, indirectly electricity as well. This in turn will also increase the maintenance of electric cars and 

other services as well, and thus measuring the extent of each rebound effect is difficult. 
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due to major shifts in business environment, such as globalization and digitalization, the 

concept of value creation needed to take into consideration aspects such as global 

competition, digital solutions and increasing worry over the environmental impact of 

industrialization. In order to tackle these challenges, companies formed partnerships and 

shifted their focus of operations and supply chains. It became obvious that in order to survive 

companies had to establish collaborative networks, which have three core characteristics: 

superior customer value, core competencies and relationships. Hence, some of the key 

characteristics for managing these networks are the continuous effort of aligning strategies, 

structures, and processes between network participants to achieve shared vision, building 

trust and open communication, and focusing on creating value throughout the supply chain, 

which is built on deep understanding of customer needs (Fearne et al., 2012: 576; Ricciotti, 

2019). The broad theme of value creation, which is the value chain thinking inside a value 

network, can be described as a transition from a singular point of view into the point of view 

of multiple actors, who together solve the problems any part of the network is facing. Also, 

value chain thinking enables companies to plan in longer time periods and with more 

flexibility, it encourages learning within the network and helps secure benefits, it aims to be 

forwards-looking and helps establish cyclical processes, and it offers means to improve 

sustainability and profitability in tandem (Ricciotti, 2019: 204–205). 

To accommodate CE, the scope of value chain thinking expands beyond the stakeholders 

directly involved in the supply chain. The meaning of value and how it is generated are 

revised as the focus is not solely on generating value for the end customer but rather on how 

well the value chain can retain the value of the materials and energy that are put into it and 

how much waste and emissions exit the value chain (Mizanur Rahman, Kim, Lerondel, 

Bouzidi, & Clerget, 2019; Okorie, Charnley, Russell, Tiwari, & Moreno, 2021). 

 

2.2.1  Value Networks Alleviate Transition to Circular Economy 

” The most obvious evolution is therefore the transition from the concept of 

Value Chain to the concept of Value Network; in fact because of digitalization 

and dematerialization, the competition has changed, as today individual firms 

do not compete, but networks of companies do, so to survive it is necessary to 

be part of a network.” (Ricciotti, 2019) 



32 

 

 

Ricciotti (2019) describes the evolution of supply chain strategies from value chains into 

value networks and identified six major trends driving the change. These trends exist due to 

the new characteristics of the global competitive environment — digitalization and 

dematerialization. The first trend is the sustainability movement, which has enforced 

companies to not only focus on improving performance and profitability of their operations 

but to also consider the environmental and social impacts of their business, the so-called 

triple bottom line: Minimize costs and maximize revenues and profitability; minimize 

resource depletion, carbon footprint, toxicity and pollution; and maximize employment, 

maximize occupational safety and health, minimize excessive working hours, minimize 

extreme poverty and child labor, and maximize social equity, life expectancy and education 

(Fehrer & Wieland, 2021; Ricciotti, 2019; Vegter et al., 2020). 

The second trend is globalization of competition, which requires efficient operations from a 

company in order not to be overtaken by a global competitor in the market. These efficiencies 

are typically easier to gain in a network of actors than sub-optimized closed supply chains 

(Fearne et al., 2012: 577; Ricciotti, 2019). The third trend is the increase in collaboration 

between companies to ensure sufficient skills and knowledge to meet the customer 

expectations. The fourth trend is the servitisation of offerings, where the value generated and 

exchanged by companies are in increasing amount intangible, which means that for an 

individual company the capability to maximize the utility of their intangible assets is crucial.  

The fifth and sixth trends are the requirements of flexibility and agility, which define the 

ability of a company to react and deal with complex and highly divergent problems in a 

timely manner. This kind of capability requires high-level skills and knowledge, which are 

easier to obtain through collaboration with company’s network than acquiring in-house 

talent. (Ricciotti, 2019: 207–208) 

Value networks support transition towards circularity well, as they help overcome the market 

and sustainability related barriers by dividing risks related to investments or specific market 

areas or by increasing the knowledge and skills among stakeholders. Active participation of 

NGOs, local communities and government officials in the value network also helps 

transform or mitigate any cultural or institutional barriers for CE. 
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2.2.2  Closed-loop or Reverse Supply Chains 

To tackle environmental issues related to the traditional take-make-dispose linear supply 

chain, companies use reverse supply chains to retrieve used products from customers and 

then either reuse or recycle them by themselves or send them out to be further processed. 

These kinds of forward and reverse supply chains are referred to as closed-loop supply chains 

(Nasir, Genovese, Acquaye, Koh, & Yamoah, 2017; Yang et al., 2018). Closed-loop supply 

chains help achieve circularity through extension on use phase, remanufacturing, or 

refurbishing products, and by recycling waste (Geissdoerfer et al., 2020). It is important to 

note however that while a closed-loop supply chains for scarce materials are desired, they 

may not always be environmentally sustainable as adding reverse flows to a supply chain 

can cause additional impacts to environment through new sub-processes, such as reverse 

logistics and disassembly (Saidani, Yannou, Leroy, Cluzel, & Kim, 2021; Vegter et al., 

2020) 

Yang et al. (Yang et al., 2018: 499) emphasize the need for a shift from linear to a closed-

loop supply chain in achieving CE. Designing-in the circularity to the supply chain helps 

create revenue opportunities whilst conserving the nature. To be successful circular supply 

chains need the following characteristics: prioritization of use phase extension, 

intensification and dematerialization, to achieve highest retainment of value, slowing down 

the cycle time, minimizing the amount of waste generated throughout product life cycle, and 

maximizing reduced, reused, recycled and recovered materials (Geissdoerfer et al., 2020; 

Yang et al., 2018). Vegter et al. (2020) suggest a practical approach where the supply chain 

assessment tool, the SCOR model4, is expanded to also include return, use and recover phases 

that enable circular business models. This is illustrated in figure 8 below.  

 

 

Figure 8. Extended SCOR model (Vegter et al., 2020) 

 
4The SCOR model refers to the Supply Chain Operations Reference Model, which depicts the core phases of 

a traditional linear supply chain: plan, source, make, deliver, and enable (Association for Supply Chain 

Management, 2021) 
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Addition of return accommodates for the reverse flow of products that exists both in closed- 

and open-looped supply chains. The processes of use and recover are unique for the circular 

supply chain, and they emphasize the extension of use phase and the value to be retained 

also in the end of the life for a product. With the expanded definition of the SCOR model, 

they identify performance objectives for circular supply chains that enable strategic, tactical, 

and operational level actions for companies: 

• Minimize the use of materials, water, and energy 

• Minimize inventory 

• Maximize the efficient use of Supply Chain Assets (trucks, warehouses, machines & 

equipment) 

• Minimize waste 

• Maximize the availability of the product 

• Maximize the number of recovery flows 

These become the main challenges or steps in implementing circularity in the value chain. 

Finally, investigation into the cross-organizational workflows and circular economy also 

emphasizes that enabling the gathering and sharing of information across different actors in 

the supply chain is needed (Patala, Albareda, & Halme, 2022). Actors in a circular supply 

chains are not identical to traditional supply chains (Vegter et al., 2020). There is a need to 

include new capabilities to the network, and with the addition of use process, consumers also 

become stakeholders (Ricciotti, 2019). Information exchange between all the stakeholders 

is crucial for the success of circular business models. Forward and reverse communication 

in the supply chain improves predictability of products in various life cycle phases and helps 

forecast the availability of secondary materials (Scheller et al., 2021). 

As the majority of closed-loop supply chains are based on existing linear supply chains, 

loopbacks are not necessarily targeted to the originating stakeholder. Value networks help 

companies define efficient reverse supply chains that enable retaining value in the value 

chain. Forward and reverse communication within the value network makes it possible for  

stakeholders to optimize their own processes and create strategies that promote extended use 

phase, reuse, remanufacturing, and recycling (Scheller, Schmidt, Herrmann, & Spengler, 

2020). 
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2.3  Circular Business Models Enabling the Transition Towards Circular 

Economy 

Finally, the third main dimension studied in literature is the growing number of circular 

business models (CBMs). Circular economy (CE) drives companies to transition from 

traditional linear business models to CBMs. Together with business model innovation, these 

novel business models are the foundation for the change to a new way for companies to 

operate in a more circular fashion, where environmentally and socially sustainable 

innovations are as important as the operational efficiency and profitability of a company (de 

Jesus & Mendonça, 2018; Fehrer & Wieland, 2021; Kiefer et al., 2021). CBMs help dissect 

the various supply chain processes and interconnections between actors and bring 

practicality to circularity in the form of concrete and actionable objectives. CBMs differ 

from their neo-classical counterparts significantly as the unit of analysis expands beyond 

organizational and even national borders, and an effective transformation requires some 

form of innovation. Also, actors applying CBMs nearly always operate in a network of actors 

with similar goals and aspirations, and the network’s value logic aims to evolve beyond one-

way value creation to retaining value within the network. 

This sub-chapters reviews the different categorizations for CBMs, to identify key aspects of 

novel business models. To better understand how CBMs are created and implemented in 

practice, the sub-chapter examines different types of CBM innovations. In the last sections, 

the most typical strategies for CBM are discussed and the transformation of value creation 

logic is closely examined to display the differences against traditional business models. 

 

2.3.1  Circular Business Model Definitions and Utilization in Practice 

To gain understanding on how prior research has approached CBMs and what the most 

typical categorizations for these novel business models are, an investigation to recent studies 

is made. The findings are presented in table 3 below, after which they are discussed in more 

detail. 
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Table 3. CBM definitions in prior research 

Author Name of 

publication 

Contributions 

to theory 

Output 

(Ellen 

MacArthur 

Foundation, 

2015) 

Growth within: A 

Circular Economy 

Vision for a 

Competitive 

Europe 

ReSOLVE 

categorization 

for CBM 

Six categories: Regenerate, Share, Optimize, 

Loop, Virtualize, and Exchange 

(Bocken et al., 

2016) 

Product Design 

and Business 

Model Strategies 

for a Circular 

Economy 

Definition of six 

CBM (4 for 

slowing and 2 

for closing the 

resource loops) 

Slowing: Access and performance model, 

extending product value, Classic long-life 

model, and Encourage sufficiency 

Closing: Extending resource value, and 

Industrial symbiosis 

(Geissdoerfer 

et al., 2020) 
Circular Business 

Models: A review 

Categorization 

of CBMs 

Four generic strategies: Cycling, Extending, 

Intensifying, and Dematerializing 

(Atasu et al., 

2021) 

The Circular 

Business Model 

Categorization 

of CBMs 

Three strategies: Retain product ownership, 

product life extension, and Design for recycling 

 

The Ellen MacArthur Foundation’s (2015) study on CE is considered one of the benchmark 

publications on the definition and practice of how companies should approach circularity, 

and how they can align their strategic and tactical approach to accompany the sustainability 

goals they entail. From the perspective of business models, they suggest a ReSOLVE 

framework to help identify actionable items in a company’s operations across six categories: 

Regenerate, Share, Optimize, Loop, Virtualize, and Exchange.  

Regenerate by shifting to renewable energy and by returning back to biosphere the materials 

that has been consumed to produce products (Ellen MacArthur Foundation, 2015). This is 

closely related to the IE principles and helps tackle environmental barriers described earlier 

in chapter 2.1.3 (Bruel et al., 2019; Korhonen et al., 2018). 

Share suggests reducing the loop speed of products and maximizing utilization rate through 

sharing economies, reusing throughout technical lifetime, and prolonging life by 

maintenance (Ellen MacArthur Foundation, 2015). Bocken et al. (2016) describe a similar 

strategy for slowing the resource loop. In the access and performance model strategy users 

are offered solutions to fulfil their needs without the ownership of actual products. For 

example, solutions sparked by the sharing economy, such as car sharing services, and 

platform-based solutions such as cloud-based document management systems. Atasu et al 

(2021) also describe this as the retaining product ownership strategy.  

Optimization refers to the improvements in production and supply chain by means of lean 

approach, utilization of big data, automation and remote sensing, and steering (Ellen 
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MacArthur Foundation, 2015). Bocken et al. (2016) approach supply chain optimization 

through industrial symbiosis, where a cluster of actors operating in close geographical 

proximity benefit from each other’s process waste streams, and close the resource loop. 

Similar to optimizing the supply chain, Bocken et al. (2016) suggest optimizing also the  

product life-cycle, through focusing on designing long-lasting and durable products starting 

at  very early stages of product design. This type of slowing strategy is called the classic 

long-life model. Design for recycling is a similar strategy that focuses on creating products 

that are easy to recycle (Atasu et al., 2021).  

Looping is the act of keeping materials in a closed supply chain and utilizing 

remanufacturing for products where raw materials are scarce. The last resort should be the 

recycling of products, output of which should be also looped back to the production process.  

Bocken et al. (2016) refer to a strategy called extending product value to describe 

reutilization of returned products as  input to production. For example, the fast fashion giant 

Hennes et Mauritz, known as H&M, organizes clothing collection of used clothes at their 

shops, and loops part of their materials back into the production process for new clothing 

(H&M Website, 2022). Similarly to extending product value, Bocken et al. (2016) suggest a 

strategy for closing the resource loop by extending resource value. This effectively means 

completely looping back the waste streams into production. For example, the Orthex Group, 

a Finnish company that manufactures plastic products, produces household plastic items 

from recycled plastic waste collected and recycled by consumers (Orthex Group, 2022). A 

key characteristic for closing the material-technical loop is communication between 

stakeholders to ensure all participants in the value chain have necessary information (Fehrer 

& Wieland, 2021). 

Virtualize refers to modifying the offering to be able to deliver value virtually (Ellen 

MacArthur Foundation, 2015). Many modern sharing strategies consist of service offerings 

made available through virtual platforms (Bocken et al., 2016; Geissdoerfer et al., 2020). 

Effective product-service loops describe the transition from product ownership to access to 

products and services. The focus of fulfilling customer needs through services instead of 

physical product enables more efficient material usage (Fehrer & Wieland, 2021). 

Exchange is the total overhaul of company’s offering by applying novel technologies and 

replacing old materials with advanced non-renewable ones. Especially the last two, have 
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been estimated to have high impact on future business offerings. (Ellen MacArthur 

Foundation, 2015) 

Bocken et al. (2016) also describe a slowing strategy with the ultimate goal of reducing 

consumer consumption through creating durable products and offering repair, warrantees, 

and maintenance services for these products. Companies using the encourage efficiency 

strategy often sell their products through a less consumerist matter, and for example do not 

offer sales commission. The product life extension strategy by Atasu et al. (2021) is very 

similar as it focuses on creating durable products already at the product design phase, thus 

resulting in reduced consumption. Fehrer and Wieland (2021) also suggest social-

collaborative loops where competition is replaced with collaboration to ensure that 

sustainable practices are performed effectively. Through collaboration, participants in a 

value chain have access to underutilized resources and they gain an improved outlook on 

opportunities within the value chain. Customers are transitioned from a passive recipient to 

active members of value chain. 

Geissdoerfer et al. (2020) combine the findings in prior research and reorganize them into 

four CBM strategies: cycling, extending, intensifying, and dematerializing. Brief 

descriptions of these strategies are presented in figure 9 below.  

 

Figure 9. The four CBM strategies (Geissdoerfer et al., 2020) 

 

Cycling is a combination of sharing and looping strategies where the aim is to cycle energy 

and resources within the system through reuse, remanufacturing, refurbishing, and recycling. 
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Extending refers to increasing the use-phase of a product by initially in the design phase of 

a product, focusing on durability, maintenance, repair, and long-lasting design. These 

characteristics are then focused on in marketing campaigns to raise awareness to consumers 

how to extend lifetime of their products. This type of strategy is similar to share and optimize 

strategies by The Ellen MacArthur Foundation (2015).  

The Intensifying strategy aims to challenge the idea of ownership by offering products-as-a-

service (PaaS), and is similar to the share strategy (Ellen MacArthur Foundation, 2015; 

Geissdoerfer et al., 2020). A good example of this is the Finnish company Whim, which 

offers mobility-as-a-service (MaaS) through a subscription-based transportation service that 

allows users to rent cars and use taxis,  public transport, and car-sharing (MaaS Global, 

2022).  

Lastly, dematerializing strategy means that instead of offering physical products, companies 

create software-based solutions to offer software-as-a-service (SaaS), without physical 

products (Geissdoerfer et al., 2020). This type of strategy is closely related to virtualize 

strategy by the Ellen MacArthur Foundation (2015). For example, before offering a 

subscription-based SaaS, Netflix’s business-model was built around an online website on 

which consumers could browse DVDs, and then order physical copies to their home via post 

(Netflix, 2022). 

 

2.3.2  Circular Business Model Innovations 

The role of innovation in implementation of CBMs is crucial as the most significant 

challenges faced relate to technical challenges, such as appropriate technological solutions 

and sufficiently educated workforce; and economic conditions, such as path dependency and 

technological lock in (de Jesus & Mendonça, 2018). Kiefer et al. (2021) highlight eco-

innovations, as the systemic approach to a holistic and transformative reaction to the existing 

unsustainable business practices, play a fundamental part in the transition to CE. Eco-

innovations are defined as socio-technical solutions designed to mitigate environmental 

impacts, reduce resource consumption, and retain value for materials extracted from nature 

and put into production process (de Jesus & Mendonça, 2018; Kiefer et al., 2021; Vence & 

Pereira, 2018).  
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Kiefer et al. (2021) describe five types of innovation. Systemic innovations are novel to the 

market and typically lead to disrupting the status quo, have significant environmental 

benefits, and change perception of competitive edge. Systemic innovations, however, can be 

context specific so it is important for companies not to blindly adopt to a disruption that is 

not relevant to them (Salvador et al., 2021). Radical and tech-push innovations are similar 

to systemic ones, but their source is in the scientific or technological advancements. They 

too are disruptive in nature and change the competitive landscape in the market (Kiefer et 

al., 2021). These types of innovations typically shift the conditions in the market 

dramatically and it is important for companies to keep an eye out for either acquiring or 

reacting to such innovations. Also forming strategic partnerships helps draw market 

knowledge to the company’s network and prevents disruptive innovations to appear 

elsewhere (Salvador et al., 2021). 

Externally driven innovations are coined due to pressure from outside, for example from 

legislative pressure (Kiefer et al., 2021). With the increased attention on sustainability it is 

increasingly more important for companies to take the environmental and social aspects of 

product use into consideration to create an offering that is regenerative and restorative 

throughout its lifecycle (Salvador et al., 2021). Continuous improvement innovations are 

incremental improvement in the daily operations to the exiting solutions (Kiefer et al., 2021). 

They fit well with existing business processes and are typically developed in-house. 

Continuous improvement allow companies to test out various combinations, which helps in 

systemic innovation (Salvador et al., 2021). Eco-efficient innovations are incremental 

innovations where environmental benefits are gained through product or process innovation. 

Digitalization can aid companies monitor and track productivity to fine tune the rate of eco-

efficient innovation (Salvador et al., 2021). 

From organizational perspective, the acquisition of innovation can vary as well. According 

to Geissdoerfer et al. (2020) the change from linear to circular business model for a company 

can be achieved through four paths. The company can transform its existing business model 

into a circular one or it can diversify its operation by adding a circular business model within 

the organization or by adding a subsidiary or a joint venture. Both transformation and 

diversification would require closed innovation. The other direction is to utilize company’s 

network, and transition to circular business models through open innovation. The two 
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options are creation of a circular start-up or acquiring a business with circular business 

models and merging it into existing business.  

Systemic eco-innovations are just as efficient whether they are developed in-house at 

companies and later embraced by other actors in the market or if they are obtained from 

external sources. Development and dispersion of eco-innovations is beneficial for the whole 

market in the global transition towards CE. However, scaling up the below system-level eco-

innovations is difficult, which is why transitioning into circularity at the global level requires 

systemic innovation. Also, even though the type of innovation does not matter from a 

technological perspective, the systemic thinking needs to shift radically to be able to reach 

CE. This is due to the infrastructural lock-in that is created in incremental innovation 

processes. (Kiefer et al., 2021: 1543) 

 

2.3.3  Challenges in Practical Application of Circular Business Models 

While there are various CBM strategies identified in literature, achieving CE in practice is 

much more complex. Throughout literature, CE derives its theoretical framework from 

industrial ecology concepts such as industrial symbiosis (IS). The influence of IS on CE is 

significant. IS can be defined as:  

“A collaborative network of stakeholders within an industry, who participate 

in by-product exchange, energy sharing, and innovation efforts, to improve 

individual stakeholders’ economic and environmental performance.” 

(Ghisellini et al., 2016)   

Even though IS is not a new concept, its importance to CE has not decreased over time. IS 

plays a key role in the transition to a CE and CBMs, and it is often illustrated through the 

perspectives of CE and IE as these two perspectives  are complementary in nature and 

facilitate forming successful clusters for IS (Baldassarre et al., 2019; Ghisellini et al., 2016). 

The IE perspective on IS focuses on reducing the environmental impact of industrial systems 

on the environment through collaboration with external stakeholders. Life cycle assessment 

and material flow analysis are key tools used to assess the environmental impacts of IS 

(Baldassarre et al., 2019). The circular economy perspective on the other hand focuses on 

the business model level where technical innovation, collaboration, and sustainable business 



42 

 

innovation are utilized to slow, narrow, and close the loops (Baldassarre et al., 2019; Bocken 

& Ritala, 2021; Geissdoerfer et al., 2020). The main differences between IS and traditional 

linear supply chains are the heterogeneity of inputs, the higher number of actors 

collaborating in the supply chain, and the shared goal of minimizing waste leakage and to 

improve resource efficiency (Turken & Geda, 2020). To facilitate the implementation of IS, 

the participating stakeholders need new forms of communication and collaborative platforms 

to ensure that inputs and outputs are matched, and to enable creation of tools to analyze 

various enterprise resource planning, product lifecycle management, and product data 

management systems (Halstenberg, Steingrímsson, & Stark, 2017). 

The economic benefits gained from IS are direct, such as additional revenues from selling 

by-product or reduced costs due to reduced need for waste management, and indirect, such 

as increase in supply chain security and flexibility or improved reputation and higher level 

of innovation (Ghisellini et al., 2016). Most of the time these symbiotic systems develop 

between geographically close stakeholders, and the most famous examples of IS, such as the 

Kalundborg eco-industrial park, were initially set up for purely competitive purposes but 

later on “accidentally” identified to incorporate symbiotic features (Halonen & Seppänen, 

2020: 151). Another driver for practical application of circular economy is government-led 

projects, where certain industries have purposefully been led towards symbiotic systems 

(Ghisellini et al., 2016). The majority of IS clusters are located in China, where CE has been 

adopted as a key strategy in the transition towards sustainable business. In China, the focus 

is on using CE as a tool for product and technology development, equipment upgrades, and 

improvement in industry management, whereas in EU and the US, CE implementation is 

often linked to waste management, reuse and recycling programs and product life cycle 

assessment (Winans, Kendall, & Deng, 2017). The Chinese adoption of CE follows a top-

down strategy, which enables the wide adoption of CE strategies across the country and 

industries. In other countries, CE is driven by individual companies aiming to gain an 

economic advantage with CE, which means that the adoption of CE is completely dependent 

on the industry, and the skills and knowledge acquired within a network of stakeholders 

(CIRAIG, 2015). 

The CE barriers (market, cultural, institutional, and environmental) detailed in chapter 2.1.3 

create the context in which companies aiming to achieve circularity operate in. These CE 

barriers and the developments in reducing their impact serve as a macro-level foundation 
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upon which individual companies carry out their micro-level decision-making. Achieving 

CE requires companies to implement CBMs, which has its context-specific challenges. 

Unlike the CE barriers, the challenges related to implementation of CBMs are more detailed 

and affect a specific function or process within a company or network. The CBM challenges 

are actionable items, and companies can utilize CBM innovations to provide solutions to 

these challenges. A thorough investigation into the practical application of CE in prior 

research uncovered various CBM challenges that companies face, and these findings are 

presented in table 4 below. 

Table 4. Challenges in implementing CBM throughout literature 

Category Description  Author 

Economic • Lack of financial resources (limited funding for CBM) 

• High up-front investment costs 

• Higher costs related to the new CBM 

• Unclear/weak financial business case 

• Dominance of economic indicators in decision making 

(Guldmann & 

Huulgaard, 2020; 

Kirchherr et al., 2018; 

Tura et al., 2019; van 

Keulen & Kirchherr, 

2021; Vermunt et al., 

2019; Wrålsen et al., 

2021) 

  
Knowledge & 

Technology 
• Lack of technical know-how and expertise (human talent) 

• Lack of information/data and lack of practices and systems 

for collecting, sharing and utilizing CE information/data 

• Ability to deliver high quality products 

• Design challenges to create durable products 

• Difficulty in handling heterogenic CE material flows 

• Lack of large-scale demonstration projects 

(Guldmann & 

Huulgaard, 2020; 

Kirchherr et al., 2018; 

Tura et al., 2019; van 

Keulen & Kirchherr, 

2021; Vermunt et al., 

2019; Wrålsen et al., 

2021) 

  
Organizational • Administrative burden & lack of management buy-in 

• Incompatibility with existing linear operations and strategy 

• More complex management and planning processes 

• Conservativeness in business practices & conflicts with 

existing culture 

• No clear responsibilities and ownership of CE projects & 

silo thinking between departments 

• Validating and verifying all environmental effect 

calculations is difficult 

• Narrow focus on existing sustainability strategies  

(Guldmann & 

Huulgaard, 2020; 

Kirchherr et al., 2018; 

Tura et al., 2019; van 

Keulen & Kirchherr, 

2021; Vermunt et al., 

2019) 

  

Supply chain • Lack of partners and low availability of materials 

• Higher dependence on external parties 

• Lack of information exchange between supply chain actors 

• Conflicting interests between actors in the supply chain 

between stakeholders 

• Lack of consideration on circular design from supply chain 

actors 

• Bad re-use practices/reluctance of third parties 

• Limited cooperation and silo thinking between companies 

• Scalability of CE products and services 

• Reverse supplychains non-existent 

• Takes time to build new partnerships and mutual trust 

 

(Guldmann & 

Huulgaard, 2020; 

Kirchherr et al., 2018; 

Tura et al., 2019; van 

Keulen & Kirchherr, 

2021; Vermunt et al., 

2019)  
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There are four categories for the challenges: economic, knowledge and technology, 

organizational, and supply chain. The economic challenges relate to issues in securing 

funding for hard-to-define business cases with high upfront costs and the dominance of 

economic impacts over environmental and social benefits (Kirchherr et al., 2018; Tura et al., 

2019; van Keulen & Kirchherr, 2021; Vermunt et al., 2019). Knowledge and technology 

related challenges refer to the lack of human talent and little experience in practices and 

systems, as well as the difficulty to design durable products and recycling heterogenic waste 

flows (Kirchherr et al., 2018; Tura et al., 2019; van Keulen & Kirchherr, 2021; Vermunt et 

al., 2019; Wrålsen et al., 2021). The organizational challenges are typically conflicts 

between existing organizational culture and desired direction, lack of visibility on 

responsibilities and ownership of CE projects, and the incompatibility of CBMs with the 

existing linear business model and strategy (Guldmann & Huulgaard, 2020; Tura et al., 

2019). Lastly, supply chain related challenges often derive from the conflicts that appear 

when the number of participating stakeholders in a network increase. The novelty of CBMs 

typically means that the processes to enable circularity need to be built, and experience and 

trust between stakeholders needs to be gained (Guldmann & Huulgaard, 2020; Kirchherr et 

al., 2018; Tura et al., 2019; Vermunt et al., 2019).  

 

2.3.4  Conceptual Framework for Circular Economy, Circular Value Chains, and 

Circular Business Models 

As noted in the thorough investigation of prior research on CE, transitioning to CE requires 

implementation of novel business models. These CBMs require companies to take an 

innovative approach to defining CBM strategies most suitable for their business, and they 

need to be aware of various challenges related to successfully implementing a CBM. The 

implementation of CBM is tightly connected to the transformation of supply or value chain 

into a circular one. To help visualize and harmonize the CBM strategies and their relation to 

the circular value chain, a new conceptualization is presented. Adopting from the 

conceptualization from Geissdoerfer et al. (2020) for CE presented in chapter 2.1.1 and the 

circular supply chain processes by Vegter et al. (2020), illustrated in chapter 2.2.2, a 

conceptual framework of the implementation of CBMs in circular value chains is proposed, 

and illustrated in figure 10 below.  
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Figure 10. Conceptual framework for circular economy, circular value chains, and circular business models. Adapted from 
(Geissdoerfer et al., 2020; Vegter et al., 2020) 

 

The cycling strategies loop materials that would otherwise be lost back to the value chain 

through reuse, remanufacturing, refurbishing, and recycling. These strategies aim to retain 

value in all phases of the value chain (Yang et al., 2018).  The reuse of products is the least 

energy intensive cycling strategy as it retains the value directly from the return phase and 

loops it back to the delivery phase, which enables the product to be re-utilized without any 

modifications. The environmental impacts of this strategy are related to warehousing and 

logistics. Remanufacturing and refurbishing strategies require the product to be modified to 

be able to be re-utilized. In addition to reverse supply chain operations, there are repair and 

manufacturing operations (Vegter et al., 2020). The recycling strategy is the most energy 

intensive as the product is processed to return it to a raw material state. Depending on the 

sourced material, the recycling process’ capability to retain value varies. The extending, 

intensifying, and dematerializing strategies all relate to the use phase of a product and are 

the least energy intensive strategies and their capability to retain value is high. The 
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dematerializing strategies represent the highest form of CBMs as they provide solutions 

without the use of physical products (SaaS), which directly decreases the material input into 

economic system. The intensifying and extending strategies retain value through two 

different logics, intensifying use phase through novel PaaS solutions or extending the use 

phase through superior product design, repair, and maintenance (Geissdoerfer et al., 2020).  

To summarize, the literature review describes how CE research has become a core topic of 

research in the last years, fostering multidisciplinary research between technological, 

engineering, environmental, policy, management, and organizational scholars. In this thesis 

I propose a conceptual framework regarding the development of LIB CE, circular value 

chains, and CBMs. There are numerous challenges related to these concepts, some 

influencing the macro-level of CE, and some hindering implementation of CBMs at the 

micro-level. The key challenges to CE transition and adaptation are market and strategic 

related barriers, cultural and behavioral related barriers, institutional related barriers, and 

environmental related barriers. The key challenges to CBM implementation are related to 

economics, knowledge and technology, organizational aspects, and supply chain. 
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3  Research Methodology 

This chapter starts with an explanation of the research methodology and reasoning for the 

choice of a qualitative study using the inductive interpretive theory building approach as the 

chosen methodology. This is followed by a detailed description on data collection, including 

the data sampling strategies, interview protocol as well as introductions of interviewees. 

After that a detailed description of the practical implementation of the Gioia method (2013) 

in the data analysis phase is given to bring clarity on how the results of the study were 

developed. Finally, this chapter provides a justification for the validity of the results and the 

reliability of the study structure. 

 

3.1  Qualitative Research and Inductive Interpretive Theory Building 

Qualitative research is an efficient research method for investigating a limited number of 

variables in a specific context. The five key attributes of qualitative research are minimizing 

the use of positivist or post positivist point of view, acceptance of postmodern sensibilities, 

capture the perspective of an individual, examination of the boundaries in life, and gaining 

elaborate descriptions (Harrison, Birks, Franklin, & Mills, 2017). In business literature, one 

of the most common forms for a qualitative research approach is a case study. Case studies 

have been described as a method or methodology interchangeably depending on the author. 

However, the most significant case study researchers consider methodology to be the 

underlying driving force for the research design, on which different data and methods are 

applied (Harrison et al., 2017). A case study is the investigation of a bounded system or 

multiple bounded systems over time through in-depth data collection considering multiple 

qualitative sources of data and resulting in a case description and case related themes 

(Creswell, Hanson, Clark Plano, & Morales, 2007). The goal of a case study is to adopt the 

participants perspective and try to gain understanding on the studied phenomena within the 

selected context (Harrison et al., 2017). While case studies are popular in qualitative research 

and they provide accurate descriptions of the studied phenomena, their scope is often 

(intentionally) limited to allow definite conclusions to be made and to prevent issues in 

reliability. However, building the foundation of a study on prior concepts and constructs, 
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which is often the case with case studies, has its challenges. It often narrows the focus of the 

study to only elaborating what is already known rather than expanding on what could be 

discovered.  This is due to the need for measurable facts, which skews the decision of 

methodology towards research methods that utilize a status quo against which positive or 

negative change is measured. Not all phenomena exist within prior theory, which is why an 

exploratory research approach is suitable especially when studying novel concepts and 

constructs (Gioia et al., 2013: 16; Jebb, Parrigon, & Woo, 2017: 274). 

For this study an inductive interpretive theory building approach to data collection and 

analysis is chosen to investigate the lithium-ion battery (LIB) industry in Finland from a 

perspective of the practitioners in the industry. The reasoning behind this decision is twofold: 

first, there are not many well established concepts or constructs of circularity in the LIB 

value chain, and second, the rapid development of the LIB industry causes the taxonomy to 

continuously evolve, and the industry landscape to shift. The selected research approach 

allows capturing industry specific insight through which accurate concepts and constructs 

can be defined.  

The objective of this study is to identify opportunities and challenges for circular business 

in Finland, in the chosen context. The focus of the study is the perspective of the actors 

participating in the Finnish LIB recycling value chain. A qualitative research approach is 

chosen to generate a point of view on existing phenomena and to help create a new 

theoretical foundation that reflects the reality of the studied phenomena (Rahman, 2016). To 

facilitate detailed descriptions of the underlying themes, an inductive interpretive theory 

building approach is applied. In this study a holistic approach is implemented due to the 

difficulty of identifying sub-units for the phenomena within the context, and due to the need 

for a complete overview of the opportunities and challenges for circular business models as 

well as interactions between actors in the context. 

 

3.2  Data Sources and Data Collection 

The most typical form of collecting qualitative data is through interviews. Semi-structured 

interviews are a more flexible form of interviews where interviewees are posed both open-

ended and close-ended questions, offering a setting where discussion can occur freely, while 
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still maintaining focus on the research objectives and fulfilling the goals set for the interview 

(Zhang & Wildemuth, 2005). Semi-structured interviews have a pre-defined structure, but 

the open-ended questions allow the researcher to expand discussion with additional 

questions coined during the interview. Due to its wide applicability to different topics and 

its suitability for an exploratory study, semi-structured interviews are widely use across 

fields of study as a primary research method (Roulston & Choi, 2018). 

 

3.2.1  Sampling Strategies 

To achieve a holistic and thorough understanding on the studied phenomena, the 

interviewees need to be carefully selected to ensure good representation. Sample sizes in 

qualitative research are typically small, and therefore the selection of a sampling strategy is 

crucial. Schreier (2018) outlines three groups for sampling strategies for qualitative research: 

random sampling, purposive sampling, and convenience sampling. The most applicable to 

qualitive research is the purposive sampling group, where strategies such as homogenous 

sampling, maximum variation sampling, theoretical sampling, snowball sampling, and 

sampling of typical, extreme, critical or outlier cases are used to provide exhaustive data on 

the studied phenomena. Palinkas, Horwitz, Green, Wisdon, Duan, and Hoagwood (2015) 

call this group of strategies purposeful sampling, and they provide a detailed list of 15 

strategies, categorized by the emphasis of the strategy: similarity, variation, and non-

specific. The snowball strategy is a similarity driven strategy where the interviewees provide 

additional cases of interest in the same context. This is achieved by asking key informants 

and identified experts about contacts with in-depth knowledge on the studied phenomena. 

Another example of a similarity driven strategy is the criterion-i strategy, where the 

participants are chosen based on a pre-defined criterion of importance. The convenience 

strategy has no emphasis, and it is used to obtain data from participants that are readily 

accessible. This typically helps initiate other sampling strategies as well. 

In this study three sampling strategies were used: criterion-i, convenience, and snowballing. 

The process for selecting the interviewees was conducted in several phases. First, an open 

discussion on the actors in the Finnish lithium-ion battery recycling value chain was held 

with the thesis supervisors to identify the key actors participating directly in the value chain. 

These actors are listed in detail in table 5. These key actors were interviewees D, E, G, L, 
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and P. As this study was initiated in the beginning of summer 2021 and it overlapped with 

the summer holiday season, some of the interviews identified in the first phase were held 

among the last ones. The first interview was conducted in June with interviewee G. The 

snowball sampling strategy was applied from the first interview onwards to identify 

additional information rich resources. The complete list of referrals by the interviewees is 

presented in table 3 in the next chapter. Based on the interviews held during June and July, 

the first snowballing round was completed. In the beginning of August, the interviews 

identified with the convenience sampling strategy were held, after which the second 

snowballing round was defined. By mid-September, all the interviews were completed, and 

saturation was achieved based on the cross-referrals of the interviewees. The total amount 

of interviews conducted was 16, out of which four, seven, and five, were held in June-July, 

August, and September, respectively. Regarding the sampling strategies used, five of the 

interviews were identified by criterion-i sampling, two by convenience sampling, and nine 

by snowball sampling. Many actors that are indirectly related to the LIB industry, such as 

actors in the mining, hazardous waste management, innovation, and research fields, were 

identified through the interviews. These were defined as out-of-scope for this study as the 

focus of this study is on circularity regarding recycling LIB. One of the key actors operating 

in the LIB industry declined the interview request due to confidentiality concerns.  The 

sampling structure and the timeline for the interviews together with the list of out-of-scope 

actors are presented in figure 11 below. 

 

Figure 11. Sampling strategies and schedule for interviews 



51 

 

3.2.2  Interview Protocol 

In this study, interviews were chosen as the primary method for data collection, because the 

study focuses on investigating the companies’ perception and experiences on circularity, 

instead of investigating the companies’ operations and actions towards circularity. Semi-

structured interviews allow an explorative setting with enough structure to control the 

conversation and ensure that it stays within the selected topic. As the nature of Gioia 

methodology (2013) is inductive, the selected research design aims to answer the research 

question by the means of allowing an exploratory interview protocol, where interviewees 

have an impact on the structure of the questions. In this study, prior to the first interviews, 

an initial set of interview questions was defined (Appendix 1), which was then enhanced 

based on the answers and new insight provided in previous interviews. Gioia et al. (2013: 

19) also emphasize the importance of open-ended questions that avoid leading the 

interviewee to a specific response. This was a key design principal in the enhancement of 

this study’s interview questions. In line with the analytical process of Gioia et al. (2013: 19), 

this study was conducted without any promises on confidentiality agreements with the 

interviewees. However, due to the novelty of the studied concepts, the limited number of 

experts in study’s context and GDPR regulation, the qualitative data was analyzed 

anonymously.  

The interviews were held in Finnish or English depending on the preference of the 

interviewee. The interviews were conducted and recorded on Microsoft Teams application, 

and the audio recordings were sent in secured file format to Tutkimustie Oy for transcription. 

The interviews lasted between 45 and 120 minutes. The transcriptions were received in .docx 

format and they were uploaded to NVivo for further processing. The list of interviewees, 

interview lengths, sampling strategies and interviewees’ referrals to other actors are 

presented in table 5 below. 

Table 5. List of interviewees. 

Inter 

viewee  

Affiliation 

 

Type Length Sampling 

Strategy 

Referred ID 

A Recser Oy PRO 71 min Snowball B, E, D, G, Umicore 

B Akkukierrätys Pb Oy PRO 58 min Snowball A, F, C, K, G, Stena, 

Kuusakoski, Celltech, 

Aalto University, 

Tukes 
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C Suomen 

Autokierrätys Oy 

PRO 62 min Snowball E, D, K,  

D Akkuser Oy Company 64 min Criterion-i A, E 

E Fortum Oyj Company 43 min Criterion-i M, Akkurate 

F Ministry of Economic 

Affairs and 

Employment of 

Finland 

Public Agency 51 min Snowball O, N, E, Umicore, 

Outotec 

G Expert in Finnish 

Battery Industry 

Subject Matter 

Expert 

106 

min 

Criterion-i B, A, D, L, H, C, E, 

Aalto University 

H Expert in Finnish 

Battery Landscape 

Subject Matter 

Expert 

87 min Snowball G, B, C, Umicore 

I Member of SCI-MAT 

platform 

Subject Matter 

Expert 

41 min Convenience LUT University 

J Member of SCI-MAT 

platform 

Subject Matter 

Expert 

45 min Convenience O,  N, E, F, SYKE 

K Valmet Automotive Company 84 min Snowball E, N, F, FMG 

L Business Finland Public Agency 63 min Criterion-i Aalto University, 

LUT University, Oulu 

University, BASF  

M Traficom Public Agency 55 min Snowball A, B, C, O,  

N Ministry of the 

Environment 

Public Agency 73 min Snowball O, E, Oulu University 

O Pirkanmaa ELY-

Center 

Public Agency 81 min Snowball M, A, B, C, N, L F, E 

P EIT Raw Materials Innovation 

community 

74 min Criterion i D, E, Akkurate, Oulu 

University, Aalto 

University 

 

3.2.3  Interviewee Introductions 

For this study, to gain an in-depth understanding of the studied phenomena, interviewees 

from five different stakeholder groups were selected: companies operating in the LIB 

industry, public agencies involved in the LIB value chain, producer responsibility 

organizations, subject matter experts, and an innovation community. The companies selected 

for this study are Akkuser Oy, Fortum Oyj, and Valmet Automotive.  

Akkuser Oy is a recycling operator with a recycling facility utilizing mechanical processing 

in Nivala. They are able to process alkaline, Ni-Mh and lithium-ion batteries without a need 

for pre-treatment. Other types of batteries are sorted and sent forward to appropriate 

processing facilities. (AkkuSer, 2022) 

Fortum Oyj is a company operating in the energy sector that has made significant 

investments in sustainable products and services, especially in waste management. Fortum’s 

focus in battery waste is on lithium-ion batteries. They have a mechanical processing facility 

in Ikaalinen and a hydrometallurgical processing facility in Harjavalta. (Fortum Oyj, 2021) 
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Valmet Automotive is a contractual vehicle manufacturer and a battery system 

manufacturer. They have a battery manufacturing facility in Salo, where they mainly 

produce 48-volt batteries and complete high-voltage battery systems. Valmet is also building 

a second battery manufacturing facility in Uusikaupunki. (Valmet Automotive, 2022) 

Public agencies interviewed for this study are the Ministry of Economic Affairs and 

employment, the Ministry of the Environment, the Finnish Transport and Communications 

Agency (Traficom), Business Finland, and Pirknamaa ELY-Center.  

The Ministry of Economic Affairs and Employment (TEM) is responsible for creating 

the conditions for economically, socially, and environmentally sustainable growth. They 

govern areas such as industrial policy, innovation and technology policy, functionality of 

markets and promotion of competition, regional development, energy policy and the 

coordination of climate policy. The national battery strategy was coordinated by TEM. 

(TEM, 2022) 

The Ministry of the Environment (YM) is responsible for the policy preparations 

concerning the climate, communities, built environment, biodiversity, and environmental 

protection.  YM promotes good environment and diverse nature, carbon-neutral circular 

economy society and sustainable urban development. (YM, 2022) 

Traficom, also known as the Finnish Transport and Communications Agency, oversees 

matters related to permits, licenses, registrations, and approvals, as well as safety and 

security. This includes for instance permits and regulation related to transport of dangerous 

goods and packaging material regulation for transport of goods. Traficom is an agency that 

coordinates the communication of all matters related to road safety and transport of goods. 

(Traficom, 2022) 

Business Finland is a public agency that offers funding for innovations, promotes travel and 

investment in Finland. Business Finland offers services to SMEs, start-ups, large enterprises, 

research organizations, public sector clients and guidance for international clients. (Business 

Finland, 2022) 

Pirkanmaa ELY-Center is a public agency that belongs to the Center for Economic 

Development, Transport, and the Environment. Finland has 15 ELY-centers throughout the 

country, of which most are responsible for business and industry, labor force, competence 

and cultural activities, transport and infrastructure, and environmental and natural resources. 
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Pirkanmaa ELY-center is specifically responsible for matters related to extended producer 

responsibility (ERP)5. (ELY-keskus, 2022).  

The Producer responsibility organizations (PRO) interviewed are Recser Oy, Suomen 

Autokierrätys Oy, and Suomen Akkukierrätys Pb Oy. The collection of EOL LIBs is 

organized by PROs, which are non-profit umbrella organizations with no actual operations, 

and their tasks include managing the logistics of collecting and redistributing LIB waste and 

gathering information on produced and imported batteries by their partnering companies, 

such as electronics importers and electronics manufacturers. PROs are also responsible for 

consumer communication regarding LIB collection. (ELY-Keskus, 2022; Paristokierrätys, 

2021) 

Recser Oy, more familiarly known as Paristokierrätys Oy arranges collection sites for 

various types of spent (portable) batteries. Recser Oy arranges collection sites from offices 

to supermarkets and has a network of over 13 000 collection points (Paristokierrätys, 2022). 

Suomen Autokierrätys Oy (Finnish Car Recycling) is a producer responsibility 

organization in charge for recycling of consumers’ as well as companies’ vehicles in Finland. 

They are also responsible for managing collection of EV LIBs (Suomen Autokierrätys Oy, 

2022). Akkukierrätys Pb Oy is the only producer organization in Finland that handles lead-

acid battery recycling. This includes batteries from vehicles and industrial applications 

(Akkukierrätys Pb Oy, 2022). 

Four subject matter experts were also interviewed for this study, however due to 

promising anonymity, in this study they are referred to as a member 1 and member 2 of LUT 

University’s research platform Sustainable Circularity of Inorganic Materials6 (SCI-MAT), 

expert in Finnish battery industry, and expert in Finnish battery landscape. Both SCI-MAT 

platform interviewees “Member of SCI-MAT platform 1” and “Member of SCI-MAT 

platform 2” were chosen due to their knowledge and experience in circular economy and 

battery chemistries. The subject matter expert “Expert in the Finnish battery industry” was 

interviewed due to their in-depth insight of actors in the industry, legislation related matters, 

 
5 Extended producer responsibility is the European Union’s policy tool to help meet recycling and recovery 

targets by extending a producer’s financial and operational responsibility to include the post-consumption 

management of products. The producers are therefore responsible for the physical collection of waste and the 

costs related to its management. (Europen, n.d.) 
6 SCI-MAT is the LUT University’s scientific platform specializing in research on the recovery of valuable 

metals from secondary sources as well as the treatment and valorization of industrial wastes, residues, and 

side streams. (LUT University, 2022) 
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and knowledge on battery raw materials. The final subject matter expert “Expert in the 

Finnish battery landscape” was interviewed due to their deep insight of the networks and 

clusters of the LIB industry.  

One innovation community EIT Raw Materials was interviewed for this study due to their 

role in connecting innovation, business, and academia in the European Union. (EIT Raw 

Materials, 2022) 

 

3.3  Data Analysis 

The studied data was analyzed using codification of interviews and secondary material. I 

used the Gioia et al. (2013) codification methodology, which entails an inductive theory 

building approach through open coding of the data set. As Gioia et al. (2013) state, unlike 

other inductive and interpretive methodologies, the Gioia’s codification methodology 

requires a thorough explanation of the systematic approach that is employed in data 

gathering and analysis. This is due to the nature of the methodology being conscientiously 

ignorant to prior theory to be able to extract novel insight from the data (Gioia et al., 2013: 

26). Although the analysis of the data itself is not guided by existing research, the theoretical 

background of this study is rooted in circular economy and circular business models.  As the 

coding process advanced, the existing literature on circular economy and circular business 

models was taken into consideration when the arising themes from the data were compared 

against it to identify similarities.  

On a more practical level, the transcriptions were first processed in Microsoft Word to 

remove excess descriptive information from the header of the file and to clean all remarks 

regarding transcription quality (sound, pauses, and unclear terminology) from the text. 

Before beginning the analysis, the transcriptions and the notes from the interviews were all 

refamiliarized by the researcher to gain a good overall understanding of the topics discussed. 

The transcriptions were then transferred to NVivo for coding. First, the initial categories 

were identified by processing each interview individually. The total amount of first-order 

categories was 269. Although the number of categories is extremely high, it is common in 

the Gioia methodology and according to the authors a sense of overwhelm and confusion is 

part of the process (Gioia et al., 2013). After finishing the one-by-one review, the first-order 
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categories were sorted from highest to lowest referenced codes, and the ones with three 

references or more were further reviewed to confirm the accuracy of the code and to reduce 

duplicates in first-order concepts. It was noticed that there was still a significant number of 

codes with one or two references, which either means that they are duplicates of an existing 

first-order code with slightly varying description or that they were topics mentioned only 

once or twice in the interviews. It was decided to start the second-order coding with the most 

referenced codes and enrichen the descriptions, if necessary, as the categorizations develop. 

In total there were 100 first-order concepts with three or more references and 169 first-order 

concepts with one or two references. 

The second-order themes were created by seeking similarities and differences among the 

first order concepts. This was a time-consuming process and resulted in an initial set of 

categories as well as confusion as to what is happening. These categories failed to describe 

the actions related to the studied phenomenon and were therefore recoded. The second try 

provided more useful second-order themes that were able to describe the first order concepts 

within these themes. Unsurprisingly many of the identified themes matched finding from 

prior research. In the last phase of analysis, the second-order themes were further analyzed 

and grouped into aggregate dimensions, after which theoretical saturation was achieved. 

The concepts and themes help analyze and visualize this study’s findings through the data 

structure presented in figure 12 below.  
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Figure 12. Data structure of this study 

 

3.4  Validity and Reliability of the Study 

Reliability measures the consistency and the repeatability of a study. In qualitative research, 

repeatability is often a challenge because much of the research process depends on the 

researcher. Reliability in qualitative research can be improved by detailing the steps in the 

research process which allows others to repeat the same study (Yin, 2014).  

Validity measures the accuracy of a study as in whether the researcher is able to provide 

accurate findings on the initial study topic. A typical way to improve validity of a study is 

to triangulate collected data (Creswell & Miller, 2000). Relying on multiple sources of 
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information improves the validity of a study. In qualitative studies, providing direct quotes 

from interviewees helps illustrate a realistic view on the studied phenomenon and reduces 

ambiguity related to a researchers own conclusions (King, 2005).  

Specifically for studies using the inductive interpretive theory building approach, one of the 

built-in possible pitfalls is the assumption that the interviewees are viewed as experts within 

their field and therefore are able to convey their thoughts, intentions, and actions. To reduce 

the risk of misperceived concepts and to improve the reliability and validity of the results, it 

is important to give emphasis on the selection process of interviewees in research. (Gioia et 

al., 2013: 17) 

Validity relates to the accuracy of a study’s results and is connected to data collection. In 

this study, validity is gained through multiple interviews across the LIB industry and by 

confirming the legislative documents from official sources of the Finnish government and 

the EU (data triangulation). The tracking of the data used for this study is also intact as the 

process from raw data to the final results is presented in the data structure. The detailed 

description on how the data structure was formed also increases the reliability of this study. 

To avoid false expert pitfalls, the sampling of interviewees was carefully planned with the 

thesis supervisors, which resulted in interviewing multiple experts with broad and certified 

experience in the studied field.  

The study data, including interview questions, recordings, and transcriptions, is stored in a 

secure cloud environment provided by LUT University, accessible to only SCI-MAT 

platform personnel.   
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4  The Emergence of Lithium-ion Battery Industry based on 

Circular Economy: from Practitioners’ Perspective 

This chapter discusses the findings of the empirical research and has three sub-chapters. The 

first sub-chapter gives an overview on the interviewees’ perception on the lithium-ion 

battery (LIB) industry and the growing market and focuses on the most commonly 

mentioned characteristics. The second sub-chapter investigates the structure of lithium-ion 

battery (LIB) value chain in Finland by identifying the key actors and presenting the gaps 

among value chain activities. A closer look into the recycling actors and their position in the 

value chain is also made. The last sub-chapter presents the existing circular business models 

(CBM) in the market, discusses the challenges in implementing CBMs in the market, and 

analyses the opportunities identified for circular business. 

 

4.1  Characteristics of the Lithium-ion Battery Industry in Finland 

This sub-chapter describes the most commonly mentioned characteristics of the LIB industry 

in the interviews. The chapter aims to clearly indicate the importance of each topic and to 

summarize the key discussion points of the interviewees. This chapter also helps the reader 

become more familiar with the context of this study and to act as a foundation for the 

following empirical findings. 

 

4.1.1  Material Scarcity Plagues Development of Circular Economy Solutions 

One of the most raised topics in the interviews was the availability of waste LIB in the 

market, connected to LIB life cycle, and first and secondary use. The current sources for 

waste LIBs are consumer collection and through individual agreements between recycling 

actors and industrial manufacturers. On a global level, the material flows are mainly 

controlled by China, as they produce the vast majority of LIB components and cells. The 

existing waste flows are spotty, but there are also mentions of LIB waste being exported 

from Finland, and thus not ending up to the domestic recycling actors’ facilities.  
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In regard to EV LIBs, the amount of available end-of-life (EOL) EV LIBs in the market is 

extremely low as most EVs sold in the market have not yet reached an EOL status. The pool 

of cars in Finland is among the oldest in Europe, and the lifecycles for cars are long, resulting 

in a slow adaptation of EVs and extended use phases in comparison to the European market. 

The few EV LIBs available for recycling are damaged and often end up in research facilities 

rather than commercial recycling actors. One of the recycling actors in Finland has acquired 

a permit for import of EV LIBs from the Nordic countries.  

 

4.1.2  Geographical Location 

The interviewees highlighted Finland’s geographical location significant impact on LIB 

waste flows. The closest big market for LIB waste is in Central Europe, which creates 

pressure to create and develop the value chain through which LIB waste is sourced. The 

interviewees mentioned northern mega factories, such as Northvolt in Sweden, as an 

alleviating factor in LIB waste sourcing. The logistical costs and emissions from 

transportation of waste LIBs, along with continuously stricter environmental regulation play 

a key role in the decisions of where LIB waste is sourced. From a logistical perspective, 

Finland is an island which influences the cost and modes of transport of LIB waste.  

 

4.1.3  Changing Legislative Environment 

The EU sets the context for LIB recycling regulation in Finland. As detailed in chapter 1, 

the legislative environment in Europe is going through a major change. The interviewees 

mention that with the new Battery Regulation7, other European countries’ legislative context 

will be brought to the same level as in Finland. Finland’s strict environmental regulation is 

mentioned regularly throughout the interviews. One of the most emphasized aspects of the 

new Battery Regulation is the specifications for the collection and recycling rates of various 

scarce materials and the mixing requirement for new LIB production. Also, the rights of 

 
7 The new battery regulation refers to the European Union’s proposed battery regulation which is currently 

under review. 
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producer organizations (PRO) as the primary organizer of LIB waste collection were 

highlighted.  

4.1.4  Maturity of the Value Chain and the Competitive Landscape 

The interviewees point out the maturity of the Finnish LIB value chain. According to the 

interviewees, Finland has actors throughout the value chain, many of which have been 

around for decades. Finland’s key industries, such as mining and refining, heavy machinery, 

and forestry, are referred to as the backbone for the LIB value chain by multiple 

interviewees. The structure of the LIB value chain is discussed in further detail in chapter 

4.2.1. The interviewees state that there is a lot of capabilities and knowledge for the LIB 

business in Finland.  

The competitive landscape is seen as twofold. On one hand, the competition within Finland 

is described as low to non-existent, and on the other the biggest competitors are located in 

Central Europe, where most of the largest car manufacturers are situated. The interviewees 

describe the nature of the competition as competition between networks of actors, and the 

importance of strategic partnerships between LIB manufacturers, car manufacturers, and the 

LIB recycling actors is discussed. Many interviewees bring up the role of China in the global 

LIB market, as well as its influence on the competitive landscape. 

 

4.1.5  Research and Innovation 

Regarding research, many interviewees mention the BATCircle8 consortium as well as 

multiple Finnish Universities, including specific researchers in the field. The interviewees 

highlight research in new battery technologies as a hot topic and state that the findings from 

these studies are under discussion continuously. The Finnish government’s funding 

allocation to LIB research is also discussed as well as the current Minister of Economic 

Affairs, Mika Lintilä’s decision to focus on the development of the LIB value chain in 

Finland. There are also major investments in the works for the Finnish LIB value chain, and 

many interviewees bring up the rate of innovation in Finnish companies. One way of 

 
8 Circular ecosystem of battery metals in Finland, led by Aalto University (BATCircle, 2022) 
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acquiring innovative technology mentioned is the investing in start-ups. Another method 

discussed is incremental process innovation.  

4.2  The Structure of the Lithium-ion Battery Value Chain in Finland 

This sub-chapter provides a holistic view on the actors in the lithium-ion battery (LIB) value 

chain in Finland. It then goes on to provide a detailed illustration of the structure of the value 

chain. Lastly, the focus shifts from the value chain to recycling actors, and a deep dive is 

taken into the two main recycling actors, their processes, and material flows.  

 

4.2.1  Lithium-ion Battery Circular Economy Stages: Holistic View on Existing and 

Missing Actors  

Finland has multiple actors in each stage of the LIB value chain and the circular economy 

(CE). The actors, their names, position in the value chain, annual revenue, and number of 

employees are presented in table 6 below.  

Table 6. List of actors participating in this research 

Type of actor Actor name Position in value chain Annual 

revenue 

(MEUR) 

No. of 

employees 

PRO Rescer Oy LIB collection oversight 1.8 N/A 

PRO Akkukierrätys Pb 

Oy 

Lead Battery collection 

oversight 

0.19 1 

Company Norilsk nickel 

Harjavalta Oy 

nickel smelting and 

refinery 

1 100 297 

PRO Suomen 

Autokierrätys Oy 

Car collection oversight 0.57 N/A 

Company Akkuser Oy Recycling actor 2.6 22 

Company Geyser Batteries 

Oy 

Battery cell production 

(start-up) 

0.006 N/A 

Company Fortum Oyj Recycling actor 49 931  19 933 

NGO Finnish Minerals 

Group 

LIB value chain 

development oversight 

1.2 N/A 

Government Ministry of 

Economic Affairs 

and Employment 

Ministry N/A N/A 

Company Kuusakoski Oy LIB waste collection 255 378 

Company BASF – Battery 

Materials Finland 

Oy 

Refinery N/A 9 

Company Terrafame Oy Mining  338 833 

Company Boliden 

Harjavalta Oy 

Refinery 307 585 
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Company Valmet 

Automotive 

Battery pack production 494 3 868 

Company Keliber Oy Mining N/A 16 

Government Business Finland Funding N/A N/A 

Government Traficom Permits and reporting N/A N/A 

Government Ministry of the 

Environment 

Ministry N/A N/A 

Government Pirkanmaa ELY-

Center 

Permits and reporting N/A N/A 

NGO EIT Raw 

Materials 

Research, innovation, and 

funding 

N/A 6 

Company Akkurate Oy Battery diagnostics (start-

up) 

0.24 10 

Company Celltech Battery pack production 13.7 17 

 

The Finnish LIB value chain is built on the same foundation as heavy machinery, which is 

one of Finland’s biggest export industries. Supplying the heavy machinery industry with 

various metal products throughout the decades has created a high level of expertise and state 

of the art operations in the mining and refining industries. By utilizing these existing 

capabilities, Finnish companies have applied the techniques of extracting valuable metals 

from the earth to recycling waste. This has generated a unique environment, where various 

actors spread across a small geographical footprint are able to complement each other’s value 

offering. In the context of the LIB value chain, a few critical actors are missing between 

creating pure metal products and assembling battery modules and packs.  

As illustrated in figure 13, Finland has actors in all the main stages of CE for the LIB value 

chain: 1) mining, 2) refining, 3) battery pack production, 4) application and 5) recycling. 

This research shows that there are stages of the value chain missing: 1) battery chemical 

production and battery cell production and 2) second life application. As a result, should 

Finland aim to be a leading hub in Europe in the LIB industry, these two stages should be 

developed and covered by Finnish companies.   
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Figure 13. LIB CE model with material flows (figure by author) 

 

The mining industry has long traditions in Finland as it has significant natural reserves of 

nickel and cobalt. There are currently a few active mines where rare metals are unearthed at 

large quantities even on a European level. The largest mine is operated by Terrafame who 

also, as of 2021 are ramping up a battery chemicals production plant, which will move their 

presence from solely mining nickel and cobalt metals to also providing nickel and cobalt 

sulphate to battery cell production for EVs (Terrafame, 2021). Another significant mine is 

operated by Boliden, who in addition to having zinc and copper mines and smelters, also has 

recently expanded its portfolio to nickel products where they have both a mine and a smelter 

in Finland (Handelsbanken, 2021). In addition to nickel and cobalt mines, Finland has 

lithium reserves which are being targeted by Keliber who is planning to initiate lithium ore 

production in 2024 (Keliber, 2021: 46). 

The interviewees also highlighted the existing infrastructure and large utilizable reserves, as 

well as the capabilities to produce raw materials in an environmentally and socially 

sustainable way: 
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“We [Finland] have the advantage of raw material production starting from 

mining and we can prove that our [the battery raw materials] are sustainably 

sourced.” (Interviewee P) 

”[Battery manufacturers] want to source materials from a close geographical 

proximity, which makes Finnish raw materials preferrable. Finland also 

produces the largest amount of nickel, and all cobalt used in Europe is first 

processed in Kokkola… Battery materials produced here [in Finland] have the 

world’s lowest CO2 footprint” (Interviewee L) 

Finland has extensive knowhow in the refining industry. All three important battery 

minerals, lithium, cobalt, and nickel, have active or planned mines in Finland. One big 

cluster is in Harjavalta, where Boliden and a joint operation between Nornickel and BASF 

have their smelters. Another large operator is the Freeport cobalt’s refinery in Kokkola, 

whose cobalt functions are among the largest in Europe and were acquired by the European 

giant Umicore in 2019 (Umicore, 2019). On the technology side, Metso Outotec is 

specialized in providing processing and hydrometallurgy knowledge and solutions for the 

smelters and refineries (Metso Outotec, 2022). 

The interviewees emphasized the technological know-how and existing infrastructure in 

Finland: 

“The best is to utilize the existing infrastructure, especially in Finland where 

we have a strong metal refining industry, so we have metal refineries refining 

the battery metals like cobalt, nickel, copper and so on. We should utilize those 

rather than focusing on inventing something new again, because those are 

really good in what they are doing in refining different metals.” (Interviewee 

D) 

They also pointed out that refineries are an important part of the recycling process as the 

output from recycling facilities typically is expensive to directly use as an input to battery 

chemistry. 

“If we examine a recycling facility, it is notable that the direct utilization of 

recycling process outputs is quite expensive and not as profitable. The ability 

to combine recycled materials and virgin materials is beneficial.” (Interviewee 

L) 
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Finland has only a few operators in battery pack production and no existing plants for battery 

component9 or battery cell10 production. Valmet Automotive is the largest battery pack and 

module producer in Finland. There is a clear gap in capabilities between material production 

and battery pack production, however, there have also been discussions on new battery 

precursor factories and a battery cell manufacturing plant near Vaasa. Due to these gaps in 

the value chain, battery cell components need to be imported from China. The interviewees 

also pointed out the missing actors in the current value chain and also mentioned the growing 

demand for the battery packs produced by Valmet Automotive:  

“I have understood that in certain battery technologies, for instance cathode 

and cathode precursor technologies, we have the know-how and capabilities 

for certain parts of the battery, but it does not cover the full value chain.” 

(Interviewee N) 

”We [Finland] have Valmet Automotive in battery pack production so the 

capabilities for the final steps of battery assembly exist… and they have a 

production plant in Salo and another one in Uusikaupunki. However, we are 

missing a battery cell manufacturer. So, we have the capability to produce 

materials, but we are missing cell production” (Interviewee L) 

In addition to heavy machinery industries such as mining, Finland has long traditions in 

maritime vessel and forestry machinery manufacturing. This provides a local pool of end 

users for LIBs, that can be included in the design process of future battery solutions. The 

global megatrend of electrification has also expanded to heavy machinery industries and 

many original equipment manufacturers are looking for solutions to electrify their offering. 

Even though most of the heavy machinery manufacturing in Finland is exported, the new 

business models for LIBs, such as product leasing or product-as-a-service (PaaS), could 

provide reverse supply chains that increase the number of EOL LIBs available for recycling 

in Finland. This was also apparent in the remarks made by the interviewees: 

”This [LIB industry] has been chosen as a focus area on a national level, 

electrification of heavy machinery is a niche [for Finland] and something we 

 
9 Battery components refer to the production or chemicals needed to produce batter cells, such as precursor’s 

active cathode materials. 
10 Battery cells refer to the production of individual cells (from cathode and anode materials) which can be 

then combined into battery modules or packs. 
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want to focus on. We have reached a point where all car manufacturers have 

EVs in the market, which is further intensifying electrification of vehicles…All 

car manufacturers have publicly discussed plans on when and how they will 

electrify their offering…[OEMs] have electrification as a key strategic focus 

nowadays.” (Interviewee K) 

”Looking back on the past ten years, the world has taken a huge leap in 

electrification of consumer electronics and EVs. Almost all electronics use 

batteries, there are increasing numbers of EVs on the market, hybrid cars have 

also gained popularity. So yes, there is a significant upward trend in 

electrification of the world, and it will most likely continue to grow in the future 

as well.” (Interviewee O) 

Second life use of LIBs is still in its early stages. The current focus of second use of LIBs 

focuses solely on EV LIBs and industrial LIBs, this is mainly because EV and industrial 

LIBs are more valuable than small LIBs used in consumer electronics. As the second life 

LIB market is still developing, there is no current regulation in place on how second life 

LIBs should be re-designed or on their safety requirements. Many of the interviewees 

indicated that the market is still developing and at its current state is not suitable for reuse of 

LIBs in large scale:  

“Well, today there would be much more demand for second life EV batteries 

but they are not available, because they have turned out to be much more 

reliable and their lifecycle is longer than people expected, and now people are 

even saying that it may be possible that EV battery actually last a whole 

lifecycle of the vehicle itself, so it means that there will not be so many batteries 

for second life or reuse type applications available.” (Interviewee G) 

“Second life has remained a blind spot, in terms of regulation.” (Interviewee 

J) 

There is, however, efforts in research and innovation for second life solutions. Companies 

like Fortum and Wärtsilä are piloting second life solutions as energy storage systems, and 

start-ups are continuously developing new solutions (Fortum, 2022; Wärtsilä, 2022). As an 

example, the Finnish start-up Akkurate, develops a diagnostics technology for analyzing 
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EOL LIBs to distinguish, which LIBs can be repaired for reuse, and which can then be 

disassembled and refurbished for secondary use.  

“There is a Finnish start-up, Akkurate that has been developing diagnostics 

and analytics for batteries. I am not entirely sure how it works, if for example 

a battery is malfunctioning is it possible for Akkurate to perform diagnostics 

on the battery and decide what needs to be done? Knowing what is wrong with 

a malfunctioning LIB or EV LIB could be useful considering reuse of LIBs.” 

(Interviewee F) 

Second life applications are also believed to possibly hinder the LIB recycling efforts as they 

slow down and narrow the material flow of waste LIBs. The current accepted process for 

EOL LIBs is recycling. It is also highlighted in the interviews, that there needs to be careful 

consideration on whether to promote second life usage or recycling, as the latter most of the 

time results in less environmental burden: 

”In the future there will surely be usage for second life LIBs, but most likely it 

will be a narrow market, applicable to only a limited number of applications 

where damaged battery cells can be replaced with new ones. I don’t think 

second life will become a large-scale business; recycling is the core focus at 

this point.” (Interviewee L) 

The LIB collection is organized by PROs, mainly Recser, and the collected LIB waste is 

transported by the logistic partners to the recycling facilities. In the Finnish LIB value chain, 

there are two recycling actors: Akkuser Oy and Fortum Oyj. Akkuser receives all the 

consumer collected waste LIBs while Fortum has strategic partnerships with other actors in 

the value chain, such as Valmet Automotive, to ensure a steady flow of recycling process 

input. The outputs from recycling processes are looped back into the value chain to be used 

by refineries. The interviewees pointed out that even on a global scale, Fortum’s recycling 

process is of high quality:  

“Fortum has new technology and based on my understanding the Harjavalta 

facility is very significant and advanced when examined on a global scale.” 

(Interviewee K) 
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4.2.2  Closing the Loop in Recycling 

To better understand the key role waste LIB recycling plays in the circular economy of LIB, 

a closer analysis on the current recycling actors, their processes and activities in the value 

chain is needed. This sub-chapter aims to provide a thorough description of the two main 

recycling actors, their roles and significant to the value chain.  

From the interviews it is apparent that there is significant ambiguity on the definition of 

waste. The actors are not highlighting the need for clear definitions for what is considered 

LIB waste, but they describe various challenges related to the waste definition, and waste is 

used as a term for products that are not actually defined as such in legislation. Finland’s 

waste management law regulates waste classification. According to the end of waste 

classification, recycled waste is no longer considered waste if it checks the following criteria:  

1) It is to be used for special purposes 

2) It has a market or demand 

3) It meets the technical requirements appropriate to its intended use and complies with 

the regulations and standards applicable to similar products 

4) Its use does not pose danger or harm to health or the environment (Finnish 

Parliament, 2021) 

Based on the classification of end of waste, the output of a recycling process, for example 

black mass, is not considered waste as it can be used to retrieve valuable materials through 

hydrometallurgical processing, it has a market (refineries), and is no longer considered 

hazardous waste (prior to crushing, LIB waste is considered hazardous).  

The current practice in Finland’s LIB recycling industry is decentralized, meaning there are 

several companies involved in the recycling process. In Finland, two actors in the LIB value 

chain are considered recycling operators, Fortum Oyj and Akkuser Oy, both serving different 

parts of the market. To illustrate the playing field for each actor, each actor and its recycling 

functions are presented in detail, first with a description of the actor itself, and then taking 

plus one approach in the value chain, meaning examining only the direct partners 

cooperating with the actor(s) in question. This approach is chosen mainly because there is 

currently very little collaboration involving all the actors within the LIB recycling value 

chain, however there is regular collaboration and strategic partnerships when examining 

actors and their direct partners. This also supports the claim that currently in Finland there 



70 

 

are no clear circular systems in the LIB industry, but rather symbiotic systems within in each 

function of the value chain. This is further discussed in chapter 4.3.1.  

Fortum. The most significant recycling actor in Finland’s LIB recycling value chain is 

Fortum. Fortum is mostly focused on processing large LIBs like EV LIBs and industrial 

LIBs. Fortum sources LIB waste from abroad by importing black mass, faulty industrial and 

EV LIBs, and by sourcing local actor’s battery pack production scrap.  Fortum has acquired 

special permits to import used EV batteries from Norway and Sweden, to ensure supply to 

their processing facilities in Ikaalinen and Harjavalta (Fortum, 2021a). Fortum also sources 

material for recycling within Finland, through a partnership with Valmet Automotive to 

recycle battery pack production scrap as well as cooperation with Finnish Car Recycling Ltd, 

for recycling of malfunctioning or expired EV LIBs. Using battery pack production scrap 

from Valmet Automotive is extremely beneficial for Fortum, due to the production scraps 

purity of materials, it does not require as extensive processing as for example EOL EV and 

industrial LIBs. Fortum also has the capability to recycling industrial LIBs. 

Fortum’s recycling process is acknowledged by many actors in the LIB industry. Their 

process is a state-of-the-art three phase recycling process consisting of manual disassembly 

and sorting of LIBs, mechanical crushing on remaining LIB parts, and hydrometallurgical 

processing of black mass (output of mechanical crushing). Fortum’s recycling process is 

extremely efficient and according to Fortum it is able at its best to achieve a 95% recycling 

rate for LIB waste. The first two phases of the recycling process, discharging and 

dismantling, and mechanical crushing are carried out at Fortum’s facility in Ikaalinen. The 

output of these processes is transferred to the Harjavalta facility for hydrometallurgical 

processing. The products from the hydrometallurgical process are then sent to metal 

refineries. The processes, their inputs and outputs and destinations are illustrated in table 7 

below. In addition to LIB recycling, Fortum also has a high-heat treatment plant for smaller 

batteries where the materials are incinerated for heat production.  

In addition to recycling, Fortum is also heavily involved in investing in start-ups in the 

industry, through their investment fund for clean energy ventures. During the next two years, 

Fortum is committed to investing over 50 million euros to clean-tech start-ups. One of the 

start-ups Fortum has invested in is Akkurate Oy. Akkurate has received a 1.2-million-euro 

investment from Fortum for their efforts in providing battery analytics and diagnostics, 

enabling repair and maintenance of large LIBs in the future. (Akkurate, 2022)  
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Table 7. Fortum's process steps for LIBs 

Process Input Output Destination 

Discharging and 

dismantling 

(Ikaalinen) 

EV LIBs, industrial LIBs Plastics, copper wires, 

circuit boards 

-Recycling operators 

-Mechanical crushing 

 

Mechanical Crushing 

(Ikaalinen) 

-Output of previous 

discharging and 

dismantling process 

-production scrap from 

battery pack production 

-Black mass (copper, 

aluminum, plastic and 

foils) 

-Process scrap 

-Hydrometallurgical process 

-High heat treatment for 

scrap 

Hydrometallurgical 

process 

(Harjavalta) 

-Black mass from 

previous mechanical 

crushing process 

-Black mass sourced from 

market 

 

-nickel, cobalt and 

lithium based products 

Refineries and LIB 

precursor manufacturing 

 

In addition to investing in battery diagnostics, Fortum is also piloting second life solutions 

for refurbished LIBs in a joint project with Volvo Cars and Comsys, in Sweden (Fortum Oyj, 

2022). Fortum’s involvement in the LIB value chain is illustrated in figure 14 below. 

 

Figure 14. Fortum's direct influence in the LIB value chain (figure by author) 

 

Akkuser.  While Fortum focuses on processing of large LIB and battery pack production 

scrap, Akkuser is the key recycling actor in consumer LIBs. Akkuser acquires recycled 

batteries from Recser Oy, which is a PRO representing battery and accumulator producers. 

Recser arranges battery collection points across Finland and delivers all collected waste 
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batteries to Akkuser. Akkuser is responsible for sorting the batteries to separate LIB from 

alkaline batteries, which both go through different recycling processes. The single-use LIBs 

are sorted and shipped out to Fortum Waste Solutions Oy to undergo high-heat treatment 

processes. Fortum generates electricity and district heating from the incineration, and the 

remaining slag is utilized as a construction material (Fortum, 2021b). The low- and high-

cobalt LIBs are processed at Akkuser in a two-stage mechanical crushing process. In its 

process, Akkuser is able separate the cathode (containing cobalt) and graphite, which is then 

shipped to a refinery in Kokkola for further processing. Small LIBs containing large amounts 

of cobalt, are also sent to Kokkola for further refining processes. Akkuser’s process output 

is black mass, which contains cobalt, other valuable metals as well as plastics and foils. This 

black mass is suitable processing in a hydrometallurgical process, which can extract various 

scarce materials, but most typically is used for extraction of cobalt and nickel products. 

Akkuser’s processes, their inputs and outputs and destinations are illustrated in table 8 

below. 

Table 8. Akkuser process steps for LIBs  

Process Input Output Destination 

Reception of 

batteries 

Heterogenous battery waste received from 

Finland (Recser Oy) 

Waste is labeled, 

weighed and stored 

for further processing 

Storage for further 

processing 

 

Manual 

sorting 

Battery waste is manually sorted to identify 

battery types. Pre-sorted battery waste is 

also double checked to ensure purity of 

recycled end product 

Sorted battery waste: 

high and low cobalt 

batteries, Ni-Mh 

batteries, and alkaline 

batteries 

 

Each battery type is 

processed differently.  

Processing 

LIBs  

Low and high-cobalt LIBS Black mass Refineries (in Kokkola) 

 

Akkuser is not involved in repair and refurbishment of LIBs or piloting second life solutions. 

This is mainly due to their expertise and business model’s focus being on consumer LIB. 

Akkuser’s business model and partnerships are simpler than those of Fortum. Akkuser’s 

involvement in the LIB value chain is illustrated in figure 15 below. 
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Figure 15. Akkuser's direct influence in the LIB value chain. (figure by author) 

 

The material flows within the value chain, from the perspective of the two main recycling 

actors is illustrated in figure 16 below. There are intra-national and international material 

flows in the LIB value chain. The output flow from both recycling actors are sent to refineries 

in Finland.  

 

Figure 16. The material flows in the value chain from the perspective of the two main recycling operators (figure by author) 
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4.3  Circular Business Model Viability in the Market 

This sub-chapter presents the existing circular business models (CBM), challenges related 

to implementing them, and the opportunities related to circular business. First, the existing 

CBM strategies in the market are described based on the categorization derived from the 

theoretical part of the thesis. Then the key challenges related to implementing CBMs are 

presented with the help of the data structure created from the interview data. Lastly, this sub-

chapter provides a list of identified opportunities, which grouped based on the data structure. 

 

4.3.1  Existing Circular Business Models 

The actors in the LIB value chain described their operations in a general level and detailed 

the interactions with other actors in the market. From their descriptions, identification of 

CBMs was not obvious, as the descriptions mostly included dyadic relationships either up 

or down the supply chain. However, combining the descriptions of multiple actors provided 

some similarities with the theoretical categorizations detailed in chapter 2.3.1. The findings 

are presented in table 9 below. 

 

Table 9. Existing CBMs in Finnish LIB industry. 

CBM strategy Actor (s) Implementation in Finnish LIB 

industry 

Cycling Fortum and Valmet 

Automotive 

Battery production waste as input 

to recycling process 

Intensifying N/A N/A 

Extending Valmet Automotive Contract manufacturing of high-

quality battery packs 

Dematerializing Akkurate Diagnostics solutions to enable 

maintenance of LIB 

 

The main discussion point on circularity with the interviewees was on cycling CBMs. The 

interviewees highlight the number of LIBs being too low to fulfil the capacity for recycling 

and that waste LIBs need to import to scale up production. From the analysis of the value 

chain, it is also apparent that the actors collaborate with actors nearby and it is logical that 
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this geographical closeness improves operational efficiency. However, despite the close-knit 

partnerships between recycling actors, LIB waste collection actors and battery precursor 

producers, there was no mention of recycling operational resources such as energy or 

logistics. The only mention of this type of cycling is the Fortum’s use of Valmet 

Automotive’s production scrap as an input to their recycling process. This represents a prime 

example of improving economic performance while also promoting sustainability. From 

Fortum’s perspective, they can tap into a homogenous source of LIB waste that is predictable 

and cheap to source, due to proximity of Valmet’s plants. From Valmet’s perspective, they 

can turn a process defect into monetary value by selling their waste to Fortum. This business 

model is typical with new plants in LIB industry. Scaling up new production plant and 

achieving high yield takes a long time, sometimes even a decade, and during that time the 

side streams can become unmanageable and harm the profitability of production. The ability 

to loop waste streams back into recycling reduces waste costs and improves margins as well 

as risks related to investing in new plants. This synergy can be benefitted from at any stage 

of the LIB production, from precursor manufacturing to battery pack assembly. It is also 

important to note that while recycling of rare metals is described to be at high level, not all 

materials are recycled. In the existing recycling processes materials such as lithium, graphite 

and electrolytes are lost or not utilized. According to the interviewees recycling other LIB 

materials is also gaining interest due to the increase in raw material prices. 

From the perspective of directly reusing LIBs or applying refurbished LIB modules to new 

applications, the interviewees only describe piloting projects in Finland. Typically, these 

second life applications around the world are led by car manufacturing companies, who have 

best access to used LIBs. The interviewees mention Fortum as a leading actor in Finland for 

the second life applications as they are creating partnerships with Nordic actors to import 

increasing amount of EOL EV LIBs, and they are investing in R&D related to LIB reuse and 

remanufacturing through their investment fund Valkea. The interviewees point out that 

majority of the reuse of LIBs in Finland relates to grass root-level technical solutions where 

individuals are setting up private energy storage solutions with end-of-life LIBs. 

The extending CBMs were not specifically discussed by the interviewees but the overall 

notion from the interviewees was that in Finland the goal is to always produce high-quality 

products. The main products in the Finnish market relate to the primary production, so there 

the quality standards mostly reflect the low number of impurities in the battery chemicals, 
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or the homogenous black mass produced by recycling actors. In battery pack production, 

Valmet described their role as a contract manufacturer, which for them means the necessity 

to produce high-quality products that will last for the life cycle of the application they are 

implemented in. Designing efficient products is important to Valmet, but when discussing 

the design-in of recyclability for LIBs there were concerns on the distribution of costs related 

to designing for example easy to disassemble products. While it is easy to communicate the 

importance of design of LIBs also to customers, there is currently no motives for customers 

to pay more for LIBs that are easy to disassemble or recycle as those additional values are 

not realized by the end user of LIB but rather the second life application or recycling actor. 

Another aspect of extending CBMs is the repair and maintenance business for LIBs. The 

heavy focus on recycling influenced the heavily the interviews and there was no clear 

indication that any of the actors would be considering developing their operations to include 

repair or maintenance services.  

The intensifying CBMs were not mentioned at all in the interviews. There are however few 

start-ups in Finland who are focusing for example on electrifying and automating the public 

transport. Buses are one of the most used public transport modes in Finland and shifting to 

electric buses would expand the amount of EV LIBs on the market. There is also political 

support as apart from energy, the public transportation is one of the biggest sources of 

emissions for cities, who are aiming at lowering their carbon footprint, and for example the 

Helsinki regional traffic is steadily increasing their share of electric buses to reach their target 

of cutting emissions from public transportation by 90% by 2025 (HSL, 2021). There is also 

an increasing trend in big cities for the housing cooperatives to offer shared mobility 

solutions, which are typically electric vehicles.  

The dematerializing CBMs relate heavily on the LIB life cycle assessment. One of the 

emerging companies is Akkurate with its LIB diagnostics tool aimed at supporting every 

step of the value chain in analyzing the current health of the LIB and monitoring usage to 

prevent accidents and indicate the need for preventive maintenance.  
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4.3.2  Key Challenges 

The data structure presented in detail in chapter 3.3 played a key role in identifying the 

challenges the LIB value chain actors face. To facilitate the explanation of the identification 

process of the challenges, a summarization of the data structure (first level concepts 

removed) is presented in figure 17 below.  

 

Figure 17. Summarization of the data structure in understanding the main challenges of CE for the LIB value chain 

 

The second order concepts of the data structure were used to identify the main challenges 

that the actors in the LIB value chain are facing from the interview data. The second order 

concepts themselves describe activities in the LIB value chain in which challenges and 

opportunities are faced. To identify the challenges, the data behind each second order 

concept was analyzed individually. The identified challenges and their respective aggregate 

themes (sharing information, operating in Finland, operating in the LIB value chain, 

creating legislative context, decision-making, and changing the future) are presented in table 

10. The challenges and their underlying reasons are listed in Appendix 2. 
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Table 10. Identified challenges and their aggregate themes 

Aggregate theme Challenge description 

Sharing information  - Consumers do not return LIBs to recycling 

- Ambiguous definition of LIB waste 

- Lack of communication platform  

Operating in Finland  - Scarcity of LIBs for recycling 

- Competition against other symbiotic clusters 

- Finland's geographical remoteness 

- Investment costs and risks 

- Characteristics of battery chemistries or compositions  
Operating in the LIB 

value chain 

- Collection related challenges 

- Waste LIB exported from Finland 

- Missing actors in value chain (Second life applications and battery 

cell/precursor production) 

- Second life applications' development 

Creating legislative 

context 

- Inaccurate calculation logic for collection and recycling rate 

- Getting operational permits in Finland is slow 

- Regulation related to LIB needs to be technology-neutral and take 

into consideration recyclability 

- Transportation regulation is strict for LIB waste  
Decision-making 
 

- Ownership of the LIB 

- Company-level decisions always take into consideration profits 

from business operations 

Changing the future 
 

- Radical innovations in LIB technology create uncertainty in 

recycling 

- Systemic innovation is required for the EPR 

 

For the sharing information aggregate theme, the following challenges were mentioned by 

the interviewees: 

• Consumers do not return LIBs to recycling 

• Ambiguous definitions of LIB waste 

• Lack of communication platform 

 

The interviewees pointed out consumers’ lack of understanding of both the value of materials 

inside LIBs as well as the lack of visibility of the cost structure of recycling LIBs as 

underlying reasons for consumers not returning LIBs to recycling. They also mentioned that 

personal data concerns and the consumer electronics being expensive (thus being stored just 

in case) may play a role in the number of LIBs ending up in recycling. The interviewees 

highlighted that the exponential growth of LIBs in consumer electronics within a short period 

of time has created a void between recycling actors’ expectations and the actions of 
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consumers. The second challenge for the sharing information theme is the current ambiguous 

definition for waste batteries. LIBs among other batteries are considered hazardous waste 

when they reach their EOL. Waste LIB collection, transportation, and recycling are strictly 

regulated. However, once they are treated (for example crushed into black mass), they are 

considered a new product that can be used as an input for another production process and 

are no longer restricted by waste regulation. Due to the existing definition of waste, the 

reporting related to LIB waste considers only the LIB waste up until the first treatment. Any 

further processing or refining of the LIB waste falls outside of the scope of reporting. The 

third challenge for the sharing information theme is the lack of a communication platform 

shared by all stakeholders in the LIB value chain. The interviewees mention different types 

of partnerships and consider them valuable, however most of the partnerships are bilateral. 

It is noted that while there are many collaboration groups, they all have slightly differing 

interests and focus areas, and they are not centrally managed. The interviewees mention the 

National Battery Strategy work as a good example of cross-industry collaboration and 

highlight that typically this type of cooperation is government led. Currently there is no 

regular, mutually developed communication platform for the LIB value chain stakeholders.  

The operating in Finland aggregate theme consists of the following five challenges: 

• Scarcity of LIBs for recycling 

• Competition against other symbiotic clusters 

• Finland’s geographical remoteness 

• Investment cost and risk 

• Characteristics of battery elements 

 

The operating in Finland theme is the largest, consisting of five different challenges, all 

interconnected. Firstly, the interviewees discussed the lack of waste LIBs available for 

recycling and the growing concern that in the future, the waste LIBs available for recycling 

in Finland, will not meet the demand of the recycling actors. It is noted that the situation is 

similar in other European countries and will remain the same until EV LIBs begin reaching 

their EOL phase. Due to Finland’s slow adoption of new car technologies (EVs), EV LIBs 

in Finland will be available for recycling even later than in other European countries. The 

interviewees share concern over availability of EV LIBs for recycling in the future due to 
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the growing trend of car manufacturers in Europe wanting to loop back waste LIBs to 

recycling facilities near their manufacturing plants.  

The second challenge identified is competition against other symbiotic clusters. Many of the 

interviewees discussed their concern of China’s existing infrastructure and knowledge on 

circular economy and China’s current position as the market leader for producing and 

recycling LIBs. China is considered a forerunner in LIB recycling and a common concern in 

keeping waste LIB in Europe to ensure raw material availability is shared. Recycling LIBs 

is closely related to EV LIBs, which are mainly produced in Central-Europe and may lead 

to future symbiotic clusters that are out of Finland’s reach. The interviewees also noted that 

the current competition between recycling actors may hinder future capabilities in competing 

against international clusters and clusters around giga factories in Europe. The third 

identified challenge is Finland’s geographical remoteness. According to the interviewees, 

most considered Finland’s geographical remoteness as one of the biggest challenges 

concerning the LIB recycling industry. Geographically Finland can be considered an island. 

As highlighted in the first challenge (scarcity of LIBs for recycling), the current amount of 

waste LIBs is simply not enough to match the demand of the recycling actors, and therefore 

recycling actors import waste LIBs and black mass to fulfil demand and run their facilities 

at full capacity. While this is now a viable option, interviewees highlighted that in the future 

this may not be the case, as lifecycle assessment does not support long distance logistics, 

even if products are EOL.  

The fourth challenge of the operating in Finland theme is investment cost and risk. The LIB 

industry is constantly evolving and is considered highly unpredictable due to continuous 

innovation of new battery technologies and recycling processes. According to the 

interviewees, due to the unpredictability of the market and high upfront costs of building a 

recycling facility, the investments needed are large and difficult to obtain. Predicting future 

waste streams is also difficult and thus justifying investments for new recycling facilities 

and actors in the value chain is problematic. The fifth and final challenge of the operating in 

Finland theme is the characteristics of battery elements. Battery materials are all scarce 

materials and need to meet the high-quality requirements of the industry. According to the 

interviewees, primary LIB materials are sold at a lower price than secondary materials. 

Secondary materials are more expensive as they need to go through expensive recycling and 

refining processes to meet the quality requirements of materials used in LIB. Due to the 
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current difference in cost of materials, LIB producers use more primary than secondary 

materials in their manufacturing processes. 

Four challenges were identified relating to the operating in the LIB value chain aggregate 

theme: 

• Collection related challenges 

• Waste LIB exported from Finland 

• Missing actors in value chain 

• Second life applications’ development 

 

The first challenge identified is collection related challenges. The interviewees identified the 

heterogeneity of collected LIBs as a key collection related challenge. Due to the 

heterogeneity of LIBs on the market, providing consumers with collection points for all 

different types of LIBs is challenging. Safety is a key concern in LIB collection, as LIBs are 

highly flammable if not stored correctly. Another underlying challenge highlighted by the 

interviewees is the growing number of large consumer LIBs on the market, and the difficulty 

of arranging their safe collection. The second challenge discussed by the interviewees is 

waste LIB exported from Finland. The interviewees noted on several occasions that while 

many consumer LIBs are collected in Finland, many are also exported and sold abroad, and 

thus never end up in reporting statistics of collected and recycled LIBs. This is because LIBs 

sold abroad are not considered waste (in current waste regulation) if they are exported as 

reusable products. It is also noted that not all actors participate in PROs. The third challenge 

mentioned by the interviewees is missing actors in the value chain. While all interviewees 

agree that Finland has a significant LIB value chain, there is still room for improvement. For 

Finland to achieve a complete value chain in which there are actors in each step, future 

investments are needed. Finland’s LIB industry lacks a battery chemical manufacturer and a 

battery cell manufacturer. The last challenge of the operating in the LIB value chain theme 

is second life applications’ development. The interviewees discussed the current focus point 

of second life applications is on utilization of EOL EV LIBs as they are large enough to be 

commercially viable. The main challenge in second life use is the heterogenous nature of 

EOL LIBs, which makes defining a systematic remanufacturing process challenging. The 

lack of consideration towards reuse by the LIB producers is also highlighted by the 

interviewees. 
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The interviewees identified the following challenges in the creating legislative context 

aggregate theme: 

• Inaccurate calculation logic for collection and recycling rate 

• Acquiring environmental permits in Finland is slow 

• Regulation related to LIB needs to be technology-neutral and take into consideration 

recyclability 

• Transportation regulation is strict for LIB waste 

 

One of the biggest challenges described by the interviewees was related to the calculation 

basis for collection and recycling rate of LIBs. At its current state the reported metrics were 

described not to reflect the actual situation in the market. The lack of oversight of the figures 

reported by different actors and the technical nature of calculation made the interviewees 

call out for an improvement on the metrics from government side to actually include the 

waste flows outside of the market and to give emphasis on the improved lifecycle of the 

LIBs. The issue was deemed especially important as in future new EU regulation will impose 

more higher goals for collection and recycling rates for hard to recycle battery materials, 

such as lithium. It was highlighted that the current definitions for waste distort the recycle 

rates as the battery production waste streams and pre-treated black mass is overlooked in the 

reported figures. The interviewees mention the need for improvements in the categorization 

of LIBs, as the expanding selection of various types of electronics available for consumers 

has made the existing categories (portable, industrial, EV) insufficient. Second challenge 

identified by the interviewees relates to the operational side of recycling LIBs. The handling 

times and predictability of outcome of acquiring an environmental permit for operations was 

criticized. The project lengths of new plants are very long and one key requirement for these 

types of investments is the consistency of market conditions and regulatory framework. The 

interviewees highlighted that hiccups in the last stages of environmental permit application 

sends out negative signals to the market and influences also future opportunities in Finland. 

The third challenge in the creating legislative context theme is the technology-neutrality and 

design for recyclability aspects. According to the interviewees, all future legislation should 

aim at technology-neutrality to maximize circularity innovations. There were also mentions 

of a regulation-based push for design in recyclability in LIBs through incentives or 

requirements, such as the mixing requirement for new LIBs. The fourth challenge is the strict 
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regulation related to transportation of waste LIBs. The high cost of transporting LIB waste 

is driven by safety and environmental concerns, and while these are valued by the 

interviewees, they highlight that due to the difficult geographical location of Finland and the 

scarcity of materials, a lot of waste LIBs need to be imported to Finland to fulfil capacity. 

This in turn increases the cost of operations for recycling actors. 

The following challenges in the decision-making aggregate theme were described: 

• Ownership of the LIBs 

• Company-level decisions always take into consideration profits from business 

operations 

 

The ownership of the LIBs is seen as an especially tricky aspect in the future. The 

interviewees pointed out that it is in the car manufacturers best interest to have closed loop 

supply chains, and that the strategic partnerships of the future are being built right now. The 

challenge for Finnish actors is the remoteness from biggest car manufacturers in central 

Europe, North America, and Asia. While proximity is not a necessity for participation in the 

value chain, the logistic cost and extra effort might prove to hinder participation in these 

value chains. The second challenge identified was the dominance of economic indicators in 

the decision-making process. While this was not directly named as a challenge in the 

interviews, it was clearly an underlying theme in many of the reasonings for actions 

companies have made. The interviewees often described processes or innovations to make 

sense or not to make sense from a business perspective and expressed a need for harmonized 

market conditions to ensure a level playing field among European countries. The 

interviewees also stated that circularity is hard to reach as its financial impact for an 

individual company is tough to bear, and no one therefore wants to be the initiator for a 

systemic change without a solid profitable business opportunity. 

The changing the future aggregate theme consisted of two challenges: 

• Radical innovations in battery technology create uncertainty in recycling 

• Systemic innovation is required for the EPR 

 

While technological innovation is in many ways the driver for circularity, there was also 

concerns expressed over the challenges recycling actors may face if the battery technology 
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is radically changed away from lithium-ion base. Fast adoption of new LIB chemistries is a 

challenge for recycling operators. Another challenge pointed out by the interviewees is the 

need for change in EPR structure to better take into consideration new business models for 

LIBs. The lack of clarity on ownership of reused LIBs and the evolving reverse supply chains 

are encompassing a future where EOL LIBs are not viewed as waste to be managed, but as 

valuable resources to be harvested. The interviewees call for consistency in policy decisions 

to ensure that investments made into recycling LIBs now are beneficial also in the future. 

  

4.3.3  Key Opportunities 

The opportunities for circular business models were analyzed using the data structure 

presented in chapter 3.3. The interviewees described various opportunities in the Finnish 

market for CBMs, and all the identified opportunities were grouped based on the aggregate 

themes in the data structure. To better describe the underlying reasoning for this description, 

they were further synthesized into actionable opportunities to be addressed by the LIB value 

chain actors. In total there were 21 interviewee described opportunities, which are illustrated 

in detail in appendix 3, and six synthesized actionable opportunities. The summarized list of 

actionable CBM opportunities, their initial interviewee descriptions, and their aggregate 

themes is presented in table 11 below. 

Table 11. Synthesized actionable opportunities, their interviewee descriptions, and aggregate themes 

Actionable opportunities in 

the LIB value chain 

Interviewee described CBM opportunities Aggregated theme 

in data structure 

Increasing communication 

between stakeholders by 

building information sharing 

mechanisms 

 

- Returning LIBs to recycling is easy 

- Actors are motivated to create new 

partnerships 

  

Sharing information 

 

Fully utilizing push for 

circularity and technological 

advancements in Finland 

- Public opinion drives demand for 

recycled materials 

- Recycling processes are of high 

standard 

- The government has dedicated funding 

for the LIB industry 

- The number of LIBs will grow 

exponentially in the future 

- Vast experience in primary production 

- Knowledgeable workforce availability 

- Locally and sustainably sourced raw 

materials  

Operating in 

Finland 
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Reinforcing the LIB value chain - Finnish LIB waste does not fulfil the 

capacity of recycling actors 

- There is a need for a battery chemical 

plant (pCAM) 

- There is need for a battery cell 

production plant 

- There is demand for back-up energy 

storage solutions 

 

  

Operating in the 

LIB value chain 

 

Building a positive legislative 

context 

- The new EU Battery regulation is 

catching up with Finnish regulation 

- The new EU Battery regulation 

supports recycling actors and circular 

business 

  

Creating legislative 

context 

 

Enforcing strategic decision-

making 

- PROs have the primary right to collect 

waste 

- Institutional decision-makers are aware 

of the developing nature of LIB 

industry 

Decision-making 

 

Ensuring technological 

superiority by promoting 

innovation and research 

- lithium recovery R&D is advanced in 

Finland 

- New battery technologies are 

researched 

- Process innovation is rapid 

- Alternatives to Graphite are developed 

in Finland 

Changing the future 

 

 

Increasing communication between stakeholders by building information sharing 

mechanisms helps address the following opportunities described by the interviewees: 

• Returning LIBs to recycling is easy 

• Actors are motivated to create new partnerships 

 

First, returning LIBs to recycling is easy for a consumer, as the interviewees noted by 

pointing out the legal obligations that producers have in taking back LIBs. The interviewees 

also were aware that the price for recycling is already in the purchase price of the product, 

so returning LIBs is always free for a consumer. They also pointed out that with the help of 

PROs the collection points for LIBs can be found in vast majority of grocery and general 

stores all around Finland.  Second, the actors in the market are highly motivated in creating 

new partnerships as the recycling actors are constantly looking for suitable suppliers and 

customers. The interviewees also highlighted the willingness to share more information and 

communicate with wider audiences to improve the LIB network collaboration overall. 

Therefore, building information sharing mechanisms between actors in the LIB value chain 
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as well as between actors and the consumers, would increase the amount of waste LIBs 

ending up in recycling and strengthen the collaboration of actors in Finland.  

Fully utilizing push for circularity and technological advancements in Finland is 

supported by the following opportunities described by the interviewees: 

• Public opinion drives demand for recycled materials 

• Recycling processes are of high standard 

• The government has dedicated funding for the LIB industry 

• The number of LIBs will grow exponentially in the future 

• Vast experience in primary production 

• Knowledgeable workforce availability 

• Locally and sustainably sourced raw materials 

 

The interviewees highlighted that recycling and sustainability are consumer trends which 

also influence the LIB industry. All shared the view that public opinion in Finland is key in 

generating demand for recycled materials in products. Interviewees noted that the 

expectation to prevent the usage of unsustainably sourced materials and the known issues 

with current rare metal mines provide Finland with unique opportunity to produce 

sustainable alternatives for the traditional LIB sourcing. Finland also has a long history in 

mining and refining industries, which provides a solid competitive advantage. The strict 

environmental regulation in Finland has shaped the industry to produce only products of the 

highest quality, and the high cost of labor has forced companies to become operationally 

efficient. The interviewees pointed out that Finland’s high education level brings 

knowledgeable workforce to the market. The biggest contributors to the opportunities 

however are the governments push for circularity and allocations of funding for LIB 

industry, as well as the global electrification trend, which exponentially grows the number 

of LIBs available year over year. Embracing the changing market conditions and relying on 

the strong technological foundation of the Finnish actors as well as the availability of 

sustainable resources in the market, increases the competitiveness of the Finnish LIB value 

chain. 

Reinforcing the LIB value chain relates to addressing the glaring opportunities in the 

existing LIB value chain: 
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• Finnish LIB waste does not fulfil the capacity of recycling actors 

• There is a need for a battery chemical plant (pCAM) 

• There is need for a battery cell production plant 

• There is demand for back-up energy storage solutions 

 

The interviewees stressed that currently there is over capacity for LIB recycling in Finland 

and LIB waste is imported from other European countries to operate recycling facilities at 

full capacity. The single biggest opportunity identified by the interviewees were the missing 

actors in the market. There is a natural fit for a battery chemical and battery cell production 

plant in the Finnish LIB value chain. A growing demand for back-up energy storage systems 

driven by the electrification trend was also highlighted throughout the interviews. By making 

sure that the missing actors in LIB value chain are addressed, the Finnish LIB value chain 

can solve multiple shortcomings of the existing value chain. 

Building a positive legislative context refers to the opportunities identified by the 

interviewees that highlight the strictness of existing legislation in Finland: 

• The new EU Battery regulation is catching up with Finnish regulation 

• The new EU Battery regulation supports recycling actors and circular business 

 

From regulation perspective the interviewees were extremely satisfied with the new 

upcoming EU Battery regulation as it will level the playing field among European countries. 

Finland has one of the strictest environmental regulations in Europe and the interviewees 

highlighted that Finland already reaches many of the EU’s new targets for collection and 

recycle rates, and other countries need to catch up. There was also a positive notion on the 

mixing requirements imposed by the new EU Battery regulation as it will force the whole 

market to shift towards utilizing recycled materials. By ensuring that the legislative context 

in the nearest and largest market — the European market — is developing in the right 

direction, the competitors for the Finnish LIB value chain are forced to adopt to stricter 

legislation, which in turn levels the playing field for the Finnish actors. The development of 

the legislative context in Europe, and globally, is the responsibility of all the stakeholders of 

the Finnish LIB value chain. 
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Enforcing strategic decision-making addresses the opportunities that the interviewees 

identified in relation to how the future of the LIB value chain is managed: 

• PROs have the primary right to collect waste 

• Institutional decision-makers are aware of the developing nature of LIB industry 

 

The interviewees stressed the importance of maintaining the PROs primary right to 

collection of waste LIB to secure material flows for current value chain actors. Another 

significant aspect for creation of opportunities in the LIB industry was the awareness that 

institutional decision makers have on the developing nature of the industry. It was important 

to the interviewees that future legislation surrounding LIB remains technology neutral and 

promotes a level playing field among European countries. Similarly, to the legislative 

context building, the decision-makers in the Finnish LIB value chain should continue to take 

into consideration the importance of LIB waste flows, and to make sure there is no 

technological lock-in that would freeze innovations and research in the LIB industry. 

 

Ensuring technological superiority by promoting innovation and research refers to the 

opportunities derived from high education level and fruitful environment for start-ups in 

Finland: 

• lithium recovery R&D is advanced in Finland 

• New battery technologies are researched 

• Process innovation is rapid 

• Alternatives to Graphite are developed in Finland 

 

The interviewees discussed the interest of Finnish Universities in innovation and research 

on new LIB technologies and the circularity of scarce materials. Many specific researchers 

in the field were pointed out and there was a good understanding of ongoing research 

projects. The interviewees also highlighted the Finnish companies’ capabilities to innovate 

rapidly and introduce radical innovations in the market as well as the start-ups being built 

around the LIB value chain. Sustaining this type of operating environment is important for 

the viability of the value chain, and universities play a key role in it.   
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5  Discussion 

This chapter answers the research questions of study. The main research question — What 

are the opportunities and challenges for the development of circular business models in the 

context of lithium-ion battery industry? — is answered with the findings of the three sub-

questions.  

SQ1: How is the value chain of lithium-ion battery recycling structured?  

The structure of the circular value chain in Finland is primary production emphasized, 

meaning that in Finland there are a lot of actors in the early phases of the value chain, such 

as mining and refining. This is due to the historical weight of Finnish industry landscape, 

which has developed around significant natural reserves of scarce materials in the ancient 

Finnish bedrock. There are also leading recycling actors present in the value chain, whose 

technology is among the best-in-class globally. This type of structure is slightly atypical as 

usually in LIB industry the recycling actors are situated geographically close to the source 

of waste. Figure 18 below helps visualize the current situation of the Finnish LIB industry 

and the versatility of actors in the market. There are two clusters in Finland, one in the Vaasa 

region and the other in Harjavalta. Both have their own dedicated recycling actors, who 

operate in symbiotic partnerships either with cobalt production or recycling battery pack 

production scrap materials.  Industrial symbiosis (IS) is one of the most common approaches 

to circular economy (Neves, Godina, Azevedo, & Matias, 2020; Winans et al., 2017). In IS, 

actors exchange by-products, share energy, and utilize each other’s knowledge to improve 

individual actor’s economic and environmental performance (Ghisellini et al., 2016). For the 

most part in Finland these types of IS do not exist currently, but there are clear efforts 

towards deepening the collaboration between actors driven by the governmental support on 

investing on dedicated spaces in the Vaasa region. The latest letter of intent was signed by 

FREYR with plans to build a battery cell production plant in Vaasa. This was after a project 

related to precursor manufacturing plant was published and planning had begun. Later the 

latter project was put on hold due to changes in the strategic direction of the project company 

Johnson Matthey. 
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Figure 18. LIB value chain actors plotted on the map of Finland 

 

The future plans for cathode materials and battery cell production plants have been added to 

the map to illustrate the centrality of Vaasa in the Finnish LIB landscape. If realized in future, 

these plants would fill the gap in the LIB value chain from primary production to battery 

pack manufacturing.  

Adding early-stage LIB value chain actors (such as precursor plant) in Finland would be 

beneficial for both the existing value chain as well as the new actor. For the value chain, the 

addition of a new production plant, especially if located to the allocated region in Vaasa, 

could help establish deeper symbiotic collaboration between actors beyond mere customer-

supplier relationships. Production plants situated close to one-another could benefit from 

resource sharing (energy or water) and also knowledge sharing (shared innovation). Also, 

adding a new production plant would provide the existing recycling actors with valuable 

homogenic production scrap streams for a long period of time as the optimization of a 
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production line typically takes years. For the new actor the benefits would be the access to 

existing process for waste utilization and closely located raw material sourcing from the 

existing refineries. Overall, the Finnish LIB value chain is in a good shape as it is lucrative 

for investments to fill the gaps in the battery production phases, but it also is viable enough 

to survive without additional actors. The value chain also has valuable elements, such as 

high-quality technologies, operational refineries, and exploitable mines, that ensure the 

viability in the long run. The latest developments in the EU regulation also helps the Finnish 

value chain, as Finland historically has one of the strictest environmental regulations in 

Europe, and the actors in the Finnish market have already adapted to the new targets and 

requirements. To better illustrate the existing structure of the LIB value chain, the key actors 

and their functions are presented in figure 19 below. The actors directly involved in the LIB 

value chain are illustrated within the symmetrical cycle and the indirect stakeholders of the 

value chain are illustrated outside the cycle in gray. The indirect actors influence the LIB 

value chain, but are not involved in the development of the value chain. The most important 

process steps in the LIB value chain from a recycling perspective, are secondary material 

production, manufacturing of LIB chemistries and products, reuse applications, collection 

of LIB waste, and the recycling of LIB waste. The actors presented in this figure are similar 

to the ones presented in the National Battery Strategy 2025, however this illustration focuses 

solely on the LIB value chain and the number of named actors in reduced.  
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Figure 19. The structure of Finland's LIB value chain (Adapted from the National Battery Strategy (Työ- ja 
Elinkeinoministeriö, 2021)) 

 

SQ2: How do the actors in the LIB value chain perceive the current market?  

The perception of market by the value chain actors emphasizes the unique characteristics of 

Finland. The interviewees highlight the remoteness of Finland as a geographical location 

and the relatively small market size in comparison to other EU countries. There are many 

existing actors in the Finnish market who have vast experience and high-quality technology 

available. The actors in the market view that the maturity of the value chain is high, and that 

the availability of LIB waste is not enough to fulfil existing capacity. The Finnish value 

chain is capable of processing more than the market can produce. Regarding existing actors’ 

roles on the market, interviewees mentioned that many of the operations have been 

optimized around existing infrastructures and that one of the competitive edges of Finland 

is the utilization of these traditional capabilities. The competition in the value chain is seen 

as non-existent and the biggest competition is described to be other value chains in the 

central Europe. Also, the Chinese influence on competitive landscape is emphasized as the 

notion is that the novel solutions should match over exceed the quality of the Chinese 
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solutions that have been developed for two decades. The interviewees highlight that the new 

legislative context in the EU supports Finnish value chain’s competitiveness and that the 

high interest form universities in LIB industry provides new innovations to the market.  

Ricciotti (2019) identified six major trends driving the evolution of value networks: 

sustainability, globalization, collaboration of stakeholders, servitisation of offerings, 

flexibility, and agility. The sustainability movement has shed light on various industries 

actors’ impact on the environmental and social conditions globally. Minimizing resource 

depletion and carbon footprint as well as maximizing occupational safety and the health of 

the societies near actors are among the main focus areas when assessing individual actors 

triple bottom line (Fehrer & Wieland, 2021; Vegter et al., 2020). The interviewees 

highlighted these dependencies and noted that in addition to providing highly efficient 

technical solutions, Finnish actors can produce more sustainable LIB materials than their 

developing country counterparts. From a globalization and collaboration perspective it is 

important to have an efficient supply chain, and typically these are easier to build with global 

partnerships and active collaboration with partners (Fearne et al., 2012; Ricciotti, 2019). In 

the Finnish LIB value chain, individual actors do have global partners, but the intra-national 

collaboration is lacking. The servitisation of offerings will shift the value generation from 

tangible to intangible offerings, and the maximization of utility for these intangible offerings 

will become crucial (Ricciotti, 2019). The interviewees did mention the future development 

for EV LIBs to have the possibility to radically change from tangible offerings (batteries) to 

intangible ones (right to use an energy storage unit). This would have a significant impact 

on the existing value chain as the flow of materials could be drastically different. The 

interviewees stated a sense of urgency for the formation of strategic partnerships with car 

manufacturers to reserve a spot also in the value chains of the future. 

 

SQ3: What type of circular business models exist in the lithium-ion battery industry? 

The Finnish LIB industry has received increased interest in the European context due to its 

state-of-the-art recycling processes, strong metal refining industry and world leading 

contract manufacturing of battery packs. However, there is no clear indication that these 

different actors would be engaging in industrial symbiosis or that there would be a strategic 

approach to circularity in the market. The evidence from interviewees supports this notion 
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as the actors themselves describe a collection of partnerships and regular business 

agreements rather than a collaborative group of actors aiming to create a systemic approach 

to circularity. A possible explanation could be found in the lack of communication platform, 

which has been found to be one of the key elements in successful IS implementation 

(Halstenberg et al., 2017). The circular economy and sustainable development themes are 

linked to the rare metals’ recycling efforts, which are mentioned to be among highest in 

Europe. The circularity of the supply chains in the market is typically business relationships 

built around the recycling actor, who is receiving waste LIB from the local or foreign market 

and selling the output to a local actor. According to the interviewees, it seems that improving 

circularity is synonymous to improving the collection of waste and then recycling it 

efficiently.  

In prior research the CBM strategies can be divided to four types (Geissdoerfer et al., 2020). 

First, the cyclical strategies involve actors in the value chain to utilize looping back (Ellen 

MacArthur Foundation, 2015) the products to remanufacturing phase to extend product 

value (Bocken et al., 2016) or as last resort recycling the materials to extend the resource 

value (Bocken et al., 2016). Also considering the energy consumption of the value chain and 

utilizing regenerative actions to reduce the environmental impact can be seen as part of the 

cyclical strategies (Ellen MacArthur Foundation, 2015). Second, the extending strategies 

focus on lengthening the lifecycle of the produced solutions by optimizing the production 

and supply chains (Ellen MacArthur Foundation, 2015), as well as the product life-cycle 

through classic long-life model  (Bocken et al., 2016) or by designing for recycling (Atasu 

et al., 2021). Third, the intensifying strategies refers to the use phase being more intense 

through sharing (Ellen MacArthur Foundation, 2015) and managing the access and 

performance (Bocken et al., 2016) of the product. Many of these strategies revolve around 

retaining product ownership (Atasu et al., 2021) and offering only services. Finally, the 

dematerialization strategies are closely linked to the intensifying strategies, but the focus is 

on virtualizing (Ellen MacArthur Foundation, 2015) the offering and removing physical 

products altogether from the resource loops.  

In the Finnish LIB value chain, there are cycling strategies in place, where one of the 

recycling actors utilizes the production waste of a battery pack producer. While the 

geographical distance between the two is small, they are not situated within same industrial 

area, which means that the symbiotic relationship is built on top of one material flow, waste. 
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This is type of focus is typical in European industrial symbiosis projects (Winans et al., 

2017). There are also extending strategies that focus on producing high-quality products. 

Optimizing the product life cycle by making them durable and taking recycling into 

consideration in the design phase help in extending the use phase of the product. The 

dematerializing strategies in the LIB value chain were discussed indirectly as the actor 

offering the diagnostic solution for LIB health analysis was not part of the interview 

protocol. The interviewees stated that capabilities to determining the health and chemical 

composition of a EOL LIB is crucial as it helps define the reusability and improves efficiency 

of recycling. These software-as-a-service models could also be enhanced in collaboration 

with car manufacturers. By utilizing the modern 5G networks being built all over Europe, 

car manufacturers could cooperate with battery value chain to collect and analyze near real-

time data on the performance and status of a battery. Another important direction for 

dematerialization of CBMs is the change in ownership structure of the LIB. 

Finally, to answer the main research question, what are the opportunities and challenges for 

the development of circular business models in the context of lithium-ion battery industry? 

The key challenges on implementing CBMs in Finland are mainly related to the geographical 

location of Finland, the lack of collaboration between Finnish actors, the unclarity of future 

LIB technologies and structures of business, and the regulatory context. From a broader 

European perspective, Finland is an island. This influences the LIB value chain significantly 

and brings challenges in areas such as logistics, investment risk, and natural market size. 

Importing waste to or exporting battery materials or products from Finland is always going 

to carry extra logistical cost and effort. In addition to cost, transportation of LIB waste or 

products requires additional safety measures. While the value chains are currently global, 

there are major concerns over future developments, where especially the EV LIBs value 

chains are becoming closed loop supply chains with focal car manufacturing companies that 

prefer close geographical location for their partners. As there are no large-scale battery plants 

being built in Finland and the battery production capabilities rely on a battery pack contract 

manufacturer, the remoteness of the Finnish value chain is accentuated. This reduces the 

attraction of Finland as an investment opportunity. Also, expanding the market size on an 

island is hard, and the amount of available EOL LIBs in the future is a major concern for the 

recycling actors in Finland. To promote a healthy circular value chain requires steady flow 

of input in every phase of the chain. 
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The lack of collaboration between Finnish actors arises from a lack of communication 

platforms, waste LIB being exported from Finland, and the capability to compete against 

other value chains. The actors in the market highlight that there is no collaborative effort 

throughout the value chain, but rather dyadic business relationships between actors. The lack 

of collaboration and therefore communication is also visible in the coincident occurrences 

of not enough LIB waste ending up in recycling and LIB waste being exported from Finland. 

Ultimately the lack of collaboration between actors in Finland leads to the deterioration of 

competitiveness of the Finnish value chain in comparison to the European counterparts. 

The unclarity of future LIB technologies and business practices relate to the challenge of 

keeping up with the latest developments in the industry and preparing solutions for the 

future. The LIB industry is continuously evolving and one of the major concerns for the 

interviewees is a radical shift in either battery technology or the LIB business structures. 

Currently the value chains are optimized to retain value of specific battery technologies, and 

drastically changing the composition of the main product, could require extensive redesign 

of the reuse and recycling processes. On the other hand, the LIBs are currently sold as 

physical products (typically attached to an electrified solution), but in the future the 

dematerialization trend of offerings could flip the ownership of the LIB at EOL from the 

buyer to seller, which would mean that the right to collect LIB waste could be taken away 

from producer organizations and be concentrated in hands of the actors who either produce 

LIBs or integrate LIBs into their solutions. These type of concerns over ownership in the 

future tend to decrease industry-wide collaboration and emphasizes the importance of 

strategic partnerships with battery producers and integrators. 

Key opportunities for circular economy in Finland relate mainly to the gaps in value chain, 

the changes in the legislative context in the EU, locally and sustainably sourced raw 

materials, and the research and innovation surrounding new battery technologies. 

The interviewees indicated that while there are world-class actors in the primary raw material 

production side of the supply chain, clear gaps in the LIB production supply chain exist. The 

lack of a battery chemicals plant and a battery cell production plant creates a disjoint in the 

supply chain where refined metals are exported to Europe and battery cells are imported 

from China. Adding these actors in the Finnish market, would complete the value chain from 

raw material production to battery pack production. The Finnish government together with 

Finnish Minerals Group is also supporting the completion of the value chain by allocating 
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space for battery clusters and dedicating funding on various LIB projects. However, the 

feasibility of these CBM opportunities is complicated. In the case of a precursor factory there 

are clear suppliers for raw materials, but many of these are already committed to supplying 

existing plants. As an example, the logical cobalt product supplier for a precursor plant 

would be Umicore in Kokkola, who is the leading cobalt refinery in Europe. However, they 

have their own precursor production on-site and their main commitment is supplying 

Umicore’s own cathode material plant in Nysa, Poland, which is one of the first ones being 

built in Europe. This also influences the whole European market as Umicore Kokkola is the 

biggest cobalt refinery outside China. Simply filling the gap is not enough, and there needs 

to be efforts toward building a collaborative platform, which would help the value chain 

actors match input and outputs, share resources and transfer knowledge between one another. 

It is also challenging to build a battery cell manufacturing plant in Finland as Europe as a 

whole is lacking cathode material producers and majority of its needs will be filled with 

imports from Asia for years to come (Green Car Congress, 2021). This means that even 

though in theory there are suppliers near-by, newly built cathode material plants would have 

to rely on imports from Asia to scale up production. Another critical assessment is the 

competition in Europe. In the past few years, there have been numerous announcements on 

new giga factories being built in Europe. From Finland’s perspective the most significant 

one is the Northvolt project in northern Sweden with 40GWh annual capacity. This new 

Gigafactory in the Nordics aims to be self-reliant in production of cathode materials on-site 

to secure supply for the battery cell production. Also, Northvolt is building a recycling plant 

for LIBs to further close the supply chain and become completely self-reliant in the start of 

the value chain of LIBs (Northvolt, 2021). It is important to assess how these new projects 

influence the value chain in Finland, and possibly investigate whether expansion of the value 

chain across national borders is feasible.  

From a sustainability point of view, the Finnish LIB value chain has good opportunities to 

differentiate from global competing value chains by emphasizing the sustainably sourced 

raw materials available locally. Finland’s utilizable cobalt reserves are the fourth largest on 

a global scale and in comparison to Europe, Finland has by far the largest reserves with most 

of it still not utilized. Global cobalt reserves are illustrated by country in figure 20 below. 
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Figure 20. Global cobalt reserves (Alves Dias, Blagoeva, Pavel, & Arvanitidis, 2018) 

 

Also, there are multiple sources of renewable energy available to reduce the resource loop 

for material production. Finland’s strict environmental regulation also creates trust in the 

actors participating in the value chain as the processes, such as sourcing and manufacturing, 

are under close supervision, and the risk of malpractices is low.  

From the research and innovation perspective, the interviewees all stated that there is 

significant activity from universities and governmental institutions on advancing the 

research on circularity of scarce materials and the battery technologies. Finland has high 

education rate and there is a lot of innovative activity surrounding LIB technologies. These 

provide opportunities for actors to either participate in research platforms to create open 

innovation, or to acquire start-ups and innovate in-house. 

 

5.1  Theoretical Contributions and Managerial Implications 

The main theoretical contribution of this thesis is the conceptualization of LIB value chain 

connected to the circular economy. In doing so, this master thesis contributes to the literature 

on circular business models and circular economy value chains in the context of LIB 
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batteries, as a key context of application. I used the inductive interpretive theory building 

approach to investigate the emergence and development of LIB CE, circular value chains 

and CBMs, and proposed a new conceptual framework to clarify the relationship between 

CE and circular value chains as well as CBMs. The framework highlights the functions of a 

traditional supply chain and expands it to include also CBMs, which enable the 

transformation into a circular value chain. The LIB CE model presented in chapter 4.2.1 

depicts the current functions of the LIB value chain and highlights the importance of the 

missing functions in the value chain. These value chains exist within the context of CE, and 

their formation faces various challenges in macro-level (for CE) and in micro-level (for 

CBMs). In this study I have identified six main challenges:  

1) Information sharing mechanisms 

2) Contextual-based and geographical operating challenges 

3) Deficiencies of the value chain (lack of actors and EOL LIB) 

4) Adapted legislation 

5) Lack of strategic decision making 

6) Innovation challenges and ownership of LIB 

 

In addition to the challenges, I have identified six actionable opportunities that drive the 

adaption of circularity: 

1) Increasing communication between stakeholders by building information sharing 

mechanisms 

2) Fully utilizing push for circularity and technological advancements  

3) Reinforcing the LIB value chain 

4) Building positive legislative context 

5) Enforcing strategic decision-making 

6) Ensuring technological superiority by promoting innovation and research 

 

The managerial implications of this study are extensive. The research questions were defined 

so that at the ends of the study there would be clear indications on a practical level what 

actors participating in a LIB value chain in Finland are describing to be challenging in the 

market and what type of opportunities they can identify in the future. As the study was set 



100 

 

to be exploratory research on the whole value chain, the knowledge derived from the study 

does not aim for specific instructions for individual actors, but more of a holistic depiction 

of the existing circular value chain and its implemented CBMs. Therefore, the managerial 

implications raised might not be applicable to a singular actor but rather requires 

collaborative efforts between actors in the value chain or even across the LIB value chain in 

Finland. 

The main managerial implications can be summarized as follows: 

- Simply filling the gaps in the LIB value chain is not enough to achieve circularity. 

There needs to be deeper collaboration between the actors and the government. 

Collaboration can be enhanced through a shared platform where process inputs and 

outputs can be matched, resources shared, and knowledge transferred. 

- There is significant effort in research and development for the LIB industry. Actors 

can participate in existing scientific platforms to create open innovation. There are 

also many start-ups with novel technologies in the market.  

- The focus of the circular business models in the value chain is on cycling strategies. 

More emphasis needs to be given on the extending and intensifying strategies. Also, 

the focus of simply cycling waste streams needs to be shifted to also include energy 

and second life solutions, such as uninterruptible power supplies (UPS) and 

stationary power storages for renewable energy plants. 

- Geographically, Finland is an island, and it creates a multitude of challenges. To 

overcome these challenges, the actors in the LIB value chain need to change their 

idea of value creation and adopt value retention thinking. All actors in the value chain 

need to shift their focus from optimizing one part of the value chain to optimizing 

the value chain as a whole.  

- The existing LIB waste flows do not support a viable LIB value chain. There needs 

to be significant efforts towards improving the LIB collection and directing LIB 

waste streams to recycling actors. It does not suffice that actors independently search 

for sources of recycling material, instead the whole value chain, including 

institutional stakeholders, should participate in making sure that the LIB waste 

generated in Finland is not exported and ensure that LIB waste can be acquired 

abroad in masses. 
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5.2  Policymaking Implications 

While this study did not specifically focus on the institutional barriers and opportunities, it 

is clear from the findings, that institutional actors play a crucial role in the development of 

the Finnish LIB value chain. Therefore, this thesis contributes to the Finnish National 

Battery Strategy 2025 in regard to policymaking. The main suggestion to improve 

policymaking in Finland to support the growing of LIB value chain and the consolidation of 

a successful LIB business ecosystem in Finland by 2025 are as follows: 

- Facilitate the development of the missing actors in the LIB value chain and circular 

business models by streamlining the environmental permit application process and 

by ensuring that the criteria required from companies to operate in the Finnish LIB 

value chain stays consistent. This helps companies better forecast the market 

conditions and make investment decisions. 

- Support funding of the LIB value chain through allocation of public funds towards 

research and development as well as education. Public funding enables research and 

innovation of new LIB technologies, processes, and further development of the 

Finnish LIB value chain through, for example scientific research platforms and start-

ups. Also, private investments are crucial for the development of the LIB value chain 

as the solutions often are capital intensive and require upfront investments.  

- Promote Finland’s position as a future hub for the LIB industry within the European 

economy and European Union. Establishing shared platforms through which actors 

in the value chain can share resources, processes and knowledge strengthens the 

position of Finland in comparison to competitive hubs. Deeper integration and 

collaboration between actors also reduces erosion of the value chain as the actors 

become more and more interwoven. 

- Improve communication in the LIB industry by creating a central institutional agency 

that oversees the sharing of information between all the stakeholders of the LIB value 

chain, including the actors themselves, various institutional stakeholders, and the 

consumers. The agency would also be responsible for organizing collaborative 

events for the actors and make sure that the key messages from the value chain are 

distributed to a wider audience.  
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5.3  Limitations of the Study and Suggestions for Future Research 

As discussed in the previous chapter, this study’s aim was to provide a holistic view on the 

LIB value chain actors and identify the challenges and opportunities they are facing. 

Therefore, one of the main limitations of this study is the inability to assess individual actors’ 

operations in the market at a deeper level and to provide actionable insights for them. The 

managerial implications of this study are provided at higher level than the individual actor, 

although individual actors can take action based on the findings of this study. Another 

limitation of this study, which was already discussed in the introduction chapter, is the 

Finnish context. There are characteristics unique to Finland, which influence the perceptions 

and experiences of the actors participating in the LIB value chain and make the application 

of the findings in this study to other countries challenging. However, it is important to note 

that the new EU battery regulation aims at levelling the playing field among European 

countries, which would harmonize the legislative context to a certain extent. 

For future researchers there are multiple fruitful avenues of research in circular economy. 

Purely based on the findings in this study, an investigation into a singular unit of analysis in 

the form of a case study could provide deeper understanding on how the implementation of 

CBMs influences an actors triple bottom line, or how actors participating in circular value 

chains transform their often-dyadic relationships with other actors into a collaborative 

network. From a holistic perspective, more research is needed on the concept of retaining 

value in circular value chains, especially on the definition and practices on how this new 

type of value thinking is transferred to a viable business case for an actor. This type of study 

would overlap with the theoretical foundation of how decision-making in companies’ 

functions, and how that decision-making needs to adapt to the change from linear to circular 

thinking.  
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6  Conclusions 

The objective of this study was to provide insight on the theoretical background on circular 

economy and to promote the concept of circular value chains. This study also aims to provide 

a thorough description of the lithium-ion battery value chain and to identify the challenges 

and opportunities for circular business models in the lithium-ion battery industry in Finland. 

The data for the study was collected with semi-structured interviews and it was analyzed 

using an inductive interpretive theory building approach. The justification for the chosen 

method was to understand the expectations and perceptions of the practitioners in the field 

without a priori theoretical expectations, and to build on top of the theoretical foundation of 

circular economy based on those empirical findings.  

The key findings of this study were the complete illustration of the lithium-ion battery value 

chain and its named actors, as well as identification of existing circular business models in 

the value chain, and the analysis of challenges and opportunities for circular business. There 

are major gaps in the LIB value chain on the battery material and cell production phases. 

The key circular business models in the market are cycling and extending strategies, focused 

on battery pack production waste utilization and high-quality product design, respectively. 

The main challenges identified included remote geographical location in comparison to the 

European market, the scarcity of available LIB waste in the market, the lack of collaboration 

between the actors, and the uncertainties related to the future battery technologies and the 

ownership structures of LIBs. The biggest opportunities relate to filling the gap of missing 

actors, intensifying collaboration between actors through communication platform, 

increasingly participating in the research and innovation of novel technologies and 

exploiting the existing capabilities in Finland with sustainably sourced materials and well-

known refineries and the state-of-the-art recycling technologies. 
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Appendix 1. Example set of interview questions 

General questions 

• Could you briefly explain your company’s operations? 

o What are the key functions? 

o How is the battery business line organized at [COMPANY]? 

• How would you describe your company’s role in the Finnish lithium-ion battery 

industry? 

• How do you view the competitive environment in the Finnish market currently? 

• What are the biggest bottlenecks for the growth of your company’s business? 

 

Supply chain questions 

• Where do you source your batteries? (Sweden and Norway) 

o What fraction of these batteries are from Finland? 

o Are there any differences on the sourcing process, depending on the country 

of origin? 

o How are the batteries transported to your recycling facility? 

• What type of batteries do you currently process? 

• In what form do you receive battery waste? 

• Do you only receive whole batteries or also black mass? 

• Currently there is little to no standardization in manufacturing batteries. What is your 

opinion on the structure of LIBs and related regulation? What could be 

improved/done differently? 

• According to your website, you have a mechanical process followed by a 

hydrometallurgical process. You mention that the process is low CO2, what do you 

mean by this? Do measure your emissions from the recycling process? 
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o You are able to recover lithium, cobalt, manganese, and nickel from the 

recycling process. You mention that these materials are reused in producing 

new batteries, abroad? Are these materials re-used or refined in Finland or 

are they sent abroad?  

o Are there any un-utilized side streams in your process? 

o What type of waste streams exist? (gases, processing fluids etc) 

o How are these processed? 

• Do you collaborate with producer organizations such as Recser or Suomen 

Autokierrätys in sourcing batteries? 

• Do you communicate with battery manufacturers on requirements for recycling? 

• Do you report to Pirkanmaan ELY keskus on the amounts of batteries you collect 

and process? 

 

EV related questions 

• The number of electric vehicles is growing exponentially each year, and within the 

next 10 years, EV LIBS will represent most LIBS in the world. How do you see the 

availability of used EV batteries in Finland developing? 

• What type challenges exist for utilization of used EV batteries? 

• What kind of applications do you see for re-used EV batteries? (batteries that have 

lost 20% of their maximum capacity) 

• Are there any additional phases for a used EV battery after second life, but before 

recycling? 

• What type of steps are involved in recycling an EV battery? 

• How will second life use impact the number of batteries available for recycling 

processes? 

• Based on current knowledge of EV battery second life use, which do you think is the 

most sustainable option, recycling an EV battery or repurposing for second-life use? 
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Future 

• How would you estimate the current state of your busines operations in terms of 

circularity?   

o Is circularity a key value in your operations? 

o What are the biggest areas of improvement in your operations?  

o What type of partners could help you achieve higher circularity in your 

business operations? 

• What are the biggest changes in the business environment for the past 5 years? 

• What type of business opportunities can you identify in your business environment? 

o Are there any threats? 

• How do you see Finland’s position in the global battery market in the future? 

• [COMPANY] has established a start-up fund, that aims to invest 50 million within 

the next three years, into different sustainability related startups.  

o One of the first startups to receive an investment was a battery diagnostics 

startup. Are there other interesting startups in the battery industry in Finland? 

“ones to watch” 

o Are there any novel technologies being developed (regarding recycling of 

batteries) in Finland that you are aware of? 

• What is your view on EU’s role in the development of the battery industry? 

• What are your views on the EU’s new proposed battery regulation recycling 

efficiency targets? 

• How will the new proposed regulation affect your operations? 
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Appendix 2. Detailed list of identified challenges 

Aggregated 

theme 

Challenge 

description 

Reasons 

Sharing 

information 

Consumers do not 

return LIBs to 

recycling 

Personal data concerns/lack of understanding the value of 

recycling/Consumer electronics are expensive and they are stored 

"just in case" they are needed/the cost structure of recycling is not 

visible for consumers 

Sharing 

information 

Ambiguous 

definition of LIB 

waste 

Black mass is not considered waste/secondary use of LIB batteries 

shifts responsibillity/collection rules differ depending on the state 

and type of LIB 

Sharing 

information 

Lack of 

communication 

platform 

Collaborative groups are decentralized/There are numerous actors in 

the market who have varying interests in receiving and sharing 

information/Partnerships are valued but often are bilateral/Official 

communication involving all stakeholders is rare and government led 

Operating in 

Finland 

Scarcity of LIBs for 

recycling 

The existing amount of waste LIBs in the market is low/The amount 

of waste LIBs generated in Finland in the future will not satisfy the 

demand/The amount of EV LIBs in the market is low/The adoption 

of new car technology (EV) in Finland is slow/The existing material 

flow for waste LIBs is directed outside of Finland/In the future, large 

car manufacturers in Central-Europe will want to loop back waste 

LIBs to themselves 

Operating in 

Finland 

Competition against 

other symbiotic 

clusters 

China's existing infrastructure and knowledge on circular 

economy/China's current position as the market leader for producing 

and recycling LIBs/China's circular economy is embedded into 

political decision making/Recycling LIBs is closely related to EV 

LIBs which are mostly produced in Central Europe/Competition 

between recycling operators in Finland hinders the capabilities to 

compete against international clusters/Other major actors in LIB 

recycling are the gigafactories in Europe 

Operating in 

Finland 

Finland's 

geographical 

remoteness 

LIB waste has to be imported to Finland to fullfill the demand of the 

recycling actors/Lifecycle assessment does not support long distance 

logistics, even in EOL 

Operating in 

Finland 

Investment cost and 

risk 

High upfront costs/LIB is rapidly evolving/Future waste streams are 

hard to forecast/Many countries invest in LIB recycling 

Operating in 

Finland 

Characteristics of 

battery elements 

Primary raw materials are sold at a lower price/Secondary raw 

materials need to meet high quality requirement of the LIB industry 

Operating in 

the LIB 

value chain 

Collection related 

challenges 

Heterogeniety of collected LIB/physical size of consumer LIBs/Safe 

handling of LIBs 

Operating in 

the LIB 

value chain 

Waste LIB exported 

from Finland 

Consumer LIBs are collected and sold outside of Finland/If LIB are 

exported as resusable products they are not reported according to 

waste regulation/Not all waste actors participate in PROs 

Operating in 

the LIB 

value chain 

Missing actors in 

value chain 

There is a need for a chemical manufacturer and battery cell 

manufacturer/It would serve as an advantage if all the value chain 

actors were in close proximity of one another 
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Operating in 

the LIB 

value chain 

Second life 

applications' 

development 

Focus is on utilizing only EV LIBs as they are "large enough" for 

reuse/Availability of EOL EV LIBs is low due to the novelty of 

EVs/The state of EOL LIBs varies and is hard to 

analyze/Dismanteling EV LIBs is dangerous/It is hard to create 

manufacturing process with heterogenous input flow/LIBs are 

designed for their intial use case and designing LIBs to also support 

second life use is not viable for battery manufacturers/Regulation 

related to second life usage is dragging behind 

Creating 

legislative 

context 

Inaccurate 

calculation logic for 

collection and 

recycling rate 

The base for calculation does not reflect actual situation on the 

market/Heterogenic waste LIB flows make it hard to reach high 

recycling rate/Lack in oversight of reported figures makes 

comparing actors invalid/High growth in amount of LIBs in the 

market distorts the current calculation logic/Not all waste is 

considered in the calculation (e.g. battery production scrap 

materials)/The categorization of new types of LIBs (such as e-bike 

LIB) needs to be re-defined to match actual market situation 

Creating 

legislative 

context 

Getting operational 

permits in Finland is 

slow 

New plants in Harjavalta have had all approvals, but still have not 

been able to get operational permits on time/Delays in operational 

permits hurt the potential of Finland as an investment location/The 

project length of a new plant is long so there needs to be enough 

predictability in the regulation to ensure that the required standards 

for permits are reached as planned at the end of the project 

Creating 

legislative 

context 

Regulation related 

to LIB needs to be 

technology-neutral 

and take into 

consideration 

recyclability 

Regulation needs to be written in a form that prevents technological 

lock-in/Considerations for recyclability in the design phase of LIB 

production is not adopted widely/Regulation can push LIB designs 

towards recyclability (e.g. through mixing requirements)/ 

Creating 

legislative 

context 

Transportation 

regulation is strict 

for LIB waste 

There are strict national legislation for transportation of LIB 

waste/Treatment of waste LIB removes the waste status and makes 

it less regulated to transport (black mass)/Transporting black mass is 

cheaper than waste LIBs 

Decision-

making 

Ownership of the 

LIB 

Car manufacturers want to take back EOL LIBs/The owner of the 

LIB decides how and with whom LIBs are reused or recycled in 

EOL/Car manufacturers want a closed loop supply chain/The 

partnerships of the future are being built now 

Decision-

making 

Company-level 

decisions always 

take into 

consideration 

profits from 

business operations 

Companies need to be able to realize profits from their business 

efforts/It is hard for an individual company to initiate 

circularity/Institutional actors are needed to set up level playing field 

in the market 

Changing 

the future 

Radical innovations 

in LIB technology 

create uncertainty in 

recycling 

New innovations (such as solid-state batteries) could shift the 

materials required (and recycled) in majority of LIBs/The main 

technology used for EV LIBs defines the direction for innovation in 

battery industry/Recycling actors are optimixing their processes 

based on LIB technology 

Changing 

the future 

Systemic innovation 

is required for the 

EPR 

The existing EPR is unclear over ownership of reused LIBs/ 
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Appendix 3. Detailed list of identified opportunities 

Aggregated 

theme 

Opportunity 

description 

Reasons 

Sharing 

information 

Returning LIBs to 

recycling is easy 

Producers are obligated to take back LIBs/The price of recycling 

is included in the price of a sold product and rteturning LIBs is 

therefore free/Collection points are in numerous locations and 

consumers can return LIBs to points of sale 

Sharing 

information 

Actors are  

motivated to create 

new partnerships 

Recycling actors are constantly looking suitable suppliers and 

customers/Numerous actors would like more information sharing 

and communication in the value chain 

Operating in 

Finland 

Public opinion 

drives demand for 

recycled materials 

Many of the rare metals are mined in questionable conditions 

(conflict minerals)/Overall recycling is an value for 

consumers/There is a consensus on reducing usage of materials 

sourced from unsustainable conditions 

Operating in 

Finland 

Operational 

processes are of 

high standard 

Strict environmental permits set high baseline for 

expectations/Expensive labor and infrastructure costs drives 

operational efficiency/High scalability due to need to produce 

more with less/Outputs from recycling processes are high quality 

Operating in 

Finland 

The government has 

dedicated funding 

for the LIB industry 

  

Operating in 

Finland 

The amount of LIBs 

will grow 

exponentially in the 

future 

  

Operating in 

Finland 

Vast experience in 

primary production 

Finland has a long history in mining and refining metals 

Operating in 

Finland 

Knowledgable 

workforce 

availability 

High rate of higher education 

Operating in 

Finland 

Locally and 

sustainably sourced 

raw materials 

Finland has significant natural reserves of cobalt, nickel and 

lithium/Strict mining and environmental regulation prevents 

exploitation of natural reserves 

Operating in the 

LIB value chain 

Finnish LIB waste 

does not fulfill the 

capacity of 

recycling actors 

LIB waste is imported from other countries/Recycling actors are 

continuously  looking for suppliers/Recycling actors rely on 

manufacturing sidestreams to fill capacity 

Operating in the 

LIB value chain 

There is a need for a 

battery chemical 

plant (pKAM) 

Finland has actors on the supplier side/Finland has dedicated 

areas for LIB clusters/The governement is actively looking for 

investments in Finland/Finland has significant natural reserves of 

rare metals 

Operating in the 

LIB value chain 

There is need for a 

battery cell 

production plant 

There are existing battery pack manufacuturers in 

Finland/Currently most battery cells are imported from 

China/There are actors in the market capable of processing cell 

production side streams 

Operating in the 

LIB value chain 

There is demand for 

back-up energy 

storage solutions 

Population density is low, which improves market for 

decentralized solutions/Finland has a high GDP and consumers 

are willing to invest in uninterruptable electricity/Consumers 

have summer cottages in remote locations/Consumers are already 

piloting DIY second life solutions for LIB 
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Creating 

legislative 

context 

The new EU 

regulation is 

catching up with 

Finnish regulation 

The existing actors in Finnish market do not have to improve 

processes or standards to compete in European market/Finnish 

actors are already meeting the stricter requirements in the new 

EU regulation 

Creating 

legislative 

context 

The new EU 

regulation supports 

recycling actors and 

circular business 

Mixing requirements forces battery manufacturers to include 

recycled materials into their products/Identification of different 

batteries will become easier with "battery passports"/Higher 

national targets for collection and recycling rates of LIB 

Decision-

making 

PROs have the 

primary right to 

collect waste 

  

Decision-

making 

Institutional 

decision-makers are 

aware of the 

developing nature 

of LIB industry 

Policies and regulation are carefully put in place to ensure 

technology neutrality/The main goal is to promote a level playing 

field for European actors/Finnish government is supporting the 

development of LIB clusters in Finland 

Changing the 

future 

lithium recovery 

R&D is advanced in 

Finland 

  

Changing the 

future 

New battery 

technologies are 

researched 

Universities cooperate with companies to develop new 

technology/Companies have private funding for start-ups 

 


