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Having secured access to Critical Raw Materials is extremely important to the economy
and security of Europe since those materials are needed in a variety of goods and key
technologies which are used every day. To address this issue, EU’s Critical Raw Materials
Act aims to ensure the EU's access to a secure, diversified, affordable and sustainable
supply of CRM. This thesis is done for VTT as part of a research project which focuses on
creating sustainable pathways for cities by increasing the circularity of Critical Raw
Materials. The case product for the study is E-bike, with a focus on the entire lifespan of
the bike and the life cycle of components containing Critical Raw Materials, namely
battery and motor. The theoretical part focuses on exploring the Circular Strategies (10R)
and Circular Business Models at the organizational and ecosystem level. By qualitative
research with semi-structured interviews total of 13 organizations within the E-bike
ecosystem are studied. The research identifies the current Circular Strategies and the
opportunities and challenges prevailing in the ecosystem. Cities can play a significant role
in increasing material circularity through their procurement, such as when purchasing
urban e-bike systems. Increasing material circularity requires extensive collaboration
among ecosystem actors, which, in turn, requires the sharing of data, knowledge, and
expertise across organizational boundaries. Cities should proactively initiate collaboration.
According to the results, many actors simultaneously implement Circular Business models
to both slowing and closing material loops. The 10R framework is considered a useful tool
for identifying and analyzing interdependencies prevailing in the ecosystem.
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Kriittisten materiaalien turvattu saatavuus on ddrimmadisen tirkedd Euroopalle talouden ja
turvallisuuden kannalta. EU:n kriittisid raaka-aineita koskeva sdados pyrkii varmistamaan
EU:lle turvatun, monipuolisen, edullisen ja kestdvén toimitusketjun. Timéa opinndytetyd on
tehty VTT:lle osana tutkimushanketta, jossa etsitddn keinoja kriittisten materiaalien kierron
lisadmiseksi kaupunkiympéristossd. Tutkimuksen case-tuotteena ovat sdhkopyorit, ja
tarkastelunikdkulmana on koko tutkimuksen ajan sekd itse pyOrdn elinkaari, ettd kriittisia
materiaaleja sisdltdvien komponenttien, akku ja moottori, elinkaari. Teoriaosa keskittyy R-
strategiothin (10R) ja kiertotalouden liitketoimintamalleihin organisaation ja ekosysteemin
tasolla. Kvalitatiivisella tutkimusstrategialla, puolistrukturoiduilla haastatteluilla tutkitaan
yhteensd 13 organisaatiota sdhkopyoriin liittyvissd ekosysteemissd. Tutkimus tunnistaa
organisaatioiden tdmén hetken R-strategioita, sekd ekosysteemissd yleisesti vallitsevia
mahdollisuuksia ja haasteita materiaalikiertojen lisddmiseksi. Kaupungit voivat
hankinnoillaan olla merkittdvéssd roolissa materiaalikiertojen kehittdmisessé, esimerkiksi
kaupunkisdhkopyordjarjestelmid hankkiessaan. Materiaalikiertojen kehittdminen edellyttda
laajaa yhteistyotd ekosysteemin toimijoiden vililld, ja timd puolestaan edellyttdd datan,
tiedon ja osaamisen jakamista ja siirtdmistd yli organisaatiorajojen. Kaupungin tulisi olla
proaktiivinen yhteistyon kdynnistdmisessd. Tulosten perusteella monet toimijat toteuttavat
samanaikaisesti kiertotalouden liiketoimintamalleja sekd materiaalikiertojen hidastamiseksi
ettd sulkemiseksi. R-strategioiden viitekehys (10R) on tutkimuksen mukaan hyva tydkalu
ekosysteemissd vallitsevien keskindisriippuvuuksien tunnistamiseen ja analysointiin.
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1. Introduction

The goal of this Master's thesis is to explore and identify new Circular Business Models
(CBM) to increase the circularity of Critical Raw Materials (CRM) in urban environments.
The chosen case application for the study are E-bikes, since their batteries and motors
contain a significant amount of CRM, and the number of E-bikes itself is experiencing

significant growth globally.

1.1. The background themes for the thesis

The background themes of this thesis include the significance of CRM in the European
context, an overview of the E-bike market, the utilization of CRM in E-bikes, and the
broader role of urban environments, with a particular emphasis on their potential

contribution to advancing the sharing economy.

1.1.1. The important role of critical raw materials and response of European Union

Raw materials are extremely important to the economy and security of Europe since those
are used to produce a variety of goods and technologies that are used every day. However,
there is a growing concern within the EU and across the globe about having secured access
to certain raw materials. Even there are also the domestic production of CRM in EU, in
most cases EU is heavily dependent on imports from non-EU countries. (European

Commission, 2023a)

The critical role of materials can be analyzed through two dimensions, by supply risk and
by economic importance. First, supply risk highlights the fact that many countries
producing CRM are almost monopolistic by nature and often politically unstable. For
example, import restrictions from these countries are possible and environmental
legislation can increase uncertainty. The concentration risk of production is often
connected to the low substitution and low recycling rates. Second, the aspect of economic
importance examines in detail the allocation of raw materials for end-use applications and

the added value in EU manufacturing sectors. The economic importance is corrected by the
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substitution index related to technical and cost performance of the substitutes for individual

applications. (European Commission, 2023a; Zhu, et al. 2022)

Figure 1 presents the main CRM suppliers to the EU. As it can be seen, China is the
primary global provider of CRM. (European Commission, 2023b, 10)

Finland
Nickel 38%
Norway l
Silicon metal 35% Russia
Belgium Palladium® 40%
Arsenic 59%!
Paland
France : China
Hafniym 76% Coking Coal 52796 Baryte 4505
United States Spain Copper 18% Bismuth 65%
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Figure 1. Major EU suppliers of CRM (European Commission, 2023b)

To address this issue, EU’s Critical Raw Materials Act aims to ensure the EU's access to a
secure, diversified, affordable and sustainable supply of CRM. EU’s actions are divided
into internal actions and international engagement. Internal actions include activities of
setting clear priorities for action — which will be listed in more detail below, creating
secure and resilient EU critical raw materials supply chains, ensuring EU ability to mitigate
supply risks, investing in research, innovation, and skills, and protecting the environment
by improving circularity and sustainability of CRM. Mentioned priorities for action
includes identification of strategic raw materials in addition to existing CRM, and the
regulation embeds both material lists in EU law. The regulation also sets following four
objectives for EU; 1) at least 10% of the EU’s annual consumption for extraction, 2) at
least 40% of the EU’s annual consumption for processing, 3) at least 15% of the EU’s
annual consumption for recycling, and 4) not more than 65% of the EU’s annual
consumption of each strategic raw material at any relevant stage of processing from a

single third country. International engagement actions include activities of diversifying the
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EU’s imports of CRM, stepping up needed trade actions and strengthening development of

strategic partnerships. (European Commission, 2023c¢)

The EU released its first list of CRM in 2011, and since then, the list has been updated in
2014, 2017, 2020, and 2023. The most recent list includes a total of 34 materials, of which
16 have been defined as strategic raw materials. (European Commission, 2023a) Appendix

2 presents strategic raw materials, and Appendix 3 critical raw materials.
As EU President Ursula von der Leyen notes 16.3.2023

“This Act will bring us closer to our climate ambitions. It will significantly
improve the refining, processing and recycling of critical raw materials here
in Europe. Raw materials are vital for manufacturing key technologies for our
twin transition — like wind power generation, hydrogen storage or batteries.
And we’re strengthening our cooperation with reliable trading partners
globally to reduce the EU’s current dependencies on just one or a few
countries. It’s in our mutual interest to ramp up production in a sustainable
manner and at the same time ensure the highest level of diversification of
supply chains for our European businesses.” (European Commission, 2023c¢)

The above quote illustrates well how reducing dependence on only a few countries
regarding CRM is crucial for the EU as whole. In this regard, Critical Raw Materials Act

plays a highly important role, and carriers a lot of expectations.

1.1.2. Description of the E-bike market and market growth

E-bike market can be segmented by propulsion type, battery type, power output, product
application or regional location (Grand View Research, 2023). Summary of market

segment types and categories is presented in Table 1.
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Table 1. Market segmentation (Grand View Research, 2023)

Market Segment Type Segment Categories

Propulsion Type Pedal-assisted
Throttle-assisted

Battery Type Lithium-ion battery
Lead-acid battery

Power Less than or equal to 250W
Above 250W

Application City/Urban
Trekking
Cargo
Others

Regional North America, Europe, Asia Pacific, Latin

America, Middle East & Africa

E-bikes are divided into three categories depending on how driver is assisted by the motor
and what is the maximum assisted speed. Class 1 e-bikes are pedal-assisted without throttle
and limited to a maximum speed of 32 km/h, meaning pedal-assistance cuts off when
speed exceeds 32 km/h. Class 1 e-bikes includes typical e-bikes as hybrid, road and city
bikes. Majority of the best mountain e-bikes are also included to Class 1. Class 2 e-bikes
have also maximum speed of 32 km/h but bikes in this class are throttle-assisted, meaning
the throttle allows driver to use the motor without pedaling at all. Class 3 contains e-bikes
which are only pedal-assist without throttle, with maximum assisted speed of 45 km/h E-
bikes in this class may be restricted from some areas inside cities since it allows speed to
be too high. (Bosch, 2023a; eBicycles, 2023) In Europe terms pedelec and speed pedelec
(S-pedelec) are also widely used. Refererring to the previous classification, Pedelecs refers
to Class 1 and S-Pedelecs to Class 3. It is noteworthy that S-Pedelecs are classified as
mopeds in the EU and thus require a license plate and insurance. (Stromer, 2023; SWOV,

2023)

According to Grand View Research (2023) the global E-bike market size was valued at
17,83 billion USD in 2021 and it is estimated to grow at a compound growth rate (CAGR)
of 13,5% from year 2022 to 2030. With this growth estimation the market size in 2030 will
be 52,37 billion USD.
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E-bike market is growing due to demand from both the consumer market and the business
market. One of the key factors driving the growth are the inflating petrol prices, and the
significant growth in the demand for energy-efficient vehicles. Rapid urbanization
worldwide, increasing incomes of consumers, expanding travel and tourism industry, and
growing health and environmental consciousness among individuals are all kind of
megatrends behind the growth. Governments in various nation are regulating and
establishing strandards in order to reduce carbon emissions and all these efforts creates
space for new mobility solutions. Also, the user experience matters — E-bikes with
integrated smart monitoring systems to track fitness and provide information in real-time

on smartphones has escalated the demand. (Syndicated Analytics, 2023)

While consumer demand can be understood as business-to-consumer market (B-to-C), E-
bike market is growing also by the need of logistic sector and rental companies, which can
be understood as business-to-business market (B-to-B). (Grand View Research, 2023;
Research and Markets, 2022) The growth of the B-to-B market increasingly involves the
need to have new solutions for the last-mile challenge. The last-mile delivery landscape is
undergoing a significant transformation, with the rapid delivery market quadrupling in size
in 2021. The demand for ultra-fast deliveries, influenced by, for example, the Amazon
Prime culture, has led to the integration of micro-fulfilment centers in cities paired with
fleets of e-bikes for swift delivery. Companies like Amazon and FedEx are adopting E-
bikes to reduce the reliance on traditional vans in densely populated urban areas,
promoting a shift toward sustainable and efficient last-mile delivery solutions. Whether it's
the B-to-C or B-to-B market, as the CEO of Bosch points out, an E-bike can be compared
to Apple's iPhone considering its nature as product, where variety of different technologies
are combined in one system. The idea is to have the physical experience blending into the
digital experience while using a smartphone app or cloud services. (Pub Affairs Bruxelles,

2022)

As the market grows, extending the lifespan of bikes through various activities becomes
increasingly relevant and important. Since the topic is explored more thoroughly in the
actual empirical section of this study, at this stage, there is only a brief overview of two re-
manufacturing providers, Upway (Upway, 2023) and Velio (Velio, 2023) Both have a

remarkable extensive offering in the terms of E-bike types and brands. At the moment,
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Upway presents total of 126 brands in their website, while Velio presents 47, and of these,
23 being the same.

Upway operates in France, Belgium, the Netherlands, Germany, and United States. With
its own words company is one of the leading platforms for reconditioned E-bikes with
more than 10 000 E-bikes refurbished to date. The viability of the business model is
largely based on transparency, providing extensive and reliable information to someone
planning to purchase a bike. The company offers comprehensive images and a detailed
condition assessment, including scratches and dents. Information about the kilometres to
date is provided, along with a user size recommendation based on the precise
measurements of the bike. In addition to selling bikes, the company makes it easy for
anyone to offer their current E-bike for purchase. The website provides a clear three-step
guide on how to proceed, and this option is prominently featured in the top menu alongside
the menu for bikes for sale. For professionals managing larger quantities of bikes, namely
renters, leasing companies or distributors, the company requests them to get in touch

separately in order to maximise the residual value of E-bikes.

Velio also defines its operating model precisely. They buy only selected E-bikes which are
in good condition, for example leasing returns or test bikes. All bikes are inspected and

refurbished in their workshop by professional workforce.

Both companies offer a 12-month warranty on the structural components as frame, motor,
and battery. Both also gives their customers an option to return the bike if, for some
reason, it doesn't feel right to them. Upway grants a 14 day period, and Velio 30 day

period.

1.1.3. The Critical Raw Materials used in E-bikes

E-bikes as products consist of several components, with the most important ones being the
batteries and motors. (Electric Bike Review, 2018) At the very same time, these
components are the most essential from the perspective of critical materials usage.
Additionally, E-bike frames, which are typically made of aluminium, steel, titanium or

carbon fiber (Best Electric Bikes, 2021) contain critical materials.

The battery is the heart and typically the most expensive part of the E-bike system. (Grin
Technologies, 2023) According to Grand View Research (2023) the lead-acid battery
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segment accounted over 54% market share in 2021 and even there are clear positive sides
of lead-acid batteries such as low cost and robustness, the use of this technology is
estimated decrease since batteries are bulky discharge quickly. In contrast, the lithium-ion
battery segment is estimated to grow at a CAGR of 12.9% from 2022 to 2030 while the
price of lithium-ion batteries is estimated to decrease by nearly 70% by 2030. Lithium-ion
batteries have solid benefits such as high charge density, high performance, low weight,

and high charging-discharging efficiency. (Grand View Research, 2023)

The main components of a lithium-ion batteries are cathode, anode, electrolyte, and
separator. Cathodes and anodes are made of different materials which affects the battery’s
performance. Figure 2 presents materials used in lithium-ion batteries - critical raw
materials with red color and strategic raw materials with dark red color. As it can be seen,
critical raw materials include silicon, phospohorous, aluminium and niobium, while
strategic raw materials include copper, graphite, cobalt, lithium, manganese and nickel.

(European Commission, 2023d, 19)

Copper: as current collector foil at anode
side, in wires and other conductive parts

Cobalt: in cathode materials in LCO, NCA and
NMC batteries

@—
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Silicon: in future anodes to enhance
energy density

Titanium: in future anode matenals and
coatings, in LTO, for battery packaging

Aluminium: for battery packaging or

Lithium: in cathode materials (LMO, NMC,
NCA, LMO, LFP, etc.) and as salt (electrolyte).
Li metal in future anodes.
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cathode materials of NCA batteries,
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Figure 2. Lithium-Ion Battery and the contents of critical and strategic raw materials

(European Commission, 2023d)

According to report of (European Commission, 2023d, 26-27) six main actions are in key
role in EU level to secure the availability of raw materials for lithium-ion batteries. These
are supply diversification, strengthening refining capacity and accelerating the
development of production capacity for battery components, accelerating the development
of a sustainable European lithium-ion battery value chain, investing in R&D and

innovations throughout the value chain with new business models and IT tools, enhancing
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circularity and data availability along the whole lithium-ion battery value chain, and
finally, fostering international cooperation among business stakeholders. Related to
lithium-ion battery value chain, the EU’s Battery Regulation (European Commission,
2023d) is one major step of progress. It was approved with overwhelming majority in July
2023, and it entered into force in August 2023 concerning all the EU member states.
Battery Regulation is in fact the first piece of European legislation taking a full lifecycle
approach with aspects of sourcing, manufacturing, use, and recycling addressed in a single
law. New regulation ensure that batteries are collected, reused and recycled. Batteries must
also have a low carbon footprint, they must use minimal harmful substances, and need less

raw materials from non-EU countries.

From the industry point of view, the example of Bosch eBike Systems illustrates well how
the E-bike industry operates concerning the batteries. The company does not source raw
materials such as lithium but buys them as part of the cells from lithium-ion cell suppliers.
Company stresses that a key pillar of its sustainability activities is a transparent supply
chain which enables tracing of critical raw materials. They also note that their suppliers
must meet strict requirements based on the principles of the UN Global Compact, the core
labor standards of the International Labor Organization (ILO), and also company’s own

standards which in some cases go beyond third-party demands. (Bosch, 2023b)

An important question directly related to the use of E-bikes is whether the user of the bike
can influence the battery's lifespan. According to Toronto based recycling non-profit
organization Call2Recycly, the possibility to extending battery life lies within the battery’s
software. Most batteries are programmed to charge between 89-90% of capacity and drain
to 60% of capacity, thus this so-called sweet zone maximizes the number of recharge
cycles. Also, clear guidelines can be presented how to use E-bike, including avoiding
parking in direct sunlight, storing the battery at temperatures between 0-20 degrees while
not using the bike, avoiding temperatures below -10 degrees and above 30 degrees, storing
for prolonged periods between 30 and 60 % charge, and obviously handling with care
including not dropping or forcing the battery pack open, or tampering with the wiring and

software. (Singletracks, 2021)

As mentioned earlier, the motor, along with the battery, is another key component of E-
bikes, and similarly, it contains critical materials. A traction motor consists of stator, rotor,

bearings, housing and shields. While being lightweight, it offers high performance such as
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high torque densities with high efficiency. (European Commission, 2023d, 53) There are
three typical locations for the motor: rear, front hub, and mid-drive motors. Front hub
motors are common in lower-priced electric bikes, while mid-drive motors are typical in
more expensive ones. The advantage of a mid-drive motor is that it provides a natural
riding feel. Rear hub motors, on the other hand, literally push the bike from the rear wheel,
improving traction and handling. These are common in mid-priced bikes. (e-ville.com,
2022) Bosch and Shimano are clearly the two largest motor manufacturers in the market,
while smaller market shares are shared by, for example, Fazua, Yamaha, Specialized and

Mahle. (BikeRadar, 2022)

Similarly, as mentioned earlier in the case of the battery, Figure 3 presents materials used
in traction motors - critical raw materials with red color and strategic raw materials with
dark red color. As it can be seen, critical raw materials include aluminium, while strategic
raw materials include boron, dysprosium, neodymium, praseodymium, silicon and copper.

Three first materials are related to permanent magnets. (European Commission, 2023d, 53)

Boron: in composition of neodymium- - Aluminium: in casings and as lightweight
iron-boron (NdFeB) magnets ( - material in other metal parts
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providing strong magnetic field various motor components
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Figure 3. Traction motor and the contents of critical and strategic raw materials (European

Commission, 2023d)

According to report of (European Commission, 2023d, 58-59) the supply risk of materials
needed in permanent magnets will remain the most important issue for traction motors. In
result, five main actions are in key role in EU level to secure the supply of these materials.
These actions are supply diversification, improving manufacturing opportunities of REE’s
and permanent magnets in the EU, promoting recycling and reuse to makes sure that end-

of-life products containing REE stay in Europe, defining standards and certification
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schemes for more sustainable REE magnets and motors, and promoting R&D investments
to incentivise efforts to better understand REE extraction, processing, recycling, and

materials design.

1.1.4. Urban environment as a platform for sharing economy

In the EU around 70 percent of people live in urban areas (European Commission, 2023e)
and in global level over 80% of the global GDP is generated in cities. (The World Bank,
2017) Most resources are consumed in cities, and at the same time cities offer variety of
opportunities to solve environmental issues. Opportunities arise since people are living and
working closely with each other and in turn they can manage and share resources
efficiently by using the principles of the circular economy. The EU clearly recognizes key
role of cities in achieving the aims of the European Green Deal to deliver a low carbon,
resource-efficient, sustainable, and resilient society. (European Commission, 2023¢) In
global level The World Bank stresses that cities are playing key role as matchmakers,

drivers, and anchors for people and businesses alike. (The World Bank, 2017)

At the core of the definition of a city is shared space, and cities have always signified both
sharing and people coming together. Cities are hubs of innovation, although
simultaneously, they often face sustainability challenges due to pollution, waste issues,
social challenges, and overconsumption. (Harmaala et al. 2017, 131) Cities can viewed as
platforms, and the concept of sharing economy as a form of crowdsourcing on this
platform. In the heart of sharing economy are ideas such as more efficient utilization of
underutilized resources, transition from ownership to user rights and peer activity and
production. All these requires a critical mass of users to function thus urbanization can be
seen as a prerequisite for sharing economy. The sharing economy is more effectively
managed at the city level than at the national level, and it is well-suited for urban
coexistence, where managing the boundaries between private and public life is essential.
These platforms provide urban people a controlled way to engage with diverse people
temporarily, without permanent obligations, when they wish to do so. (Harmaala et al.

2017, 22-23)
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For commercial companies, the urban environment, and its nature as a platform for sharing
economy, creates both challenges and opportunities. As Harmaala et al. (2017, 181) notes,
understanding how the sharing economy work is essential for companies already today and
especially in future while organizations developing their means to create value for
customers. The value is created more and more in networks and in interaction with several
stakeholders — the business value of many actors in sharing economy is based on the
question how actors can create networks and interactions among users. In fact, the focus
should be on the questions like how value is defined, how value is analyzed, how the value
proposition is described, and how the change in an operating environment affects to the

ability of create value.

1.2. Motivation for the study

This Master Thesis is part of the research project of Urban Symbiosis funded by Academy
of Finland. The project focuses on creating sustainable pathways for cities by increasing
the circularity of raw materials. The consortium in the project is VIT Technical Research
Centre of Finland, Hanken School of Economics and Finnish Institute of Environment

SYKE. This Thesis is done for VTT.

The motivation for this Thesis is based on a significant challenge faced by the European
Union, namely the need to increase its self-sufficiency in critical raw materials required by
key technologies. The study uses E-bikes as a case product since the batteries and motors
used in them contain a significant amount of CRM. These are the same materials that are

essential for the electrification of the entire transportation sector, including electric cars.

In addition to broader challenge faced by the European Union, the Thesis is driven by a
desire to explore how actors within the E-bike ecosystem could enhance the circularity of
CRM namely in urban environment. The urban environment provides an excellent context
for this Thesis, as previously mentioned, it can be seen as a platform where the value is
created in networks and interaction with several stakeholders, also by taking advantage of
sharing economy principles. Thus, it is interesting to investigate the already challenging
question of increasing the circularity of CRM in a context where the same assumption of
collaboration is inherent, as it is in the development of circular economy practices in

general.
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Finally, the motivation of this Thesis is to gain insights about the question of how the
identified opportunities of the organizations under study could be better utilized by
leveraging the data and knowledge that each organization gathers and manages in its own
operations. This is a question that concerns the entire ecosystem and is not limited to the
current boundaries of organizations. This is a particularly relevant perspective, as
advancing material circularity is not nearly a priority for all organizations, but the
availability of materials is becoming an increasingly common constraint for many. This
topic is addressed through the lens of knowledge transfer and common assets theory by
Holmstrém & Roberts (1998), as the note

“(...)knowledge transfers are a very common driver of mergers and

acquisitions and of horizontal expansion of firms generally, particularly at

times when new technologies are developing or when learning about new
markets, technologies or management systems is taking place.”

Indirectly, this aspect of boundaries of the firm ultimately refers to questions of ownership
which is a widely discussed theme in the circular economy context. Since the owner of an
entity can decide the objectives, strategies and the utilization of existing resources,
capabilities, and knowledge, as well as acquisition of new ones, it is highly important that
decisions related to the previous aspects would take into account the point of view of
circularity of CRM. Utilizing data and knowledge for seizing opportunities is likely to be
far more important than sticking to current company boundaries. Successful organizations
in the future will likely grasp this concept, approaching organizational boundaries with

flexibility and concurrently enhancing their position within the ecosystem.

1.3. Research question and sub-questions

Following the provided background themes and the motivation for study above, the main

research question of this study can be formulated as follows:

What kinds of Circular Business Models can be identified to increase the circularity of

Critical Raw Materials in the urban environment? Case E-Bikes
To answer the main research question, following six sub-questions are defined.

SQI1: What are Circular Business Models, and how those are related to Circular

Strategies?
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SQ2: What actor roles can be identified in the E-bike ecosystem in an urban environment?

SQ3: What kinds of Circular Strategies identified actors implement for slowing,

narrowing, and closing the critical raw material loops?

SQO4: To what kind of Circular Business Models the identified Circular Strategies are

related to?

SQS5: What opportunities and challenges can be identified from the perspective of existing

actors to increase the circularity of critical raw materials in the urban environment?

SQ6: From the data and knowledge transfer point of view, what are the key insights on

collaboration possibilities between organizations to promote identified opportunities?

First sub-question establishes the theoretical foundation for empirical research. Second
sub-question is based on empirical research, however, the identification of ecosystem
actors relies on both the ecosystem framework presented in the literature review and the
framework developed during the research project. Fourth sub-question is based on
discussion between results from empirical research and theoretical perspective of circular
business models. The fifth sub-question is again based on the empirical research. Finally,
the sixth sub-question derives its findings from empirical research. The main research
question can ultimately be answered as a synthesis of all sub-questions. Figure 4 presents
the main research question and sub-questions, and the chapters from which the content for

each sub-question is derived.
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MAIN RESEARCH QUESTION
What kinds of Circular Business Models can be identified to increase the circularity of Critical Raw
Materials in urban environment? Case E-Bikes

Chapter 2 . . SQ1 . .
What are Circular Business Models, and how those are related to Circular Strategies?
Chapter 4 SQ2
aptet ‘What actor roles can be identified in the E-bike ecosystem in an urban environment?
5Q3
Chapter 4 What kinds of Circular Strategies identified actors implement for slowing, narrowing, and closing the

critical raw materials loops?

SQ4

Chapter 2 and 4 . . . . . . .
apter = an To what kind of Circular Business Models the identified Circular Strategies are related to?

S5Q5
Chapter 4 ‘What opportunities and challenges can be identified from the perspective of existing actors to increase
the circularity of critical raw materials in the urban environment?

5Q6
Chapter 2 and 4 From the data and knowledge transfer point of view, what are the key insights on collaboration
possibilites between organizations to promote identified opportunities?

Figure 4. Main research question and sub-questions, with chapters providing a content for

each.

1.4. Theoretical framework

The theory background of this Thesis is presented in chapter two, and it is structured based
on existing research on circular economy (CE) in the following way. First, the concept of
CE is introduced, also providing a few definitions that emphasize different perspectives.
Following this, the focus shifts to the resource strategies of CE for managing material
flows, namely slowing, closing, and narrowing resource loops. At the same chapter a total
of ten circular strategies are introduced. Then, the focus turns to the business models,
examining with many examples how circular business models differ from conventional
business models. This chapter draws on diverse source materials that highlight various
perspectives, as the question is so important for this study, and the diversity in
understanding business models enhances readiness to interpret empirical research. Finally,
in the theory part, the study explores how organizations can truly make a transition from a
conventional business model to a circular economy business model. At the beginning of
the chapter, reference from the extensive research indicates that even the CBM are indeed
a widely discussed topic, they are commonly discussed without paying attention to
activities which are needed to adapt the organization capabilities to the changes required

by circular economy thinking. In this chapter, CBM are addressed as a broader question,



25

ultimately at the level of the entire ecosystem rather than focusing on a single organization.
This aspect is also addressed by the knowledge transfer between ecosystem actors, which

have implications for organizational boundaries in ecosystem.

The actual research results of the empirical study are presented in chapter four, and based
on these, the answers to each sub-question of the study are presented in chapter five.
Chapter present synthesis for this Thesis. The theoretical framework of this Thesis is

presented in Figure 5.

PERSPECTIVE THEORETICAL FRAMEWORK EMPIRICAL RESEARCH
( 4 N Urban Environment as a Context
A concept EHEL
P Circular Economy (CE)
~ J Actors in E-bike value network,
and Circular Strategies R0-R9 between them
The f " N [ \ (Adapted from Potting et al. 2017)
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perspecti\fe from \_ J AT Material perspective
the B - Supply chain of E-bikes
Model point of / Oth duct:
-l CH 2.4. Collection for T
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Figure 5. Theoretical framework.

As it can be seen, the empirical research focuses on the actors in E-bike ecosystem and this
view of value network is adapted from Potting et al. (2017). Throughout the entire
empirical study, regardless of the specific actor under examination, the starting point is to
focus attention to both product and material perspectives to increase the circularity of

CRM.
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2. Theoretical background

2.1. Circular Economy as a conceptual starting point

According to Prieto-Sandoval et al. (2018, 609) there can be identified three stages as
society has progressed to the circular economy. Linear economy as a first stage began at
18" century with the industrial revolution and lasted to 1970’s. Overexploitation of
resources has been the most typical characteristic of linear economy. A second stage,
industrial ecology, prevailed from 1970’s to 1990’s, and it increased the understanding that
different actors may integrated through waste and resources, which in turn circulate
through the resource inventory of the system. Finally, third stage as CE started beginning

of 1990’s with environmental awareness of economic flows by closing industrial loops.

Ten years ago, Ellen MacArthur Foundation (2013) highlighted that scarcity of resources
and tightening of environmental standards, rapid development of information technology
development and shift in consumer behaviour all are powerful disruptive trends which will
shape and change the entire economy. While businesses were considered the main catalyst
for circularity, the report also noticed the important role of the public sector since
governments can play a crucial role in facilitating the quick adoption of circular business
models by modifying the policies and regulations that govern them. The report stressed the
role of companies by highlighting that companies will build core competencies in circular
design, they will drive business model innovation and pioneering companies will jointly

create the capabilities for the reverse cycle.

Kravchenko (2020, 3) stresses the multidimensional interpretation of the concept of CE
since it can act as integrator for diverse fields such as industrial ecology, eco-efficiency,
cradle-to-cradle design, the performance economy, and natural capitalism, and thus it holds

a great potential for inspiring business actors to shift from linear to circular systems.
Now we look more carefully at three different definitions for CE.
Prieto-Sandoval et al. (2018) offers following definition for Circular Economy:

“The circular economy is an economic system that represents a change of
paradigm in the way that human society is interrelated with nature and aims
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to prevent the depletion of resources, close energy, and materials loops, and
facilitate sustainable development through its implementation at the micro
(enterprises and consumers), meso (economic agents integrated in symbiosis)
and macro (city, regions and governments) levels. Attaining this circular
model requires cyclical and regenerative environmental innovations in the
way society legislates, produces, and consumes.”

According to Ellen MacArthur Foundation (2013) Circular Economy:

“is an industrial system that is restorative or regenerative by intention and
design. It replaces the ‘end-of-life’ concept with restoration, shifts towards
the use of renewable energy, eliminates the use of toxic chemicals, which
impair reuse, and aims for the elimination of waste through the superior
design of materials, products, systems, and, within this, business models.”

With this definition such an economy is based on three principles — to cut waste by design,
differentiate between consumable and durable components of products, and use of
renewable energy to fuel the system — which in turn drive four sources of value creation.
Material usage is minimized compared to linear economy, products and materials circulate
longer, reuse is diversified across the value chain and finally material productivity is
increased by taking advantage of uncontaminated material streams which increase
collection and redistribution efficiency while maintaining quality. (Ellen MacArthur

Foundation, 2013)
Geissdoerfer et al. (2020) defines Circular Economy as:

“an economic system in which resource input and waste, emission, and
energy leakages are minimised 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.”
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Figure 6. Circular Economy description (Geissdoerfer et al., 2020)

Figure 6 presents the CE logic with value chain from production to disposal, and circular
loops between them. Considering all the three definitions above, it is important to
understand the dynamic perspective of the process of going circular, rather than a static
perspective of a fully circular system or completely closed-loop system, which is not

theoretically possible. Geissdoerfer et al. (2020)

Table 2 summarizes the presented three definitions of CE broken down into three

perspective such as what is CE, what is the goal of CE and, how CE works.
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Ellen MacArthur
Foundation (2013)

Prieto-Sandoval et al.

(2018)

Geissdoerfer et al.

(2020)

What is Circular

Economy? (Definition)

An industrial system.
Restorative or
regenerative by

intention and design.

An economic system
that represents a change
of paradigm in the way
that human society is

interrelated with nature.

An economic system

What is the goal of

Circular Economy?

Replaces the ‘end-of-
life’ concept with
restoration, shifts
towards the use of
renewable energy,
eliminates the use of
toxic chemicals, which
impair reuse, and aims
for the elimination of

waste

Aims to prevent the
depletion of resources,
close energy and
materials loops, and
facilitate sustainable
development through its
implementation at the
micro (enterprises and
consumers), meso
(economic agents
integrated in symbiosis)
and macro (city, regions
and governments)

levels.

...resource input and
waste, emission, and
energy leakages are
minimized by cycling,
extending, intensifying,
and dematerializing
material and energy

loops.

How Circular

Economy works?

Through the superior
design of materials,
products, systems, and,
within this, business

models.

Attaining this circular
model requires cyclical
and regenerative
environmental
innovations in the way
society legislates,

produces and consumes.

This can be achieved

through  digitalisation,

servitisation, sharing
solutions, long-lasting
product design,
maintenance, repair,

reuse, remanufacturing,
refurbishing, and

recycling.

Finally, after reviewing definitions for CE, we shift perspective a bit and look at the
necessity of the CE from the standpoint of material flow, since the circulation of CRM is at
the core of this study. Figure 7 presents the entire material flow from raw material
extraction to recycling. (University of Birmingham 2021, 42) It is important to realize that

waste is still most probably generated at every stage of the value chain, even in the
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prevailing conditions of circular economy. Awareness of waste generation and sharing this
information among other actors in the value chain provide the necessary impulse and
essential information for the actors to develop the entire system, whether it is related to
materials, energy, or logistics. Information creation and its sharing creates dynamics

among the actors in the value chain which is needed to CE to function.

Figure 7. Material flow in Circular Economy (University of Birmingham, 2021)

Considering the broad focus of this study, Figure 7 above highlights also the primary
resource perspective at the very beginning of value chain. It can be noted that as whole the
value chain contains so many steps with so many actors, that addressing the issue of CRM

should be an important matter of many.

2.2. Circular strategies for managing resource loops

We can start with the theory of three fundamental approaches for managing resource loops
in circular economy — slowing, closing, and narrowing (Bocken et al., 2016). Slowing
resource loops refers to designing long-life products and designing for product-life
extension, for example through repair or remanufacturing. When the use phase of the

product is extended and/or intensified, it results slowdown of the flow of resources.
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Closing resource loops means that the loop between post-use and production is closed,
resulting in a circular flow of resources. It is about the reuse of materials through
recycling. Narrowing resource loops refers to using fewer resources per product. It differs
from slowing strategy since it does not affect to the speed of the flow of products and does

not involve any service loops either. All three strategies are presented in Figure 8 below.
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Figure 8. Slowing, closing, and narrowing resource flows. (Bocken et al., 2016)

Bocken et al. (2016, 310-311) also specify more precisely from the product design point of
view which are the detailed strategies for slowing and closing the loops. Strategies aimed
at slowing loops with long-life products include design for attachment and trust, and design
for reliability and durability, while slowing loops with product-life extension include
design for ease of maintenance and repair, design for upgradability and adaptability, design
for standardization and compatibility, and design for disassembly and reassembly. On the
other hand, strategies aimed at closing loops include design for a technological cycle
and/or biological cycle and design for disassembly and reassembly. To design for
technological cycle means that materials in products can be continuously and safely

recycled into new materials or products.
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Potting et al. 2017 presents total of ten circular strategies, also named 10R framework, to
reduce the consumption of natural resources and materials, and minimise the production of
waste within the production chain. These are in order of priority Refuse (R0), Rethink
(R1), Reduce (R2), Re-use (R3), Repair (R4), Refurbish (R5), Remanufacture (R6),
Repurpose (R7), Recycle (R8) and Recover (R9). These strategies are shown in Figure 9,
and as it can be seen, strategies are grouped into three categories such as Smarter product
use and manufacture (R0-R2), Extend lifespan of product and its parts (R3-R7), and Useful
application of materials (R8-R9). This framework illustrates clearly how CS should be
approached, the higher the actions can be taken starting from RO, the better. The role of the
necessary innovation implies what should be the viewpoint for the innovation to affect
particular CS in this hierarchy.

Circular economy Strategies

A Make product redundant by
abandoning its function or by offering

Ro Refuse the same function with a radically
different product Innovations

Smarter Make product use more intensive (e.g. ncore

product . through sharing products, or by putting  RELUEEET

useand  R1 Rethink multi-functional products on the
manufacture market)

. . Innovatians

Increase efficiency in product in product

Rz Reduce manufacture or use by consuming [le Lz
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Figure 9. 10R framework — ten circular strategies within the production chain. (Potting et

al., 2017)
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Considering this framework, there are also some perspectives related to material and
energy consumption that may not be immediately obvious, especially since activities
implementing the circular economy are usually perceived as only positive. For example,
while making a product chain more circular, it may lead to situation where energy is
consumed more than earlier, and this in turn requires investments to the new energy
infrastructure. Another example more closely related to the focus of this study is
intensifying the use of the product. Although this strategy typically refers to a positive
impact from the perspective of sustainable development, it may also lead to a situation
where more products are needed in the market. This in turn increases the demand for

materials used in these products.

2.3. From Business Models to Circular Business Models

Over ten years ago Zott at al. (2011) concluded based on their extensive literature research
that academic scholars do not agree with the definition of business model. Referring
several different authors, they summarized that business model has variety of
interpretations — business model can be understood as a statement, a description, a
representation, an architecture, a conceptual tool or model, a structural template, a
framework, a pattern, and a set. Besides a great variety of definitions, they noted how
business model concept has been used to address different research questions in different
contexts and management areas. As a second part of result in their article, they found four
themes rising around the discussion of the business model - a new unit of analysis,
systemic perspective on how to do business, encompassing boundary-spanning activities
performed by a focal firm or others, and focusing on value creation as well as on value
capture. The last one refers strongly to Richardson (2008) who earlier published their idea
of business model. They highlight that since the same theme of value is present in
discussions of both business models and strategy, also the business model should contain
value components. Thus, their three components of the business model framework are the

value proposition, the value creation and delivery system, and value capture.

Although there would be different ideas of business model interpretations, not to mention
its definitions, it is widely accepted fact that companies must have some business model in
order to operate in the market. Especially important this is for companies who aims to lead

a change towards more sustainable future. As Bocken et al. (2015) emphasizes, companies
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need to have systemic approach that prioritizes the three dimensions of sustainability:
social, environmental, and economic, and creates value for all stakeholders, including the
environment and society. The approach is commonly referred as sustainable business
thinking followed by business model as a concept. Business model offers a framework for
innovation at the system level, it facilitates sustainability and establishes a conceptual
connection between a company's operations, including design, production, supply chains,

partnerships, and distribution channels.

We can look more carefully how Geissdoerfer et al. (2018) examines the relationship
between traditional business model, sustainable business model and circular business
model. First, they give following definition for business model:
“simplified representations of the elements of a complex organisational
system and the interrelation between these elements. It determines the
organisation's value proposition, value creation and delivery, and value

capturing and aims at analysis, planning, and communication in face of
increasing complexity.”

As it is shown in Figure 10, when moving from traditional business model to sustainable
business model, there are aspects of sustainable value, pro-active multi-stakeholder
management and long-term perspective which all should be considered. When moving
forward to circular business model, strategies of managing the resource loops matters. Here
all three strategies described earlier in previous chapter are presented, while strategies of
intensifying and dematerialising can be understood to be included in the previous three.
These all are in key role establishing circular business models. Authors also emphasizes
that all three elements of a business model - value proposition, value creation and delivery,
and value capture - must go circular to achieve optimal sustainability performance within
the circular economy. They also highlight that circular economy is not the only possible
way to reach sustainable development, on the contrary there are several other possibilities,
but circular economy may be a more tangible way to organize society and economy.

Geissdoerfer et al. (2018, 718)
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Figure 10. Business model, Sustainable business model, Circular business model.

(Geissdoerfer et al., 2018)

Next, we take a closer look at how different academic literature specifically link resource
strategies to certain circular business models. First, Bocken et al. (2016) presents CBM
implementing slowing strategy, and two CBM implementing closing strategy. Business

models and their definitions are summarized in Table 3.

Table 3. Resource strategies and related Business Models (Bocken et al., 2016)

Resource strategy | Business Model | Definition

Slowing Access and Providing the capability or services to satisfy user needs without
performance needing to own physical products
model

Slowing Extending Exploiting residual value of products — from manufacture, to
product value consumers, and then back to manufacturing — or collection of

products between distinct business entities

Slowing Classic longlife | Business models focused on delivering long-product life,
model supported by design for durability and repair for instance

Slowing Encourage Solutions that actively seek to reduce end-user consumption
sufficiency through principles such as durability, upgradability, service,

warrantees and reparability and a non-consumerist approach to
marketing and sales (e.g. no sales commissions)

Closing Extending Exploiting the residual value of resources: collection and
resource value sourcing of otherwise “wasted” materials or resources to turn
these into new forms of value
Closing Industrial A process- orientated solution, concerned with using residual
Symbiosis outputs from one process as feedstock for another process,

which benefits from geographical proximity of businesses
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Continuing with a specific circular business model related to slowing or closing resource
strategies, we look next the framework by Liideke-Freund et. al (2019). As it can be seen
from Figure 13, this framework clearly shows how each business model are at the same
time related to either slowing or closing the loop as a resource strategy, and to retaining the
product or material value as a value strategy. What makes this framework first somewhat
challenging to interpret is the fact that all three CBM patterns of repair and maintenance,
reuse ja redistribution, and refurbishment and remanufacturing are related to both of design
strategies of design for long-life products, and design for product life extension. After
closer consideration, however, this becomes clear and, at the same time, this illustrates

how through quite similar actions, one can contribute to multiple business strategies.

T CEBM pattern
T Repair & Reuse & Refurbishment & Cascading and

Design strategies T maintenance | vedisoribution | remanufacturing | Recycling repurbosing Chrganic feedstock

Design for long-life products X X X
Agtachment & trust;
reliabilivy & durabilicy

Design for product life X X X (X"
extension

Maintenance & repair;
upgradabilivy & adaprabilicy;
standardization & comparbiliry;
dis- & reassembly

Design for technical cycles X
Using technical nurrients (e.g.,
syntheric, mineral materials)

Design for biclogical cycles (X™) X X

Using biological nurrients (e.g.,
organic, plani-based materials)

Resource strategy Slowing Closing

Potential effects on resource use

Value strategy Retain product value Retain material value

Potential value-retaining effects

Figure 11. The connections of circular design strategies and circular business model

patterns. (Liideke-Freund et al., 2019)

To gain more insight into the question how to organize or orchestrate the CBM execution,
we will next look ideas which has been built using a widely known tool of business model
canvas (Osterwalder & Pigneur, 2010) as a reference. In his study Lewandowski (2016)
employes a literature review to identify and classify the circular economy characteristics
according to a business model structure. Figure 11 presents the results of how the

principles of CE apply to the components of traditional canvas.
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BM Components Regenerate Share Optimize Loop  Virtualize Exchange
Partners X X
Activities X X X X
Resources X X X X
Value proposition and X X X
Customer segments
Customer relations
Channels X
Cost structure X X X X
Revenue streams X X
Potential to develop
the BM framework
Take-back system X
Adoption factors X X X X X X

Figure 12. Principles of circular economy and components of business model canvas.

(Lewandowski, 2016)

This research has several interesting outcomes related to the theme of this study. First, it
indicates that especially two areas such as the take-back system and the adoption factors
should be added to the business model framework to make it more suitable for circular
business. Take-back refers to reverse logistics, in practice such activities as incentivized
return and reuse, and collection of used products. Adoption factors refers to those internal
and external factors in an organization which are affecting to the adaptation of circular
economy principles. Internal factors refer to capabilities such as team motivation and
organizational culture, knowledge, and transition procedures. External factors refer to
technological, political, sociocultural, economic issues. Second, since this Thesis is linked
to urban environment and the view how urban environment can be as a platform for
sharing economy, it is interesting to look at more carefully those CBM types which are
related to sharing classification. These are presented in Table 4. The abbreviation of PSS

refers to product-service systems.
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Circular Business Model

Description

Maintenance and Repair

Product life cycle is extended through maintenance

and repair.

Collaborative Consumption, Sharing Platforms,

PSS: Product renting, sharing or pooling

Enable sharing use, access, or ownership of product

between members of the public or between businesses.

PSS: Product lease

Exclusive use of a product without being the owner

PSS: Availability based

The product or service is available for the customer for

a specific period of time.

PSS: Performance based

The revenue is generated according to delivered

solution, effect or demand-fulfilment.

Incentivized return and reuse or Next life sales

Customers return used products for an agreed value.

Collected products are resold or refurbished and sold.

Upgrading

Replacing modules or components with better

quality ones.

Product attachment and trust

Creating products that will be loved, liked or

trusted longer.

Bring your own device

Users bring their own devices to get the access

to services,

Hybrid model

A durable product contains short-lived consumables

Gap-exploiter model

Exploits “lifetime value gaps” or leftover value in
product systems. (e.g., shoes lasting longer than

their soles).

Third, as a conclusion, the framework of business model canvas is presented in Figure 12

with the notion that some fits between aspects of model are more important than other, and

these should be considered as the key success factors for a business model. First fit is

between the value proposition and customer segment, second is between the costs structure

and revenue streams, and third is between the changes towards CBM and adoption factors.
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Figure 13. Framework for circular business model. (Lewandowski, 2016)
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Another interesting viewpoint of how to develop business model canvas framework to

contain the dynamic of CBM is made by NuBholz (2018) by defining four interventions

related to all aspects of business model canvas. These interventions are collect and

reintegrate, first sale phase, additional sale(s) of the product or parts to other users, and

finally material recovery. Table 5 summarizes all four interventions with description.
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Table 5. Four interventions embedding circularity in a business model. (NuB3holz, 2018)

Collect and reintegrate

To close resource loops and extend the life of products, parts, or materials, these need to be collected and
reintegrated into the value chain. Generally, reintegrating secondary production (i.e. products, parts,
materials) should be preferred over using virgin resources. After the first sale of a product, a company can
in some cases organize take-back of their products or parts to enable additional sale(s) or material

recovery.

First sale

Bringing an offer to the market, a company should enable a long useful life of the product for the user.
Manufacturing companies can design for longevity, repair or remanufacturing of their products and offer
repair or upgrading services. Companies in the aftermarket can resell a product or its part, e.g. through

operating refurbishment, repair or remanufacturing.

Additional sale(s) of the product or parts to other users

To further prolong the useful life of products, a company can enable additional use phase(s) to other users
beyond the first sale. This can be enabled through arranging refurbishment, repair, or remanufacturing.
The application of the product and the value proposition and customer segments may change in the
additional use phase(s). In some cases, only parts of the product are suitable for reintroduction to the

market.

Material recovery
To prevent leakages of materials, a company needs to enable closed material loops (e.g. recycling) and
avoid downcycling when the end-of-life is irreversibly reached. Product and business models should be

designed to facilitate optimal recovery routes of materials.

When we look at the definition for CBM by Geissdoerfer et al. (2020, 7) it can be noted

that definition includes many aspects previously discussed.

“Circular business models can be defined as business models that are cycling,
extending, intensifying, and/or dematerialising material and energy loops to

reduce the resource inputs into and the waste and emission leakage out of an

organisational system. This comprises recycling measures (cycling), use

phase extensions (extending), a more intense use phase (intensifying), and the

substitution of products by service and software solutions.”

Cycling involves recycling materials and energy within the system. Extending resource
loops means extending the use phase of the product through long-lasting design,

marketing, maintenance, and repair. Intensifying resource loops involves solutions such as
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sharing economy or public transport to increase product use intensity. Dematerialising
resource loops describes providing product utility without hardware through substitution
with service and software solutions. These strategies can reduce the number of produced
products and enhance customer experience but require purposeful design to avoid rebound

effects that increase resource consumption. Geissdoerfer et al. (2020)

Finally, we look in more detail E-bike related research conducted by Koop et al. (2021).
By executing market and literature research and extensive workshops with users and
experts in E-bike sector, they define total of four CBM based on remanufacturing and
additive manufacturing. They find the most promising components for circularity to be
motor and the accumulator because of their importance for bike itself, the defects that
occur on them, and the high value of these components. They use previously described
business model canvas to demonstrate sales business model and service business model,
both of which include two subcategories. Sales business model includes classic sales
model, and mass customization and open-source model, while service business model
includes leasing model, and bike-sharing as a product-service system. Regarding all
business models, they stress the needed collaboration of individual actors within the value
chain. Especially the information must be exchanged considering the repair options,
hazardous materials, and E-bike cores availability. By defining for all four business models
what aspects are included to all nine perspectives of the business model canvas, the article
offers valuable insights, while also describing the existing challenges of each business

model. Detailed summary of four business models is available on Appendix 4.

2.4. Circular Business Model Innovation and Boundaries of the Firm

Now we will study in more detail the question of how companies can actually make a shift
from traditional business model to circular business model — what should be done and how.
Even though CBM have been increasingly studied in recent years, research is still far from
having a unified interpretative framework. To get an idea of research phenomenon in this
field, it is useful to look at the study of Pieroni et al. (2019). Although this article is four
years old, it gives an understanding of how heterogenous area we are dealing since in
literature review, they identified 94 publications and total of 92 approaches, including
conceptual models, methods, or tools. As an important result they emphasize that

approaches usually highlight individual stages of the business model innovation without
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paying attention to activities which are needed to adapt the organization capabilities to the
changes required by circular economy thinking. They continue that many approaches are
more advanced in helping companies in identifying opportunities and designing new
business model concepts, but they are clearly lacking methods and tools for experimenting,
testing, and implementing the business model concepts. They also note that circular
economy and sustainability-oriented business model approaches are becoming more
heterogeneous and relying on multiple theories that deviate from the traditional view
disseminated by the business model canvas. Their third key finding emphasizes a

limitation of human-behavior aspects into the business model approaches.

We will first study two examples of managerial tools, which are designed to help
organizations to plan and execute circular business model activities. First tool is decision
making framework (Puglieri et al. (2022) which can also be understood as a process if it is
dynamic by its nature. A framework named Strategic Planning Decision Framework for
Circular Business Models gained its inspiration from the need to identify paths for greater
business model circularity. As Figure 14 illustrates, framework consists of five stages with
activities. Authors notes that while the framework uses a set of proposed tools, presented

tools can be replaced if strategic planning team choose to do so.
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Figure 14. Strategic Planning Decision Framework for Circular Business Models (Puglieri

et al., 2022)

Second tool is designed for experimentation when aiming to transform traditional business
model to circular one. In their article Bocken et al. (2018) creates Circular Business
Experiment Cycle, and they emphasize, that while a certain sequence is proposed,
organizations may move back-and-forth between the experiment cycle steps since the

process can be highly iterative. This model is presented in Figure 15.

Purpose Value Proposition Experiment Value Deliver
l@\ ‘@\ Experiment
Collect insights and test
Set and measure progress in a customer offer to explore if \.} Explore the best way to

business, environmental and
societal goals there is a market bring the SBM (sustainable

business model) to the
market from a customer
perspective

The Circular Business Experiment Cycle

Field Experiment . .
. Value Creation Experiment
Value Capture Experiment P

jLessall assrmplions tonethe f/ . Identify needs of the stakeholders that
in a field experiment incl. \ Analyse the business case for need 1o be involved to bring the
-

operational aspects all involved stakeholders offering to the market

Figure 15. Circular Business Experiment Cycle. (Bocken et al., 2018)

Now we move on from managerial tools towards to more comprehensive presentations of
how circular business models appears in the world of several actors. As seen in Figure 16
(Potting et al. 2017) the previously introduced circular strategies can be integrated into the
value network, demonstrating the types of strategies prevailing among actors. With this

approach, circular strategies receive a true and concrete representation.
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Figure 16. Circular strategies in value network (Potting et al., 2017)

Also, Geissdoerfer et al. (2020) expands the discussion of circular business model
innovation from single organization perspective to broader network of organizations. They
stress, from industrial practitioners’ point of view, that business model innovation is
perceived as key leverage when implementing the circular economy on the organizational
level. It is so because business model innovation enables for a systemic shift in the core
logic of businesses and the alignment of incentives of different stakeholder groups. So, by
understanding the business model of an individual organization as part of a larger circular
economy ecosystem and examining the various circular strategies implemented in the
ecosystem, it is also possible to identify new circular strategy opportunities that benefit the

entire ecosystem.

They define four types of circular business model innovation in the context of corporate
boundaries and affected business. As it can be seen in Figure 17, circular business model
transformation describes the modification of an existing business model, circular start-ups
means to creating of new business models outside of an existing company, circular
business model diversification means the development of new business model with circular
economy strategies within an existing organization and using their resources and networks,

and circular business model acquisitions describes merger and acquisition activities which
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aims business models using circular economy strategies. Transformation may have highest
potential impact, especially if it replaces traditional linear business model. From the
circular solution perspective start-up and diversification are very similar, even it is
question of model with existing actor (start-up) or with new actor (diversification). With
acquisition strategy there is a question of integration and how it realizes, also the theme of

agency theory is important here.
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Figure 17. Four types of circular business model innovation (Geissdoerfer et al., 2020)
Their (Geissdoerfer et al., 2020) definition for circular business innovation is following:

“circular business model innovation can be defined as the conceptualization,
and implementation of circular business models, which comprises the
creation of circular start-ups, the diversification into circular business
models, the acquisition of circular business models, or the transformation of a
business model into a circular one. This can affect the entire business model
or one or more of its elements, the interrelations between the elements, and
the value network.”

What makes Geissdoerfer et al. (2020) article such a valuable for this thesis is the fact that
in addition to business model approach and definition, they also present framework of unit
of analysis for business model innovation. Figure 18 show how this conceptualization can
be divided into internal and external view, starting from the business unit/business focus

view, and then expanding to the view of organization/corporate focus. Then perspectives of
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business model portfolio and value network can be combined to an ecosystem view. As

Geissdoerfer et al. (2020) states:

Business unitf
business
focus

Organisation/
corporate
focus

Ecosystem
focus

Figure 18. Unit of analysis for business model innovation (Geissdoerfer et al., 2020).

“Besides combining multi-business model and multistakeholder views into a
network perspective, ecosystem analyses can also expand not only to several
business units but entire organisations (i.e. amulti-corporation view). The
concept can thus go beyond current corporate strategy considerations that it
combines with industry analysis elements, while emphasising collaborative

and regularly underinvestigating competitive elements of both.”
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Bocken et al. (2019) also highlights the process of circular business model innovation

meaning updating the elements of an existing business model or establishing a new

organization and business model and doing so, embed, implement, and capitalize on

circular economy practices. Orasmaa et al. (2020) are highlighting the question of

ownership while discussing how company boundaries are affected by CBM. According to

them, four business models — product as a service, material as a service, performance as a

service and performance guarantees — will change ownership, and this change is supported

by sharing platforms and various digital solutions. In addition, they (Ibid) stresses that each
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company has its own role enabling circularity in a circular economy ecosystem.

Ecosystems are vital, for example, in organizing commercially viable material cycles.

Finally, the importance of boundaries between companies in the ecosystem can also be
examined from the perspective of knowledge transfer. As noted earlier, Holmstrom &
Roberts (1998) stresses that knowledge transfers are a common driver of mergers and
acquisitions, especially when new technologies, markets, and management systems arises.
Thus, in the case of substantial leaps in knowledge, or when the nature of the knowledge
transfer will involve ongoing investments or engagements, they see knowledge transfer at
the heart of organizational design since it results contractual and incentive problems

challenging both markets and companies.
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3. Research methodology

3.1. Research strategy and method

The research strategy of this Thesis is qualitative research, and the research method is
semi-structured interviewing (Koskinen et al. 2005, 104). With this research method, the
aim is to allow interviewees freedom in their responses and thus achieve diverse and, from
the interviewees' perspective, as relevant as possible interview material. The research is
conducted without predetermined hypotheses. However, it should be noted that all
researcher's observations are inevitably influenced by previous experiences (Eskola &

Suoranta 2000, 19).

It is important to highlight the specific characteristics related to the execution of this
research. These are the consequences of this study being part of a larger research project.
First, a thematic interview framework was created for the interviews, and it was nearly
complete when the thesis worker joined the project. The thesis worker made a few
additions to the interview framework. Second, several organizations and individuals to be
interviewed had been planned prior to the start of this Thesis. Some new ideas for
interviewees emerged during this study, in part because, at the end of each interview
potential recommendations for other interviewees were asked. Referring to the above, the
presentation of the Circular E-bike ecosystem, completed within the research project while
this thesis was still in progress, will be presented in Chapter 4.1. While the research project
practically identified the interviewees for this Thesis as well, it was nevertheless essential
to create a link between theoretical part and empirical part, and this was done by ensuring
that there is at least one representative from those organizations which represents relevant
roles in framework of Potting et al. (2017). Third, some interviews were also made without
researcher being personally present. These interviews are clearly indicated in the reference
list. The use of these interviews is allowed, if there are no official articles published based
on them before the completion of this Thesis. The thesis worker did not participate alone in

any of the interviews but contributed to them.
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The interviews were recorded and transcribed. Transcription was made automatically by
special software. The interviews were conducted face-to-face and remotely by Microsoft

Teams.

3.2. Interview analysis method

Interviews are analyzed first by thematic analysis and then by framework analysis. By
thematic analysis aim is to systematically identify key themes, patterns, or meanings within
qualitative research data. This helps to understand and interpret the content of the data and
identify essential themes. With thematic analysis it is also purposed to understand
perspectives of different actors. By framework analysis previous thematic results are
interpret with the theoretical framework. The clear purpose of framework analysis is also
gaining understanding of data in the light of different actor roles and their actions related to

circular strategies, circular business models and platform activities.

3.2.1. Thematic analysis

Because there are a wide range of ecosystem actors being interviewed, some interviews are
analyzed using a more detailed method, while others are considered more as a background

information useful for the study. Latter are analyzed directly from the interview transcripts.

Within detailed method, interview transcription is first familiarized with initial notes.
Then, useful data is copied from the transcription to the new Word document, freely using
appropriate theme labels, one or several, without any predetermined theme classification.
Each individual sample taken from interviews is coded with the interviewee's unique
identifier letter and sequential numbering, and the sample is also marked with "R" if
appropriate, to initially indicate that it is related to one of those circular strategies RO-R9.
By doing this, each data sample is its own section with the theme label and possible
marking of “R”. In each transcription document, taken parts are highlighted so that when

revisiting them later, it is entirely clear which parts are already in use and which are not.

Within this method, all identified themes are summed up to be 47 at total. Following this,
similar themes are grouped under a most appropriate overall theme category, aiming to
reduce the number of themes significantly. This process results the formation of six theme

categories, which are named freely as circular strategies of batteries, circular strategies of
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other E-bike materials, E-bike ecosystem and market analysis, E-bike as a service,
Strategy, and Legislation. After this, each interview sample is reanalyzed and coded with
the most appropriate theme category code, one of the mentioned six. At this stage, a few

samples are divided into smaller parts to determine the most appropriate theme category.

Finally, new Word documents are created from samples of the same theme category for a

more detailed analysis. These files can be called theme category documents.

3.2.2. Framework analysis

A framework analysis starts by reviewing the preliminary "R" labels from the theme
category documents. At this stage every preliminary “R” finding is categorized with one of
the specific strategies R0-R9, and new “R” markings are being made. In addition, codes
“opportunity” or “challenge” are marked to the samples if their content implies that from
the circular strategies point of view. This initial marking refers to research subquestion

four and thus makes it easier to investigate that matter later of the study.

Then all markings of “R” with possible markings of opportunity and challenge, are
combined to the table in new Word sheet. R-strategies are listed below from RO to R9, with
the interviewee's unique identifier letter and sequential numbering which were made

earlier.

In the context of the framework analysis, the central focus is on identifying circular
strategies and potentially associated opportunities and challenges to them. The fourth sub-
question of the study about the circular business models related to identified circular
strategies is addressed straightforwardly based on dialogue between findings and theory.
Even preliminary markings of possible circular business models were not made to

transcriptions at a phase of theme analysis.

3.3. Reliability and validity

The reliability of the study refers to the research's consistency and indicates how reliably
and consistently the research method used in the study measures the desired phenomenon.
The validity of the study, on the other hand, refers to the accuracy of the research,
indicating how well the research method used in the study measures the intended

characteristic of the phenomenon. (Avoin tiede, 2018)
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Considering reliability, in the case of qualitative research by semi-structured interviewing,
it can be stated that with the same thematic interview framework it is possible to replicate
the research, but there is always a human perspective at present. Exact results by
interviewing are always more or less unique. The same thematic analysis is reproducible

based on the description of the analysis process.

Considering validity, it can be stated that by thematic interview this research is valid. One
of the most important reasons behind of this notion is the fact that there are several actors
interviewed, and theoretical framework of circular strategies is used to analyze who are the

needed actors to be interviewed.
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4. Findings from empirical study

4.1. Main actors of E-bike ecosystem and their role

This chapter introduces the organizations under the empirical research and their roles
within the E-bike ecosystem. As mentioned in the chapter 3.1, this thesis utilizes two
frameworks to outline the roles of ecosystem actors. Framework by Potting et al. (2017) is
presented in theoretical part, and the second one is the framework of Circular E-bike
ecosystem (Arnold & Valkokari, 2023) which has been built in a research project, to which
this thesis also belongs. As seen in Figure 19, this framework not only presents the various
actor roles within the ecosystem but also illustrates the transfer of value related to products

and services, as well as the transfer of data among different actors.

Example
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Figure 19. Circular E-bike ecosystem (Arnold & Valkokari, 2023)

Next, each organization is introduced in its own subchapter, utilizing information from

their official websites and a brief quotation from interviews. The chosen quotation aims to
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illustrate the role of each organization within the ecosystem. Findings from this chapter

provide an answer to the second research sub-question.

4.1.1. Manufacturing industry — Components

Shimano Nordic Oy

Shimano Nordic Oy was previously known as Hallman Sports which was founded in 1989.
From an early stage, the company represented many strong brands, including Rockshox,
Profile, Bell, and Shimano. Shimano has always been the most significant trademark and
has been the foundation for the company's current extensive range. In 2000, Hallman
Sports OY started its operations in Finland, and in 2004, Shimano Europa acquired the
company. (Shimano, 2023a)

Shimano Inc is located in Sakai, Japan, and it has a wide range of functions, including

planning, development, design, manufacturing, and various other support functions for

supplying bicycle components, fishing tackle and rowing equipment. (Shimano, 2023b)
“We classify ourselves as neutral, which means that our position in the
market aligns with EU competition legislation and similar regulations. As a
component manufacturer and seller, our neutrality applies to manufacturing,
sales, and the aftermarket when these components are sold. Neutrality is an

integral part of our strategy, and we aim to work within these parameters with
all manufacturers and other stakeholders.” (Kulonen, 2023)

4.1.2. Manufacturing industry - E-bikes as end products

Helkama Velox Oy

Helkama is a Finnish family business founded in 1905. Helkama is well-known brand in
Finland and they have had their bicycle production in Hanko factory since 1953. Today
company manufactures modern and high-quality electric and traditional bicycles in Hanko,
production is over 25 000 bicycles per year. All bicycles are designed in for all conditions
and needs — from urban to off-road, from sand to asphalt. Company highlights attributes

like quality, durability, and mobility. Helkama has four brands for bicycles — Helkama,
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Merida, KTM, and Jopo. Helkama Velox, which manufactures, imports, and markets

bicycles, is part of the Helkama Emotor family business group. (Helkama Velox Oy, 2023)

Helkama plays the role of a manufacturer, primarily focusing on the production of bicycle

frames. The company's technology partners are Shimano and Bosch. E-bikes are clearly a

significant focus area for the company in both the present and the future.
“Starting from the summer of 2017, when we essentially decided to venture
into the electric bicycle business and enhance our branding a bit more. We
have a consumer brand, we have E-bikes, we are starting to incorporate
intelligence into them, and we have a significant amount of technology.
However, it is worth noting that we are primarily an assembler; we don't
manufacture the technology itself. Our product development primarily
involves specification work, meaning we shape and design the frames
ourselves. We primarily use Shimano components, or you could say that at
the moment, we exclusively use Shimano components in our electric

bicycles. So, we are not involved in low-cost technologies at all, and we have
no intention of getting involved in them.” (Valtonen, 2023)

For the reason of simplicity, the company is mostly referred to as Helkama in this study,

even though the official name of the company is Helkama Velox Oy.

Tunturi Oy

Tunturi is founded in 1922. In the 1930s, the company started its own bicycle
manufacturing. Many of the bicycle components were imported from England, and along
with them, the brand High Land was acquired. It was translated into Tunturi. (Tunturi,

2023a)

Since 2003, Tunturi Oy Ltd has been a part of the Dutch cycling giant Accell Group.
Accell Group manufactures bicycles under various brand names, and besides bicycles also
bicycle parts and accessories. Accell Group is the market leader in electric bicycles in
Europe and the second-largest in bicycle parts and accessories. Accell Group employs
around 3,100 people in 15 countries, and its bicycles and equipment are sold in over 80

countries. Tunturi. (2023b).

Tunturi Oy Ltd designs and manufacturers Tunturi and Nishiki brand bicycles in Finland,

Espoo and import international brands under Accel Group, including Ghost, Haibike,
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Winora, Lapierre, and Batavus. Today Tunturi Oy Ltd has responsibility for the sales
territories of Finland, Sweden and Norway, Tunturi Sweden Ab is operating company in
Sweden. Accessories sales are handled by Tunturi's sister company, Cycle Service Nordic
(CSN). The company's technology partners include Shimano, Bosch, Yamaha, and Fazua.

In addition, the company has some of its own motor projects. (Tunturi, 2023a)

“In practice, within the group, we manufacture all the bicycles, and we
produce them all in Europe. We do not manufacture anything in the Asia, we
do not have a single factory there. (...) Only components, of course, are
imported from there when necessary, and some frames where there is a lack
of expertise and technology in Europe for producing hi-tech frames.”
(Mikkonen, 2023)

eBike Finland Oy

Compared to two other manufacturers, eBike Finland is significantly smaller. The
company is founded in 2016 (Surakka, 2023) and it operates in the E-bike market under the
brand name Niekka and company does not have traditional bicycles without electricity.
With company’s own word, what distinguish them from other bicycle manufacturers is
their unique approach to after-sales service and customer care. (Niekka, 2023) Every

Niekka E-bikes is manufactured to order, and they are assembled in Finland. (Surakka,
2023)

“We will always produce fixed production quantities. This year (2023), our
maximum is one hundred bicycles. In the following year, we will produce
250, then 500, 1000, and 2000 bicycles. Our entire budget is structured
around the idea that we will double our production in every year for the next
five years. In one interview, I mentioned, that we are generally not the first
choice for a first-time E-bike buyer (...) they experiment one or two seasons
using the more budget-friendly product. However, if it becomes a lifestyle, a
primary mode of transportation to work, a completely new hobby, or if it is
already a passionate hobby, then if there are any disappointments in terms of
spare parts, maintenance, or if the bike doesn't meet their needs, or if they
desire a particular service, at that point, we come into the picture as an
alternative.” (Surakka, 2023)
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4.1.3. Distribution chains

Vapaus.io

Vapaus.io was founded in 2018, driven by the founder's desire to contribute to solving the
climate crisis. The company offers employer-provided bicycles, making its target market
B2B2C. The change in taxation rules for employer-provided bicycles in 2021 has been
favourable for the company and significantly increased demand. To date, they have
delivered almost 10 000 bikes, and their current framework agreements cover 150 000

individuals. (Ampuja, 2023)

A key aspect of company’s concept is flexibility for the customer, meaning the employee
who receives the employer-provided bike can return it if there is no use after all. Bikes
returned in this way are redistributed by the company through the Precycled concept.
Company offers a wide range of bike brands to choose from. Initially, the company
considered whether the concept could work with just a few brands, but customer feedback
clearly showed that is crucial important to have several brand options to choose. When
selecting bike suppliers, there are a few essential criteria: the bike must be repairable, and

the supplier must have some form of after-sales service in the market. (Ampuja, 2023)

The company's website provides clear guidance on the most important considerations for
both employees considering a bicycle and employers. It also offers a comprehensive list of

partner companies where bikes can be acquired. (Vapaus.io, 2023a)
Yeply Oy

Yeply is founded in 2016. Company’s business idea is to provide maintenance for
traditional bikes and E-bikes using mobile maintenance unit, meaning a service van comes
close to the customer at pre-arranged locations, so the customer does not have to take their
bike far for maintenance. The fundamental principle behind their operation is to make bike
maintenance as easy as possible for everyone, not just for cycling enthusiasts. Yeply offers
its service to both consumers (B2C) and businesses (B2B), with significant growth

potential seen in the B2B sector. (Kénsild, 2023)

For consumers, the company provides its service through a platform on its website. Users

can check the nearest service van's location and schedule, as well as available maintenance
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slots on a map-based interface. Business customers coordinate with Yeply to establish a
day for maintenance, which of course requires the company to plan a suitable day for their
personnel in advance. After that, employees needing bike maintenance can book an

appointment through Yeply's website. (Yeply, 2023)

The company's current market areas include the Helsinki metropolitan area in Finland,
Hamburg, Berlin, Diisseldorf, and Munich in Germany, as well as Rotterdam in the
Netherlands. (Kéansélé, 2023)
“My mother served as inspiration for this. She is a very typical customer for
us; she has an e-bike, uses it five days a week, but when you ask her about
the brand of her bike, she says, "I don't really know." How many gears does it
have? "I don't know." It is red. She is not interested in the bike, she is not a

cycling enthusiast. To her, it is just a tool, much like a television or a
lawnmower or anything else that needs to work.” (Kénséla, 2023)

Swapfiets

Swapfiets business idea is to provide a bike membership with a low fixed monthly fee.
There are two types of membership options, flexible and regular. With flexible option
customer pays a one-time joining fee and have possibility to cancel membership anytime.
With regular option there is not any joining fee, but option to cancel membership is

possible after the first six months. (Swapfiets, 2023a)

At the moment the company operates in eight countries — Austria, Belgium, Denmark,
France, Germany, The Netherlands, United Kingdom, Spain — and total of 21 cities in these
countries. (Swapfiets, 2023b)

Swapfiets is established by three Dutch university students when they recognized the
demand for consistently reliable bike services. Starting with 150 abandoned bikes, they
tested the hypothesis if the users value the mobility which bike service business model can
provide. Their success has led Swapfiets to grow over 250,000 members today. At the
beginning the diversity of abandoned bikes posed challenges in terms of service and
circularity. Varying models, ages, and quality made repairs difficult, and the lack of
knowledge about bike components hindered waste management. Even Swapfiets could
give abandoned bikes a second life, the reality of great diversity of bike models and parts
constrained service expansion. Thus, they recognized the need to standardize their bikes

for wider accessibility. Designing their own bike allowed them to ensure reliability and
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adopt a circular business model, aligning with goal of creating an indestructible bike for
service. In 2016, they launched a circular bike tailored for this purpose. Today, through in-
house design and data tracking, they have enhanced bike quality, reducing breakdowns by
66%. Standardizing bikes allows them to make data actionable, continually improving

designs. (Swapfiets, 2023c)

Lapin Akkumaailma Oy

Lapin Akkumaailma performs battery re-celling. The company re-cells 150-200 batteries
per year, which means one full-time person's workload. According to interview, there is
more demand for the service, but the limited workforce is a bottleneck. Currently, there is
no formal training available in this field, so employees must learn on the job. This,

naturally, creates a barrier to hiring more personnel. (Kuoksa, 2023)

4.1.4. Infrastructure provider

Latauspolku Oy

Latauspolku Oy is established in 2019, when the founders drafted a patent application for a
cabinet that detects and extinguishes battery fires. The company's business idea is to
provide easy and secure charging and storage solutions for electric bicycle batteries. The

target market is public spaces. (Pajamies, 2023)

The product, a charging cabinet, is capable of detecting and extinguishing lithium-ion
battery fires. The cabinet can identify a battery fire up to two minutes before the onset of
flames. The fire is extinguished by immersing the battery in water, which is pumped from
the cabinet's own water tank. The cabinet's operation is controlled through a mobile
application, which is available for free download on app stores and is compatible with both
Android and iOS interfaces. The charging cabinet also provides protection against theft, as
an E-bike without a battery and charger is much less appealing to thieves, especially since
authorized dealers typically do not sell batteries separately unless the buyer can provide
documentation proving ownership of the bike. (Latauspolku, 2023)

“The cobalt-based lithium-ion batteries are definitely the issue around this.

And basically, the hype and marketing goes with electric cars. But e-bikes,
and especially e-bikes, have a greater, greater risk of having a battery fire
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than the cars. Because the batteries inside the cars are well protected, inside a
good suspension of the car. Those batteries don't get any hits or dents. They
are not dropped anywhere. But these bike batteries, or e-scooter.” (Pajamies,
2023)

The patent application drafted in 2019 was approved on June 30, 2023. (Latauspolku,
2023)

4.1.5. Collection for (re)processing

Recser Oy

A non-profit organization Recser Oy is a producer community founded in 2008 by battery
and accumulator producers. Recser Oy represents over 800 producers of batteries and
accumulators. Recser’s key task is to oversee the separate collection, pre-treatment,
recycling, and promotion of recycling of batteries and accumulators in Finland. For
producers, the management of producer responsibility must be easy, and the return of
batteries and accumulators to collection points must be effortless for consumers. Over the
past ten years, Recser Oy, together with its partners, has established a network of 13 000
collection points in Finland and has recycled a total of over 10 million kilograms of
batteries and small accumulators. Recser Oy reports on behalf of its producers to the
Pirkanmaa ELY Centre, which monitors activities falling under producer responsibility in
Finland, including the separate collection and recycling of batteries and accumulators.

(Recser, 2023)

From Recser's standpoint, organizations committed to producer responsibility currently
lack a comprehensive understanding of this concept, hindering their ability to fully exploit

the potential benefits it offers.

“The understanding is not yet at a satisfactory level. While the legislator is
certainly aware of and familiar with the possibilities of producer
responsibility, it is primarily the officials of the Ministry of the Environment
and, to some extent, the representatives of the Commission in Parliament
who have prepared the matter. Unfortunately, the core group and, to a
broader extent, the general field do not seem to comprehend it well at this
point. (...) I cannot speak for all countries, but my overall impression is that
elsewhere, this has not yet reached a stage where particularly responsible
companies see it as an opportunity.” (Stenbéck, 2023)
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4.1.6. Material processing

AkkuSer Oy

AkkuSer is established in 2005 and its production facility in Nivala, Finland, began its
operations. By using environmentally friendly and safe technology, the company achieves
a high recycling rate in the handling of hazardous batteries. From the beginning, AkkuSer
has recycled all portable batteries and other batteries collected in Finland. Additionally, the
company imports battery waste from several European countries for processing. Over the
years, the quantity of input flow has significantly increased, leading the company to
expand its production facility and enhance its technology. A significant driver of material
processing technology development is the advancement of battery technology. AkkuSer
estimates that the need for recycling especially Li-ion batteries will grow significantly in

the near future. (Karjalainen, 2023)

Currently AkkuSer is recycling following battery types: Li-ion batteries, Ni-Mh batteries
and alkaline batteries. Other battery types such as lead-acid batteries, Ni-Cd batteries, and
Li-primary batteries are sent further to other recyclers. Low-grade cobalt Lithium-Ion
batteries is the fastest growing battery type, the very same type E-bikes are using.
(AkkuSer, 2023)
“Our plan is to build more capacity. Now for lithium-ion batteries our
capacity is 700-800 tonnes. But our goal is somewhere (...) of course, it
depends on the technology used and so on. But somewhere 2000 or 3000
tonnes per year, and the focus will be in the portable batteries. Of course, it is
possible to feed some modules and cells from dismantled EV batteries as

well, but we focus on let's say, more difficult materials than many other
recyclers in the market.” (Karjalainen, 2023)

4.1.7.City

City of Lahti

Lahti is an example of a city that enables its residents to use E-bikes through a short-term
rental model. Currently there are 500 electric-assist bikes, known as Mankeli. These bikes
are integrated into a city bike system that includes bike stations and a mobile app that

enables bike usage. These city bikes can be referred to as shared bikes and are intended for
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short trips within the city area. Access to the bike can be obtained with a one-time payment
or a longer-term access fee, such as a seasonal pass, three-month pass, monthly pass,
weekly pass, or daily pass. The one-time payment is based on a per-minute charge of 10
cents per minute. Since city bikes are specifically designed for short trips, an additional fee
is charged for continuous usage exceeding 30 minutes. (Kaupunkipyorit, 2023a)
Companies can also purchase seasonal passes for their employees to use the system.

(Kaupunkipydrit, 2023b)

From the technological perspective the bike is very robust, weighing 35 kg, and it is
designed to withstand heavy usage. On average, the bike is used for 4-6 trips per day, with
an average distance of 2-3 km per trip. The functionality of the city bike system relies on a
dense station network. The bikes were procured from the Czech company Freebike, with a
focus on efficient batteries — the bike needs to be able to cover as long a distance as
possible between charges. Batteries are changed when they have 30 percent charge
remaining, and charging is done centrally at the charging station. When the bike needs
maintenance, the primary approach is to replace damaged parts rather than repair them.
Maintenance is carried out by a separate independent company called Leo-Sport Oy.

(Huttunen, 2022)

City bikes are part of the larger ViKi Lahti project, which seeks solutions to the
sustainability challenge of the last mile in e-commerce. The last mile is known to be the
least eco-friendly, most expensive, and challenging part of cargo transportation. (Lahden

seudun kehitys, 2023)

4.1.8. Other supporting roles

Pyériliitto ry

Pyoridliitto ry is the advocacy organization for all cyclists. Organization’s goal is to
increase the share of cycling as a mode of transportation and ensuring that it make actions
to pursue a good cycling environment, logical traffic rules, and safe bicycle parking
facilities. Organization focuses on national advocacy work and it’s local associations
organize various activities in their respective regions. Pydriliitto represents Finnish

cyclists internationally and is a full member of the European Cyclists' Federation.
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Pyoriliitto’s key activities include engaging in the preparation of laws and regulations,
meeting with decision-makers, providing information and communication, participating in
public discourse, supporting the activities of local cycling organizations, running
campaigns, organizing the annual VeloFinland seminar, and initiating projects targeted at

various special groups, such as the elderly, children, and immigrants. (Pyoriliitto, 2023)

4.1.9. Summary of actors and their key roles

Summary of actors and their roles in the E-bike Ecosystem are presented in table 6 below.

Table 6. Actors in E-bike Ecosystem and their roles.

Actor

Role in E-Bike Ecosystem

Shimano Nordic Oy

Manufacturing industry — Components for E-bikes

Helkama Velox Oy Manufacturing industry — E-bikes as end products
Tunturi Oy Manufacturing industry — E-bikes as end products
eBike Finland Oy Manufacturing industry — E-bikes as end products

Vapaus.io (Vapaus Bikes Finland Oy)

Distribution chains — Employer-provided bicycles

Yeply Oy

Distribution chains — Maintenance provider for E-bikes

Swapfiets (The Netherlands)

Distribution chains — Long term leasing with full service

Lapin Akkumaailma Oy Distribution chains — Maintenance provider for batteries

Latauspolku Oy Infrastructure provider — Battery charging stations

Recser Oy Collector for (re)processing

AkkuSer Oy Recycler

City of Lahti Provider of E-bikes to its residents through a short-term rental
model

Pyoériliitto ry Other supporting roles

Thus, a total of 13 organizations have been interviewed for the study, with the thesis

worker participating in six of them.
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4.2. Identified circular strategies

In this chapter, the circular strategies identified among the actors in the E-bike ecosystem
are presented. Chapter is structured to follow the theory of circular strategies (R-

strategies). Findings from this chapter provide an answer to the third research sub-question.

The implementation of circular strategies is studied from two perspectives. The perspective
of components, namely the battery and the motor, is self-evident. These components are
attached to the bike, and their life cycles can be extended through various actions until they
are removed from the bike and thus moved to the next use or recycling. The second
perspective concerns the entire product, so in the study, there is also an interest in how
circular strategies can impact the entire lifespan of the E-bike. The perspective of the
product lifespan is also essential because when the battery and motor are separate
components, replacing one with a new one does not necessarily require replacing the other.
Therefore, from the standpoint of CRM, it is advisable to extend the E-bike's lifespan until

it no longer contains either of the original components.

Considering the above, in this thesis, the Repair strategy (R4), Refurbish strategy (R5), and

Remanufacture strategy (R6) are interpreted as follows.

In the Repair strategy, there is a particular interest in approaches related to batteries and
motors, but also more broadly in practices that involve the entire E-bike. The broader

perspective specifically takes into account the entire product lifespan.

The Refurbish strategy refers to replacing an existing battery or motor with a new one.
This RS strategy is interpreted in this study in this way because, from the perspective of
CRM, extending the E-bike’s lifespan makes sense by replacing the battery or motor with a

new one when needed. In this way, the other component still contains the original CRM.
Remanufacture strategy refers to mainly re-celling batteries.

The Reuse strategy (R3) is interpreted to occur in two situations. First, when a used E-bike
is passed to a new owner without any repair, refurbishment, or remanufacturing activities.
Second, when some of the above-mentioned actions have been taken, but the E-bike still
contains original CRM'’s. This second interpretation deviates from the normal

interpretation of the 10R framework, but the author of the thesis finds it justified because,
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the battery and motor are separate components, and they can undergo entirely different
actions at different times. After circular strategy actions targeted at only one component,
either the battery or the motor, the E-bike may return to use with some original CRM
intact. In this case it can be understood as reuse, and considering the development of

circularity of CRM, it is advisable to look at this logic also.

4.2.1. Refuse, RO

Based on the interviews conducted in this study, there are no examples of Refuse
strategies. It is also noteworthy that examples were not actively sought, as from a broader
sustainability perspective, E-bikes are a good alternative to many other modes of

transportation, even though the focus of this study is on CRM issues.

4.2.2. Rethink, R1

From the Rethink strategy point of view E-bike sharing concept provided by city of Lahti
and Swapfiets concept are two examples which are analyzed in more detail. At the same
time, it is worth to note that, for example, Helkama supplies E-bikes to ski resorts for
rental purposes (Valtonen, 2023), but the rental operation is handled by another company
which is not interviewed in this study. So, in this case, Helkama can be considered as

product supplier for third-party, not an actual operator of the sharing service.

The sharing E-bike system at the city of Lahti is an example of making product use more
intensive through sharing. From the perspective of intensifying the use, the bikes are
available to all city residents as well as company employees through various payment
options as described earlier. As it was mentioned earlier, from the technological
perspective the bike is very robust and designed for heavy usage. Continuous and intense
usage implies, from a maintenance perspective, that the bikes will likely require more
frequent maintenance than a bike used in normal private use. The primary approach is to

replace damaged parts rather than repair them. (Huttunen, 2022)

Swapfiets manufactures E-bikes which are only available through their leasing operating
model. Company highlights the paradigm shift from ownership to membership. (Swapfiets
2023d) For the concept to succeed, it requires many aspects related to circular strategies in

terms of bike features, which will be revisited in more detail in other R-strategies.
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The company is established to promote sustainable development through circular economy
methods, and while this perspective is undoubtedly important to the company's customers,
in a membership-based business model, customer trust and loyalty are earned especially
through excellent service. On their website, the company clearly emphasizes the app which
includes service-related arguments such as fast booking of service and repair, getting
personal referral discount, finding the nearest store, and checking invoices easily. The
actual range of E-bikes includes four options, each with its own monthly subscription

price. (Swapfiets, 2023a)

When E-biking becomes increasingly common in urban environments, there is an
increasing need for charging points. This is well illustrated in the interview with
Latauspolku, highlighting not only the actual charging aspect but also another evident
perspective, specifically related to expensive E-bikes.
“That's one of our ideas, if you take off the battery, the remaining part of the
e-bike is definitely not that appealing to the guy who steals the bike. Because
in order to resell the bike (...) if you take off the battery, and the person who
steals your bike, the person has a big difficulty getting a new battery.
Because of all the official E-bike sellers. If you go and want to buy a battery,
they ask you for proof that you are the owner of the bike. Otherwise, they

don't sell it to you. I've been talking with them, and they said that they
regularly have guys who come and want to buy.” (Pajamies, 2023)

In conclusion, while the E-bike sharing initiative in the city of Lahti intensifies product use
through widespread availability of city bikes, Swapfiets example highlights a paradigm
shift from ownership to membership. In both cases, the user borrows the bike, and the
ownership remains with the provider, but the duration of usage is entirely different. When
the ownership of E-bikes is retained by a commercial actor, this actor manages the entire
fleet of bikes and can implement various maintenance actions tailored to the specific needs
of the bikes to extend their lifespan. Both examples present the evolving landscape of
sustainable mobility, emphasizing circular strategies and customer-centric approaches.
From the customer perspective, it is also important to have charging stations and in the best
case, they also protect the E-bikes from theft. It is important to note, that while product
usage is intensified, it does not yet tell anything about how sustainable manner the E-bikes

are actually manufactured. This question leads us to next circular strategy of Reduce.
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4.2.3. Reduce, R2

Manufacturers play a pivotal role in determining how to increase the efficiency of E-bike
manufacturing or how to use fewer natural resources and materials. The manufacturer's
role can be divided into manufacturer of components and manufacturer of E-bikes as end
products. All product manufacturers emphasize that component manufacturers, such as
Shimano and Bosch, play a crucial role in influencing how sustainable manner batteries
and motors are manufactured. Product manufacturers then make decisions about the
components they use in their products, and these decisions significantly impact the
sustainability of product itself and circular strategies available later considering the

lifespan of the product.

The component manufacturer Shimano produces components in Japan in its factory and
deliver those to Europe. Shimano's factory is highly automated, and all raw material
processes are carefully considered. The company has taken many actions to continually
produce higher-quality components with fewer materials. (Kulonen, 2023) When asked
about the feasibility of manufacturing components destined for Europe closer to the actual
market, the answer is clear.

“Once these specific resources have been established there, it's not practical

to relocate them to Europe just for the sake of sustainability or other reasons

that might seem sensible. It might be more reasonable to organize the supply
chain from there through efficient distribution methods.” (Kulonen, 2023)

From the perspective of product manufacturers Helkama, Tunturi and eBike Finland, the
key method to implement the strategy of Reduce is to focus on component supplier
choices, that is, to procure components from reliable partners who prioritize the quality and
maintainability of the components. Helkama places a significant emphasis on the

components that are imported into Finland.

“(...) it all comes down to the quality choices of components that are
imported into this country. (...) We only work with responsible suppliers like
Shimano. All Shimano batteries come from Japan, and their motors also
come from Japan. Of course, we try to focus on quality; we don't import
cheap Chinese front motors or cheap Chinese batteries, which typically
struggle in winter conditions (...) and have poor quality. When it lacks all the
power management and protection components, they often work for a while,
and then they are almost junk.” (Valtonen, 2023)
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Helkama is currently discussing with Bosch regarding potential component collaboration,
but there is no desire to expand to a broader supplier base. There have also been
experiences with poor-quality operators. A couple of years ago, the company had a front-
motor bike with a battery and motor from a Chinese manufacturer. The product was
quickly withdrawn from the market due to several quality issues. (Valtonen, 2023) When
Helkama started its collaboration with Posti, they immediately recycled all the poor-quality
Chinese bikes that Posti had at that time.

“They told us, scrap all of these on their behalf.” (Valtonen, 2023)

Similarly, Tunturi is very meticulous about the components they use. Decisions about the
components used are made at the corporate level, and they prohibit the use of certain
component manufacturers altogether. (Mikkonen, 2023) Tunturi considers Bosch,
Shimano, Yamaha, and Fantsua as reliable partners because their batteries are of high
quality. These batteries are equipped with memory technology, allowing for the analysis of
battery usage and charging during maintenance.
"In terms of warranties, Shimano offers a significant guarantee for their
battery, ensuring its longevity over multiple charge cycles. If there's a drop in
capacity within this period, Shimano manages recycling and further
evaluation. Meanwhile, other brands like Bosch and Yamaha may have

different warranty terms, but Tunturi perceives them as still maintaining a
high standard of quality." (Mikkonen, 2023)

For Tunturi, the significance of replaceable and interchangeable components is substantial,
and when making procurement decisions, they check whether the components are
recyclable and how they can be recycled. (Mikkonen, 2023)
“If the bicycle itself doesn't have replaceable or interchangeable components,
meaning it's built with parts that you can't replace, then the bicycle is

destined for recycling. After that, we face a significant problem.” (Mikkonen,
2023)

Tunturi manufactures many E-bike components in-house within its own group, excluding
batteries or motors. The general principle is to design components using standard parts to

ensure availability, and these parts are continuously produced for other customers as well.
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An example of such parts mentioned in the interview is something as simple but essential

as screws. (Mikkonen, 2023)

eBike Finland emphasizes the importance of component choices for quality and
maintainability throughout the product's lifecycle.
“For us, this means using components from reputable manufacturers, and our

bikes are assembled with quality in mind, ensuring a longer lifespan for our
bikes.” (Surakka, 2023)

eBike Finland also stresses the role of large component manufacturers in driving change.

“There is a certain fortunate aspect that I have observed in the mechanical
engineering industry, which is that the larger the supplier is, the more closely
they stress to ecological, environmental, and quality goals because legislation
guides these large factories to operate in a certain way. However, the bigger
the factory is, the more they have an interest in going beyond that legislation.
That's why, in my opinion, the factories we collaborate with have really good
capabilities to tackle these challenges (...) I would certainly throw the ball to
the large component manufacturers, including Shimano, which is a world-
class manufacturer in the battery, motor, and component sectors; their
resources and capabilities are entirely different. (...) I see my role as
important in telling them how these bikes work with this concept in Finland.”
(Surakka, 2023)

Swapfiets has set the goal to be a 100% circular product by 2025, meaning no use of virgin
materials, no pollution and zero waste. The whole circular concept must be taken account
already at design phase of the product, and according to this, company highlights are
principles of modularity, upgradability, disassembly, repairability and recyclability.
(Swapfiets, 2023d, 19). During the year 2023 company’s strategy will include, for
example, out phase unwanted materials from products, and creation of mock-up for the
100% circular bike. Considering tires, for example, they make cooperation with one
company to lease tires with a service model, and by this operating model creating longer
lifespan for tires and thus less waste. (Swapfiets, 2023d, 19). It is worth noting that, from a
component perspective, this strategy concerning tires, could also represent a Rethink

strategy.

Vapaus.io also highlights how they find component industry from the distributor point of

view.
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“The E-bike market is characterized by a large number of different brands,
but the main components are primarily from a few companies, such as
Shimano and Bosch, and also some motors from Yamaha. This means that
spare parts are often available in service shops. Ordering parts for cheaper
bikes, often ordered from China, can be challenging.” (Ampuja, 2023)

In addition to batteries and motors, there are some comments in the interviews regarding
bike frame materials from a circular economy perspective. For example, Helkama is
currently looking for manufacturers that produce frames from recycled aluminium and
recycled steel. (Valtonen, 2023) eBike Finland is also exploring the production of frames
made entirely from recyclable materials, with a target market being community bikes such
as city bikes in order to have enough volume to secure profits for investment.

“This will be one model that will have significantly higher volume compared

to others. If successful and after assessing how the concept works, we may be

able to use these frame materials in other models. I believe our direction is to

differentiate ourselves in terms of frame materials in the near future.”
(Surakka, 2023)

Regarding materials, Helkama sees the biggest risk in their supply chain at the upstream

end, where achieving complete transparency is challenging.

“(...) our steel frame is manufactured in China, how do they produce it when
we consider ourselves responsible? We have a Taiwanese agent partner who
inspects, investigates, and demands quality, and so on. We do try to do what
we can, but our people have never visited any aluminium mines.” (Valtonen,
2023)

Finally, the very recent EU Battery Regulation significantly impacts the entire life cycle of
E-bike batteries, from raw material sourcing onwards. From the perspective of circular
strategies, the regulation has a direct connection to the R2 strategy. According to Recser,
the new regulation takes many important steps forward in managing the comprehensive life
cycle of batteries.
“Perhaps in the big picture and in simplified terms, it will cover the entire life
cycle of the battery, from responsible sourcing of raw materials to promoting
the circular economy. Until now, the focus has largely been on the legislative
framework and producer responsibility at the end of the battery's life cycle,

emphasizing collection and waste management. Circular economy may not
have been the primary driver in this context; instead, environmental
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protection has taken precedence. Now we could see bold steps in the
direction of taking control of the entire life cycle. The entire regulatory
framework is built around the goal of creating functional battery markets and
battery raw material markets in Europe, with objectives including the internal
market and circular economy, as well as the introduction of responsibly
produced batteries into the EU market.” (Stenbéck, 2023)

In conclusion, component manufacturers, most importantly Shimano and Bosch, play a
pivotal role in shaping the sustainability of E-bike manufacturing. E-bike manufacturers
like Helkama, Tunturi, and eBike Finland prioritize reliable component choices,
emphasizing quality, replaceability, and recyclability. With these decisions, they build their
capacity to maintain and extend the lifespan of E-bikes through the R-strategies presented

in the following sub-sections.

The recent EU Battery Regulation aligns with the R2 strategy, covering the entire battery

life cycle, from responsible sourcing to circular economy principles.

4.2.4.Reuse, R3

When looking the reuse strategy, two main perspectives are, firstly, understanding the
primary sources from which the most significant volume of reusable E-bikes enters the
market, and secondly, how the second-hand market for reused E-bikes currently operates.
When delving into the reuse strategy, two perspectives stand out. First, it is essential to
understand the primary sources contributing to the significant volume of E-bikes in the
reuse market. Second, it is crucial to understand how the reuse market operates. An
interpretation approach that deviates in some aspects from the typical interpretation of the

reuse strategy has been presented earlier.

In Finland, the most significant driver for the increase in the number of used E-bikes is the
imminent conclusion of the first contract period for employer provided bikes. According to
Pyoriliitto there were about 40 000 employees using employer provided bikes, normal and
E-bikes, at the end of the year 2022. (Koistinen, 2023) Another significant source of used
E-bikes is bike rental companies, especially in Lapland, where there is a significant
inventory of bikes. According to the Koistinen (2023), the number of bikes in rental
operations ranges from 3000 to 10000, with at least half of them being E-bikes. Rental

companies do not use the bikes until they are worn out, instead, they renew their fleet in a
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timely manner, releasing a significant number of still well-maintained bikes into the

market.

Vapaus.io, the provider of employer provided E-bikes, operates the concept where
customer has the possibility to return the bike also during the contract period, not just after
the period ends. In both cases, the returned bikes are maintained in every necessary way
and are then transferred for leasing through the company's own Precycle service. (Ampuja,
2023) On the Precycled website, bikes can be searched using various filters, such as user
height, power source (regular or E-bike), bike type, brand, price, condition, and color. The

bike's condition is assessed as excellent, good, like new, and new. (Vapaus.io, 2023b)

From Swapfiets' perspective, the Reuse strategy is at the core of the business model, as the
bikes owned by customers are the company's property. Extending the lifecycle through
maintenance and repairs enables the bikes to be used for as long as possible, either by the

same customer or multiple different customers.

From the product manufacturer perspective, eBike Finland sees opportunities for Reuse
strategy as part of its factory maintenance concept. Instead of maintaining bikes and
directing redistribution through a third party, the company wants to be the provider of
second cycle bikes directly to customers. However, it is important to emphasize that
company does not have concrete redistribution in this context yet, as their bikes are still in
their first cycle with the original users. (Surakka, 2023) On a general level, E-Bike
emphasizes that when a consumer considers purchasing a used bike through a general
resale platform like Tori.fi, the consumer themselves must assess the condition of the bike.

(Surakka, 2023)

Tunturi views second-hand platform Tori.fi as a still somewhat wild market but
emphasizes how, on the other hand, from there can be noticed the value retention of high-
quality E-bikes in resale. Tunturi has strong confidence in the emergence of the used E-
bike market. One of the most important drivers for this being end of the first three-year

period for the employer-provided E-bikes. (Mikkonen, 2023)

All previous examples are dealing C2C or B2C reuse market. When asking from Yeply if
they see reuse market for E-bikes at B2B settings, the answer is a clear no, with the
clarification that as the market is still so young, there has not been a secondary market

established yet. (Kénsild, 2023)



72

In conlusion, the Reuse strategy is already present in the E-bike ecosystem and is expected
to increase significantly soon since clear drivers for growth can be identified. It is highly
important to note that the specific content of the Reuse strategy varies case by case. At its
simplest, consumers can sell their owned bikes to other consumers in various ways, most
commonly through online marketplaces. Considering the C2C marketplaces, as earlier
mentioned Tori.fi, transparency regarding the product's maintenance and repair history is
crucial for the functioning of the secondary market. While regular bikes also require
regular maintenance, for E-bikes, regular maintenance is a necessity. Those individuals
buying an E-bike from the secondary market should at least be aware of the condition of
the motor and battery. A completely different perspective on the Reuse strategy involves
the business models of commercial actors where the reuse of bikes is the core concept of
their operations. As the case of Swapfiets demonstrates, when bikes are company’s
property, the company's interest lies in keeping the bikes in use for as long as possible
through various maintenance activities. In this context, consumers do not face the risk
when becoming users of a used bike through Swapfiets' membership model because the

company guarantees the bike's functionality and maintenance.

4.2.5. Repair, R4

As mentioned earlier, the repair strategy relates to batteries and motors as well as more

broadly practices that involve the entire E-bike.

As mentioned in previous chapter, not all bike owners maintain their bikes regularly, and
some may even neglect maintenance entirely. Thus, it is appropriate to start this chapter by
addressing this issue because it becomes so visible from the interview with Yeply, which
focuses on bike maintenance.
“When we look at the traditional bike industry, one significant issue from our
perspective has been that the bike industry has taught consumers to ride their
bikes until they no longer move or stop working, and then take them for
repairs. If we compare this to other important aspects of our lives, such as
factories, houses, cars, and motorcycles, all of them are under preventive

maintenance. We have been trying to bring about a cultural change in
encouraging people to proactively maintain their bikes.” (Kénséld, 2023)

Helkama and Tunturi have clear maintenance concepts on a national level and local

presence near customer is highly important for both. Helkama has a clear goal to maintain



73

the E-bikes it manufactures through its own network of dealers called e-Bike Expertti.
Helkama ensures that all its dealers receive training, for example, from companies like
Shimano, thereby ensuring that their dealers have expertise in batteries and motors.

(Valtonen, 2023; Helkama Velox Oy, 2023b)

“We would like to consider how the entire lifespan can be under our control,
all the way to the end. We have authorized maintenance partners, 40
authorized Helkama maintenance centers, where we want these bikes to be
serviced, and we have a nationwide network to receive and recycle them.

However, at the moment, there are individual models there.” (Valtonen,
2023)

Tunturi manages maintenance through its nationwide Tunturihuolto and other dealers. The
Tunturi group is responsible for supplying all warranty parts to Tunturihuolto and dealers,
including new batteries and motors. (Mikkonen, 2023) Additionally, Tunturi's dealers have
their own maintenance services, and Tunturi supplies dealers warranty parts and other
necessary spare parts. The group-owned subsidiary Cycle Service Nordic is Tunturi's
component supplier, responsible for the fast delivery of components worldwide. The
ability for quick delivery has been built through original component choices and active
maintenance of the component inventory. (Mikkonen, 2023) Tunturi recognizes tires as

components that are most typically replaced.

“That's probably the biggest challenge when it comes to regular bikes. Next,
the most wearing parts are the chains and sprockets, which are pure metal or
aluminum alloy, that's the next part. Almost all other parts of the bike
practically do not break when the frame is made of steel, aluminium, or
carbon fiber.” (Mikkonen, 2023)

Tunturi emphasizes the role of smart technology in the development of maintenance.

“We even go to the level where consumers can already read a QR code on the
side of our bikes, and they can get a certain amount of information about
what the bike is made of, what components are there, and how they are made.
This allows consumers to order a replacement part themselves from
somewhere new. At the same time, we facilitate maintenance because it's no
secret how the bike is built and what components are used. Anyone can
disassemble it, so with this approach, we make everyone's life easier by
ensuring that the same components are used for replacements, even during
maintenance. This is perhaps our biggest effort or focus on this regard.”
(Mikkonen, 2023)
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As a newcomer in its industry, comparing to Helkama and Tunturi, eBike Finland’s entire
existence is based on the idea, that maintaining, servicing, and repairing their products
throughout their lifespan should be as effortless as possible. The company designs its
products in-house and makes all component choices, so it has an in-depth understanding of
its bikes.
“This way, we make our bikes more customer-specific, better suited to each
customer's needs. Additionally, as a customer promise, we ensure that spare
parts are always available, and we strive to keep the range of components as

small as possible so that all our models share certain key components,
making it easier to maintain stock.” (Surakka, 2023)

Regarding the factory maintenance offered by eBike Finland, it is influenced by the age of
the bike and the number of kilometers it has been driven. However, the crucial point is that
during the service, any part can be maintained, repaired, or replaced. After the service, the
bike is granted a factory warranty. A centralized strategy may extend the transportation
distances of bikes, but, on the other hand, it allows the actual maintenance operations to be
carried out by the same skilled personnel who manufacture new bikes. Additionally,
component and spare parts logistics can be centralized at the same place whether it is about

maintenance or manufacturing new bikes. (Surakka, 2023)

Yeply offers a very different maintenance operating model compared to a centralized
strategy. Company’s business idea is to maintain and repair both traditional bikes and E-
bikes. Still now in Finland only about 5-10% of all bikes maintained are E-bikes, but the
number of E-bikes are growing. (Kéansdld, 2023) Yeply operates on a mobile service
model, where the service comes to the customers. The mobile service is supported by a
fixed hub located in cities, from which the service departs and returns. The hub also serves
as a storage facility for spare parts and tools. The spare parts inventory typically lasts for
about two days in the service hubs, and replenishment logistics are carried out every
evening.
“If we look at the mobile unit, the advantage is that we can provide services
to areas where it wouldn't otherwise be profitable to maintain a fixed
presence. In those areas, there may not be enough volume to support fixed
units year-round. So, we can bring the service there in a controlled manner,

perhaps only for ten days a year, and get it closer to the consumers with this
solution.” (Kédnsild, 2023)
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The interview with Yeply clearly illustrates that the maintenance operations create a strong
connection to the actual bike users, which is an asset within the ecosystem in the other
direction, namely towards component manufacturers.
“(...) if we look at the consumer business, we are a kind of window to the
consumer, we see the consumer once a year. We know who they are, what
bikes they have, how they use them, what practically no one else knows

about them. Through that, we have a closer collaboration (towards the
component manufacturers).” (Kénséla, 2023)

Yeply as a company focusing on maintenance in B2B and B2C, recognizes the value of
data. By collecting and interpreting data, Yeply can provide manufacturers with more
precise information about component performance, improve its own operational activities
through predictive maintenance development, and offer B2B customers data derived from
bike usage, which ultimately translates into measurable financial benefits.
“We take bike fleets (from B2B customers) into our maintenance service, and
we invest quite a bit in extracting data from them. We know which
components are in use, how they perform, and we can provide this data to the
equipment manufacturer to suggest necessary changes for better durability
and lower maintenance costs. Another area of focus is our own operational
model, as this type of service hasn't been done before. We are working hard
to optimize our operations and develop predictive maintenance algorithms to
efficiently manage the service and reduce costs. Lastly, we are addressing
costs related to how the equipment is used. We provide a lot of data to end-

users or their supervisors, and sometimes misuse or improper operation leads
to additional costs in our service hubs.” (Kénsild, 2023)

In general, the importance of repair is also emphasized by Vapaus.io, a company that
provides employer-provided bikes. They only allow the purchase of bikes that are
repairable, and there must be after-sales operation available from the bike provider.
Vapaus.io maintains its bicycle fleet in collaboration with 200 different maintenance shops
across Finland. However, as an exception, the company's "precycled" bikes are serviced by

its own maintenance staff. (Ampuja, 2023)

In conclusion, the repair strategy is essential for all E-bike ecosystem actors. Helkama and
Tunturi have established maintenance concepts, emphasizing authorized partners and

nationwide networks. E-Bike, a newcomer, prioritizes effortless maintenance throughout
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its products' lifespan, ensuring spare parts availability. Yeply introduces a mobile service
model, enhancing accessibility for maintenance. The repair approach extends to data
utilization, with companies like Yeply providing valuable insights for manufacturers,
improving operational efficiency, and offering financial benefits. Obviously, maintenance
is also part of Swapfiets' operating model, related to R4 strategy. However, since the
company is a good example of implementing the Refurbish strategy, it will be discussed in

more detail in the following chapter.

4.2.6. Refurbish, RS

As mentioned above, Refurbish strategy is interpreted in this study to mean replacing
either battery or motor with a new one. In this sense, if both are replaced, the E-bike does
not contain original CRM anymore. The strategy of refurbishing is addressed in this
chapter from the following three perspectives. First, each interviewed actor is analysed,
whether they implement this strategy. Obviously, if they do, it will be presented in more
detail. Second, regarding refurbishing, it is a question of the compatibility of new batteries
or motors to existing bikes. And third, what is the current need for battery or motor

replacement in the B2C and B2B markets.

All E-bike manufacturers Helkama, Tunturi and eBike Finland provide battery changing as
a part of their maintenance concept which is described in more detail earlier. (Valtonen,
2023; Mikkonen, 2023; Surakka, 2023) Also E-bike leasing service providers Vapaus.io
and Swapfiets include battery changing into their concept meaning that batteries are
changed when needed before the next reuse phase. (Ampuja, 2023; Burger, 2023) Yeply as
maintenance company change batteries when needed. (Kénsdld, 2023) Finally, for Lahti
City bikes the primary approach is to replace damaged parts rather than repair them,
changing batteries is part of this operating model and carried out by an independent

maintenance company as partner. (Huttunen, 2022)

Shimano Nordic, as a partner and supplier of all three manufacturers, ensures the quick
availability of batteries through a combination of the Finnish headquarters and local
service centers. The Finnish headquarters maintains a battery inventory, and then there are
approximately 20 Service Points across Finland, each with its own small battery stock
which can be fulfilled from headquarters. The central battery stock at the headquarters

ensures that global Shimano does not continuously deliver batteries to Finland in small
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batches. (Kulonen, 2023) Due to this arrangement, E-bike users receive prompt service for
their battery replacement needs, and the old battery is collected for recycling by a local

operator.

Just as Tunturi previously highlighted the durability of Shimano batteries and warranty,
also Shimano Nordic itself emphasizes that the batteries themselves are very durable, so
there is often no need for replacement under normal usage conditions. (Kulonen, 2023) A
clear identifiable cause of battery malfunction is the cold winter and consumers' lack of
knowledge about battery maintenance during the winter.
“The main reason for battery issues is the Finnish winter. The batteries need
to be charged even in winter. So, just like any other battery, if it's not used for

a long time and especially if it's stored in the cold, the battery should be
charged from time to time with a maintenance charger.” (Kulonen, 2023)

Among manufacturers, Helkama and eBike Finland, as well as the maintenance operator
Yeply, emphasize that, in fact, maintenance is the only way for consumer to obtain
information about the battery's condition. It is so since only maintenance companies have
the software necessary for analyzing batteries. Finding out the battery's condition serves as
one motivation for taking the bike in for maintenance. (Valtonen, 2023; Surakka, 2023;
Kénsild, 2023) From the interview with Helkama, it is also clear that the development of
the after sales market in the future relies on the fact that the E-bike's key components are of
high quality and serviceable.
“We are not interested in making a business out of cheap front-wheel-drive e-
bikes from various brands. We will never enter that market. However, as a
company, we could look into working with Shimano and Bosch e-bikes
because we understand how the technology works, what the batteries are, and
how the bikes are built in terms of quality. That's where the business
opportunity lies. It can also benefit consumers by refurbishing and selling e-

bikes with warranties in the future when the volume for reuse increases.”
(Valtonen, 2023)

In the interview with Yeply, a highly important perspective for this study is emphasized. In
the B2B market, the volume of maintenance is becoming increasingly significant,
especially abroad, where the company also operates. The reference to the German market

is made in the following context.
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“For consumers, battery replacements are still relatively low, but on the B2B
side, there is already a significant volume, and there is a large-scale need for
replacements. In the B2B sector, there are thousands of bikes covering tens of
thousands of kilometers per year, contributing to the substantial demand for
battery replacements that we are witnessing.” (Kénséld, 2023)

So far, in the broader picture, E-bikes in Finland are still a relatively young product
category. Most of the E-bikes currently in use are the first ones for their users, and their
batteries are in good condition. Despite this, in interviews, such as with Shimano Nordic,
there is a slight concern emphasized about how current dealers are prepared for the
inevitably increasing demand for battery and motor replacements in the future.
“I have told a few dealers, that we really need to sit down together and think
about how we respond to the refurbishment business when it starts. Because
it will. I've asked the dealers, do you want to be a part of it, or just let that

business happen between consumers (C2C)? Or do you want to be involved
as a kind of catalyst for consumers?” (Kulonen, 2023)

For Swapfiets Refurbishing is included in company’s core mission.

“Together with our suppliers we even try to set up a new business model
Battery as a Service, so that we pay for performance and not for owning the
materials. This way they (batteries) can more easily use used materials, as
long as they live up to the performance criteria. Having said that, we are not
deeply involved into developing the cells themselves. We focus more on
keeping the battery alive as long as possible.” (Burger, 2023)

At the moment, Swapfiets announces that 72% of their batteries are repaired, 12% of
batteries are reused for parts, and final 16% are non-repairable, thus used for energy
storage. (Swapfiets, 2023d, 21) Unfortunately there are not more specific information
available about what company mean by energy storage, as this is also the original purpose

of the battery.

The discussion about battery technology development varied among the interviewees, with
some discussing it more extensively than others. However, a more significant part of the
discussion revolved around the challenge of integrating new batteries into existing E-bikes
rather than the actual battery technology itself. This question of integration is also very

important aspect from this study point of view.
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For example, Helkama recognizes both negative and positive signs of compatibility.
Helkama emphasizes that battery technology itself hasn't significantly advanced in years
(Valtonen, 2023), and compatibility issues arise when over time new battery packs don't fit
into the older bike's socket. There is a clear need for smarter overall design to address this
challenge.
“It's possible that over time, the mechanics, essentially the battery pack, may
change in shape, and it may no longer fit into the older socket. So, they are

likely not meant to be eternal within the same mechanical framework.”
(Valtonen, 2023)

On the other hand, Helkama appraise Shimano for its efforts to address compatibility

challenges.

“Shimano has made efforts in the right direction by creating new battery
packs that would be compatible with older bicycles, even if the battery
capacity increases.” (Valtonen, 2023)

Tunturi also emphasized the importance of compatibility.

“We have aimed to ensure that you can always purchase a battery, meaning
that batteries are available and continuously manufactured. We do not create
battery solutions that will be discontinued from the product line after six
months, allowing you to change the battery.” (Mikkonen, 2023)

As Pyoriliitto views the entire industry from the perspective of the umbrella organization,

they see many risks considering implementing an efficient strategy of refurbishing.

“When we talk about E-bikes and how their software functions might evolve
in ten years, we are seeing more and more E-bikes entering the market that
can connect to smartphones. How will these systems work in an E-bike a
decade from now? Will you still find a suitable motor for that bike, which fits
into a specific motor frame? Or a battery that can power it? In my opinion,
these are significant and substantial questions concerning the life cycle of E-
bikes because there's no standardization, and that's a major issue.” (Koistinen,
2023)

In conclusion, for E-bike manufacturers Helkama, Tunturi and eBike Finland battery
replacement option is necessity. Between them there are differences how the actual

maintenance is organized. Shimano Nordic act as a partner and supplier of batteries for all
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of three manufacturers. Vapaus.io and Swapfiets operates with leasing model and battery
replacement option is necessity also for them. Lahti City's city bikes are maintained by a
third party, and in this case, replacing batteries is one of the maintenance options. So, the
possibility to replace batteries is an essential part of maintenance, but the interviewees
emphasize the longevity of batteries when used correctly. However, it can be expected that
B2B E-bike market will drive demand for battery replacements. Finally, the compatibility
of new batteries with older bikes rises a lot of discussion and concern for. Interviewed
stakeholders see the need to address this issue through both product design and the
standards guiding it.

4.2.7. Remanufacturing, R6

As noted earlier, Remanufacture strategy refers to mainly re-celling batteries.
None of the E-bike manufacturers themselves do battery re-celling.

“We have a partner who does that. They are these small battery companies
that probably do re-celling for more than just electric bike batteries. It's a
similar situation to if you have some other battery-powered device and want
to extend its lifespan. We can also guide the consumer forward if they contact
us, because we don't do this ourselves.” (Valtonen, 2023)

“We don't get involved in reconditioning or anything like that at all. We trust
that when the batteries are at the end of their life, they are recycled properly.
We've seen how in recycling, plastics and all other parts are separated, and
the cells that can be reused are recycled. But we're not involved in that
process in any way.” (Mikkonen, 2023)

“We don't take that role. There are companies emerging that handle these
things (re-celling), but as a E-bike manufacturer, we don't want to delve too
deep into it.” (Surakka, 2023)

So in the E-bike ecosystem, it's clear that battery re-celling operators are different actors
from the actual manufacturers. The likely reason for this is the small volume of re-celling,
as clearly indicated in Helkama's interview.

“Both reusing batteries and motors and re-celling batteries are done in

ecosystem, but the quantities are so small that it's not attractive from a
business perspective.” (Valtonen, 2023)
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One of the interviewees, Lapin Akkumaailma performs battery re-celling. The re-celling of
a familiar battery takes slightly less than one day of work, while re-celling an unfamiliar
battery takes two days. It is worth to notice that Lapin Akkumaailma does not receive any
product information from the original manufacturers of the batteries. In addition to E-bike
batteries, the company also re-cells batteries for small machinery and lawnmowers. Most
of their customers are consumers. The new cells are purchased from NKON from the
Netherlands, specifically Sony VTC 5 cells. Originally, the cell supplier was Akkula Oy,
but during the COVID-19 pandemic, the company faced delivery difficulties. In result,
Lapin Akkumaailma found a new supplier and now availability has been good, with a
lower price than before. In practice, cells are always replaced with the same type of new
cell, so the company needs to stock various types of cells. Most of the cells are 18650, with
some 21700 cells. A re-celled battery is essentially a new battery as long as the protection

circuit is in its original condition. (Kuoksa, 2023)

Considering the Remanufacture strategy it is highly important to note that Yeply does not
operate re-celling either, even they are in the role of repair operator. Swapping out a used
battery for a new one is clearly the most common procedure in both the B2C and B2B
markets.
“Battery maintenance is clearly an area that needs to develop in the future.
Currently, replacing the battery is the primary action taken for bikes in the
bigger picture. When you look at many B2B used bikes in Central Europe,
their batteries last from one to two years at most. In this case, a new battery is
swapped in, and the used one goes for recycling. From our perspective, it's a

very straightforward process at the moment, as there isn't much else to do
with the used batteries.” (Kinsild, 2023)

Yeply also emphasizes the crucial aspect of battery warranties in relation to reconditioning.
“If we look at Bosch, in my opinion, Bosch has a policy where if the batteries

have been re-celled or tampered with, it may void the warranty, and they
won't accept anything after that.” (Kénsél4, 2023)

In conclusion, at least yet the battery re-celling is not a common practice in E-bike

ecosystem. Of all those interviewed in this study, only Lapin Akkumaailma performs
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battery re-celling. Re-celling is time consuming since it takes slightly less than one day to

re-cell familiar battery, while re-celling an unfamiliar battery takes two days.

4.2.8. Repurpose, R7

Based on the interviews, there are no signs of considerable repurpose strategies of E-bike
batteries, at least not yet. As already mentioned, Swapfiets tells that since 16% of batteries
are non-repairable, they are used for energy storage. Obviously, this refers to the strategy
of Repurpose, but since the company does not provide more detailed information on the
topic, it is not relevant to address it more strongly in this study. When asked about the
topic, for example, eBike Finland expects solutions to emerge, yet nothing more concrete
is known. (Surakka, 2023) Recycler AkkuSer comments repurposing and does not see it
attractive option since for it would require much of manual work.
“(...) I mentioned EV batteries, then you can take the whole battery or
modules (...) and you have a big energy storage there, if you just compile
enough modules. But then when we go to small batteries (...) we have done
some testing, we have been involved in the projects (...) the battery pack may
have one cell dead, maybe the battery management system is failed or
something like that. We have been involved when opening or dismantling
such battery back and testing cell by cell, they got to be like 90% of the cells
are still good, at least 80% good. But the problem is the manual work of the

dismantling because you cannot use the whole battery pack (...) it needs a lot
of work to do the dismantling and testing.” (Karjalainen, 2023)

4.2.9.Recycle, R8

Recycling still plays a significant role today in the circular strategies of critical materials
contained in E-bikes, but the situation may change if ecosystem actors are able to adopt
more of the strategies presented earlier in this chapter. However, properly organizing
recycling is extremely important. The earlier discussed EU Battery Regulation influence

also significantly to the recycling phase.

In the scope of this study, recycling is primarily looked from the perspective of how end-
of-life or damaged batteries and other components containing critical raw materials in E-
bikes can be collected comprehensively. The details of organizing battery collection are

also influenced by who owns the bike in each situation, meaning that there are privately
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owned bikes, bikes for business use and bikes for sharing use in cities. More
comprehensively batteries and other components can be collected, more it promotes
material recycling and reduces safety risks associated with storing batteries at different
settings. This study does not delve deeply into the actual recycling processes and the

resulting material fractions.

The new Battery Regulation has an important role of recycling E-bike batteries today and
especially in future. Before, E-bike batteries were classified under the category of
industrial batteries, and they were subject to recycling requirements for industrial batteries.
In the new regulation, five categories are defined, and E-bike batteries fall under the light
means of transport (LMT) category. The other categories include portable batteries,
electric vehicle (EV) batteries, industrial batteries, and starting, lighting, and ignition (SLI)
batteries. (AkkukierriatysPb, 2023) Recser sees a lot of benefits in the new classification for
the recycling of E-bike batteries.
“When they were categorized under industrial battery requirements, they
were not subject to distributor take-back obligations, and the overall
collection network requirements were quite low, often requiring just one
collection point per municipality. This hasn't served consumers optimally in

terms of efficiently collecting and recycling batteries from consumers.”
(Stenbick, 2023)

With the new categorization of E-bike batteries, there will be specific collection rate

requirements for these batteries, in addition to separate material-specific requirements.
“The general requirement is that a certain percentage of the mass input into
the recycling process must be recovered, and specific raw materials within

the total mass must also be recovered and recycled according to precise
percentage requirements.” (Stenbéck, 2023)

In all interviews with manufacturers, the legal obligation of producer responsibility was
clear, meaning that producers, including importers and manufacturers of batteries and
accumulators, are obligated to arrange for the waste management of their products at their
own expense when the products are taken out of service. Considering the total volume of
batteries for recycling in future, it is important to take account of all E-bikes at urban use.
As previously mentioned, the bike owner can be a private person, a commercial company,

or a city as a public entity in the case of shared bikes.
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From the perspective of recycling volume Yeply clearly emphasizes the significance of
commercial companies owning E-bikes.
“When looking at the large quantity of batteries being replaced, it's primarily
in the B2B sector where we see significant numbers. With thousands of bikes

covering tens of thousands of kilometres each year, this is where we see a
substantial volume of battery replacements.” (Kénsald, 2023)

From the actual recycler point of view, E-bike batteries represents low-grade cobalt
lithium-ion batteries and the value of the output, black mass, is less than it is from high-
grade cobalt lithium-ion batteries used especially in mobile devices and laptops. In the case
of E-bike batteries, the downstream material flow will be also totally different. From the
perspective of the sufficient material input flow volume, it is obvious for AkkuSer that E-
bike batteries must combined to other bigger lithium-ion batteries, such as power tool
batteries. However, even in this case, the volume is not very high, although it is growing

all the time.

As preparing for future, AkkuSer has made its own testing with power tool batteries, but as

it can be noted from interview, there are several issues to consider.

“(...) We did 100 tons of power tools on similar batteries and ended up with
the black mass containing some amount of cobalt, nickel, manganese and
others. And so, I have received offers for that material from many different
countries and their pricing could be pretty attractive. Of course, then it is
about the hassle of exporting something to other side of the world so that is
something which is not that easy to do especially when we are talking about
test batch and small volumes which we are probably not going to do ever
again. So, there is no continuous business and it is not that interesting for any
of potential customers. But you know that there is so big demand for any EV
battery materials no matter if it is cobalt or nickel or any other. There is a
need for these kinds of material containing nickel and cobalt. Of course, it
depends on the market price of different metals what is the most valuable
one.” (Karjalainen, 2023)

Also, from the interview with the AkkuSer, a very important aspect also comes up, namely
the long history of battery manufacturing in Asian countries and their understanding of
battery recycling as a strategy to secure material supply.

“In Finland, we have a strong expertise and activity in the processing of

battery metals. But in Europe overall, there is more discussion than actual
concrete things done. Europe is so much behind Asia for example. (...) They
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have manufactured lithium-ion batteries since early 90s and now a couple of
years ago in Finland, they invented a battery strategy here to attract some
battery industry here and battery material industry. If someone has been
doing that for 30 years, they are pretty good in that (...) of course we have a
lot of research and such things going on. But they have also that in Asia, in
US and everywhere. Unless we do not invent something very new, we can
just hope that someone comes here and bring the knowhow and expertise.
Maybe the green CO2 free energy or whatever can be an attractive point to
come here. That is basically the only way we can make this, succeed in this
business. (...) What I saw already 10 years ago, then in Asia, they were more
like, they need to have recycling in order to secure the supply of the raw
materials. That's kind of correct way to do it, not to do recycling, because the
recycling is nice, but to have actual demand for the recycling and the
materials coming out from the recycling processes. (...) There is a new
battery regulation now in European Union, which will probably be good
thing for this, there will be the mixing obligation to use certain amount of
recycled cobalt or nickel in the new batteries. So hopefully this will be, this
will end up well and of course it will increase the values of the recycled
outputs what we are for example producing but then are people willing to pay
more for the battery which has some recycled content? I don't know about
that.” (Karjalainen, 2023)

Another entirely different theme about recycling is the safe storage of batteries and the
practices it requires. The lithium batteries include the risk of thermal runaway, and fire
safety during the recycling phase is an important aspect. As Recser points out, not

everyone understands how to handle batteries properly.

“Of course, when we think about it, it relates to situations where the battery is
either misused or mishandled. Recycling is an area where it can easily be
mishandled or discarded, with the misconception that once a battery is out of
use, it's a dead battery. Many people may not be concerned about putting it
among electronic waste, assuming that it will eventually find its way to
recycling or be disposed of as mixed waste. However, mishandling can pose
a fire safety risk, which is a matter of serious concern, especially in separate
collection systems like ours.” (Stenbéck, 2023)

The interview with Tunturi clearly highlights both the professionalism in storing batteries

and the need for consumer education.

“The group requires proper storage facilities, and in Turku, we have large
bunkers where we place the batteries and everything else, and then we
recycle them appropriately. (...) consumers need to be made aware of where
they can return batteries and what to do if a battery cracks or breaks. An
individual battery itself is not dangerous, and there have been many
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discussions about what causes fires. However, a battery becomes hazardous if
it cracks and short-circuits or experiences other issues.” (Mikkonen, 2023)

4.2.10. Recover, R9

Based on the interviews conducted in this study, there are no examples of Recover

strategies.

4.2.11. Summary of identified circular strategies

Table 7 summarizes the identified circular strategies, key findings related to them, and how
each of these strategies contribute to slowing, closing, or narrowing the critical raw
material loops. Some findings are listed below without direct connection to any of those
three aspects of circularity. Those are listed since specific finding represents interesting

insight about circular strategy at hand.

Table 7. Summary of identified Circular Strategies.

Identified Circular Strategy and Key Findings related to them Contribution
to Slowing /
Closing /
Narrowing

RO, Refuse

No Examples

R1, Rethink

The sharing E-bike system at the city of Lahti is an example of making product use | Slowing
more intensive through sharing. It is available for all residents and companies’

employees through different payment options.

Through their leasing operating model Swapfiets drives the paradigm shift from | Slowing

ownership to membership aiming to maximize the usage of products.

Latauspolku’s publicly available charging points support E-biking.

R2, Reduce

All E-bike manufacturers purchase components from reliable partners who prioritize | Slowing
the quality and maintainability of the components. In addition, certain component

manufacturers can be prohibited due to lack of quality or maintainability for example.
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(Helkama, Tunturi, eBike Finland)

Use of recycled materials, for example aluminum and steel for bike frames, already
exists and will be increased since all manufacturers have their own development

projects running.

EU Battery Regulation will affect positively to the sustainability of original battery

materials, especially from the circularity point of view.

E-bike manufacturers and component manufacturers both consider supply chain
transparency to be challenging when taking several tiers backwards. (Helkama,

Tunturi, eBike Finland, Shimano Nordic)

Closing

Slowing,

Closing

R3, Reuse

Reuse strategy is at the core of Swapfiets leasing business model.

Vapaus.io leases also used E-bikes after maintenance through their own Precycle

service.

E-bikes are sold through several C2C marketplaces. Considering these marketplace
platforms, transparency regarding the product's maintenance and repair history is
crucial. People who purchase an E-bike from the secondary market should at least be

aware of the condition of the motor and battery.

The end of the first three-year contract period of employer provided E-bikes indicates

that the number of E-bikes at the secondary market will grow in near future.

Slowing

Slowing

Slowing

R4, Repair

Helkama and Tunturi have maintenance concepts on a national level, mostly through
partners, near customer. eBike Finland operates with centralized strategy from its” own

factory.

E-bikes users are integrated into the maintenance concept through smart technology,

using, for example, QR codes embedded in the bikes. (Tunturi)

It is possible for maintenance provider to tie a strong connection to the actual bike user.

This in turn is an asset for provider to use towards component suppliers. (Yeply)

Vapaus.io maintains its bike fleet in collaboration with 200 different maintenance
shops across Finland. Company accepts to its fleet only bikes which can be maintained

and repaired, and there must be professional after-sales operation available for these

Slowing

Slowing

Slowing

Slowing
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bikes.

By collecting and interpreting data, Yeply can provide manufacturers with more
precise information about component performance, improve its own operational
activities through predictive maintenance development, and offer B2B customers data

derived from bike usage, which ultimately translates into measurable financial benefits.

Slowing

R5, Refurbish

All E-bike manufacturers Helkama, Tunturi and eBike Finland provide battery

changing as a part of their maintenance concept.

E-bike leasing service providers Vapaus.io and Swapfiets include battery changing into
their concept meaning that batteries are changed when needed before the next use

phase.

Yeply as maintenance company change batteries when needed.

Lahti City bikes the primary approach is to replace damaged parts rather than repair
them, changing batteries is part of this operating model and carried out by an

independent maintenance company as partner.

Shimano Nordic, as a supplier and partner for E-bike manufacturers, ensures the quick
availability of batteries through a combination of the Finnish headquarters and local

service centers.

A clear identifiable cause of battery malfunction is the cold winter and consumers' lack

of knowledge about battery maintenance during the winter. (Shimano Nordic)

Maintenance is the only way for a consumer to obtain information about the battery's

condition. (Yeply, eBike Finland)

The amount of battery replacements is growing significantly in B2B market. (Yeply)
Swapfiets sees their operating model as a “Battery as a service” business model.

The compatibility of new batteries with older bikes rises a lot of discussion and concern
for. There are both positive and negative insights between actors. Interviewed

stakeholders see the need to address this issue through both product design and the

standards guiding it.

Slowing

Slowing

Slowing

Slowing

Slowing

R6, Remanufacturing
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Lapin Akkumaailma performs battery re-celling with quite moderate volume per year. | Slowing
Re-celling is time consuming and demands special skills. The speed of the work is

significantly influenced by whether the battery is familiar or not.

None of the E-bike manufacturers themselves do battery re-celling. The likely reason

for this is the small volume of re-celling.

R7, Repurpose

16% on the batteries Swapfiets has used will be used as energy storage according to | Slowing

Repurpose strategy. Company does not offer more insights about this issue.

Akkuser does not see repurposing attractive since handling the E-bike batteries first
requires so much work. It is a completely different issue with EV batteries which are

already actively used as energy storage.

R8, Recycle
Recser’s concept as collector Closing
Akkuser’s concept as recycler Closing

With the new EU Battery Regulation's categorization of E-bike batteries, batteries are

included to distributor’s take-back obligation.

In addition, a certain percentage of the mass input into the recycling process must be
recovered, and specific raw materials within the total mass must also be recovered and

recycled according to precise percentage requirements. (Recser)

From the Akkuser’s perspective, low-grade cobalt lithium-ion batteries from E-bikes
alone do not generate nearly enough volume, so batteries from other devices, such as
power tools, are combined to increase the overall volume. The value of the output,
black mass, is lower comparing to output of high-grade cobalt lithium-ion batteries,

which are used especially in mobile devices and laptops.

The lithium batteries include the risk of thermal runaway, thus the fire safety during

the storing and recycling phases is an important aspect.

R9, Recover

No examples

There are a total of 19 observations related to slowing strategy and 4 related to closing

strategy, with one observation representing both. In addition to these, there are a total of 14
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observations that are not directly linked to any circular strategy. However, they are
included because they provide interesting perspectives related to the circular strategies. It's
not an any surprise that the repair and refurbish strategies gathered the most observations,
especially the latter, including some that are not directly associated with a specific strategy.
In practice, discussions with each interviewed actor at least touched upon E-bikes
maintenance operations. Circular strategies of Refuse (R0) and Recover (R9) did not gain

any observation.

4.3. Circular Business Models related to identified circular strategies

The purpose of this chapter is to form an understanding of how those circular strategies
identified in the previous chapter are related to the circular business models. Earlier
findings which are not directly related to perspectives of slowing or closing are not
considered here. Findings from this chapter provide an answer to the fourth research sub-

question.

4.3.1. Three Circular Business Model frameworks as the basis for analysis

In order to provide a clear, systematic, and repeatable dialogue between identified circular
strategies and related circular business models, circular business model frameworks by
Bocken et al. (2016), Liideke-Freund et. al (2019), and Koop et al. (2021) are used as a
framework. The decision to use these theories is the researcher's own subjective choice,
based on the notion that each, on its own, is capable of distinguishing circular business
models with clear criteria. In addition, the frameworks are sufficiently different in their

approaches, deepening the analysis without unnecessary repetition.

4.3.2. Summary of identified Circular Business Models

The framework of Bocken et al. (2016) is straightforward since it clearly defines four
CBM related to slowing and two CBM related to closing CS. In the light of this study,
Access and performance business model is related to both of Rethink strategy examples, to
two Reuse strategy examples, and to one Refurbish strategy example. Extending product
value business model is related to one Reduce strategy, and to Remanufacturing and

Repurpose strategies, which have only this one CS example. Classic longlife business
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model is related to one Reduce strategy example, to one Repair strategy example, and one
Refurbish strategy example. Encourage sufficiency business model is related to one Reuse
strategy example, to three Repair strategy examples, and to four Refurbish strategy
examples. Extending resource value business model is related to two Reduce strategy
examples, and to both two Recycle strategy examples. In summary, business model of

Encourage sufficiency having most notifications as total of eight.

The second framework of Liideke-Freund et. al (2019) presents total of six business
models and these are defined with two main perspectives as resource strategy, slowing or
closing, and corresponding value strategy, retain product or material value. Since three
business models related to closing strategy, Repair and maintenance, Reuse and
Redistribution, and Refurbishment and Remanufacturing, can all relate to two design
strategies of Design for longlife products and Design for product life extension, in
summary table there is always marking which highlights the corresponding design strategy
and then related business models, all three or less. As result, the Product life extension
design strategy applies to total of 16 examples, and in more detail to seven Repair and
maintenance BM, to six Reuse and redistribution BM, and to nine Refurbishment and
Remanufacturing BM. To Design for longlife products and Design for technical cycles

there is only two examples for both.

The third framework of Koop et al. (2021) is based on the business model canvas
framework and, therefore, is not directly connected to slowing and closing circular
strategies. While this framework is lacking direct link to circular strategies, it is valuable
tool to analyze findings from the business model canvas perspective. As result, there is
total of 11 Sales business model examples, and nine Service business model examples.
Sales business model examples are divided into seven Sales BM and four Mass
customization and open-source BM. Similarly, Service business model examples are

divided into six Leasing BM and three Product-Service-System BM.

Table 8 summarizes all identified circular strategies with the notion how they contribute to
resource strategy, and related circular business model to them according to three
previously discussed theory frameworks. For some identified circular strategies, there is no
related business model found in each framework. In such cases, the notation for that

specific theory has been left without any marking.
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(Bocken et al. 2016)

(Liideke-Freund et. al
2019)

(Koop et al. 2021)

R1, Rethink

The sharing E-bike
system at the city of
Lahti (Slowing)

Access and performance

BM

Service model: Product-

Service-System BM

Swapfiets leasing

operating model

Access and performance

BM

Design for product life

extension: Repair and

Service model: Leasing

BM

(Slowing) maintenance BM, Reuse
and redistribution BM,
Refurbishment and
remanufacturing BM
R2, Reduce
All E-bike Classic longlife BM (S) | Design for long-life Base for each BM

manufacturers purchase
components from
reliable partners who
prioritize the quality and
maintainability of the

components. (Slowing)

products, and Design for
product life extension:
Repair and maintenance
BM, Reuse and
redistribution BM,
Refurbishment and

remanufacturing BM

Use of recycled
materials for bike

frames (Closing)

Extending resource
value BM
Industrial Symbiosis

BM

Design for technical

cycles: Recycling BM

EU Battery Regulation
(Slowing, Closing)

Extending product value
BM, Extending resource

value BM

Design for product life
extension: Repair and
maintenance BM, Reuse
and redistribution BM,
Refurbishment and
remanufacturing BM
Design for technical

cycles: Recycling BM

R3, Reuse

Reuse strategy is at the
core of Swapfiets

leasing business model.

Access and performance

BM

Design for product life
extension: Reuse and

redistribution BM

Service model: Leasing

BM




93

(Slowing)

Vapaus.io leases also
used E-bikes after
maintenance through
their own Precycle

service. (Slowing)

Access and performance

BM

Design for product life
extension: Reuse and

redistribution BM

Service model: Leasing

BM

E-bikes are sold through
several C2C

marketplaces. (Slowing)

Encourage sufficiency

BM

Design for long-life
products: Reuse and

redistribution BM

R4, Repair

E-bike manufacturer’s
maintenance concepts

(Slowing)

Classic longlife
BM

Design for product life
extension: Repair and

maintenance BM

Sales model: Classic
Sales BM, Mass
Customization and

Open-source BM

E-bike users are
integrated into the
maintenance concept
through smart

technology (Slowing)

Encourage sufficiency

BM

Design for product life
extension: Repair and

maintenance BM

Sales model: Mass
Customization and

Open-source BM

Yeply's maintenance

concept (Slowing)

Encourage sufficiency

BM

Design for product life
extension: Repair and

maintenance BM

Sales model: Classic

Sales BM

Vapaus.io maintenance

concept (Slowing)

Encourage sufficiency

BM

Design for product life
extension: Repair and

maintenance BM

Service model: Leasing

BM

RS, Refurbish

All E-bike
manufacturers Helkama,
Tunturi and eBike
Finland provide battery
changing as a part of
their maintenance

concept. (Slowing)

Classic longlife
BM, Encourage
sufficiency BM

Design for product life
extension:
Refurbishment and

remanufacturing BM

Sales model: Classic
Sales BM, Mass
Customization and

Open-source BM

Vapaus.io and
Swapfiets include
battery changing into

their concept meaning

Encourage sufficiency

BM

Design for product life
extension:
Refurbishment and

remanufacturing BM

Service model: Leasing

BM




94

that batteries are
changed when needed
before the next reuse

phase. (Slowing)

Yeply as maintenance
company change
batteries when needed.

(Slowing)

Encourage sufficiency

BM

Design for product life
extension:
Refurbishment and

remanufacturing BM

Sales model: Classic

Sales BM

For Lahti City bikes the
primary approach is to
replace damaged parts
rather than repair them,
changing batteries is
part of this operating
model. (Slowing)

Access and performance

BM

Design for product life
extension:
Refurbishment and

remanufacturing BM

Service model: Product-

Service-System BM

Shimano Nordic Oy
ensures the quick
availability of batteries

(Slowing)

Encourage sufficiency

BM

Design for product life
extension:
Refurbishment and

remanufacturing BM

Sales model: Classic

Sales BM

R6, Remanufacturing

Lapin Akkumaailma
performs battery re-

celling (Slowing)

Extending product value

BM

Design for product life
extension:
Refurbishment and

remanufacturing BM

Sales model: Classic

Sales BM

R7, Repurpose

Swapfiets repurposes
16% of used batteries as
energy storage

(Slowing)

Extending product value

BM

Design for product life
extension: Reuse and

redistribution BM

RS, Recycle

Recser’s concept as
collector

(Closing)

Extending resource

value BM

Akkuser’s concept as

recycler

Extending resource

value BM

R9, Recover

No clear examples
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Next, we will look at those opportunities and challenges related to the goal of increasing

the circularity of critical raw materials.

4.4, Opportunities and challenges to increase the circularity of critical raw

materials

The purpose of this chapter is to study the information gained by interviews from the
perspective of opportunities and challenges to increase the circularity of CRM. All
previously covered empirical data can be used again in the light of the theme of this
chapter, but above all, the aim is to also utilize content that has not been addressed up to
this point. Opportunities and challenges are highlighted, regardless of whether they are
directly related to the organization's own activities and role or to the ecosystem as a whole.

Findings from this chapter provide an answer to the fifth research subquestion.

In this chapter each actor is addressed in their own subchapter because they act in so
diverse roles in ecosystem. All interviewed participants are not addressed in this chapter
because the material does not provide any significant new information related to the theme

at hand.

4.4.1. Shimano Nordic

Shimano is an interesting actor in the E-bike ecosystem, since as one of the leading global
component suppliers it has a broad and deep understanding of both the current market and
the future opportunities and challenges. The interview made it clear that the company's
Japanese culture, especially the high demand for consistent quality, also guides the

operations of Shimano subsidiaries around the world.

Shimano sees the E-bike industry at an interesting stage, as it is a young sector
experiencing rapid growth. In many countries, such as Finland, consumers who own E-
bikes are still using their first bike, but in Central European countries, for example, many
are already on their second or even third bike. Naturally, this also means different
situations in terms of critical materials contained in batteries and motors between
countries. In some countries, battery and motor recycling has been ongoing for a longer
time, while in others, the need is just now becoming apparent. The use of E-bikes as part of

B2B business logistics solutions is common in Central Europe, and naturally, these bikes
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endure tougher usage compared to consumer bikes. This also makes the need for battery
and motor replacement more typical. All the above means that a global component supplier
sees the industry as very diverse in terms of market areas, with somewhat different

development trends promoting market growth.

In the near future, the Finnish market is undergoing an interesting transition, as the end of
the first contract period for employer provided bikes is likely to increase the supply of used
bikes to the market, especially through various C2C trading platforms. In this situation,
Shimano sees both opportunities and challenges. If the E-bikes are reused as they are or
with only one of the batteries or motors replaced, following the interpretation presented
earlier, such a situation will be understood as reuse. While Shimano emphasizes the
extended lifespan of batteries and motors with correct usage, the precise percentage of E-
bikes transitioning to subsequent use with their original components remains somewhat

unclear.

A comprehensive trend in the development of mobility services introduces systemic-level
uncertainty in leveraging the Reuse strategy, extending to the entire bike rather than just
the battery and motor. Shimano predicts that in the near future, the E-bike ecosystem will
increasingly evolve towards competing systems. This means that key component suppliers,
such as Shimano, Bosch, and Yamaha, will each develop their own integrated systems,
incorporating service elements offered by third parties. These services may include
maintenance or urban mobility services. Shimano, for example, anticipates that car driving
will be gradually shifted away from city centers, with cars being parked in satellite areas,
and commuting between areas is operated by E-bikes as one option. Ownership models of
E-bikes will vary, including private ownership, lease financing, or shared city bikes based
on various operator models. Shimano also emphasizes that this development is already
underway, companies make cooperation and even ownership arrangements, citing the
example of the car manufacturer Porsche acquiring the E-bike manufacturer Fazua in 2022.

(Porsche, 2023)

The significance of the described development for the circularity of CRM is currently
challenging to assess, especially as batteries and motors are constantly evolving
technologically. One relevant question is to consider how system level changes within the

ecosystem will impact to the conditions of the successful Reuse strategy.
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Shimano also observes the transformation of industries from a maintenance perspective.
For instance, in the Netherlands, an automotive maintenance chain has expanded its
services to include E-bike maintenance. Shimano emphasizes the significant opportunity
the bike industry currently holds due to its historical presence, with a substantial number of
physical retailers providing numerous contact points for continuous and close interaction
with customers. Building on this should become an increasingly important competitive
advantage.
"Considering the principles of sustainability and the circular economy, it
makes a lot of sense to intensify and increase collaboration. There's
significant value in utilizing local services and expertise, maintaining and
repairing products to keep them in circulation for a longer period, functioning
effectively. In my opinion, the role of the retailer is like a rough diamond that
needs polishing. Retailers can become true brand ambassadors, offering

consumers tailored expertise and services for the long-lasting and sustainable
use of products." (Kulonen, 2023)

Shimano also has interesting thoughts towards the future sales model of bikes and the
supporting logistics, with direct and indirect implications for the implementation of
circular strategies, especially regarding batteries and motors. In the big picture, Shimano
sees two main options to be as from factory to stock and soft franchising. The first is more
traditional, where the manufacturer delivers bikes to a wholesaler, who then supplies them
to retailers' stock. In the second option, the final specification of the bike would happen
closer to the customer, organized regionally based on customer needs. This naturally
requires the development of the product's logistical structure to enable some level of
customization, and both the physical and online environments need to support this model.

Shimano draws inspiration for this idea from the world of smartphones.

“In Helsinki, more different types of phones are sold than, for example, in
Oulu.” (Kulonen, 2023)

When discussing the proper use of batteries, the problems caused by cold winter conditions
come up. Consumers do not have sufficient knowledge about how to maintain batteries
during winter. This poses a risk to the durability of the battery, as even a new one can be
damaged in winter. In this situation, replacing the battery would become necessary much

earlier than its actual lifespan would be.



98

”If it's not in use, and especially here, as they tend to stand idle during the
winter in many places, the battery should always be on a maintenance
charger every now and then. This ensures that it maintains its charge and
voltage. It's the same principle as with car batteries or others. The terminal
voltage needs to stay consistent, and if it's left uncharged for a long time and
is in a cold environment, it might drop. Even if you charge it later on, it
might not come back to life.” (Kulonen, 2023)

Shimano notes that consumers often do not inquire about the sustainability of E-bikes yet,
but they absolutely hope this will increase. So far, the lack of interest seems to be more
challenge than opportunity. In future, if interest towards sustainability would increase, that

would be most likely to grow demand for high-quality bikes with quality components

resulting longer lifespan for components and bike itself, partly through maintainability.

Table 9. Summary of identified opportunities and challenges — Shimano Nordic.

Opportunity (O) /
Challenge (C)

Contribution to the circularity of

CRM

Related circular strategy (R0-R9)

O: Development of

battery and motor

Longer lifespan for batteries and motors

due to development activities.

R2: Likely requires applying Reduce

strategies.

technology. R3: The availability of E-bikes for
Reuse is likely to increase due to
longer-lasting batteries and motors.

O: The final “Soft franchising sales model”. In a | R2: Likely creates an incentive for

specification of the
E-bike close to the

customer.

customized bike, high-quality
components are typically used, and their
lifespan can be expected to be long.

Additionally, a customized bike can be
expected to have a longer lifespan in the
same customer's use, as they are
committed to it from the moment of

purchase.

manufacturers to invest in Reduce
strategies since there is committed
customers.

R3: The availability of E-bikes for
Reuse is likely to increase since bikes
have a long lifespan.

R4-RS: Likely increases demand for
and Refurbish

Repair strategies

throughout the lifespan.

O: A substantial
number of physical

retailers.

Retailers provide numerous contact
points for continuous and close
interaction with customers. Especially
retailers with physical presence provide

significant opportunity for the systematic

R3: The availability of E-bikes for
Reuse is likely to increase since bikes
are maintained regularly.

R4-RS5: Maintenance represents Repair

and Refurbish strategies.
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development of maintenance activities.

C: The lack of
consumer interest
towards the
sustainability of E-
bikes.

Maintaining demand for lower-quality
bikes, where batteries and motors may
not be as durable as they are in high-

quality bikes.

R3: The lifespan of low-quality E-
bikes is in most case short. Availability
for Reuse decreases.

R6: The likelihood of Remanufacturing
is probably lower for lower-quality
batteries.

R7: The likelihood of Repurpose is
probably lower for lower-quality

batteries.

C: The E-bike
industry is in very
different stages of
development
depending on the
market area.
Additionally, there
are various growth
drivers in different

arcas.

The market areas are inconsistent, and
this may prevent or at least hinder
possibilities to copy circular strategy
activities from one market area to
another.

Amount of batteries and motors for
recycling varies by market area and thus
complicates the scaling of collection and

recycling process.

R1: May complicate the scaling of
sharing-based circular strategies.

R2: Market areas emphasize various
solutions based on the Reduce strategy.
This complicates scaling solutions.
R3: The amount of E-bikes available
for Reuse varies greatly depending on
the market area. The features of the E-
bikes may also vary a lot.

R3-R5: May complicate the scaling of
Reuse, Repair and sharing-based
circular strategies.

R8: Collection and recycling of
batteries and motors difficult to scale
due to differences between market

arcas.

C: Possible lock-in
effects between

competing systems.

System-level lock-in may prevent the
spread of best technologies and practices
in the industry if competing systems do
not collaborate enough. Especially the
spread of technology and best practices
related to batteries and motors would be
important. Lock-in may lead to products

oversupply from the market perspective.

R1: Potentially competing systems in
the same market area may lead to
oversupply of products.

R3: May lead to a situation where the
usability of the E-bike in Reuse is
restricted by systemic features rather
than the bike itself.

R4-RS: May lead to situation where
each system has its own maintenance

operators.

C: Development of
competing systems

may pose a threat to

In this scenario the threat arises since

competition expands from the

capabilities of individual companies to

May impact to all circular strategies.
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existing high-
quality players in
the industry.

the capabilities of the specific ecosystem.
In the overall context, as a result of this

development it would be negative

outcome to lose actors, especially

manufacturers, who are advanced

particularly in relation to circular

strategies, as a result of this

development.

C: Battery storage

at cold wintertime

Poses a risk to the durability of the
battery, as even a new one can be

damaged in winter.

R5: May increase the need to replace

batteries before their actual lifespan

would suggest.

4.4.2. Helkama Velox

Helkama is a traditional and high-quality Finnish bicycle manufacturer with E-bikes at the
core of its strategy. Regarding the sustainability of material procurement, Helkama relies
on its component suppliers, making the decision on partners crucial. On the other hand, at
the end of the circular strategies, Helkama has a significant influence directly through its

own operations or indirectly through its partners.

As in many industries, the E-bike industry also has very limited transparency into the
supply chain several steps back. This is a challenge from the perspective of using critical
raw materials. Even if a manufacturer wants to make the world more sustainable in terms
of avoiding the use of virgin raw materials, the weak visibility into the extended supply
chain practically makes this at least very difficult, if not impossible. On the other hand,
Helkama sees an opportunity in the product passport, which likely provides a competitive
advantage for prepared companies compared to those that do not offer a product passport
initially. Helkama has an ongoing recycling material project related to aluminum, and from
an opportunities perspective, it is essential to ensure the successful implementation of such

projects.

Helkama currently does not see a significant second-hand market for E-bikes in Finland
but considers it inevitable that the market will start at some point in the future. One
significant driver for this is the expiration of the first contract period for employer-

provided bikes.
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“We're not interested in someone making a cheap front-wheel-drive bike
somewhere with some brand; we'll never do business with that kind of bike.
But as a company, we could look at Shimano and Bosch bikes because we
know how the technology works, what the batteries are, and how those bikes
are built. That's where the business lies (...) that we can refurbish and
guarantee the sale of bikes in the future when the volume starts growing for
reuse.” (Valtonen, 2023)

Helkama sees two main alternatives for the second-hand market structure. The first option
is comparable to the automotive industry, like Kamux or Saka, operating nationally
through a centralized strategy. The second option is local operations by individual dealers.
According to Helkama, a lot depends on what actors like Helkama itself decide to do.
Helkama emphasizes that the company is well-prepared for the nationwide development of
the second-hand market with 40 authorized service partners. An interesting observation
regarding the functionality of the second-hand market is that the remote locking software,
after its implementation, will significantly increase the reliability of the second-hand
market. With this feature, users can make a stolen bike unusable, enhancing the overall
reliability of the second-hand market.

“(...) So, and then it's unusable. Now, you can lock it, you can track it, but
you can't make the bike unusable.” (Valtonen, 2023)

Helkama currently does not see battery re-celling as an interesting activity for itself, and it
believes that it's not particularly attractive for other actors either due to the low volume.
Re-celling is labor-intensive, meaning it is expensive, and it is challenging to build a

significant and profitable business around it.

Helkama emphasizes the importance of customization capability based on customer needs
as an important competitive factor. This customization capability also has an impact on the
perspective of critical raw materials through the bike's longevity. Often, buyers of
inexpensive standard bikes replace their bikes more easily than those who have specifically
customized their bikes. From the perspective of the battery and motor, these components
are also at risk of entering the recycling phase more quickly than otherwise would be

expected.

Helkama's business development pipeline includes both circular economy and service

business models. In terms of service business, the company refers to maintenance, rental,
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and leasing models designed to integrate customers into the business. This approach makes
the operation more predictable. Additionally, Helkama is exploring partnerships with
construction companies from the perspective of community-shared bikes. The company is
interested in mobility solutions for future residential areas, where the infrastructure built
for electric cars is already indicating a direction.
"We are currently thinking of why big construction companies, building
apartment buildings, consider car charging but not bike charging? Why don't
they have shared E-bikes alongside shared cars? (...) And in a way, the

business could be that when you buy an apartment, it comes with an E-bike,
so you don't have to buy your own and then ride 10 kilometers a year."

(Valtonen, 2023)

Helkama has previous experience with shared city bikes, and based on that, the company is
currently not interested in this area. Their negative experience comes from Helsinki City's
bike-sharing tender (no E-bikes), where Helkama was initially part of the winning
consortium, especially in the maintenance operator role, but withdrew as the model became
uninteresting. Currently, the company does not find bike-sharing business appealing due to
the relatively small number of bikes needed, cities being scattered, and the bikes
themselves being more or less generic and robust. Operating in this sector would require
Helkama to establish an entirely new business unit or even a separate company, as bike-

sharing operation is quite different from their main business.

Finally, Helkama emphasizes the challenge of heterogeneity between the several E-bike
market areas. The differences in the markets naturally prevent, or at least slow down, the

replication of best circular strategy practices from one region to another.

“So, if you think about consumer electronics now, Western Europe is very
similar and homogeneous, but with bikes, it's not the case. The ways of
selling and using bikes are very different depending on the country. If we
compare Germany, Belgium, or Sweden now, they are suddenly very
different from Finland, and they are quite different from each other as well.”
(Valtonen, 2023)
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Table 10. Summary of identified opportunities and challenges — Helkama Velox.

Opportunity (O)/ | Contribution to the circularity of | Related circular strategy (R0-R9)
Challenge (C) CRM

O: Bike In a customized bike, high-quality | R2: Likely creates an incentive for
customization components are typically used, and their | manufacturers to invest in Reduce

lifespan can be expected to be long.
Additionally, a customized bike can be
expected to have a longer lifespan in the
same customer's use, as they are
committed to it from the moment of

purchase.

strategies since there is committed
customers.

R3: The availability of E-bikes for
Reuse is likely to increase since bikes
have a long lifespan.

R4-RS: Likely increases demand for
Repair and Refurbish strategies
throughout the lifespan.

O: Product passport

Product passport will be an important
framework and tool to tackle the issue of
weak trackability of extended supply
chain. Poorly performing are revealed,
and well performing can showcase their

merits more visible than today.

R2: Likely creates an incentive for
manufacturers to invest more in
Reduce strategies since visibility

increases.

O: Second-hand

market

With 40 authorized service partners
Helkama is well-prepared for the
development of domestic second-hand
market which in some cases requires
some maintenance activities before

reuse.

R3: The availability of E-bikes for
Reuse increases through second-hand
market.

R4-R5: Maintenance represents Repair

and Refurbish strategies.

O: Remote locking

software

This feature allows users to make their
stolen bike unusable. On the other hand,

it may reduce bike theft.

R3: It will significantly improve the
reliability of the second-hand market
and thus enhance the potential for

Reuse strategy.

O: Community-

shared E-bikes

Community-shared E-bikes would be an
easily manageable bike fleet with regular
maintenance program based on best
possible  circular  strategies.  The
collection and delivery of batteries and
motors at the end of lifecycle would be
safe process and effectively managed. In
of bikes

addition, as the number

increases, there could be a positive

R1: Product use more intensive
through sharing.

R3: The availability of E-bikes for
Reuse may increase since bikes are
maintained regularly.

R4-RS5: Maintenance represents Repair
and Refurbish strategies.

R6: Bike fleet with great number of

bikes could create an incentive to
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pressure to extend the lifecycle of

batteries and motors more than today.

invest to Remanufacture strategies (re-

celling)

C: E-bike industry
has a very limited
transparency into
the supply chain

several steps back.

Even though the manufacturer wants to
favor sustainable solutions and avoid the
use of virgin raw materials, the weak
visibility into the extended supply chain
practically makes this at least very

difficult, if not impossible.

R2: May complicate the achievement

of targets set in the Reduce strategy.

C: Battery re-

celling not

Helkama does not see battery re-celling

as an interesting business opportunity for

R6: No activity

attractive itself due to the low volume and labor-
intensive operation model.
C: The The market areas are inconsistent, and | R1: May complicate the scaling of

heterogeneity of the
E-bike market.

this may prevent or at least hinder
possibilities to copy circular strategy
activities from one market area to
another.

Amount of batteries and motors for
recycling varies by market area and thus

complicates the scaling of collection and

recycling process.

sharing-based circular strategies.

R2: Market areas emphasize various
solutions based on the Reduce strategy.
This complicates scaling solutions.

R3: The amount of E-bikes available
for Reuse varies greatly depending on
the market area. The features of the E-
bikes may also vary a lot.

R3-R5: May complicate the scaling of
Reuse, Repair and sharing-based
circular strategies.
R8: Collection and recycling of
batteries and motors difficult to scale

due to differences between market

arcas.

C: Shared city E-
bikes.

Helkama does not find shared city E-
bikes business opportunity appealing due
to the relatively small amount of bikes
needed, cities being scattered, and the
bikes

themselves being generic and

robust.

R1: An important and high-quality
company absent from this market.

It is a negative situation for a company
producing high-quality, sustainable
products not to see the city as an
attractive customer. Through their
procurement cities could significantly
promote the spread of sustainable
circular  strategies

products  with

embedded.
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4.4.3. Tunturi

Tunturi’s special focus is on developing bike maintenance. As with Helkama, high-quality
components and their easy maintainability are essential for the long life of the bike.
Tunturi also strongly emphasizes that the components should be with general design,
making it possible to replace them when needed. For example, there are several examples
of a Chinese manufacturer's gear breaking in Europe, and a replacement gear cannot be
found, making the whole bike unusable. Because it is not certain that in such a case the
battery and motor can or should be transferred to another bike, there is a high risk that the

battery and motor will be recycled far too early comparing to their actual lifespan.

Regarding batteries, Tunturi's operating model is to design battery solutions in a way that
battery replacement is always possible. The company absolutely does not want a situation
where a recently purchased bike cannot get a new battery for reasons such as breakage.
This operating model naturally requires collaboration with battery suppliers.

“Looking at bikes from a technical perspective, the battery is probably the

most challenging component there. Specifically, it's because we don't use any
batteries that are even slightly ambiguous.” (Mikkonen, 2023)

In relation to bike maintenance, Tunturi also emphasizes the importance of collaboration
between companies and the genuine exploration of ways to improve maintenance
operations together. Tunturi collaborates with Yeply, among others, with a major focus on

preventing breakdowns and reducing the actual repair needs.

Table 11. Summary of identified opportunities and challenges — Tunturi.

Opportunity (O)/ | Contribution to the circularity of | Related circular strategy (R0-R9)
Challenge (C) CRM
O: The Due to the compatibility of batteries the R3: The availability of E-bikes for

compatibility of
new batteries with
both new and old E-

bike models.

lifespan of E-bikes can be extended since
damaged or worn-out batteries can be

replaced with new ones.

Reuse is likely to increase since bikes
have a long lifespan.
RS: Battery replacement represents a

Refurbish strategy.

O: Proactive

maintenance.

Focus on  developing  proactive

maintenance for E-bikes, which can

reduce actual breakdowns.

R3: The availability of E-bikes for
Reuse is likely to increase since bikes

have a long lifespan.
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R4-R5: Maintenance represents Repair

and Refurbish strategies.

C: Worn or broken | The replacement of worn or broken R3: Reduces the amount of bikes

components are not | components can be challenging or even available for Reuse.

always easily impossible. The challenge is particularly | R4-R5: Complicates the
replaceable. faced with bikes manufactured in Asia at | implementation of Repair and
lower price range. Refurbish strategies.

4.4.4. eBike Finland

As noted earlier, eBike Finland is significantly smaller compared to Helkama and Tunturi,

and service and customization is at the core of company’s business model.

Just like with Helkama, it becomes evident that the original battery and motor can be
expected to have a longer lifespan if the overall life cycle of the bike is long. With eBike
Finland mainly offering custom bikes based on a specific range of components and a clear
maintenance concept, customers can anticipate using these bikes for a longer period

compared to inexpensive mass-produced bikes.

Another important issue is the proper use of E-bike. Considering batteries, E-Bike

advocates for proper charging.

“It is recommended to charge the battery as fully as possible at once to
minimize the number of charging cycles, allowing all cells to activate
periodically.” (Surakka, 2023)

Similarly, the importance of proper riding techniques is significant, and new E-bike buyers

can be educated through training on this aspect as well.

“As the E-bike trend has emerged relatively quickly, it has meant that E-bike
components, such as power transmission components, initially used the same
components as regular bicycles. However, there are completely different
forces at play in the chain and rear cassette due to the electric assist. What I
noticed initially, and this is crucial when training people to ride, is the
importance of economical riding from the component perspective. There
were cases where the rear cassette was already worn down to almost zero
within the first 800 kilometers because gears were no longer used but instead,
the assistance level was raised. The ideal mindset should be to adjust the
assistance level to match the ride, and gears should be used as evenly as
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possible to distribute wear and tear evenly on the rear cassette.” (Surakka,
2023)

The need to guide users in the correct use of bikes is related to the company's perspective
on the industry's transformation. Due to the advancement of information systems, actual
manufacturers can now deal much larger customer volumes than before. This, in turn, may
lead to a decrease in the significance of importers and retailers. Based on this view, the
company has decided from the beginning to operate directly with customers. From the
perspective of batteries and motors containing critical raw materials, it can be thought that

such a closer relationship between manufacturers and end-users may increase innovation at

the component level because the interaction and exchange of information are direct.

Table 12. Summary of identified opportunities and challenges — eBike Finland.

Opportunity (O)/ | Contribution to the circularity of | Related circular strategy (R0-R9)
Challenge (C) CRM

O: Bike In a customized bike, high-quality | R2: Likely creates an incentive for
customization components are typically used, and their | manufacturers to invest in Reduce

lifespan can be expected to be long.
Additionally, a customized bike can be
expected to have a longer lifespan in the
same customer's use, as they are
committed to it from the moment of

purchase.

strategies since there is committed
customers.

R3: The availability of E-bikes for
Reuse is likely to increase since bikes
have a long lifespan.

R4-R5: Likely increases demand for
Repair and Refurbish strategies
throughout the lifespan.

O: Direct contact to

end customers

Enables the guidance of customers on the
correct use of bikes.

Direct customer contact may provide
important feedback, information and
insights about components. eBike may
act as a mediator of information, and in
this case, its own position is emphasized

towards component manufacturers.

R2: Information from customers may
provide several inputs for Reduce
strategies.

R3: The availability of E-bikes for
Reuse is likely to increase since bikes

have a long lifespan.
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4.4.5. Vapaus.io

While Vapaus.io looks at the E-bike ecosystem from the service provider's perspective, the
actual products are given, but the choice of the products to be used and the organization of

the service are in their own hands.

As noted earlier, company considered whether the concept could work with just a few
brands, but customer feedback clearly showed the need for larger brand variety. When
choosing partners, all bikes must be repairable, and the supplier must have some form of
after-sales service in the market. Employer-provided bikes are opportunity for the critical

raw material circularity since the maintenance is organized for the bike fleet as whole.

In this case, a large fleet of bikes is under systematic maintenance, ensuring that the
lifespan of well-manufactured bikes is as long as possible. The product use is intensive
based on the assumption that employer-provided bikes are at least most often acquired
after serious consideration, and after one user the same bike will be reused by next
customer. An illustrative example of the importance of maintenance is the customer-facing
demand, such as a contractual requirement from a large nationwide company, mandating

the organization of maintenance in 15 different locations.

Vapaus.io also emphasizes the need to guide users on the proper use of bikes and, in
general, sees the necessity of increasing consumer understanding that bikes require regular
maintenance.

“It's a common issue with E-bikes that people often ride in gears that are too

high. This leads to wear and tear on chains, gears, and the motor.” (Ampuja,
2023)

The company also sees an issue in the lack of standardization in battery charging, as bikes
often have their own connectors. Additionally, batteries are increasingly integrated into the

frame, which typically complicates the use of charging points.
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Table 13. Summary of identified opportunities and challenges — Vapaus.io.

Opportunity (O) /
Challenge (C)

Contribution to the circularity of

CRM

Related circular strategy (R0-R9)

O: A large bike

fleet under regular

Regular maintenance extends the

lifespan of E-bikes, including original

R3: The availability of E-bikes for

Reuse is likely to increase since bikes

maintenance. batteries and motors. have a long lifespan.
R4-R5: Maintenance represents Repair
and Refurbish strategies.

O: Vapaus.io The use of the product becomes | R1: Intensive product use represents

business model.

intensified in two ways. E-bikes are

likely purchased after careful
consideration, so usage can be expected
to be significant. After the first user, the
bikes are available for the next user after

the necessary maintenance operations.

Rethink strategy.

R3: Reuse strategy is included in
business model.

R4-RS: Maintenance represents Repair

and Refurbish strategies.

C: Incorrect riding

habits

Some users do not know how to use E-
bikes correctly. As a result of misuse,
key components break down and pose a
risk of shortening the lifespan of those

components and the entire E-bike.

R3: May reduce the amount of bikes
available for Reuse.

R4-R5: Need for maintenance, utilizing
Repair and Refurbish strategies. The
need for new components increases,

including batteries and motors.

C: The lack of
standardization in

battery charging

The user’s desire to switch existing
battery to new compatible with charging
points may increase the demand for new
batteries and recycling of previous

batteries prematurely.

R5: May increase battery replacement

as Refurbish strategy.

C: Batteries are
integrated into the

E-bike’s frame

It complicates the use of charging points

which are available in public places.

R3: May decrease the attractiveness of

the E-bikes in the Reuse market.

4.4.6.Yeply

Yeply looks at the E-bike ecosystem from the repair service provider's perspective, and
thus has a deep understanding of maintenance of E-bikes. As noted earlier, for example

Tunturi makes cooperation with Yeply while planning maintenance strategies.
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Yeply is a very interesting actor in the context of this chapter because the company sees
both consumer and professional bike users through its maintenance operations. On the
consumer side, the company's view is that the lifespan of bikes can be significantly
extended with regular maintenance. However, Yeply sees the second-hand market as still
being in its early stages, with the main challenge being the perspective of trust. When
asked about the second-hand market at present and in the future, Yeply's response is clear.
“A short answer would be that it's definitely coming. Currently, there isn't
really a second-hand market for bikes. There's Facebook, Tori.fi, where half
of the bikes are stolen, it's very dubious. Again, thinking about the large

majority we encounter through maintenance, for example, my mom, there's a
big barrier for her to buy anything from such places.” (Kénséld, 2023)

It is important to notice that according to Yeply's view, only a very limited number of
previously professionally used bikes have the reuse potential in the consumer market.
These bikes are significantly sturdier and don't appeal to the average consumer's
preference. This issue is stressed, especially in Germany, where Yeply describes a fleet of
25 000 professional bikes in the market decreasing to around 15 000. Many companies that
initially supplied these bikes must now take them back and they are contemplating what to
do. From a technical standpoint, professionally used bikes undergo regular maintenance,
and new components are replaced as needed. For instance, according to Yeply, batteries
last a year or at most two in professional use, as they easily accumulate around 15 000 km
per year. Even though the quantity of bikes and thus the need for battery replacement is so
significant, Yeply does not see that battery re-celling or repurposing would take place in
the market, meaning that in replacement situations batteries go straight to recycling. A
clear challenge, or at least a question mark, for battery re-celling is the fact that many
battery manufacturers' warranties expire if the battery is re-celled by a third party. From
the perspective of the repurpose strategy, the idea discussed with Yeply about converting a
bike used for B2B transport into people transport is interesting but, for now, lacks known

practical examples.

Yeply has many opportunities to extend the lifespan of professionally used bikes, and as
mentioned earlier, in addition to regular maintenance, there is an increasing focus on
collecting data from the motor and battery. This data is then provided to manufacturers for

the future development of components. Besides manufacturers, data is becoming more
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interesting for large bike fleet managers on the B2B side and also for actors like insurance
companies. Naturally, data is part of the agreement between Yeply and third parties, so
Yeply's ability to collect and analyze data is a valuable part of the contract. From a data
collection perspective, professionally used bikes form a clear and homogenous dataset for
analysis, whereas on the consumer side, the situation is quite different.
“On the B2B side, there are thirty completely identical bikes used in the same
area within a small radius. In this case, we can collect all the data and know
perfectly how much they have been ridden, the weather conditions, the urban
environment, and its various road conditions—whether there are

cobblestones, sandy parks, uphills. On top of this, we can build things for us
and our customers.” (Kénséla, 2023)

According to Yeply, the consumer side is more challenging because users are diverse,
leading to a vast range of different bikes, varying usage levels, and diverse operating
environments. It depends heavily on user habits, how many data points are available

throughout the year.

As mentioned, insurance companies are increasingly interested in transparent access to

data related to bike usage and maintenance.

“For example, in the German market, if a consumer wants their insurance at a
lower cost, we can provide information to the insurance company that the
bike has been regularly maintained and has undergone these specific
maintenance activities.” (Kénséld, 2023)

At least for now, Yeply does not see expanding into the reuse market interesting. This is an
important note because one might quickly think that the reuse market could be an
appealing growth opportunity for a company operating already in maintenance, especially
when the company itself has the earlier mentioned data that could be used to make the

second-hand market more reliable.

“Selling used bikes would require a significant effort. It requires resources to
build the sales channel and we are not known as bike sellers, we are a bike
maintenance company. We would need to establish visibility in that regard,
and we still have a way to go in terms of building that recognition.” (Kansala,
2023)
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Table 14. Summary of identified opportunities and challenges — Yeply.

Opportunity (O) /
Challenge (C)

Contribution to the circularity of

CRM

Related circular strategy (R0-R9)

O: Converting E-
bikes used in B2B
freight
transportation into
people

transportation.

Converted E-bike could be a viable
alternative for existing solutions for
people transportation in urban
environment. For example, compared to
an electric car, the battery and motor of
an E-bike require much less critical raw

materials.

R7: Related to Repurpose strategy.

O: Value of data.

Data collected through maintenance
operations is valuable for various actors
in ecosystem such as manufacturers, bike
fleet ~ managers, and  insurance
companies. Large bike fleet managers
may use usage data to guide drivers
towards correct usage of E-bikes, which
in turn contribute to the longer lifespan

of E-bike.

R2: Data may provide several inputs
for Reduce strategies.

R3: The availability of E-bikes for
Reuse is likely to increase since bikes
have a long lifespan.

R4-R5: Maintenance represents Repair

and Refurbish strategies.

C: Lack of trust in
the second-hand

market.

It is challenging for a potential buyer to
be certain about the condition of the E-
bike. Additionally, there is a significant
number of stolen E-bikes being sold in

the second-hand market.

R3: Decreases the attractiveness of the

Reuse strategy.

C: Converting B2B
used bikes into

consumer bikes.

A lot of E-bikes used in B2B market
returns to their owner companies. Only a
very limited number of these can be

reused in consumer market.

R3: Excludes consumers from the

potential Reuse strategy.

C: No battery re-

celling.

It is also hindered by the policy of
battery manufacturers, as the warranty on
the battery expires due to third-party

maintenance.

R6: Re-celling relates to
Remanufacture strategy. No examples

of implementing this strategy.
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4.4.7. Lapin Akkumaailma

If the industry's general policy would shift to favour battery re-celling, companies like
Lapin Akkumaailma could play a significant role. As mentioned earlier, there would be
more demand for re-celling than the company can currently meet. However, expansion is
limited at least by the availability of skilled workforce. According to the interview, this is
the only clear constraint on expansion, but likely, as re-celling requires a significant
amount of manual work, the cost of labor relative to ensuring a steady workload
throughout the year is also a concern. Lapin Akkumaailma states that there is only one

other company in Finland that performs re-celling.

One interesting possibility would be converting an electric car battery into multiple
batteries suitable for E-bikes. According to the company, this is theoretically possible, but
each cell needs to be tested to be of the same quality, requiring an automatic diagnosis
cabinet for the battery. This would require an investment, and again, the actual re-celling

would still be labor-intensive.

Table 15. Summary of identified opportunities and challenges — Lapin Akkumaailma.

Opportunity (O) /
Challenge (C)

Contribution to the circularity of

CRM

Related circular strategy (R0-R9)

O: Battery re-
celling to become
as an industry-
accepted operating

model.

Re-celling would extend the lifespan of
batteries. These batteries could be used
in the original E-bikes or in some other
ones. In both cases, it would reduce the

need for new batteries,

RO6: Re-celling represents

Remanufacture strategy.

O: Converting an

electric car battery

into multiple
batteries suitable
for E-bikes.

It would reduce the needed number of
new batteries for E-bikes. Also, it could
slightly reduce the amount of electric car

batteries available for recycling.

RO: Using batteries from electric cars
represents Refuse strategy from the

needed E-bike battery point of view

C: Re-celling is
very labor-

intensive.

As a labor-intensive process, re-celling is

a significant cost for the company.

R6: Creates a business risk, especially
for smaller companies, to start or
the remanufacture

expand strategy

even if there is demand.

C: Lack of skilled

employees for re-

Skilled workers are not readily available

for battery re-celling. There is no formal

R6: Creates a business risk, especially

for smaller companies, to start or
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celling without on- | training in the industry, rather, skills are | expand the remanufacture strategy

the-job training. acquired on-the-job-training. even if there is demand.

4.4.8. Latauspolku

Latauspolku’s charging cabinet is clearly one of those product types which represents

supporting infrastructure for E-biking in urban environments.

So far, charging points have been in public spaces only on a trial basis, and during the trial
periods, they haven't seen heavy use. This is mostly due to discoverability, but also partly
because people did not know that the charging point could be used as a second function for
secure battery storage while parking E-bike. Obviously, this requires that batteries must be

easily detachable from the bike.
Latauspolku sees that its products could be in very different types of places in the future.

“I would say any big bike parks. The housing environment, housing
cooperatives, real estate environment. Wherever people go and park. Of
course, the train stations, other places where people commute. They are very
good places.” (Pajamies, 2023)

For the safe charging of electric bike batteries, Latauspolku sees a challenge in the current
very typical way of operating.
“The Finnish Real Estate Federation has advised that the batteries of electric
scooters or electric bikes should be charged only in supervised conditions.

And the charging of an electric bike's battery takes four to five hours, which
means that more commonly, they are charged overnight.” (Pajamies, 2023)

While public charging points will undoubtedly be needed more in the future, the company
also emphasizes the challenges of the business model. The amount of electricity needed for
charging an electric bike's battery is much smaller compared to electric car batteries, and
yet the cost of charging units is relatively high. Therefore, creating a profitable business is

challenging.

In any case, Latauspolku aims for growth and sees cities as important future partners.
Despite a few pilot projects, broader collaboration with cities is still in its early stages. A

tangible challenge has been reaching the right individuals to promote the cause. The
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company also views bike manufacturers as interesting partnership opportunities but has no
intention of tying itself to just one manufacturer. Interestingly, the company has sought the
attention of insurance companies for the topic, but the potential consequences of this are
still to be seen. Considering the number of E-bikes and climate conditions, it is certain that
Central Europe offers a significantly larger market compared to Finland.

“So, what we think our biggest way of finding the market is by public

knowledge about the risks (battery-related risks while charging).” (Pajamies,
2023)

Table 16. Summary of identified opportunities and challenges — Latauspolku.

Opportunity (O) /
Challenge (C)

Contribution to the circularity of

CRM

Related circular strategy (R0-R9)

O: The increase of
charging points in
the

public urban

environment.

Sufficient continuous charging extends
the lifespan of batteries. When bikes are
parked, for example, at transportation
hubs or workplaces, having a good and
secure environment for charging would

be beneficial.

R3: The availability of E-bikes for
Reuse is likely to increase since bikes

have a long lifespan.

O: The increase of
charging points in

all housing settings.

Especially in settings where a lot of

people living in same small area.
Sufficient continuous charging extends
the lifespan of batteries. Having a good
and secure environment for charging

would be beneficial.

R3: The availability of E-bikes for
Reuse is likely to increase since bikes

have a long lifespan.

C: Batteries must
be easily detachable
from the bike.

If not detachable, charging cabinet

cannot be used.

R3: May decrease the attractiveness of

the E-bikes in the Reuse market.

4.4.9. Recser

It is noteworthy to mention at the beginning, as brought up in the Recser interview, the
idea that developing the recycling of E-bike batteries and other smaller batteries can offer
even more business opportunities in the short term compared to electric car batteries

because these batteries reach the recycling phase more quickly.
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According to Recser, there is currently a significant capacity shortage for recycling low-
cobalt lithium batteries in Europe. Batteries accumulate in storage in almost every country
unless they are sent to Asia along with scrap metal and thus avoiding legal requirements.
Naturally, by doing this, critical raw materials are lost from Europe, and this issue is
sought to be addressed by the EU Battery Regulation. The new EU Battery Regulation is a
significant factor in improving the collection of low-cobalt lithium batteries.
“In the EU Battery Regulation, this is accelerated, among other things, by the
blending obligation. By 2030, a certain percentage of new batteries and
industrial batteries must contain recycled materials. This has been long
waited on this side to make the use of recycled materials more attractive than
using virgin materials. As a result, processes are starting to evolve, and the
growth in volumes is assisting in this matter. On the other hand, the challenge
is to have recycling facilities that are willing to make the effort to develop
recycling for these slightly more challenging materials because the volume of

materials is smaller and more heterogeneous than in electric vehicle batteries.

However, 1 see some interesting openings this year as well.” (Stenbéck,
2023)

According to Recser, they can separately collect about 2000 tons of batteries annually,
which is approximately half of the annual amount entering the market. There is also a
challenge in counting, as even though Recser reports a 50-55% separate collection rate,
this doesn't mean that the remainder is in mixed waste. Many batteries are still in use and
are exported along with other electronic devices to other countries for reuse. Therefore,
these batteries are never recorded in Finland. Additionally, there is a lot of grey market
activity in the industry, where certain operators collect specific batteries for their materials
bypassing producer responsibility systems, and these batteries are not correctly accounted

for.

The current and future operating model of the industry is well illustrated by Recser's
example, where Helkama is involved as a manufacturer. Future operating model is

supported by the EU Battery Regulation.

“It (Helkama) is one of our producers. We have offered them collection
containers, similar to those provided to municipalities, so that we can pick up
from them, even though they don't have a legal obligation to collect. For
everyone who has wanted to collect, we have gladly supplied. It has been a
crucial step in increasing separate collection that the collection network is
broader than one collection point per municipality, as it does not serve many
residents that way. With the Battery Regulation, the responsibility for
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collection shifts to the distributor, meaning that all operators selling E-bike
batteries must accept batteries.” (Stenbick, 2023)

Overall, Recser sees producer responsibility as a clear and individual solution to promote
the circular economy of batteries.
“It puts the pressure on battery producers to figure out how to collect their

batteries without harming the environment and deliver them for recycling.
Ideally, this influences on product design.” (Stenbick, 2023)

Regarding the possible re-celling of batteries, Recser emphasizes that the battery should
proceed to re-celling before separate collection because in separate collection the battery's
status changes to waste, and after that, earlier circular strategies are no longer possible. On
the other hand, with the advancement of battery technology, future batteries are expected
to be more efficient and safer than current ones. Recser does not see the re-celling of old
batteries as necessarily a very realistic operational model in the big picture.

“The EU Battery Regulation has aimed to find interfaces for how producer

and product responsibility is transferred. It introduces provisions to promote

this, but not necessarily by force. If we go to extremes with the requirements,
making reuse an absolute value, it may not be beneficial.” (Stenbéck, 2023)

According to Recser, the role of cities is important in two ways. Cities carry out battery
collection and make procurement decisions regarding city bike fleets. As shared city bikes
become more common, along with related various maintenance workshops, it is important
to have a close collaboration among all authorities involved in battery collection. Recser
notes that in Finland, fire authorities have their own guidelines for battery storage in
different regions. Producers have conveyed that local fire authorities might not always
provide clear instructions on safety requirements and actions in case of potential issues.
Recser also highlights the risk of thermal runaway in batteries in another context.
“The thermal runaway risk associated with lithium batteries is a significant
concern. When damaged, these batteries can enter a state of thermal runaway,
where the chemical process can lead to an explosive fire even without
additional oxygen. Batteries destined for recycling are often handled
carelessly, as they may be considered dead. When placed in separate
collection systems, they might be easily discarded. Additionally, batteries end

up mixed with other electronic devices or general waste. The fire safety risk
affects our entire waste management system because batteries are in the
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wrong waste categories, and they can easily become deformed and crushed in
various crushers and handling processes. Hazardous situations occur daily,
and we learn weekly that batteries are found in the wrong waste streams.
Fortunately, separate collection systems are relatively safe, given that
collection containers are designed to prevent tossing and compression.
Nonetheless, this is a matter that must be taken very seriously, and the entire
system should be designed with this perspective in mind.” (Stenbick, 2023)

Recser sees the role of cities as a public procurement entity as important and identifies

many areas for improvement in city operations.

“Perhaps the craziest thing is that current legislation hasn't forced authorities
making public procurements to ensure that responsibilities are correctly
allocated. They can buy large quantities of laptops and even city E-bikes
without checking whether the importer has fulfilled their obligations under

producer responsibility.” (Stenbéck, 2023)

Table 17. Summary of identified opportunities and challenges — Recser.

Opportunity (O) /
Challenge (C)

Contribution to the circularity of

CRM

Related circular strategy (R0-R9)

O: The blending

It will increase the demand for recycled

R2: Related to Reduce strategy.

obligation in EU | materials and reduce the use of virgin | R8: Increases the demand for recycling
Battery Regulation. | raw materials.
O: Producer Producer responsibility system is the | R8: Efficient collecting ensures a
responsibility most significant method to create | volume for recycling.
system pressure to battery importers to organize

collecting.
O: City By procurement the city can promote the | R1: City shared E-bikes related to
procurement purchasing of shared E-bikes which are | Rethink strategy.

sustainably manufactured and easily
maintainable throughout their lifespan.

The procurement department must

ensure that suppliers fulfill their

obligations according to producer

responsibility.

R2: Cities are often big customers, and
with advanced procurement they can
create incentives for companies to
apply Reduce strategies.

R4-RS5: Maintenance represents Repair

and Refurbish strategies.

C: Grey market

activity

There are a lot of grey market activity in
the battery collecting bypassing producer
responsibility systems. Grey market

actors may deliver the material outside

R2: It reduces availability of recycled

materials for use accordance the

Reduce strategy.

R8: It reduces the availability of
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EU.

materials for recycling.

C: Insufficient

recycling capacity

At present, there is insufficient recycling
capacity for materials such as E-bike
batteries, which have a relatively small

volume and heterogeneous composition.

R2: It reduces availability of recycled
materials for use accordance the

Reduce strategy.

C: Thermal

The thermal runaway risk of lithium-ion

R8: Relates directly to recycling

runaway risk batteries is a significant concern in both

collecting and recycling phase.

4.4.10. Pydériliitto ry
The Pyoriliitto sees certain opportunities and challenges in the cycling industry that are

linked to increasing the circularity of critical materials contained in batteries and motors.

The biggest opportunity lies in the increasing number of used E-bikes in the second-hand
market itself. As stated in the "Reuse" chapter, the significant sources of reused E-bikes are
previously used employer-provided electric bikes and bike fleets of bike rental companies.
However, many things that could be opportunities in the future still appear more as
challenges today. From the perspective of the Pydriliitto, resolving many of these
challenges and turning them into opportunities requires collaboration within the industry
and a shared understanding of the common good. In addition to commercial organizations,

cities also play an important role as enablers of circular strategies.

The challenges are currently related to the lack of common standards in the industry. In the
absence of standards, both component manufacturers and end-product manufacturers tend
to design closed systems. Especially in the case of batteries and motors, these are often not
easily interchangeable between systems. Moreover, manufacturers, at least as of today, do
not grant permission for their repair, meaning also for example battery re-celling, which
clearly hinders the implementation of a remanufacture strategy.
“So, in a way, we should have standards that define certain things, like the
size of the motor, how the electrical system works, how they interact. But, of
course, manufacturers don't want that. And this is evident purely in the
charging of electric bike batteries. We don't have a standard connector for it,

like we do for our phones already. With electric bikes, you always need your
own charger for each bike or each electrical system. (...)* (Koistinen, 2023)
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The Pyoriliitto sees a need for battery remanufacturing as the number of used bikes
increases. However, as mentioned earlier, it is currently common practice in the industry to
replace faulty battery or motor under warranty with a new one, and not allow it to be
maintained by a third party.
“I guess there could be some potential business in that (talking about
remanufacturing). And there are companies that do it. I know a few. But the
problem is, once you enter the realm of the company's patent, there are no
guarantees or anything that prevails then. And this is the same for things like
motors. | spoke with a bike owner once, there was an issue with the motor.
Since he had some electrical expertise, he sent a message to the factory
saying he could fix it, thinking he knew where the problem was. They

responded with a strict prohibition: No, you can't open it. Send the whole
motor here, and we'll send you a new one. * (Koistinen, 2023)

From the perspective of CRM, the situation described above is not a problem as long as
manufacturers themselves at least try to extend the batteries and motors lifecycle, instead
of automatically replacing them with new ones and recycling faulty ones without even

effort of maintenance.

Due to the thermal runaway risk associated with batteries, any potential remanufacturing
also heavily relies on the professionalism and overall reliability of the company performing
the procedure. Pyoréliitto emphasizes that there are companies offering re-celling services,
but at least from the perspective of the association's chairman, there is not a clear
understanding of the quality level of these operators. On the other hand, the same theme
would turn into a clear opportunity if the operator were the original manufacturer of the
component or bike.

“It's a bit different if it were offered by, for example, Helkama, or from

manufacturers like Bosch or Shimano. So, the refurbishment of their own

batteries. It would be like, okay, just send it there, and everything will work
out, no risks.” (Koistinen, 2023)

Concerning the functionality of the second-hand market, the Pyoréliitto highlights the
challenge of trust. Bikes are frequently stolen, and consequently, the second-hand market
has a significant presence of stolen bikes.
“Bike theft is the most common crime that Finns fall victim to.
Approximately 20 000 bikes are stolen each year, and considering that

around 300 000 new bikes are sold, a considerable portion of them ends up
stolen at some point, which is, of course, a significant issue. Stolen bikes
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circulate back into the local market, and to my understanding, they are not
exported abroad extensively, although there has been occasional talk about it.
It's a very localized activity. Platforms like Tori.fi, for example, have tried to
address this issue to minimize criminal activities, but on platforms like
Facebook Marketplace, there is no intervention whatsoever. There, you can
easily observe a significant presence of stolen bikes through the ads. Within
bikes this is a particularly big deal compared to many other product
categories.” (Koistinen, 2023)

The perspective of opportunities represents the Bicycle Workshop activity, an
organizational model by the Pyoréliitto which also has circular economy aspect, even
though the primary goal is related to the social aspect. In Finland, currently, the bicycle
workshops operating in Helsinki, Turku, and Kotka are open spaces for everyone, where
everyone can repair their bikes and learn about bike maintenance. The bicycle workshops
involve a significant do-it-yourself mindset, meaning that by repairing bike parts yourself,
the aim is to prolong their use compared to the model of professional maintenance shops,
where parts are often replaced with new ones. The city plays a crucial role in enabling
bicycle workshop activities.

“It's a pretty typical model where the city provides space, perhaps at an

affordable rental rate. City youth services may be involved in bringing young

people into the activity, encouraging and educating them in circular economy

thinking. On the other hand, it could also involve elderly individuals,
allowing them to contribute in the future.” (Koistinen, 2023)

The role of cities naturally becomes more prominent, especially concerning sharing city

bikes. In terms of sustainable development and, particularly, increasing the circulation of

critical materials, the city has a significant influence through its procurement activities.
“Generally, there are two different ways to acquire city bikes. The first is that
the city purchases a complete service from a service provider, in which case
the bikes remain the property of the providing company. The second option is

that the city buys the bikes for itself and operates them with its own system.”
(Koistinen, 2023)

In its own activities, the Pyoriliitto identifies a very concrete opportunity to increase
knowledge about the proper use of electric bikes, as well as the correct charging of
batteries. Increasing awareness of the right practices changes user behavior, which, in turn,

leads to an extended lifespan of bike components. Additionally, the Pyoriliitto sees it as
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crucial to educate consumers about the possibilities and limitations of electric bikes.

Hence, from the moment of the first purchase, consumers should understand the challenges

previously discussed in this section.

“In a way, it's also about who ends up with the so-called worst card in their
hand. Such a poor bike that cannot be repaired. And in my opinion, this is
challenging, especially in the context of bike procurement, particularly for
used bikes. Unless we have future services that can operate more efficiently
in maintenance regarding closed systems and so on.” (Koistinen, 2023)

Table 18. Summary of identified opportunities and challenges — Pyoriliitto ry.

Opportunity (O) /
Challenge (C)

Contribution to the circularity of

CRM

Related circular strategy (R0-R9)

O: Growth of the
second-hand

market.

The increase of E-bikes on the second-
hand market creates a good opportunity

for the growth of the Reuse.

R3: The increase of E-bikes on the
second-hand market creates an
opportunity for the growth of Reuse
strategy.

R4-RS: Typically, there might be some
maintenance operations before next
user. Maintenance represents Repair

and Refurbish strategies.

O: Battery re-
celling offered by

manufacturers.

This is not reality today. If would be
implemented, it would reduce the risk

associated with battery re-celling.

R6: It would increase the
implementation of the Remanufacture

strategy.

O: Bike workshops

There is no direct connection to critical
raw materials through batteries and
motors since these components cannot be
repaired at workshops. Nevertheless,
workshops still enable the repair of other
worn or broken components in E-bikes.
They contribute to internalizing the

circular economy mindset.

R4: Maintenance represents Repair

strategy.

O: City

procurement

By procurement the city can promote the
purchasing of shared E-bikes which are
sustainably manufactured and easily
maintainable throughout their lifespan.
Requests for proposals can be defined to
require and favour a wide range of

circular strategies.

R1: City shared E-bikes related to
Rethink strategy.

R2: Cities are often big customers, and
with advanced procurement they can
create incentives for companies to

apply Reduce strategies.

R4-RS5: Maintenance represents Repair
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and Refurbish strategies.

O: Increasing
knowledge about
the correct use of E-
bikes, as well as the
correct charging of

batteries.

Increasing awareness of the correct use
of E-bikes changes users behaviour,
which, in turn, leads to an extended

lifespan of bike and its components.

R3: The availability of E-bikes for
Reuse is likely to increase since bikes

have a long lifespan.

C: Lack of common
standards in E-bike

industry

Both component manufacturers and end-
product manufacturers tend to design
closed systems where batteries and
motors are often not easily
interchangeable between systems. This
may even prevent the continuation of the
bike's lifespan in a situation where the
original battery or motor breaks down,
and there is no replacement available

within the closed system.

R3: May reduce the amount of bikes
available for Reuse.
RS5: Complicates the implementation of

Refurbish strategy.

C: Policies of
battery and motor
manufacturers
regarding faulty
battery/motor under

warranty.

Currently battery and motor
manufacturers prevent third parties from
repairing and re-celling batteries and
motors at the risk of losing the warranty.
From the CRM point of view, it would
not be a problem if manufacturers
themselves would implement these

activities.

R4-R6: Prevents the implementation of

these strategies by third parties.

C: Lack of trust in
the second-hand

market.

Second-hand market is not trustworthy
since there are so many stolen E-bikes

being sold in the second-hand market.

R3: Decreases the attractiveness of the

Reuse strategy.

4.5. The key insights on collaboration possibilities from the data and knowledge

transfer point of view

In this chapter, the perspective shifts to the entire ecosystem level. The purpose of this
chapter is to briefly explore how a few relevant opportunities identified in the previous
chapter can be promoted through collaboration among ecosystem actors. The

implementation of collaboration is examined from the from the point of view of data and
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knowledge transfer, with the urban environment naturally serving as the context. Findings

from this chapter provide an answer to sixth research subquestion.

Under both subchapter, tables summarize the key findings and conclusions how to promote
opportunities. In the tables’, other closely related opportunities are also listed with a brief
explanation, chosen by the author to best support the main theme. Following the table,
there are also some notions if promoting specific opportunity may help to overcome some

identified challenges at the same time.

4.5.1. City procurement of shared city-bikes

Recser and Pyoriliitto repeatedly emphasize the important role of city procurement in the
purchasing of shared city-bikes. Also, Helkama discusses about the same topic based on
company’s own experience. The perspective here is that, in the best-case scenario, a city,
through its shared city-bike concept, can connect multiple ecosystem actors in
collaboration to promote the circulation of CRM’s. However, this does not happen by
chance, it requires the city to take an active role in exploring opportunities related to the
concept when planning procurement. City should act as enabler for increasing proactive
data and knowledge sharing among ecosystem actors resulting better understanding of each
goals, opportunities, and limitations related to circular strategies. According to the
interviewees, this is crucial, as especially large cities, given their substantial volumes,

could be highly appealing customers for various advanced circular strategies providers.

Table 19 presents the key insights regarding how cities could promote CRM circulation

through their procurement of shared city-bike concepts.

Table 19. Opportunity of shared city-bikes

Related circular strategy | R1: City shared E-bikes relates to Rethink strategy.

(R0O-R9) R2: Due to their large purchasing volumes, cities are often attractive
customers, thus with advanced procurement they can create incentives for
companies to apply Reduce strategies.

R4 and R5: Maintenance represents Repair and Refurbish strategies.

How to promote Increasing proactive knowledge transfer between cities, E-bike
opportunity? manufacturers (components, end products), E-bike maintenance companies,
and E-bike infrastructure providers. With this, all actors gain a better

understanding of each other's goals, opportunities, and limitations. A large
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alliance including mentioned actors could be an appealing partner for the
city. Alliance members should share their knowledge enough to make a
unified proposal without sub-optimizing. Together alliance should also plan

an effective collecting operation for used batteries and motors.

Related opportunities

Product passport

The city may require the presentation of a product passport or, at the very
least, equivalent information. This enhances the comparability of offers
from the perspective of sustainability and circular strategies. Alliance
members must make cooperation to formulate unified product passport, this
improves the transparency of the supply chain.

R2: Likely creates an incentive for manufacturers to invest more in Reduce

strategies since visibility increases.

Proactive maintenance

The city should already in its tender require suppliers to provide a proactive
maintenance concept for the bikes. In some cases, the operator of proactive
maintenance could also service privately owned bikes by city residents.
Especially component manufacturer should allow third-party maintenance
company to maintain batteries and motors. The data E-bikes gather should
be used freely between alliance members.

R3: The availability of E-bikes for Reuse is likely to increase since bikes
have a long lifespan.

R4 and RS: Maintenance represents Repair and Refurbish strategies.

Battery  re-celling  to
become as an industry-
accepted operating model.
Battery re-celling offered

by manufacturers.

Since city shared city-bikes is a fleet with great number of bikes, with clear
requirements city could create demand for re-celling. And thus, also
affecting to battery manufacturers through its purchasing power.

R6: Re-celling represents Remanufacture strategy. It would increase the

implementation of the Remanufacture strategy.

The increase of charging

points in the public urban

Charging points represent essential supporting infrastructure for shared city-

bikes concept.

environment.
Producer responsibility | City must ensure that possible partners act according to producer
system. responsibility system.

Shared city-bikes are clearly a concept where city itself must be proactive by procurement.
As related opportunities highlights, there are several important aspects which can be

addressed with this same concept.
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4.5.2. Community-shared E-bikes

The second example of collaboration based on data and knowledge transfer is derived from
Helkama interview. As mentioned, Helkama sees interesting opportunities for E-bikes in
the mobility solutions of future residential areas and company is already exploring
cooperation possibilities with construction companies. Community-shared E-bikes would
provide residents of the same area the opportunity to use bikes without the need for owning
bikes. Large E-bike fleet managed by commercial operator with supporting infrastructure
like charging stations and maintenance providers would enhance the value of the whole

arca.

In this example as well, the city plays a crucial role, at least from the perspective of urban
planning and setting the requirements for residential areas. However, unlike the first
example with shared city-bikes intended for all city residents, in the case of community-
shared E-bikes, it is a clear business-oriented mobility solution specifically designed for
people living in a particular residential area. As a business-oriented solution, the bike
selection could be tailored to the preferences of the customers in that area, rather than
offering the same options to everyone. Furthermore, as a business-oriented solution, the
concept should be a versatile combination of expertise from various ecosystem actors.
Besides actual E-bikes, there is need for at least charging stations, maintenance providers,

battery, and motor collectors.

Perhaps, in a business-oriented solution, slightly different from the example of shared city-
bikes, all assets, such as E-bikes, charging points, and so forth, are constantly considered
as resources belonging to a particular actor. Therefore, there is a clear business interest in
maintaining the value of these resources or even selling them onwards. This likely implies

an active desire to utilize a comprehensive range of circular strategies as well.

The concept of community-shared E-bikes would affect directly to circular strategies of
Rethink, Reuse, Repair, Refurbish, and Remanufacture, with logic mentioned below. Table

20 presents the most important findings considering community-shared E-bike opportunity.
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Table 20. Opportunity of community-shared E-bikes.

Related circular strategy

(RO-R9)

R1: Product use is more intensive through sharing.

R3: The availability of E-bikes for Reuse may increase since bikes are
maintained regularly.

R4 and RS: Maintenance represents Repair and Refurbish strategies.

R6: Bike fleet with great number of bikes could create an incentive to invest

to Remanufacture strategies (re-celling)

How to promote

opportunity?

Recognizing that flexible mobility solutions are a significant competitive
factor for future residential areas. Based on that, increasing collaboration
between various actors while planning new residential areas for cities.
Actors including cities, construction companies and residential area
developers, commercial mobility operator, E-bike manufacturers, E-bike
maintenance companies, and E-bike infrastructure providers. E-bike
ecosystem actors must understand that an alliance between mobility
operator, manufacturer, maintenance company, and charging station

provider could be a more appealing partner for the city and area developers

than all of them separately.

Related opportunities

Value of data,
and

Proactive maintenance

Since the entire E-bike fleet is managed by a single operator, data can be
collected from all bikes and utilized for proactive maintenance. Data should
be available for all alliance members.

R2: Data may provide several inputs for Reduce strategies.

R3: The availability of E-bikes for Reuse is likely to increase since bikes
have a long lifespan.

R4 and RS: Maintenance represents Repair and Refurbish strategies.

Increasing knowledge
about the correct use of E-
bikes, as well as the

correct charging

The E-bike fleet operator can act as knowledge provider. This is in the
operator’s own interest.
R3: The availability of E-bikes for Reuse is likely to increase since bikes

have a long lifespan.

Bike workshops

Bike workshops may be kind of supporting infrastructure provided by city.

R4: Maintenance represents Repair strategy.

The increase of charging
points in the public urban
environment.

and

The increase of charging
points in all housing

settings.

Charging points represent essential supporting infrastructure for community-
shared E-bike concept. With appropriate infrastructure the challenge battery
storing in cold winter time could also be solved.

R3: The availability of E-bikes for Reuse is likely to increase since bikes

have a long lifespan.
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Community-shared E-bikes is an interesting concept within urban environment. As clear
business-oriented solution, it would be interesting to see which kind of forms this concept

could take in different cities.
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5. Discussion

In this chapter, the main findings of the study are presented in the order of the research
sub-questions. In addition, limitations of the study and suggestions for future research are

presented.

5.1. Circular Business Models and their relation to Circular Strategies

The answer to the first research sub-question is formed based on chapter two, meaning the

contribution is constructed solely based on theory review.

Based on theory there are several slightly different descriptions of CBM. All presented
CBM’s in this work explicitly or at least implicitly are linked to CS’s of slowing or
closing. This connection is important since without it there is at least a risk that the
business model may not truly align with the principles of the circular economy strategies.
It is noteworthy that among the CS’s, slowing and closing exists in all models, while there
are not concrete mentions of narrowing strategy. In this Thesis, among the most valuable
sources for illustrating the connection between CBM's and CS’s are Bocken et al. (2016),
Liideke-Freund et al. (2019), and Koop et al. (2021). These three frameworks are utilized
to connect the identified CS’s from empirical study to the business models that implement

them.
Based on theory review, answer to the first research sub-question is following:

Circular Business Models are business models which contribute one or more resource
strategies of slowing, closing, and narrowing resource loops. From the organization's
perspective, this happens in practice by implementing circular strategies, one or more out
of the ten possible ones (R0-R9). From the resource point of view, the higher the actions
can be taken starting from RO, the more directly they contribute to reducing resource
usage. From the ecosystem’s standpoint, the inherent value lies not in forcefully
implementing multiple strategies by each organization themselves, but in being a crucial
part of the overall ecosystem in realizing material circularity through one's own Circular

Business Model.
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5.2. The main actors and their roles in the E-bike ecosystem in urban

environment

The answer to the second research sub-question is formed based on chapter four, meaning

the contribution is constructed solely based on empirical study.

For this study, a total of 13 organizations have been interviewed, representing 11 different
roles within the ecosystem. Multiple representatives from the same role were interviewed
only in the case of E-bike manufacturers, a total of three representatives. Empirical
research included ecosystem roles of manufacturing industry (component manufacturing
and E-bikes as end products), distribution chains (employer-provided bikes, maintenance
provider, leasing provider, maintenance provider for batteries), infrastructure providers as
battery charging station manufacturer, battery collector, battery recycler, city as provider of
shared-bikes, and cyclists” federation (Pyoréliitto). The reference frameworks of Potting et
al. (2017) and Arnold & Valkokari (2023) support the view that the studied ecosystem
roles are sufficient. All actors and their role in the ecosystem are presented in more detail

in chapter 4.1.

5.3.Identified Circular Strategies by ecosystem actors to slowing, narrowing,

and closing the critical materials loops

The answer to the third research sub-question is formed based on chapter four, meaning the

contribution is constructed solely based on empirical study.

Among ecosystem actors there are a total of 19 observations related to slowing loops and 4
related to closing loops, with one observation representing both. In addition to these, there
are a total of 14 observations which are not directly linked to any of these. Those findings
are included because they provide interesting perspectives related to the specific circular

strategies.

The Rethink strategy is represented by city of Lahti and Swapfiets. City of Lahti has
sharing E-bike system which makes product use more intensive through sharing. Swapfiets
operates with leasing business model emphasizing the shift from ownership to

membership. Both Rethink strategies relate to slowing loops.



131

The Reduce strategy is represented with same example related to all E-bike manufacturers.
They all purchase components from reliable partners who prioritize the quality and
maintainability of the components. In addition, certain component manufacturers can be
prohibited due to lack of quality or maintainability for example. With these actions
manufacturers contribute to slowing loops. From the perspective of closing loops all
manufacturers have their own development projects running aiming to use recycled
materials. In addition to previous, without linking to any specific actor, it became clear that
EU battery regulation will be highly important new legislation and it will contribute to both

slowing and closing loops.

The Reuse strategy can be identified at the core of both Swapfiets and Vapaus.io
operations. Swapfiets business model is based on leasing, so E-bikes will be reused as long
as possible. Vapaus.io uses its own Precycle channel to offer E-bikes to reuse after

maintenance. Both examples contribute to slowing loops.

Without a specific connection to any particular actor, it is important to note that E-bikes
are increasingly being sold on C2C marketplace platforms. The increase in the number of
bikes is also influenced by the end of the first three-year contract period for employer-
provided electric bikes. As the sale of bikes on marketplace platforms continues to grow,
the reliability of the bikes' maintenance history becomes a more frequent question. If the
marketplace is reliable and promotes the reuse of bikes, this, in turn, contributes to slowing

loops.

All five examples of Repair strategy contribute to slowing loops. All manufacturers have
their operations for maintenance, partially self-implemented and partially by cooperation
with partners. Yeply as maintenance operator highlights that by implementing maintenance
activities it is possible to tie a strong connection to the actual bike user, which in turn is an
asset for provider to use towards component suppliers. They also stress the importance of
data gained by maintenance. Vapaus.io maintains its bike fleet in collaboration with 200
different maintenance shops across Finland, and they accept only bikes which can be

maintained and repaired, and professional after-sales operation available.

The Refurbish strategy is represented with five direct examples contributing to slowing
loops. All manufacturers as well as leasing providers Vapaus.io and Swapfiets provide

battery changing as a part of maintenance concept. Yeply as maintenance company change
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batteries when needed. For Lahti city bikes changing batteries is part of this operating
model and carried out by an independent maintenance company as partner. Shimano
Nordic as component supplier ensures the quick availability of batteries through a
combination of the Finnish headquarters and local service centers. In addition to previous
examples, there was also interesting findings without direct reference to slowing or closing
loops. These were related to lack of consumer’s knowledge towards battery maintenance
during wintertime, to maintenance role as only way for a consumer to get information
about battery’s condition, to growing battery replacement need in B2B market, and to

discussion of the compatibility of new batteries to older bikes.

The Remanufacture strategy is represented only with one direct example contributing to
slowing loops. Lapin Akkumaailma operates in battery re-celling, but only with moderate
volume per year. According to them re-celling is time consuming and demands special

skills. It is important to note that none of the E-bike manufacturers do re-celling.

There is also only one direct example of Repurpose strategy contributing to slowing loops.
According to Swapfiets 16 percent of used batteries will be used as energy storage after
they have used in bikes. Unfortunately, company did not provide more insights about this

matter.

The Recycle strategy is represented with two direct examples contributing to slowing
loops. These are operation model of Recer and AkkuSer. Recser act as collector, and
AkkuSer actual recycler. Considering recycling it is important to note that with the new
EU Battery Regulation's categorization of E-bike batteries, batteries are included to
distributor’s take-back obligation. This will be a significant improvement to prevailing
situation. There was also quite much discussion about the thermal runaway risk of lithium

batteries.

Refuse and Recover strategies do not have any examples.

5.4. Circular Business Models related to identified Circular Strategies

The answer to the fourth research sub-question is formed based on chapter two and four,

meaning the contribution is constructed based on theory review and empirical study both.



133

As it was noted in chapter 4.3., CBM frameworks by Bocken et al. (2016), Liideke-Freund
et. al (2019), and Koop et al. (2021) are used as a basis to analyze the relationship between
identified CS and CBM. While in chapter 4.3. the identified strategies were reviewed
individually, starting from R1, appendix 5 provides another perspective on the same theme.
There the perspective is business-oriented, meaning that each of the three CBM

frameworks is reviewed, and the identified strategies are connected to each of them.

5.5.Opportunities and challenges to increase the circularity of critical raw

materials

The answer to the fifth research sub-question is formed based on chapter four, meaning the

contribution is constructed solely based on empirical study.

In chapter 4.4, the views of the actors regarding the opportunities and challenges prevailing
in the ecosystem were presented. In summary, it can be stated that a total of 26 different
opportunities have been identified, and these are related to a total of 59 circular strategies.
On the other hand, a total of 24 different challenges have been identified, and these are
related to a total of 54 circular strategies. As can be seen in both opportunities and
challenges, there is a significant difference in the number of identified themes and the
related CS’s. In other words, many themes are associated with multiple CS’s. Some of the
identified opportunities and challenges are closely related, but they have still been kept
separate even in this discussion section, unless they were interpreted as completely the

same theme in section 4.4.

Next, in table 21 and 22 identified opportunities and challenges are presented with related

circular strategies.

Table 21. Identified opportunities by actors to increase circularity of critical raw materials.

Identified opportunity Ecosystem actor Related Circular

strategy (R0-R9)

Converting an electric car battery into multiple batteries | Lapin Akkumaailma | RO

suitable for E-bikes

Community-shared E-bikes Helkama R1,R3,R4,R5,R6
Vapaus.io business model Vapaus.io R1,R3, R4, RS
City procurement Recser, Pyoriliitto R1,R2, R4, RS

Development of battery and motor technology Shimano Nordic R2,R3
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The final specification of the E-bike close to the customer Shimano Nordic R2, R3, R4, R5

Bike customization Helkama, eBike R2, R3, R4, R5
Finland

Product passport Helkama R2

Direct contact to end customers eBike Finland R2, R3

Value of data Yeply R2, R3, R4, R5

The blending obligation in EU Battery Regulation Recser R2, R8

A substantial number of physical retailers Shimano Nordic R3, R4, R5

Second-hand market Helkama R3, R4, R5

Remote locking software Helkama R3

The compatibility of new batteries with both new and old E- | Tunturi R3,R5

bike models

Proactive maintenance Tunturi R3, R4, R5

A large bike fleet under regular maintenance Vapaus.io R3, R4, R5

The increase of charging points in the public urban | Latauspolku R3

environment

The increase of charging points in all housing settings Latauspolku R3

Growth of the second-hand market Pyoériliitto R3, R4, R5

Increasing knowledge about the correct use of E-bikes, as | Pyoriliitto R3

well as the correct charging of batteries

Bike workshops Pyériliitto R4

Battery re-celling to become as an industry-accepted | Lapin Akkumaailma | R6

operating model

Battery re-celling offered by manufacturers. Pydoraliitto R6

Converting E-bikes used in B2B freight transportation into | Yeply R7

people transportation

Producer responsibility system Recser RS

Only opportunity related to Refuse strategy is from Lapin Akkumaailma as they point out

the possibility of converting used electric car batteries into multiple E-bike batteries. This

is also an interesting example of the interpretation of CS from different perspectives. From

the standpoint of the batteries required for E-bikes, it is specifically Refuse strategy, but

from the perspective of the original electric car battery, it is, on the other hand, an

Repurpose strategy.

All findings related to Rethink strategy associates with the goal of increasing the E-bike

sharing operational models. Helkama places emphasis on the company's own preliminary
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ideas towards community-shared E-bikes, while Recser and Pyoériliitto highlight the
significant role of city procurement in shaping the future requests for proposals and
tendering processes for city bikes. In the case of Vapaus.io, the company's own business
model directly promotes the intensifying of product usage. The same E-bike, likely
equipped by the same battery and motor, serves multiple users through Precycled operating

model.

Findings related to the Reduce strategy varies in nature. Practically, the customization of
bikes emerges as a common theme, mentioned by Shimano, Helkama, and eBike Finland.
The commitment of customers to customize their bikes to some extent can be seen as
providing manufacturers with a broader incentive to leverage Reduce strategies. If a
manufacturer has a direct connection to the customer, this likely also provides an
opportunity for valuable insights into the development of Reduce strategies. From the
manufacturers' perspective, product passport mentioned by Helkama, increases
transparency in the choices made throughout the supply chain. Direct contributions to the
Reduce strategy include Shimano's highlighted development of battery and motor
technology and Recser's emphasis on the blending obligation. The significance of data, as
emphasized by Yeply, is an important consideration since collecting and analyzing data
offer opportunities for various insights into the development of Reduce strategies. Finally,
the role of city procurement is again in highly important role, cities are often big
customers, and with advanced procurement they can create incentives for companies to
apply Reduce strategies. The previously mentioned product passport is one tool that cities

can use in their pursuit of advanced solutions through their procurement.

Many opportunities related to the Reuse strategy share the same aspect that they directly or
indirectly provide a reasonable assumption that the availability of E-bikes for reuse
increases due to the extension of the bike’s lifespan. In summary, these findings are related
to the increase of high-quality E-bikes in the market, their proactive and systematic
maintenance, compatibility of new batteries with existing bikes, development of charging
infrastructure, and learning the correct usage patterns for E-bikes. In Vapaus.io the Reuse
strategy is already integrated into the business model, while Helkama and Pydriliitto, on
the other hand, recognize the growth of the future second-hand market. An interesting
finding is Helkama's highlighting of remote locking software as an upcoming feature for E-

bikes and how this, in turn, develops the reliability of the second-hand market.
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Due to the interpretation approach applied in this study regarding CS, opportunities related
to maintenance are connected to both Repair and Refurbish strategies, with only one
example being an exception. This exception is bike workshop mentioned by Pyoriliitto.
Those are repair facilities provided by the city but it is not reasonable to assume that in
these workshops, batteries or motors can be replaced according Refurbish strategy (RS),

nor can they be repaired from the perspective of Repair strategy.

The clear majority of opportunities related to Repair and Refurbish strategies share the
same logic that, to exist, the mentioned opportunity requires the presence of maintenance
activities or those are directly related to maintenance activities. Few identified
opportunities namely the final specification of the E-bike close to customer and bike
customization are related to maintenance activities with the logic that these operating
models increases the demand for maintenance activities throughout the E-bike lifespan.
The only example representing Refurbish strategy alone is the question of the compatibility

of new batteries with both new and old E-bike models highlighted by Tunturi.

Opportunities related to Remanufacture strategy are highlighted only by Helkama, Lapin
Akkumaailma and Pyoriliitto. In the case of Helkama, the concept of community-shared
E-bikes has been expanded by the author of this work to include the possibility that a
operator-controlled fleet of bikes could also create an incentive for battery re-celling.
Finding by Lapin Akkumaailma relates directly to their operational model, and finding by
Pydriliitto to thoughts about how E-bike manufacturers could offer battery re-celling

themselves.

Only opportunity related to Repurpose strategy is interesting as Yeply highlights the idea
of converting E-bikes used in B2B freight transportation into people transportation. As
said, this is a particularly interesting idea, as both the number of returned bikes and the

demand for personal transportation in urban environments are growing simultaneously.

Finally, two opportunities highlighted by Recser, namely the blending obligation in EU
Battery Regulation and producer responsibility system relates to Recycling strategy. The
former increases the demand for recycling, and the latter promotes the efficient collection

of batteries, which, in turn, ensures an adequate volume for recycling.
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Table 22. Identified challenges by actors to increase circularity of critical raw materials.

Identified challenge

Ecosystem actor

Related Circular
strategy (R0-R9)

The E-bike industry is in very different stages of development | Shimano Nordic R1, R2, R3, R4,

depending on the market area R5, R8

Possible lock-in effects between competing systems Shimano Nordic R1,R3, R4, R5

The heterogeneity of the E-bike market Helkama R1, R2, R3, R4,
RS, R8

Shared city E-bikes Helkama R1

E-bike industry has a very limited transparency into the | Helkama R2

supply chain several steps back

Grey market activity Recser R2,R8

Insufficient recycling capacity Recser R2

The lack of consumer interest towards the sustainability of E- | Shimano Nordic R3, R6, R7

bikes

Worn or broken components are not always easily replaceable | Tunturi R3, R4, R5

Incorrect riding habits Vapaus.io R3, R4, R5

Batteries are integrated into the E-bike’s frame Vapaus.io R3

Lack of trust in the second-hand market Yeply, Pyoriliitto R3

Difficulty to convert B2B used bikes into consumer bikes Yeply R3

Batteries must be easily detachable from the bike Latauspolku R3

Lack of common standards in E-bike industry Pyoriliitto R3,R5

Policies of battery and motor manufacturers. Pydoraliitto R4, R5, R6

Battery storage at cold winter time Shimano Nordic RS

The lack of standardization in battery charging Vapaus.io RS

Battery re-celling not attractive Helkama R6

No battery re-celling Yeply R6

Re-celling is very labor-intensive Lapin Akkumaailma | R6

Lack of skilled employees for re-celling without on-the-job | Lapin Akkumaailma | R6

training

Thermal runaway risk Recser R8

Development of competing systems may pose a threat to | Shimano Nordic R1,R2, R3, R4,

existing high-quality players in the industry. R5, R6,R7, R8

The two findings related to Rethink strategy by Shimano and Helkama stresses the nature

of current E-bike market, to put it short, the heterogeneity of the market may prevent or at

least hinder possibilities to copy circular strategy activities from one market area to
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another. Shimano also highlights the important aspects of possible lock-in between
competing E-bike systems. By this Shimano means that system-level lock-in may prevent
the spread of best technologies and practices in the industry if there is not enough
collaboration between competing systems. Lock-in may lead to products oversupply from
the market perspective. Finally, Helkama highlights the importance of city procurement to
advance sustainable and circular practices. However, as revealed in the interview, the
company has a negative experience with a certain city's previous procurement process, and
at the moment, the company is not actively seeking to become a supplier of city bikes. It is
a clear challenge from the perspective of circular strategies that an advanced company does

not see the city as an attractive customer.

Again, the two findings related to Reduce strategy by Shimano and Helkama highlights the
heterogeneity of the E-bike market. This creates challenges to scale Reduce strategies from
one market to another. Helkama also emphasizes that the implementation of Reduce
strategies in industry wide may become challenging because there is very limited
transparency into the supply chain several steps back. Finally, Recser identifies two
interesting challenges related to Reduce strategies. The grey market in material collecting
reduces the amount of material for recycling and in turn reduces recycled material
available for manufacturers from the point of view to Reduce strategy. From the CRM
point of view there is a real risk that a lot of materials are transported outside the European
Union by grey market actors. Recser also highlights the challenge of insufficient recycling

capacity which reduces the availability of recycled materials for use.

A considerable number of challenges related to the Reuse strategy were identified, and
some of them were quite diverse from each other. First, there are market related
challenges. E-bike market is in very different stages depending on the market area and
there are various growth drivers in these areas. To put it short, market is very
heterogeneous, resulting great variation of E-bikes available for reuse varies a lot
depending on market area. Heterogeneous market may also complicate the scaling of
Reuse strategies. A well-known industry component supplier, Shimano, also emphasizes
the limited consumer interest in sustainability issues, and if this leads to demand for lower-
quality bikes, these bikes have a short lifespan, which, in turn, reduces the number of bikes

available for reuse. The last challenge directly related to market is the lack of trust in the
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second-hand market which is emphasized by Yeply and Pyoriliitto. The reuse strategy can

only function through the second-hand market if the marketplace is reliable.

Secondly, challenges related to the bikes themselves include the difficulty of replacing
worn or broken components with new ones. Especially when it comes to batteries and
motors, this is critical. It can be thought that this both reduces the absolute number of bikes
available for reuse and diminishes the interest of potential users in such bikes. For instance,
few people would want to buy a used E-bike with its original battery or motor, if those
cannot be replaced with a new one when needed. These issues relate to the question of the
lack of common standards in the industry noted by Pydriliitto. Regarding bikes, an
interesting observation from Yeply is that modifying bikes used in B2B settings for
consumer use is very challenging. However, succeeding in this would be a significant
opportunity for reuse since there is a large quantity of bikes becoming available as they are
released from B2B use. The condition of E-bikes is, of course, influenced by their usage,
and Vapaus.io identifies the problem caused by incorrect riding habits. When used
incorrectly, bikes do not endure as they should, and thus, the number of bikes available to

reuse decreases.

Finally, Shimano emphasize the possible lock-in effects between competing systems which
may lead to a situation where the usability of the E-bike for reuse is restricted by systemic
features rather than the bike itself. This is an interesting observation, and when it
transcends organizational boundaries, the challenge becomes shared across the entire

industry.

All challenges related to the Repair strategy can also be directed towards the Refurbish
strategy. In addition to these, only three identified challenges are associated with the

Refurbish strategy alone.

Again, the heterogeneous E-bike market may complicate the scaling of Repair and
Refurbish strategies, and possible lock-in between competing systems may lead to situation
where each system has its own maintenance operators. Pyoriliitto emphasizes the
challenge of the policies of battery and motor manufacturers regarding components that
require warranty-related maintenance or replacement. Manufacturers prohibit third-party
repair actions under the threat of voiding the warranty. On the other hand, the typical

approach of manufacturers is to replace the component with a new one. Thus, it can be
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argued that this manufacturer's approach reduces repair actions to extend the lifecycle of
batteries and motors and favors replacement with new ones, perhaps too easily. In addition
to the policies of manufacturers, the previously mentioned general challenge related to
component interchangeability complicates the implementation of Repair and Refurbish

strategies, as well as incorrect riding habits increases the need for new components.

Findings related only to Refurbish are all connected to batteries. The cold winter poses a
risk to the condition of the batteries, as bikes may be stored in cold conditions, and not all
users are aware that batteries need to be charged even in winter. The lack of common
standards in the industry means that both component manufacturers and end-product
manufacturers tend to design closed systems where batteries and motors are often not
easily interchangeable between systems. This may even prevent the extending the bike's
lifespan in a situation where the original battery or motor breaks down, and there is no
replacement available within the closed system. By the challenge of lack of standardization
in battery charging Vapaus.io means that based on their experience the battery replacement
as Refurbish strategy may increase because bike owners want to match their batteries to the

available charging points.

Identified challenges related to Remanufacture strategies, meaning battery re-celling, are
quite straightforward. If there is the lack of consumer interest towards the sustainability of
E-bikes it decreases the likelihood for re-celling since these bikes most probably have
lower quality batteries at first place. With the same logic, it also decreases possibilities for
battery Repurpose strategies. Helkama and Yeply clearly note that re-celling batteries is
not something they do, and they are not interested that either in future. Lapin
Akkumaailma who performs re-celling highlights that it is very labor-intensive activity,
and the only way to get employee is on-the-job training. These in turn create a business
risk, especially for smaller companies, to start or expand the remanufacture strategy. Again
the previously mentioned policies of battery and motor manufacturers in most cases

prevent the implementation of re-celling.

Finally, a heterogeneous E-bike market, especially the significant variation in the number
of bikes from one market area to another, poses challenges for scaling the collection and
recycling of batteries and motors. Recycling strategy is also affected negatively by the grey

market activity, as mentioned above, due to the grey market activity the amount of material
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for recycling decreases. Finally, the technical risk of thermal runaway relates directly to

recycling phase emphasized by Recser.

Finally, challenge related to all circular strategies, Shimano stresses that development of
competing E-bike systems may pose a threat to existing high-quality players in the
industry. The threat arises since in this scenario competition expands from the capabilities
of individual companies to the capabilities of the specific ecosystem. If this development
would lead to situation where industry loses actors who are advanced in sustainability
issues and circular strategies, it would be a negative outcome considering the big picture.
Of course, it can be argued that advanced players have the best opportunity to stay
involved and competitive in the development of competing ecosystems. Nevertheless, the
issue should be emphasized because in the competition among ecosystems, it is not
obvious that advanced solutions always prevail. In history, in other industries, we have
seen, for example, wars between standards where ultimately the winners were not

necessarily the most advanced companies of that time.

5.6. Promoting identified opportunities through collaboration among ecosystem

actors

The answer to the sixth research sub-question is formed based on chapter two and four,

meaning the contribution is constructed based on theory and empirical study.

In chapter 4.5. two examples of opportunities directly related to urban environment were
explored, first city procurement in the case of shared city-bikes, and second, community-
shared E-bikes. In both examples, collaboration among ecosystem actors is a prerequisite
for developing a compelling overall concept. From the data and knowledge transfer point
of view it is crucial for actors to identify and share as much information as possible about
their goals, opportunities, and constraints related to each other’s circular strategies in order
to advance the total circularity of CRM. Only by identifying very concrete circular
strategies that can be positively impacted by the collaborative concept, cooperation

specifically serves the development of the circularity of CRM.

When it comes to shared-city bikes, the key question is whether the city itself can be
proactive and leverage the concept, not just in its obvious purpose of providing residents

with a mobility service, but by building the concept to promote the circularity of CRM.



142

Given the large number of bikes in major cities, the city has a potentially significant
opportunity through its procurement to advance the circular strategies aiming to increase
the circularity of CRM. As seen earlier in chapter 4.5.1., directly relevant strategies include
Rehintk, Reduce, Repair and Refurbish, but through the opportunities associated with the
concept, the number of potentially related strategies could expand. As just one example, a
product passport can be perceived as an opportunity not only in terms of documentation
but also as a tool to motivate and demand the development of circular strategies from

various ecosystem actors.

In the case of community-shared E-bikes the actual role of the city may not be so direct as
in shared-city bikes in previous example, but nevertheless, the concept would take place in
city context, thus city is like a platform for residential areas. As noted earlier, this theme is
directly related to Rethink, Reuse, Repair and Refurbish, and Remanufacture strategies.

Through other related opportunities, the set of circular strategies expands further.

While addressing these two opportunities in urban context, it is obvious that when
organizations forming the structure for collaboration, circular business model innovation
described by Geissdoerfer et al. (2020) may take a place. Circular start-up, CBM
diversification, and CBM acquisition all make sense considering structure for collaboration
of several organizations. Since knowledge and data are highly valuable assets for
organizations, sharing these assets most probably requires structural decisions, for example
joint ventures or acquisitions. From the perspective of this study, there should always be an
understanding of how collaboration or even structural arrangements can improve the
implementation of circular strategies. This is an important consideration because
arrangements are made in any case, but circular strategies and opportunities related to them
might be still very new issue for many. Referencing to Geissdoerfer et al. (2020) view of
unit of analysis for business model innovation, it seems to be clear that based on empirical

results, stakeholder view is too narrow, it must be value network or ecosystem perspective.
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5.7. Synthesis

5.7.1. The role of a cities in increasing the circularity of critical raw materials

It is practically certain that the number of E-bikes in urban environments will rapidly
increase since large cities must develop their mobility solutions. More and more cities will
offer E-bikes to their residents as a bike-sharing solution, as demonstrated by the city of
Lahti in this study. The number of employer-provided E-bikes is expected to increase
significantly, and bikes will likely be acquired, for example, through leasing financing. In
addition, there is considerable potential in the concept of community-shared bikes. Finally,

consumers will increasingly purchase E-bikes through traditional ways.

Cities have the most direct influence on promoting the circularity of critical materials
related to E-bikes through the procurement of shared-city E-bikes. However, based on this
study, it is not obvious that cities, despite their considerable purchasing volume, would
appear as an attractive customer for high-quality E-bike manufacturers. It is highly
desirable that cities increasingly emphasize responsibility and sustainable development in
their procurement process, incorporating a crucial perspective on the development of

CRM’s circularity into their procurement criteria.

In addition to its own procurement related to shared E-bikes, cities play a crucial role in
developing infrastructure for cycling. This involves creating a network of bike lanes,
ensuring an adequate number of charging points, providing storage facilities for bikes at
public transportation hubs, and establishing bike maintenance points for city residents.
Currently, maintenance points are ‘“do-it-yourself” workshops, but these provide an
interesting platform for further development, especially from the perspective of batteries

and motors, if manufacturers are willing to allow third-party maintenance activities.

Sahkopyorait yhtend kaupunkiliikkumisen muotona tarjoaa pdatoksentekijoille erinomaisen
mahdollisuuden ensin tutkia ja sitten toteuttaa uusia toimintamalleja kriittisten raaka-

aineiden kierron kehittimiseksi.

E-bikes as one form of urban mobility provide decision-makers with an excellent
opportunity to first explore and then implement new strategies to promote the circularity of

CRM’s. It is essential to consider the perspective of the entire ecosystem and model the
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impact of various solution alternatives on the whole. Based on this study, the 10R circular
strategy framework can be recommended as a shared tool for collaboration between the
city and ecosystem actors. It enables a comprehensive examination of both the entire
product lifespan and the perspective on the materials it contains, thus engaging various
ecosystem actors in collaboration in a very concrete way, taking into account each core

function.

5.7.2. Interdependencies in implementing Circular Strategies

As mentioned above, the 10R circular strategy framework is an excellent tool for modeling
the possibilities of circular strategies related to both the product lifespan and the lifecycle
of materials contained in the product. Although the framework was already familiar to the
author from previous, conducting the study increased the understanding of the usefulness
of the framework in mapping interdependencies in implementing circular strategies among
the ecosystem actors. As just one example, re-celling (Remanufacture) of batteries would
be important activity to increase material circularity, but not sufficient on its own. The
benefits would realize more broadly with scaling Reuse activities, and this, in turn, requires
the development of, among other things, the reliability of the second-hand market. The
question becomes even more challenging because battery manufacturers do not want to
promote third-party remanufacturing, even though, as manufacturers they play a key role in
implementing Reduce strategies at a higher level of the framework. As conclusion
regarding interdependencies, it can be stated that in some cases, the same actors can, with
their decisions and actions, increase material circularity at one level and, at the very least,
complicate, or even deny it at another level. This is an important notion, and it highlights
how important it is to understand cause-and-effect relationships in material circularity.
This in turn allows for a more proactive influence on strategies at the highest possible

levels of the 10R hierarchy.

5.7.3. Notable aspects related to Circular Business Models

Based on this study, there are many different theoretical frameworks of CBM's. Obviously
these are with their own details, but what they all have in common is the direct or at least
indirect connection to circular strategies, and through CS it can be stated whether the CBM

contributes to the narrowing, slowing, or closing material loops. In this study, empirical
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research results have been analysed through the CBM by Bocken et al. (2016),
Liideke-Freund et. al (2019), and Koop et al. (2021).

Several CBM studied in this study contribute to slowing CRM loops. The further
development of these CBM’s and improving the requirements for them is highly
importance to ensure that CRM contained in E-bike batteries and motors remain in
circulation longer before reaching the recycling stage. Through empirical research, the
author was somewhat surprised by how easily components are allowed to progress to
recycling phase. On the other hand, many interviewees highlighted opportunities for
improvement, and in many cases, seizing these opportunities requires broader collaboration
among ecosystem actors. Also, one example of challenges previous discussed is worth to
highlight. Shimano (Kulonen, 2023) highlighted the possible lock-in effects between
competing E-bike systems, resulting closed systems. Even though this development aligns
well with an idea of structural arrangements between organizations (Geissdoerfer et al.
2020; Holmstrom & Roberts 1998), from the increasing CRM circularity point of view,
competing systems should use as much as possible same supporting infrastructure
solutions. For example, charging stations and maintenance operations represent this idea.
Whether these are open or closed systems depends much more on organizational decision-
making than on the technology itself. It would be disadvantageous for the circularity of
CRM fif circular strategies were not implemented as efficiently as possible. Since an
adequate volume is often a prerequisite for circular strategies, the possible future of closed

systems should not lead to partial optimization from the circularity perspective.

The study also highlights the view that many actors simultaneously implement several
CBM, not just one specific model. This is an interesting finding, since in common
thinking, actors are quite often considered to implement only a single business model.
Based on this finding, it can be argued that many ecosystem actors should examine the
opportunities in their operations and strive to contribute with at least one clear model in
both perspectives of slowing and closing the loops. Again, the 10R circular strategy
framework can be used as a tool to map the current situation and assess opportunities and
challenges for each organization and within the broader ecosystem. The urban environment
provides an excellent setting for individual circular strategy testing or broader circular

business model testing.
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5.8. Limitations of the study

A few limitations can be identified for the study.

e In empirical research, the number of organizations under investigation could
always be increased. On the other hand, it is impossible to determine what is
enough, it varies depending on the context. This is important to acknowledge in
the context of this study as well, but as the author of the work, the data

collected for empirical research seemed sufficient.

e With thematic interviews, it is important to be aware that the researcher's
actions during the interview influence the actual content that emerges. While
the interview framework guides the discussion broadly, the researcher's conduct
during the interview naturally affects the final gathered material. It emphasizes
the dynamic nature of qualitative research. It is noteworthy that in this study,
the author participated in some of the interviews, this information is clearly

stated in the sources.

5.9. Suggestions for future research

For future researchers there are several interesting opportunities based on experience of

author during this Thesis.

e Using the opportunities and challenges identified in this study for increasing the
circularity of CRM, it would be interesting to discuss all or selected parts of
these findings with all ecosystem actors. Such discussion with solution driven
approach would bring an additional element if the actors were interviewed

together rather than separately.

e Studying the collaboration among ecosystem actors from the perspective of data
and knowledge transferring and integrating it more deeply into circular business
models is an interesting research avenue. Exploring how information flows and
is utilized within the ecosystem can shed light on the new Circular Business

Model possibilities.

e Obviously, it would be useful to research more deeply some specific circular

strategy (R0O-R9) and related Circular Business Model opportunities. For
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example, Reuse (R3) is clearly a strategy, which combines many opportunities

and challenges when aiming to develop it.
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6. Conclusions

The objective of this study has been to explore what kinds of circular business models can
be identified to increase the circularity of critical raw materials in urban environment. On a
theoretical level, the author addressed with his own definition the question of what circular
business models are and how those are related to circular strategies. The formulated
definition highlights that at the ecosystem level the inherent value lies not in forcefully
implementing multiple strategies by each organization themselves, but in being a crucial
part of the overall ecosystem in realizing material circularity through one's own circular
business model. With the research focus on E-bikes, this study has also aimed to identify
actors within the E-bike ecosystem, the circular strategies implemented by these actors,
and those relationship to circular business models. The study has sought to recognize
opportunities and challenges identified by the actors for increasing circularity of CRM
within the ecosystem, as well as insights for enhancing collaboration among ecosystem

actors from a data and knowledge transfer point of view.

A total of 13 organizations have been interviewed, representing 11 different roles within
the ecosystem. With empirical study a total of 19 observations related to slowing strategy
and 4 related to closing strategy were identified. In addition, there were a total of 14
interesting observations worth to note which were not directly linked to any circular
strategy. Circular business model frameworks by Bocken et al. (2016), Liideke-Freund et.
al (2019), and Koop et al. (2021) were used as a basis to analyze the relationship between
identified circular strategies and circular business models. Interpreting the same findings of
circular strategies through three different theoretical frameworks illustrates to the reader
how strategies can be approached in different ways and terminologies depending on the
circular business model framework. This comparison also provided the author with
additional insights. The comparisons are presented in the study from two different

perspectives, with other of the comparisons included as an appendix.

The interviewed actors identified a total of 26 different opportunities relating to a total of
59 circular strategies. On the other hand, they identified a total of 24 different challenges
relating to a total of 54 circular strategies. The notable difference in the number of

identified opportunities and challenges, along with the related circular strategies, is caused
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by the fact that many themes are linked to multiple circular strategies. No opportunity or
challenge stood out above the others to be pointed out in this summary. However, a
noteworthy observation is that many opportunities and challenges involve the
interdependence of circular strategies. Consequently, many development efforts should
target multiple areas of the 10R circular strategy framework to seize opportunities or

overcome challenges.

The key insights for enhancing collaboration among ecosystem actors from a data and
knowledge transfer point of view were studied with two different case, which both are
relevant in urban environment based on empirical study. First one being city procurement
in the case of shared city-bikes, and second, community-shared E-bikes. From the data and
knowledge transfer point of view it is crucial for actors to identify and share as much
information as possible about their goals, opportunities, and constraints related to each
other’s circular strategies in order to advance the total circularity of critical raw materials.
Based on the findings of this study, encompassing both the theoretical and empirical
aspects, it is crucial to have an understanding of how collaboration or structural
arrangements between organizations can enhance the implementation of circular strategies.
Understanding this is not self-evident, but if there is no understanding or an attempt is not
made to acquire it, many opportunities may remain untapped, and challenges undefeated,

even if all the necessary elements are in place due to arrangements.
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Appendix 1. Interview questions

We aim to understand how to build and establish a CE ecosystem. Looking for who can
drive the development and how, and the roles of different actors.

The research questions are:

- What strategies do e- bike supply chain implement for circularity?
- What kind of collaboration is needed to increase circularity in supply chains, and with

whom?

- Who should be the leaders’ actors to enable circularity in an e-bike supply chain in
Finland?

Interview guide

e Tell shortly about the objectives and show the consent slides.

e Please, could you introduce yourself? What is your name, background, and job title?
Previous experience if relevant? How long have you been working in the e-bike
industry?

e Introduce your company shortly and describe the supply chain.

e Introduce the role of the company as part of the e-bike ecosystem.

e Questions should be made in General (BM and product) then narrowed to CRMs
(batteries).

Current strategies/ company perspective

1.

Do you have a sustainability programme/agenda and what are the main points
there?

a. Main challenges?
How do you see circular economy and its importance for your industry? Name the
main actors and their key activities.

. What kind of CE strategies or activities does your company currently have?

(Remember visibility)
a. How these strategies are linked to your company’s business models?
With whom do you collaborate, and how? (Give examples of actors if needed)
Challenges with security of supply? Plans/actions to improve resilience?
a. How do you follow and analyze the state of resilience?
b. How have issue of supply security developed from your perspective during
for example last three years?

Plans to the future

6.

What kind of plans do you have to increase circularity regarding different Rs/ and
or processes? (Show slides if needed)
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e With whom and what kind of collaboration would be needed? What reasons are
preventing the actors from collaborative working in this regard?

e Do you see already existing needs or “hidden possibilities” from market, which
could be exploit by establishing new business models?
7. What are the main benefits (the motivation of the company)?
8. What are the main challenges or barriers?

e How to solve or manage them?

e How long does it take to solve these challenges?
9. Legislation changes

Collaboration

10. How do you find the current infrastructure (recycling facilities etc.) supporting your

company s circular strategies?
11. If we could forecast the future. How can the e-bike industry become more circular
regarding different Rs?

a.
b.
c.

How can your company influence this development?

How to make it real, even working with partners from different countries?
Are there some mechanisms how shared value of ecosystem as whole or
partly is analyzed/calculated?

How do you see the boundaries between companies and organizations
affecting to the future development? Is there something which could be
done strategically/structurally to lower barriers and thus increase the e-bike
industry circularity?

12. Who can drive the development and how? And why this actor (why does it have the
performance)? What could others do (give examples of actors if not getting
answers (Government, Suppliers, Manufacturers, Users). What are they not doing?

a.

Wrap up

What can authorities/ government/city level do to accelerate the
development? What are they not doing?

13. Is there anything you would like to add? Something you expected to be asked, but
we did not.

14. Please, would you indicate to us interviewees? We are looking for firms from the
eBike value chain.



Appendix 2. Strategic critical raw materials

Eur-Lex. Access to European Union Law. (2023)

Bismuth

Manganese - battery grade

Boron - metallurgy grade

Natural Graphite - battery grade

Cobalt

Nickel - battery grade

Copper Platinum Group Metals
Gallium Rare Earth Elements for magnets (Nd, Pr, Tb, Dy, Gd, Sm, and Ce)
Germanium Silicon metal

Lithium - battery grade

Titanium metal

Magnesium metal

Tungsten
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Appendix 3. Critical raw materials

Eur-Lex. Access to European Union Law. (2023)
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Antimony Gallium Phosphate rock
Arsenic Germanium Phosphorus
Bauxite Hafnium Platinum Group Metals
Baryte Helium Scandium
Beryllium Heavy Rare Earth Elements Silicon metal
Bismuth Light Rare Earth Elements Strontium
Boron Lithium Tantalum
Cobalt Magnesium Titanium metal
Coking Coal Manganese Tungsten
Copper Natural Graphite Vanadium
Feldspar Nickel — battery grade

Fluorspar

Niobium
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Summary of Business Model elements of two Sales Business Models, and two Service

Business Models.

1. Sales Business Model

1.1. Sales Business Model, through additive remanufacturing

1.2. Mass

remanufacturing

2. Service Business Model

Customization and Open-source Business

2.1. Leasing Business Model, through remanufacturing

Model,

through additive

2.2. Product-Service-System Business Model, in combination with remanufacturing

Italic font is used in column 1.2. and 2.2. to highlight the same aspects of Business Model

which are already included to 1.1. and 2.1.

Red color is used to highlight specific aspects of Business Model in 1.2. and 2.2.

1. Sales Business Model

2. Service Business Model

1.1. Sales BM

1.2. MC and OS
BM

2.1. Leasing BM

2.2. P-S-SBM

Value - Ensuring the - Ensuring the - Use-oriented and - Flexible, demand-
Proposition functionality of an | functionality of an | service dominant BM | oriented use
E-bike E-bike - Leasing, includes - Regular
- Cost savings - Cost savings maintenance, maintenance, repair
compared to a new | compared to a new | insurance, repair, of damage and
component component remanufacturing, and | remanufacturing of
- Remanufacturing | - Remanufacturing | disposal components
as an ecological as an ecological - Product periodic
sales argument sales argument take back and
upgrade
J’_
- Individualization
of remanufactured
components
Key Partners - Workshops - Workshops - Manufacturers of E- | - Manufacturers of E-
- Logistics - Logistics bikes (if they do not bikes (if they do not
provider for provider for offer leasing offer leasing
reverse logistics reverse logistics themselves) themselves)
activities activities - Workshops, which - Workshops, which
- Suppliers of new | - Suppliers of new | ensure repair and ensure repair and
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components components remanufacturing remanufacturing
- Third-party - Third-party - Stationary or online
service providers service providers bike dealer +
for spare parts for spare parts - Suppliers of new or | - Service providers
production and production and reconditioned who carry out the
delivery, if delivery , components maintenance and
applicable applicable repair
- Service providers
+ for remanufacturing
- User - Public transport,
city administration
Key Activities | - Remanufacturing | - Remanufacturing | - Leasing of E-bikes - Repair,
process of the process of the - Customer support remanufacturing and
components components - Establishment and disposal of E-bikes
- Analysis of - Analysis of maintenance of
damage cases damage cases strategic partnerships | +
- - - Repair, - Rental of fully
Upgrades/additive | Upgrades/additive | remanufacturing and | functional and
retrofitting retrofitting disposal of E-bikes charged E-bikes
- Reverse logistics | - Reverse logistics - Establishment of
and take-back of and take-back of strategic partnerships
cores cores
- Continuous - Continuous
expansion of expansion of
marketing and marketing and
sales channels sales channels
- Customer - Customer
acquisition and acquisition and
retention retention
+
- Platform for the
exchange of ideas
- Analysis and
evaluation of ideas
- Ideas contest
Customer - Direct contact to | - Direct contact to | - Improve - Provision of various
Relationships customer customer information services
- Take-back - Take-back exchange, customer (maintenance, repair,
systems systems loyalty and (product) | charging)
quality - Rental of E-bikes
+ - If the leasing is - If applicable,
- Customer is also | provided with and additional services
source of ideas for | additional service such as safety
new innovations offer, the contact to equipment
the customer through
maintenance and
repair is particularly
close
Customer - B2B (E-bike - B2C (private - Private customers - Particularly
Segments manufacturers, customers) - Employers who attractive for lower-
bike sharing offer leasing for their | income consumers
providers, employees who do not want to
workshops, public commit the financial
clients) obligation of a
leasing contract
Key Resources | - Infrastructure, - Infrastructure, - Administration (IT, | - Administration (IT,

facilities, and
equipment for

facilities, and
equipment for

customer support,
marketing, strategy)

customer support,
marketing, strategy)




164

production production - For - For
- Personnel - Personnel remanufacturing: remanufacturing:
qualification qualification Technologies (e.g. Technologies (e.g.
- Storage space for | - Storage space for | automated automated
used parts used parts assembly/disassembly | assembly/disassembly
- Used parts - Used parts processes), processes),
Informative and Informative and
knowledge, Logistics | knowledge, Logistics
infrastructure for core | infrastructure for
return core return
+
- E-bike fleet
- Technical
infrastructure (app,
website)

Channels - E-bike - E-bike - Stationary or online | - Sharing app
manufacturers manufacturers dealers who offer - Offline visibility of
- Bike sharing - Bike sharing leasing the E-bikes to make
providers providers - Special providers customers aware of
- Workshops and - Workshops and for company bike the sharing offer
wholesalers wholesalers leasing with allround
- Oftline & online | - Offline & online | service of E-bikes are
marketing marketing often available online

- Reverse logistics

- Reverse logistics

+

- Digital platform

for information

exchange

Cost Structure | - Remanufacturing | - Remanufacturing | - Production costs for | - Running costs:

process of the process of the the E-bikes maintenance, repair,
components components - Running costs: remanufacturing,
(production) (production) maintenance, repair, disposal, costs for
- Distribution & - Distribution & remanufacturing, office buildings,
marketing marketing disposal, costs for transport costs,
- Reverse logistics | - Reverse logistics | office buildings, personnel costs for
activities activities transport costs, the leasing contracts
- Disposal of - Disposal of waste | personnel costs for and customer support
waste - Procurement of | the leasing contracts

- Procurement of
new spare parts

new spare parts

+
- Incentivising new
design ideas

- Events

- Development
costs for the
platform

- Costs for
operating the
platform

and customer support

+

- High acquisition
costs for the E-bike
fleet

Revenue
Stream

- Sales revenue
from
remanufactured
components

- Increase in brand
value

- Sales revenue
from
remanufactured
components

- Increase in brand
value

- Monthly or annual
payments by the
customers

- For the customer,
leasing makes it
possible to obtain a

- Payment by
customers per use
(per minute /
kilometer)
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- Increased market
share through new
offering

- Reduction of
disposal costs

- Increased market
share through new
offering

- Reduction of
disposal costs

+
- Sale of spare
parts / CAD data
- Reduction of
innovation costs
and market
research

high-prices E-bikes
with the latest
technology at a lower
acquisition cost

- Lessor can also gain
data on the use,
maintenance and
repair of the bikes
through status
monitoring
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Theory framework

Related Circular Strategy Examples

(Bocken et al. 2016)

Access and performance

model

R1: The sharing E-bike system at the city of Lahti

R1: Swapfiets leasing operating model

R3: Reuse strategy is at the core of Swapfiets leasing business model.

R3: Vapaus.io leases also used E-bikes after maintenance through their
own Precycle service.

RS: For Lahti City bikes the primary approach is to replace damaged parts

rather than repair them, changing batteries is part of this operating model.

Extending
product value (Slowing)

R6: Lapin Akkumaailma performs battery re-celling

R7: Swapfiets repurposes 16% of used batteries as energy storage

Classic longlife
model

R2: All E-bike manufacturers purchase components from reliable partners
who prioritize the quality and maintainability of the components.

R4: E-bike manufacturer’s maintenance concepts

RS5: All E-bike manufacturers Helkama, Tunturi and eBike Finland provide

battery changing as a part of their maintenance concept.

Encourage
sufficiency

R2: EU Battery Regulation

R3: E-bikes are sold through several C2C marketplaces.

R4: E-bike users are integrated into the maintenance concept through
smart technology

R4: Yeply's maintenance concept

R4: Vapaus.io maintenance concept

RS: All E-bike manufacturers Helkama, Tunturi and eBike Finland provide
battery changing as a part of their maintenance concept.

RS5: Vapaus.io and Swapfiets include battery changing into their concept
meaning that batteries are changed when needed before the next reuse
phase.

RS5: Yeply as maintenance company change batteries when needed.

RS5: Shimano Nordic Oy ensures the quick availability of batteries

Extending
resource value

R2: Use of recycled materials for bike frames
R2: EU Battery Regulation
R8: Recser’s concept as collector

R8: Akkuser’s concept as recycler

Industrial Symbiosis

R2: Use of recycled materials for bike frames

(Liideke-Freund et. al
2019)

Design for long-life

R2: All E-bike manufacturers purchase components from reliable partners
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products:

Repair and maintenance
BM, Reuse and
redistribution BM,
Refurbishment and
remanufacturing BM

who prioritize the quality and maintainability of the components.

Design for long-life
products: Reuse and
redistribution BM

R3: E-bikes are sold through several C2C marketplaces.

Design for product life
extension:

Repair and maintenance
BM, Reuse and
redistribution BM,
Refurbishment and
remanufacturing BM

R1: Swapfiets leasing operating model
R2: All E-bike manufacturers purchase components from reliable partners
who prioritize the quality and maintainability of the components.

R2: EU Battery Regulation

Design for product life
extension: Repair and
maintenance BM

R4: E-bike manufacturer’s maintenance concepts

R4: E-bike users are integrated into the maintenance concept through
smart technology

R4: Yeply's maintenance concept

R4: Vapaus.io maintenance concept

Design for product life
extension: Reuse and
redistribution BM

R3: Reuse strategy is at the core of Swapfiets leasing business model.

R3: Vapaus.io leases also used E-bikes after maintenance through their
own Precycle service.
R7: Swapfiets repurposes 16% of used batteries as energy storage

Design for product life
extension: Refurbishment
and remanufacturing BM

RS5: All E-bike manufacturers Helkama, Tunturi and eBike Finland provide
battery changing as a part of their maintenance concept.

RS: Vapaus.io and Swapfiets include battery changing into their concept
meaning that batteries are changed when needed before the next reuse
phase.

RS5: Yeply as maintenance company change batteries when needed.

RS5: For Lahti City bikes the primary approach is to replace damaged parts
rather than repair them, changing batteries is part of this operating model.
RS5: Shimano Nordic Oy ensures the quick availability of batteries

R6: Lapin Akkumaailma performs battery re-celling

Design for technical
cycles: Recycling BM

R2: Use of recycled materials for bike frames

R2: EU Battery Regulation

(Koop et al. 2021)

Sales model: Classic Sales
BM

R2: All E-bike manufacturers purchase components from reliable partners
who prioritize the quality and maintainability of the components.

R4: E-bike manufacturer’s maintenance concepts

R4: Yeply's maintenance concept

RS5: All E-bike manufacturers Helkama, Tunturi and eBike Finland provide

battery changing as a part of their maintenance concept.
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RS5: Yeply as maintenance company change batteries when needed.
RS5: Shimano Nordic Oy ensures the quick availability of batteries
RS5: Lapin Akkumaailma performs battery re-celling

Sales model: Mass
Customization and Open-
source BM

R2: All E-bike manufacturers purchase components from reliable partners
who prioritize the quality and maintainability of the components.

R4: E-bike manufacturer’s maintenance concepts

R4: E-bike users are integrated into the maintenance concept through
smart technology

RS5: All E-bike manufacturers Helkama, Tunturi and eBike Finland provide

battery changing as a part of their maintenance concept.

Service model: Leasing
BM

R1: Swapfiets leasing operating model

R2: All E-bike manufacturers purchase components from reliable partners
who prioritize the quality and maintainability of the components.

R3: Reuse strategy is at the core of Swapfiets leasing business model.

R3: Vapaus.io leases also used E-bikes after maintenance through their
own Precycle service.

R4: Vapaus.io maintenance concept

RS5: Vapaus.io and Swapfiets include battery changing into their concept
meaning that batteries are changed when needed before the next reuse

phase.

Service model: Product-
Service-System BM

R1: The sharing E-bike system at the city of Lahti

R2: All E-bike manufacturers purchase components from reliable partners
who prioritize the quality and maintainability of the components.

RS: For Lahti City bikes the primary approach is to replace damaged parts

rather than repair them, changing batteries is part of this operating model.




