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The rising popularity and strong increase in the number of electric bicycles make it
necessary to consider the built-in resources as well as possible treatments after the
use phase. The time lag between the purchase and the occurrence of relevant defects
suggests significant increases in defective components. Especially the great dynamics
of the market due to regular innovations, product renewals, and the lack of spare
parts availability for older models make the long-term use by customers much more
difficult than for conventional bicycles. Therefore, it is necessary to analyze circular
business models for the electric bicycle market. In this way, the required structures for a
sustainable electric bicycle industry can be created so that valuable materials do not go
into disposal but undergo a new use phase. Based on the results of “AddRE-Mo—-Value
Preservation Scenarios for Urban Electromobility of Persons and Loads through Additive
Manufacturing and Remanufacturing,” a research project funded by the German Federal
Ministry of Education and Research, this paper addresses four circular business models,
two sales models, and two service models. The guiding research interest of this paper is
the combination of remanufacturing and additive manufacturing from a business model
perspective, analyzing the extent to which additive remanufacturing can be considered a
solution for electric bicycles’ circularity. After describing the approach and methods used
to develop these four circular business models the business models are described and
analyzed using the Business Model Canvas. Based on this analysis, it is shown that the
combination of remanufacturing and additive manufacturing can be applied to the electric
bicycle market and be integrated into both sales and service models. The description of
these business models will help managers design viable business models in the context
of sustainable electric bicycles. It also shows that the individual partners within the value
chain must collaborate more closely. In the electric bicycle industry, a single company will
probably not be able to close the product cycle completely. Further research is needed
to develop concepts of the business models and examine their practical feasibility in
technical and organizational operations to achieve a circular economy.

Keywords: circular economy, additive manufacturing, closed-loop, leasing, product-service system, mass
customization
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INTRODUCTION

The transformation of the mobility sector is being discussed
more and more frequently, with innovative mobility concepts
playing an important role. Electric bicycles, whose image was
once regarded critically, have become increasingly popular in
recent years. In 2020, 1.95 million electric bicycles were sold
in Germany, representing a 43.4% growth in sales compared to
2019. The share of electric bicycles in total sales of the bicycle
industry was therefore 38.7% (Zweirad-Industrie-Verband,
2021). Due to the increasing importance of electric mobility,
the number of resources used per bicycle (e.g., energy, material)
plays a central role in the sustainable market development of the
electric bicycle industry (Amrhein, 2017). Amrhein (2017) shows
that during production, use, and especially after the end of use
phase, no well-elaborated circular concepts for the components
and raw materials contained in electric bicycles exist. Especially
the great dynamics of the market due to regular innovations,
product renewals, and the lack of spare parts availability for
older models make the long-term use by customers much more
difficult compared to conventional bicycles (Koop et al., 2021).
Therefore, it is necessary to analyze circular business models for
the electric bicycle market. In this way, the necessary structures
for a sustainable electric bicycle industry can already be created
so that the valuable materials do not go into disposal but undergo
a new use phase. On the one hand, for the electric bicycles
already on the market, it is necessary to consider how they
can be taken back and reused, remanufactured, or recycled. On
the other hand, for electric bicycles to enter the market in the
future, a circular business model should be chosen from the
beginning. Thereby, the return and further use can be taken into
account already in the product development. For this purpose,
four circular business models are presented in this paper that can
support the circularity of electric bicycles. According to Nuf3holz
(2017) a circular business model is the way a company creates
and captures value with a value creation focused on improving
resource efficiency by contributing to extending the useful life
of products and parts (e.g., through durable design, repair, and
remanufacturing) and closing material loop. Combining additive
manufacturing and remanufacturing in a joint approach could be
a solution to close the loop of electric bicycles.

Following the state of the art review and description of
the research gap, the paper is embedded in its methodological
background. Therefore, the approach and method used to
develop four circular business models are described. In the
next section, these business models are analyzed and described
using the Business Model Canvas. Based on the analysis, a
conclusion of the paper is provided, and the key findings are
briefly discussed. In addition, an outlook is provided for further
potential research projects.

STATE OF THE ART

Remanufacturing closes product life cycles and thus enables
the reuse of cores (used products being the raw material of
the remanufacturing process) at the end of their useful life
(Walther, 2010; Westkdmper and Warnecke, 2010). In contrast

to the manual repair of defective products, remanufacturing
represents an industrial process. The remanufactured product
is restored to an as-good-as-new condition (Steinhilper, 1999;
British Standards Institution, 2009). Remanufacturing can also
offer an opportunity to extend the life of components (Russell and
Nasr, 2020). Research on remanufacturing as a circular business
model is already well-established (see e.g., Chierici and Copani,
2016; Steeneck and Sarin, 2018; Bag et al., 2019; Russell and
Nasr, 2020). There are also approaches in the mobility sector
focusing on remanufacturing, which are mainly established
in the automotive aftermarket. Components such as engines,
transmissions, and alternators are remanufactured in closed-
loop systems (Parker et al., 2015). In contrast, there has been
very little research into analogous strategies for remanufacturing
(electric) bicycles.

Additive manufacturing can represent a potential solution
approach in the remanufacturing of electric bicycles. Additive
manufacturing is a manufacturing process in which components
are created by adding material layer by layer or by phase
transition of a material from the liquid or powder state to the
solid-state (Verein Deutscher Ingenieure, 2014). One advantage
is the elimination of product-dependent set-up times and
production preparations in additive manufacturing, which allows
production that is almost independent of batch size and thus
also the cost-efficient production of individual pieces (batch size
one) or small series. Furthermore, the unit costs of additive
manufactured components are independent of the component
complexity compared to conventional manufacturing processes
(Lachmayer et al., 2018). The direct production of a physical
component from a 3D CAD file also makes it possible to produce
components according to demand and digitally store the data
instead of spare parts (Rieg and Steinhilper, 2018). Combining
these advantages enables decentralized and demand-oriented
production, which will permanently change existing value
systems. The main application areas for additive manufacturing
arise, particularly in prototype construction, toolmaking, and the
manufacture of end products and spare parts (Gebhardt, 2016).
In this context, using additive manufacturing to replace parts
that are not suitable for remanufacturing is defined as additive
remanufacturing (Kleylein-Feuerstein, 2020). The critical aspects
of a spare parts supply chain can be solved using additive
manufacturing (Dircksen and Feldmann, 2020). The potential
of additive manufacturing processes in the circular economy is
known (Ford and Despeisse, 2016; Rieg and Steinhilper, 2018).
However, it is not yet established, though it is still in the early
stages of research (Kohlhuber et al., 2016).

A holistic view of the electric bicycle, which is missing in
the current state of research, is necessary in order to be able
to sustainably close product cycles of urban electromobility
under economic, ecological, and social interests. This paper
fills the research gap by analyzing how electric bicycles can be
designed and used in a circular way. The purpose of the study
is to identify opportunities for the circularity of electric bicycles
by combining additive manufacturing and remanufacturing
in a joint approach. Especially for the combination of
remanufacturing and additive manufacturing, further research is
needed (Matsumoto et al., 2016). This article analyses the extent
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to which remanufacturing can be considered as a solution for
the circularity of electric bicycles and shows the potential of
different circular business models combining remanufacturing
with additive manufacturing. To the best of our knowledge, this
is the first work that deals with different possible business models
in the field of additive remanufacturing of electric bicycles.

METHOD

According to Magretta (2002), business models describe how
the components of a business fit together as a system. There
are different approaches regarding the definition of which exact
components make up a business model. The components can,
however, generally be summarized into four core elements. The
names and subdivisions can vary depending on the literature
(see e.g., Geissdoerfer et al., 2018 for an overview of different
definitions) (Frankenberger et al., 2013; Gassmann et al., 2013;
Schulz et al., 2018). According to Gassmann et al. (2013), the
core elements are: value proposition, value chain (activities,
resources and network), revenue model, and target customer
(segment). This framework, which is common in research, also
builds the foundation of the 55 business model patterns, which
were identified by analyzing 250 business models along those
four dimensions of the framework (Bohm et al., 2017). Besides
the value proposition, the elements describe a company’s value
creation, value capture, and value delivery (Giinzel and Holm,
2013). The elements can be visualized as a “magic triangle,
with the target customer (segment) being at the center since
the optimization of one of the corner elements automatically
requests adoption of the other corner elements (Gassmann et al.,
2013; Steinhofel et al., 2016). Figure 1 shows the four elements,
including their associated questions, on which basis business
models can be concretized and illustrated. Giving a detailed view
of the four elements makes a business model comprehensible and
provides the basis for its innovation (Schulz et al., 2018).

Various procedure models exist in the literature to support the
development of new (circular) business models (Steinhofel et al.,
2016; Bocken et al., 2019). Due to interdependent elements and

Value
Proposition

What do you offer
to the customer?

Target customer How is the value

proposition created?

How is revenue
created?

Revenue

Who is your target
customer (segment)?

FIGURE 1 | Magic triangle and the four elements of a business model, based
on Gassmann et al. (2013).

their different manifestations that need to be taken into account,
the development of a business model is unique and must be
considered on a case-by-case basis (Osterwalder et al., 2010).
In addition, further distinctions can be made, whether the aim
is to expand an existing business model or develop a new one
and to which degree a business model transformation toward
sustainability will be implemented (Gauthier and Gilomen, 2016;
Geissdoerfer et al., 2020). The applied procedure for this work is
based on the work of Feldmann (2018), who initially developed
this procedure model for business model innovations through
additive manufacturing. The adapted systematic procedure
consists of five successive steps from analysis to implementation
of a business model, as shown in Figure 2. In the following, the
individual steps and their aims are described in detail.

Analysis

The starting point is an analysis of stakeholders and influencing
factors of the business ecosystem for electric bicycles in Germany
to understand the business environment. In addition to classic
market and literature research, three surveys were conducted
with users, electric bicycle workshops, and experts in the
electric bicycle sector from research and industry. The results
of this analysis have been summarized in a separate study
(Héfner et al., 2021).

The user survey was conducted via an online questionnaire,
which more than 500 participants completed. In addition to
socio-demographic data, questions were asked in particular about
the use of transport, personal attitudes toward electric bicycles,
and their perceived sustainability, as well as alternatives to the
purchase of electric bicycles. An important aspect in establishing
a market for remanufactured electric bicycle components is the
acceptance and the demand of these products by users. The
survey showed a broad acceptance of the remanufactured electric
bicycle components. More than 80% of the respondents stated
that there is interest or a high interest in using remanufactured
electric bicycle components.

In addition, 45 workshops for electric bicycles were surveyed.
The online survey focused on the market development forecast,
damages, repair options, and the disposal of electric bicycle
components. Furthermore, the knowledge and use of additive
manufacturing and remanufacturing and potentially suitable
components were inquired. According to the workshops, motor
and accumulator of electric bicycles show the greatest potential
for remanufacturing. This is due to their high value, the
importance regarding the operability of electric bicycles, and the
frequency of defects.

In a third survey, telephone interviews were conducted with
15 experts from different areas of the electric bicycle industry
(e.g., suppliers, manufacturers, associations, and federations).
The experts’ statements were used to analyze, confirm or, if
necessary, critically question the statements and forecasts made
by users and workshops. The experts were also asked about
the applicability of additive manufacturing and remanufacturing
for electric bicycles and future forecasts regarding market
and technology development. The majority of experts do not
see a conflict between the development and production of
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FIGURE 2 | Procedure model from analysis to implementation of business models, based on Feldmann et al. (2019).

Concept-

Scope of this paper

durable products and a high speed of innovation in the electric
bicycle sector.

In general, it can be concluded that the demand for electric
bicycles in Germany will increase in the next years. A market
share of electric bicycles of more than 50% of the total
bicycle market seems likely. In particular, the relatively high
proportion of users (almost one-third) who can imagine buying
an electric bicycle in the next 5 years shows the existing potential
of this market and the importance of establishing circular
business models.

Ideation

Based on the preceding analysis, the next step is to develop
ideas for both innovative and circular business models in the
electric bicycle industry. The focus is on business models that
allow remanufacturing of electric bicycles at the end of the
products life. Furthermore, the focus is not only on pure sales
models but also on product-service systems. In general, product-
service system business models allow companies to create new
sources of added value and competitiveness while at the same
time fostering sustainability (Tukker, 2004, 2015). According to
Zweirad-Industrie-Verband (2021), a product-service system can
be defined as a “marketable set of products and services capable
of jointly fulfilling a user’s need” (Goedkoop et al., 1999). In
general, three main categories of product-service systems can be
distinguished (Tukker, 2004):

e Product-oriented services: The business model is still mainly
focused on selling products but additional services are offered.

e Use-oriented services: The business model is not focused on
selling products; however, the product still plays a key role. It
remains property of the provider, is made available in different
forms and sometimes shared by a number of users.

e Result-oriented services: The business model is focused on an
outcome that both customer and provider agree on. There is
no pre-determined product involved.

The ideation is an essential step toward business model
innovations and aims to open up the solution space and generate
a set of possible business models (Frankenberger et al., 2013;
Mansuy et al., 2021). Therefore, as many ideas for new business
models as possible are developed during ideation, whereas their
evaluation follows in the next step.

In a workshop, the project consortium used creativity
techniques such as brainstorming to generate initial ideas for
possible business model innovations. The applied creativity
techniques led to initial ideas that offer possible approaches to
business model innovation. A greater challenge, however, is the
transfer of an initial idea into a new business model. This can
be reasoned, for example, by a too vague value proposition for
the customer or by the abstract thinking process in business
models causing problems for those involved (Feldmann et al.,
2019). Therefore, business model patterns were applied to
support the ideation process to encourage thinking in terms of
business models instead of technologies, products, and processes
(Feldmann et al,, 2019). Thereby, the Business Model Navigator,
a catalog of 55 different business models, which can be adapted to
form an individual business model, served as a basis (Gassmann
etal., 2021).

Evaluation

After generating ideas for circular business models focusing on
the remanufacturing of electric bicycles, they are evaluated in the
next step. The evaluation of ideas aims to increase the probability
of economic success of an innovative idea, respectively, a business
model innovation, and minimize the risk of failure (von Ahsen
etal,, 2010). The evaluation selects the most promising ideas from
the multitude of alternatives since resource constraints do not
allow all ideas to be implemented (Disselkamp, 2005; Kock et al.,
2015). Therefore, the individual business model innovations
are evaluated and ranked in terms of their marketability and
economic viability or, respectively, in terms of opportunities
and risks (von Ahsen et al, 2010). The aim is to identify
business model ideas with, e.g., high market potential or low
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use of resources (Disselkamp, 2005; Feldmann et al., 2019).
The evaluation was carried out as a two-stage filtering process
(Feldmann et al., 2019). Because an evaluation of all alternatives
would represent an unreasonably high effort, e.g., the necessary
gathering of information, a rough selection was made in the
first selection stage. Therefore, the project consortium based
the first selection of business models on easily verifiable criteria
using a scoring method (Stern and Jaberg, 2007; Feldmann et al.,
2019). In the second stage, a ranking was established by means
of a positive selection, and the best ideas were selected for a
detailed analysis.

Thereby, the evaluation process focused on two circular
business models, access and performance models and sales
models designed to extend product value and determine which
circular business models are suitable for remanufacturing
electric bicycles. These circular business models transform
electric bicycles’ linear product life cycle into closed product
cycles through additive manufacturing and remanufacturing.
In addition to quantitative methods such as profitability
calculations, the evaluation of these business models also
identified the motivation for implementing the business
model, potentials for the circular economy, and challenges
for development or implementation. Four potential business
models for remanufacturing electric bicycles in combination
with additive manufacturing were identified during the
evaluation process.

Conceptualization

In the next step, the selected ideas for circular business models
are transformed into a concrete concept. The conceptualization
can be supported by using tools to visually represent the business
model innovation (Tauscher and Abdelkafi, 2017). A proven
method to systematically describe business models is the Business
Model Canvas by Osterwalder et al. (2010). It is based on the
work of Osterwalder on business model ontologies (Osterwalder,
2004). The Business Model Canvas is widely used in research
and industry and has been successfully implemented in many
companies, e.g., IBM, Ericsson, and Deloitte (Barquet et al., 2013;
Joyce and Paquin, 2016).

The core of the Business Model Canvas is nine building blocks
that serve as the basis for describing the four main elements
of a business model (Osterwalder et al., 2010; Gassmann et al.,
2013). These interrelated building blocks are listed and described
in Table 1.

The relationship between the building blocks of the Business
Model Canvas and the elements of a business model can be
outlined as follows (Osterwalder et al., 2010; Gassmann et al.,
2013): the value proposition forms the center of the Business
Model Canvas, as the core of a business model. The value
proposition is created through the value chain, which comprises
key partners, key activities and resources of the Business Model
Canvas. The target customer (segment), a company aims to
reach is described by the building blocks Key Partners, Key
Activities, and Key Resources. At the bottom of the Business
Model Canvas, the revenue model is shown in the form of the
Cost Structure and the Revenue Streams. The profit is calculated
by subtracting the total costs from the sum of all revenue streams

TABLE 1 | Building blocks of the business model canvas and their description,
based on Osterwalder et al. (2010, 2014), Barquet et al. (2013), Lewandowski
(2016).

Building block Description

Customer segments Distinct groups of people or organizations a

company aims to reach and serve.

Value propositions Bundle of products and services a company
offers to create value for a specific customer

segment.

Channels The interface of a company with its customers
to, e.g., sell, deliver and communicate a value
proposition.

Customer relationships Types and scope of relationships a company
establishes and maintains with specific

customer segments.

Revenue streams Revenue, a company generates from each
customer segment due to successfully offered

value propositions.

Key resources Required assets to implement the
aforementioned building blocks to realize the

business model.

Key activities Activities a company must perform to deliver

and offer the aforementioned building blocks.

Key partners Network of partners and suppliers providing

resources and performing activities.
Cost structure Total costs incurred to operate a business

model.

(Osterwalder et al., 2014). In addition, the structure of the
Business Model Canvas is divided into the left half, representing
aspects of efficiency, and the right half representing aspects of
value (Feldmann et al., 2019).

RESULTS

In the following, the results of conceptualizing business models
for remanufactured electric bicycle components using the
Business Model Canvas are presented in detail.

Sales Model

Classic Sales Model

To ensure the functionality of electric bicycles is the main
value proposition of a circular business model focused on selling
additive remanufactured products. For this purpose, used electric
bicycle components, e.g., the accumulator or the electric motor, at
the end of their useful life are restored to at least the quality level
of a new electric bicycle component and returned to the product
life cycle (Steinhilper, 1999; British Standards Institution, 2009).
In this context, additive remanufacturing enables the recycling
of electric bicycle components and causes a positive effect on
environmental and social impacts (Colledani and Battaia, 2016).
In addition, production costs can be reduced by preserving
the value creation and the diminished use of materials. This
leads to cost savings or higher profit margins, which can be
passed on to the customer via reduced sales prices (Lange, 2017).
The prices for remanufactured products are usually between
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Key Partners v

= Workshops

= Logistics provider for
reverse logistics
activities

= Suppliers of new
components

= Third-party service
providers for spare parts
production and delivery,
if applicable

Key Activities h

= Remanufacturing
process of the
components

= Analysis of damage
cases

= Upgrades/ additive
retrofitting

= Reverse logistics and
take-back of cores

= Continuous expansion

ey
Value Proposition ==
= Ensuring the
functionality of an
electric bicycle
= Cost savings compared
to a new component
= Remanufacturing as an
ecological sales
argument

Customer
Relationships @

= Direct contact to
customer
= Take-back systems

Customer @

Segments -

= B2B (electric bicycle
manufacturers, bike
sharing providers,
workshops, public
clients)

= B2C (private customers)

of marketing and sales
channels

= Customer acquisition
and retention

Key Resources h

= Infrastructure, facilities,
and equipment for
production

= Personnel qualification

= Storage space for used
parts

= Used parts

(y A
Cost Structure y

= Remanufacturing process of the components (production)
= Distribution & Marketing

= Reverse logistics activities

= Disposal of waste

= Procurement of new spare parts

FIGURE 3 | Business model canvas of a sales business model for electric bicycles through additive remanufacturing.

Channels ,'-5

= Electric bicycle
manufacturers

= Bike sharing providers

= Workshops and
wholesalers

= Offline & online
marketing

= Reverse logistics

&=

= Sales revenue from remanufactured components
= Increase in brand value

= Increased market share through new offerings

= Reduction of disposal costs

Revenue Stream

40 and 80% below those of equivalent new products (Lange,
2017). Remanufacturing can also secure the supply of spare
parts in the long term (Dombrowski et al., 2020). Especially due
to the Corona pandemic and the growing demand of electric
bicycles in combination, exacerbate the shortage of spare parts
for bicycles (Wrede, 2021). By remanufacturing components
from products currently on the market, it is possible to cover a
portion of the spare parts demand even after the end of the series
production phase. Missing spare parts can be manufactured using
additive manufacturing (Montero et al,, 2020). Thus, supply
chain bottlenecks or interruptions can be intercepted leading to
an increased supply chain resilience in the short term by additive
remanufacturing (Li et al., 2017; Bag et al., 2019). Finally, additive
remanufacturing leads to an increase in the availability of electric
bicycle components for the customer.

To establish additive remanufacturing as a sales business
model, the key activities, according to Porter (2014), production,
internal and external logistics, marketing & sales, must be
addressed. Therefore, in terms of production, remanufacturing
processes to disassemble used electric bicycles, restore and
replace components, and test individual parts must be
introduced. Furthermore, adequate take-back channels
or systems need to be established for economic additive

remanufacturing (Lewandowski, 2016). Procurement must
ensure a continuous supply of constant quantities of used electric
bicycle components over time, preferably of consistent quality
and at reasonable prices (Guide and Wassenhove, 2009). In
addition, marketing and sales channels need to be expanded
to retain existing customers and acquire new ones. In addition
to the existing partnerships from the current business model,
key partners for additive remanufacturing are, in particular,
workshops, partners for core collection, and suppliers of spare
parts. For an economically feasible remanufacturing, framework
contracts for exchanging information and data with the OEM
can be concluded. The existing infrastructure and production
site, including machinery, equipment, inventory, and qualified
employees, are considered key resources for introducing the
business model. In addition, cores are required as raw materials
for remanufacturing. Furthermore, spare parts must be reserved
or produced by additive manufacturing. However, this requires
the spare parts first to be tested for their technical feasibility for
additive manufacturing (Collan and Michelsen, 2020).

The customer relationship in remanufacturing is essential.
On the one hand, the customer is mainly responsible for the
return and quality of the core. On the other hand, offering
an environmentally friendly alternative by saving energy and
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resources in remanufactured products can increase customer
satisfaction and achieve longer customer retention (Dias et al.,
2013; Liu et al, 2016). Direct personal contact with, e.g.,
workshops and the customer is a prerequisite. By introducing
additive remanufacturing, new customer segments are addressed.
Thus, brand building or market expansion can be created
for environmentally and economically conscious customer
groups. The sales model offers potential for new business
relationships in business-to-business (B2B) and business-to-
consumer (B2C). The customer groups in B2B are, e.g., electric
bicycle manufacturers, bike-sharing providers, workshops, or
public clients. In B2C, the focus is primarily on customers
who value environmentally friendly products and economic
advantages (Guide and Li, 2010).

For this business model, new sales channels, e.g., electric
bicycle manufacturers or bike-sharing providers or already
existing sales channels like direct sales through, e.g., wholesalers
or workshops to distribute remanufactured electric bicycle
components, can be used. Regarding the return of used electric
bicycle components for remanufacturing, companies can take
them back or repurchase them from their customers or dealers.
The company is therefore dependent on the customer or dealer
taking back the electric bicycle components. In general, there
are already established incentive systems to motivate users to
return used products. According to Ostlin et al. (2008), there are
various ways or systems of taking back used products, such as
ownership-based take-back, take-back through purchasing used
parts, or deposit systems. In the case of electric bicycles, the
return is usually performed by private customers due to defects
in components within the warranty claim. According to Héfner
et al. (2021), the most common reasons for a workshop visit are
defects of the motor or the accumulator.

As part of the business model, costs are incurred with the
remanufacturing process, including charges for the procurement
of spare parts, employees, the reverse supply chain, and storage
costs. Charges for disposal waste of defective electric bicycle
components must also be considered. This is especially the
case for electric bicycle accumulators, as these components
are classified as “industrial batteries.” Therefore, the European
Directive 2006/66/EC provides the legal framework for the
marketing, return, and environmentally friendly disposal of
accumulators (Hifner et al., 2021). In addition, costs are incurred
for sales and marketing activities. Additive remanufacturing can
generate revenues through the sale of remanufactured electric
bicycle components and spare parts. At the same time, disposal
costs can be saved, especially through the remanufacturing
of accumulators. Also, offering remanufactured electric bicycle
components can increase market share and enhance market
value. Figure 3 summarizes the Business Model Canvas of the
sales business model.

However, there are currently several barriers to adopting
additive remanufacturing for electric bicycles, such as a high
degree of innovation, short product life cycles, and a currently
low return of cores (Hifner et al, 2021). The lack of
standardization of typical electric bicycle components, such
as accumulators, motors, sensors, and controllers, complicates
remanufacturing as, e.g., individual fixtures and tools must

be used for different motor generations. Also, a lack of
compatibility between components from different manufacturers
and between different models from individual manufacturers
leads to increased complexity.

For bicycle retailers, remanufacturing of mechatronic or
electronic components such as the motor, accumulator, or display
is not common. As a result, these components are sent to the
OEM instead of being repaired or remanufactured, resulting in
a complete replacement with new components (Hifner et al.,
2021). In addition, the limited access to data needed for repair
or remanufacturing purposes makes it difficult for companies to
adopt remanufacturing. Also, high labor costs can be a barrier for
companies to implement remanufacturing, as these activities are
mainly manual tasks (Lange, 2017). Legal regulations regarding
the reusability of (safety-relevant) electric bicycle components
and intellectual property must also be considered when adopting
remanufacturing (Hartwell and Marco, 2016). If remanufacturing
takes place in-house, it requires a comprehensive system to
return used electric bicycle components. For this purpose,
companies need logistical systems to take back electric bicycle
components and transfer them to the most suitable value-added
cycle (Bungard, 2018).

Remanufactured products can displace competing products
of the same company and “cannibalize” the main market
and possibly reduce the higher profit margin from the
sale of new components (Atasu et al, 2008; Guide and
Li, 2010). In this context, cannibalization refers to the
competitive marketing of products that address the same
or similar needs at different prices by the same company
(Winter, 2009). Therefore, to avoid cannibalization of the
market of new products, remanufactured products are usually
sold to other customer groups in other markets, or sales
are delayed to coincide with the sale of new products
(Walther, 2010).

Mass Customization and Open-Source Model

As with the remanufacturing sales business model of electric
bicycle components, the main value proposition is to ensure
the functionality of the electric bicycle. This business model
additionally considers the individual customer needs of electric
bicycle component features within a defined framework
(Gassmann and Frankenberger, 2016; Koller et al., 2020).
Customers can choose their own ideas for designing components,
color, design, or engraving, etc. The specifications and design
proposals are made available using open-source software. In
the business model, by involving customers, innovative ideas
are generated and problems are effectively solved (Gassmann
and Frankenberger, 2016). To introduce remanufacturing in
combination with mass customization and open-source as a
business model, the key activities, according to Porter (2014),
production, internal and external logistics, marketing & sales,
and customer service, must be addressed. The company can
build on its existing structures for the sale of individualized
electric bicycle components. In addition, new organizational
structures must be created for services, such as evaluating and
analyzing the ideas and providing a platform for the community
to exchange ideas.
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FIGURE 4 | Business model canvas of a mass customization and open-source business model for electric bicycles through additive remanufacturing (Aspects already
mentioned in the sales model are shown in gray, specific aspects of the mass customization and open-source business model are highlighted in black).

In addition to the key partners described in the
remanufacturing sales business model, the business model
directly depends on its customers and their motivation to be part
of the community. The motives for the customer to participate in
such a business model can be extrinsic and intrinsic. For example,
the company can offer a monetary reward to its customers due
to their support. Intrinsic motivation of the customer could
arise from loyalty to the company or the attraction of the task as
such (Gassmann and Frankenberger, 2016). In addition to the
requirements for the production and processing of spare parts,
design ideas, as well as technical data and data on the product
life cycle, are key resources in this business model. By collecting
product usage data over multiple usage cycles, conclusions can
be drawn to improve the design and functionality of the electric

bicycle components (Nasr and Thurston, 2006). Core acquisition
and collection are also of particular importance. The company
typically also benefits from an intensified customer relationship,
as customizing a product requires greater collaboration, and
the company receives direct feedback from the customer. As a
result, the customer becomes more emotionally attached to the
product and the company (Gassmann and Frankenberger, 2016).
Therefore, many companies can better respond to customers’
needs by customizing products and services to a greater extent
(Bovensiepen et al., 2016). Customers are also networked via a
platform and can thus easily get in touch with each other and
the company.

Introducing individualized products through additive
remanufacturing expands the market by further customer

Frontiers in Sustainability | www.frontiersin.org

December 2021 | Volume 2 | Article 785036


https://www.frontiersin.org/journals/sustainability
https://www.frontiersin.org
https://www.frontiersin.org/journals/sustainability#articles

Koop et al.

Circular Business Models for Remanufacturing

segments. The company can thereby differentiate itself
from the competition and thus create a brand-building or
market expansion. The company addresses niche markets for
environmentally conscious customer groups and customers who
value individualized products (Koller et al., 2020). With the help
of additive manufacturing, it is possible to individualize electric
bicycle components from mass production and implement them
at scalable and reasonable prices. Also, the manual steps of
remanufacturing offer the possibility to produce customized
electric bicycle components (Koller et al, 2020). Here, two
advantages of additive manufacturing can be combined: on the
one hand, the elimination of product-dependent set-up times
and production preparations, which enables the cost-effective
production of individual pieces, and on the other hand, the
independence of additive manufacturing from the complexity
of the component (Arndt et al., 2018). In addition to the
channels described for the sales business model with additive
remanufacturing, contact with the customer via user-friendly
online platforms is a prerequisite. The platform is an essential
part of the business model, as it enables communication and
information exchange between companies and customers as
well as between customers. New ideas and announcements are
shared with the community via the platform. In this business
model, additional costs are incurred through the development
and operation of the online platform. The company also needs
to encourage its community by organizing events, contests,
motivating them to participate in certain activities, etc. These
activities are essential for the community’s involvement and
promote enthusiasm for participation in the business model.
Rewards for good ideas from the community are also possible.

In addition to the revenues from the sale of individualized
products, development costs and market research can be reduced.
The community provides ideas for new designs of electric bicycle
components. The company can thus learn more about the
preferences of customers for future electric bicycle components
and spare parts. Furthermore, data on the product life cycle can
be sold to interested parties. Individualization not only leads to
more intensive customer loyalty but also an increase in customer
satisfaction. With higher customer loyalty and satisfaction, the
chances increase that customers will continue to buy products,
which ultimately increases revenue (Bloching et al., 2015; DIHK,
2017). Figure4 shows the Business Model Canvas of mass
customization and open-source business model of electric bicycle
components through additive remanufacturing. Aspects already
mentioned in the sales model are shown in gray. Specific aspects
of the mass customization and open-source business model are
highlighted in black.

Customization through additive remanufacturing enables
companies to tailor their electric bicycle components and
services more precisely to individual customer requirements and
offer value-added solutions that complement existing products
with additional benefits. The required digital transformation
of a company for this business model affects its strategy,
organization, project management, and culture in equal measure
(Commerzbank, 2017). In this transformation, companies face
not only technical challenges but also social and organizational
ones. Challenges in introducing this business model are initiating

change measures in the organization, personnel, and corporate
culture (Rirup and Jung, 2021). For the business model to be
successful, a community must be willing to develop new ideas
for the company. Customization options for the electric bicycle
components must be precisely formulated and communicated to
design proposals and solutions to problems that the community
can develop. In addition, it is essential for this business model
that there is a market with an interested community. In
this context, the company must strive to recruit users in the
long term since they are mainly responsible for the product
development process. In addition, products and processes must
be analyzed with regard to design and modification through mass
customization. The adaptability of electric bicycle components to
customer needs must be given (Gassmann and Frankenberger,
2016). In this context, the definition of the customer decoupling
point—the point at which an order changes from an anonymous
stock production to a customer-specific order—is important for
this business model, as otherwise the diversity of variants and
thus the complexity in production could increase significantly
(Koller et al., 2020).

Service Models

Leasing Model

Bicycle leasing is a use-oriented and service-dominant business
model, as it fulfills consumers’ needs for bicycles through
intangible leasing services without owning them (Huang et al,,
2021). The service provider (which may not necessarily be a
bicycle producer) owns the bicycle but offers customers long-
term exclusive access to using the bicycle in return for the
payment of an agreed leasing fee (Williams, 2007). This is an
owner-substitute use strategy (Scholl et al., 2013). The costs for
maintenance, insurance, repair, remanufacturing, and disposal
are the lessor’s responsibility. However, the lessor can also gain
data on the use, maintenance, and repair of the bicycles through
status monitoring (Hafner et al., 2021). Since the lessor remains
in possession of the electric bicycles, the electric bicycles are
returned to the lessor at the end of the contract period or in
the event of a defect. This simplifies the take-back system of
used electric bikes compared to classic sales models, where the
return is dependent on the customer. In order to finally restore
the functionality of the electric bicycles, the lessor has the option
of replacing the defective components through remanufacturing,
ensuring new part quality. By supporting the circulation of
components, the lessor can strengthen more sustainable and
resource-efficient handling of electric bicycle components. After
the contract is fulfilled, the lessee has the option to purchase the
electric bicycle and thus become the owner (de Brito and Peters,
2010; Huang et al., 2021).

As a business model, leasing offers both lessors and customers
several value propositions compared to purchasing an electric
bicycle. The industrial remanufacturing of used components
strengthens a more sustainable and resource-efficient use of
electric bicycle components. It also prepares manufacturers
for a possible expansion of regulation for extended producer
responsibility of motors and batteries (Williams, 2007; Steeneck
and Sarin, 2018). Improved circularity also satisfies customers’
need for sustainable products and transfers any potential loss
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of market value to the lessor (Huang et al., 2021). In the case
of company bicycle leasing, there is also the added benefit that
provides the employer with a positive image and increases the
attractiveness of the workplace. Furthermore, company bicycles
offer tax advantages to the employer. The employer saves on
non-wage labor costs, as the leasing payments can be recognized
as operating expenses. For the employee, the salary conversion
reduces the taxable income (Merten, 2017). The lessor, which
may be an agent or an OEM, typically offers lessees a full-
service lease that includes a maintenance package and also spare
parts services. Consequently, the structure of a lease (consisting
of the length of the lease period, the specified maintenance
services and the services required by the lessee, the price of
the lease, etc.) and the maintenance strategies characterize the
lessor’s key activities (Husniah et al., 2021). In addition to the
leasing of electric bicycles, the key activities of this business
model also include customer support, the establishment, care
of strategic partnerships, and the repair, remanufacturing, and
disposal of electric bicycles. In the case of leasing subscriptions
with additional all-round service, tire changes are carried out, or
defective parts are repaired directly, depending on the provider
and the scope of the subscription (Scholl et al., 2013; Ma et al.,
2020).

Key partners for a bicycle lessor are the manufacturers of
electric bicycles (if they do not offer the leasing themselves),
the stationary or online bicycle dealer for closing the leasing
contracts, as well as the return of the bicycles at the end
of the leasing contract. Also, workshops, which ensure the
remanufacturing and repair, as well as suppliers of new or also
reconditioned components, are important partners. Customer
relationship, in particular, plays a central role for leasing
providers. The leasing contract creates a relationship between the
lessor and the lessee. This can improve information exchange,
customer loyalty, and (product) quality (Goedkoop et al., 1999).
If the leasing even provides an additional service offer, the contact
to the customer through maintenance and repair is particularly
close. The customer segment for electric bicycle leasing is divided
into two main areas: Private customers and employers who offer
leasing for their employees (Merten, 2017). The sales channels
run through stationary or online dealers who offer to lease.
Special providers for leasing company bicycles or for leasing with
all-around service of electric bicycles can often be found online.

In order to link electrical bicycle leasing with
remanufacturing, a business infrastructure is needed that
is able to manage the remanufacturing operations and the
logistics network for the take-back and delivery activities. Key
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resources include the know-how of the employees to implement
the remanufacturing process, the necessary technology and
infrastructure for the remanufacturing process as described
in the sales model. When introducing and implementing the
business model of leasing with remanufacturing, various costs
must be taken into account. In addition to the running costs for
personnel and facilities, the machine acquisition costs for the
remanufacturing process must also be considered. Furthermore,
costs for the procurement of spare parts and the disposal
of components that can no longer be repaired are required.
Transport and logistics of the remanufacturing system must also
be taken into account.

Leasing represents a modified revenue model compared to
the classic sales model. Instead of a one-off payment, monthly
payments are made by the lessee to the lessor. This reduces the
financial pressure on the lessee and provides the lessor with a
stable flow of liquidity (Huang et al., 2021). For the customer,
leasing makes it possible to obtain a high-priced electric bicycle
with the latest technology at a lower acquisition cost, which
reduces the barriers to purchase (Hifner et al., 2021). Customers
pay an annual or monthly leasing fee with a refundable deposit,
regardless of usage (e.g., driving distance or duration) (Huang
et al., 2021). Figure 5 shows the Business Model Canvas of the
leasing business model.

One problem with the introduction of leasing as a new
business model is determining the residual value of electric
bicycles. The residual values of electric bicycles are still
challenging to determine due to a lack of leasing experience
in the bicycle market, which means that leasing rates are
often relatively high (Hifner et al., 2021). In addition, the
OEM that leases new products and takes back used products
that are then remanufactured and sold faces the problem
of determining an end-of-life strategy for a leased product
(Steeneck and Sarin, 2018).

Leasing also requires a high level of service, especially for
the full-service package, which must be guaranteed in order to
meet customer satisfaction. In addition to these challenges, which
relate to implementing the business model in the company, a
change is also required among customers’ mindsets. An electric
bicycle does not necessarily have to be owned, but the product
can also be leased.

Bike-Sharing as a Product-Service System

Bike-sharing, which is considered in this article in combination
with the remanufacturing of electric bicycles, is a result-
oriented product-service system that integrates a network of
cooperation with organizational, logistic, and technological
innovations (Tukker, 2004; Moro et al, 2018). In the case
of bike-sharing, users are charged based on usage, such as
how long they ride or how far they ride their electric bicycle.
The electric bicycle itself remains the property of the bike-
sharing service provider who is responsible for maintenance,
insurance, and repair costs (Williams, 2007). In B2C bike-
sharing business models, electric bicycles are made available
to customers via free-floating or docking stations, while digital
platforms are used to conduct payment, check availability, etc.
(Sun, 2021). To be competitive, customers must be given access

to always-functional electric bicycles that are available at central
locations in the city. Advanced functionalities with leading
performance can be an additional factor to convince customers
of the product. To provide such an offer, the provider should
implement a number of value-added services, such as periodic
take-back and upgrade of the bicycles. By performing regular
updates through remanufacturing, the producer could ensure
the continuous monitoring and recovery of the products. The
producer also has the possibility to include technological or
aesthetic improvements as well as new functions, which keeps
customer satisfaction high and extends both the physical life and
the value of the products (Chierici and Copani, 2016).

The key activities of bike-sharing are renting electric bicycles
to customers and creating high customer satisfaction through
an up-to-date, functional, and charged fleet of electric bicycles
reasonably distributed throughout the urban area. The provider
must ensure the quality of the products and services offered
while maintaining the affordable cost and robustness of the
electric bicycles (Moro et al, 2018). The combination with
remanufacturing is usually carried out in cooperation with a
further service provider. By remaining in the ownership of the
sharing provider and the need for regular maintenance, servicing,
and repair during use, incentives are created for service providers
to improve the durability of the individual components. In
addition, the provider must also take care of the disposal or
recycling of electric bicycle components that can no longer
be recovered.

Bike-sharing is carried out by private or municipal providers
who cooperate with various partners. The key partners in
this business model are the manufacturers of the electric
bicycles as well as service providers who carry out the
maintenance, repair, and remanufacturing of the electric bicycles.
In addition, the providers of sharing systems often work
together with public transport or the city administration to
set up bicycle fleets at bus stops or central urban locations.
To complement classic bike-sharing with remanufacturing,
cooperation with service providers for maintenance and
repair is being considered and companies that undertake the
remanufacturing of electric bicycles.

The bike-sharing business model has an intensive customer
relationship. The most important factor in the success of a bike-
sharing system is its ability to meet users’ varying demands.
Due to the demand-oriented access, random fluctuations in daily
demand patterns of usage must be identified and estimated, and
the system must be planned and managed to maximize customer
satisfaction. The everyday users have to be confident that they
can rely on the availability and operability of electric bicycles
(Alvarez-Valdes et al., 2016). The customer has no uncertainties
about maintenance and repair, as the product does not become
his property (Huang et al., 2021). However, the direct contact
with the customers is rather low, as these services are not
performed for individual customers but as maintenance work
on the entire electric bicycle fleet. To increase customer loyalty
and the appreciation of the product, some bike-sharing providers
offer additional services for their customers, such as renting
safety equipment, extra use time for long-term members, or
special electric bicycles (Moro et al., 2018).
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So far, no clear statement can be made about the customer
segments. Fishman’s (2016) literature review on bike-sharing
shows that the users of bike-sharing systems without electric
bicycles tend to be male, have an average income, and have a
higher education. On the other hand, according to an American
study, customers who use classic bike-sharing services without
electric bicycles are more often younger and female, less likely to
own a bicycle or car, and have a lower income (Buck et al., 2013).
Huang et al. (2021) have studied the customers of electric bicycle
sharing systems and describe that this system is particularly
attractive for lower-income consumers who do not want to
commit to the financial obligation of a leasing contract. By using
electrical bike-sharing, users are introduced to electric bicycle
usage and may switch to leasing later.

In addition to a bicycle fleet, bike-sharing providers also need
a mobile operating system to manage the utilization of the fleet
and communicate with customers as key resource. To introduce
bike-sharing business models with remanufacturing, necessary
technology and infrastructure is needed as described in the sales
models. The continuous collection of information on product

usage and conditions, component failure and obsolescence rates,
user behavior is necessary to optimize reverse logistics and
remanufacturing processes.

For this business model, sales channels are mainly customers
who use the offer of bike-sharing services. Also, the offline
visibility of the electric bicycles and docking stations in front
of transport stops, city centers, and central places is particularly
important to make customers aware of the sharing offer. Revenue
streams are generated through payment by customers per usage
(e.g., driving distance or duration).

The financial costs for acquiring an electrical bicycle fleet to
start a bicycle sharing system are high since it is necessary to
cover the negative cash flow in the first months (Moro et al,
2018). Also, providers may have doubts about the price level,
as they want to be competitive (Fishman, 2016). Due to the
high initial implementation costs, bike-sharing providers need to
consider alternative ways to raise revenue to keep the business
model running continuously (e.g., sponsorship), effectively plan
their operations and maintenance costs, and develop a robust
demand estimate (Moro et al,, 2018). According to Chierici
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FIGURE 6 | Business model canvas of a product-service-system business model, bike-sharing of electric bicycles in combination with remanufacturing (Aspects
already mentioned in the service model are shown in gray, specific aspects of the product-service system are highlighted in black).
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and Copani (2016), investment needs, capital availability, and
operating costs are the main factors considered as barriers to the
economic viability of product-service-system business models.
Figure 6 summarizes the Business Model Canvas of the product-
service system.

The development of this business model is associated with
several potential obstacles. For example, it must be ensured that
the bicycles are distributed throughout the city (free-floating) or
that the availability of electric bicycles is well-balanced at the
docking stations. In addition, the operability of electric bicycles
must also be ensured. The customer satisfaction of the bike-
sharing service also depends on the user-friendliness of the app.
Possible annoyances for customers can be poor geolocation, poor
charging status updates, or a poor reservation process (Nasr
etal., 2019). In addition, rental bicycles are used more intensively
and handled with less care than private bicycles, which should
be considered when purchasing or designing electric bicycles
(ADEC, 2020). Overall, the success of a product-service-system
solution also depends heavily on customer attitudes to this
business model, like described in the leasing business model.

DISCUSSION

Due to the speed of innovation and the lack of standards
for specific components of an electric bicycle (e.g., motor,
accumulator, controller), the implementation of circular business
models with additive remanufacturing is currently challenging.
At the same time, according to Hifner et al. (2021), users of
electric bicycles welcome sustainable business models in the
form of remanufactured components and the reparability and
extension of the useful life of electric bicycles.

In order to support companies in the electric bicycle industry
in the transformation of currently linear product life cycles of
electric bicycle components into closed product cycles, possible
sustainable business models were identified and analyzed. Based
on these findings, two sales and two service business models were
defined that are particularly suitable for remanufacturing electric
bicycles combined with additive manufacturing. In the four
circular business models described above, the focus is no longer
just on selling electric bicycles but on an electric bicycle’s entire
life cycle, which must be considered. In a circular business model,
value is generated along the entire value chain. In this context,
remanufacturing represents a promising solution approach for a
sustainable electric bicycle industry. Through remanufacturing,
product cycles are closed, and the reuse of used products at
the end of their useful life is made possible while maintaining
or restoring the product design and the associated product
properties (Verein Deutscher Ingenieure, 2002; Westkdmper and
Warnecke, 2010). Thereby also resulting in a closer relationship
with the end customer, as the latter plays an elementary role
in the value cycle. Due to the strong increase in the number
of electric bicycles sold in recent years and the time delay
with which corresponding defects occur, a numerical growth in
defective components can be expected in the future. The most
promising electric bicycle components for remanufacturing are
the motor and the accumulator because of their importance for

the utility, the defects that occur on them, and the high value of
the components.

It is also apparent that with circular business models, the
individual partners within the value chain must collaborate more
closely. In the electric bicycle industry, a single company will
probably not be able to close a product cycle. Furthermore,
information on, e.g., repair options, hazardous materials, or
core availability, must be exchanged between the companies
to enable economically feasible remanufacturing. The business
models described with the Business Model Canvas serve as a
basis for introducing circular business models in the electric
bicycle industry. However, a detailed and structured concept
based on company-specific requirements is still necessary to
enable a simple introduction of a circular business model. To test
the success for such a business model, the practical feasibility in
technical and organizational operation must be evaluated.

To determine the benefits of circular business models, further
research activities are planned in the AddRE-Mo project. The
potential future contribution of circular business models in the
electric bicycle industry is investigated from an environmental,
economic, and social perspective by developing simulation
models. Thereby, the determination of reducing greenhouse
gas emissions by introducing circular business models by
means of additive remanufacturing of electric bicycles is of
particular interest.

CONCLUSION

In this paper, we approach the emerging circular business
model concepts for additive remanufacturing of electric bicycles
from a business model perspective, analyzing the extent to
which additive remanufacturing can be considered a solution
for the circularity of electric bicycles. Based on market and
literature research and three surveys with users, electric bicycle
workshops and experts in the electric bicycle sector, four circular
business models combining remanufacturing in combination
with additive manufacturing were described: (1) classic sales
model, (2) mass customization and open-source model, (3)
leasing model, and (4) bike-sharing as a product-service system.

This article contributes to the circular business model
literature by showing the potential of different circular
business models combining remanufacturing with additive
manufacturing. The description of these business models will
help managers design viable business models in the context
of sustainable electric bicycles. The general guidance for the
introduction of circular business models in the field of electric
bicycles regarding different aspects, e.g., key partners, key
activities, value proposition, was highlighted. To the best of
our knowledge, this is the first work that deals with different
possible business models in the field of additive remanufacturing
of electric bicycles.

However, limitations regarding the collected data from the
surveys with users, electric bicycle workshops, and experts in
the electric bicycle sector from research and industry could bias
the aforementioned results due to the sample size, selection of
participants, and timeframe regarding the feasibility of additive
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remanufacturing in the electric bicycle industry. The validity
could be increased by further surveys and the inclusion of other
participant groups, such as bike-sharing providers and their
users. Further research is needed to develop concepts of the
different business models and examine their practical feasibility
in technical and organizational operations. Also, the extent to
which electric bicycles can be economically remanufactured
at the component level must be analyzed. In addition,
market acceptance and the procurement of the cores must
be examined.
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