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Abstract: The plastic industry is facing increasingly growing social and political demands on plastic
recycling and reuse. The resource perspective is essential for plastic production companies. Circular
economy is one perspective for how industries could deal with a lack of resources today and in
the future. However, there are large challenges in the reuse of plastics waste, predominantly due
to concern regarding the quality of the waste material. Our paper focuses on the potential of the
exchange of plastic material waste between companies in the production process before it enters
into the recycling loop. In this study our aim is to investigate if an on-line marketplace is relevant
for the plastic industry for this exchange, the market potential and the potential business model
and requirements of the marketplace. Through interviews and benchmarking with five platform
providers and two plastic manufacturing companies, we collected information on the business
models of international digital platforms and plastic manufacturers concerning the exchange of
reusable materials between companies. We also collected data through a survey sent out to plastic
manufacturers via two industry organizations in Sweden. This paper will present the results from
the study and conclude with a description of draft requirements with particular focus on direct reuse
of regrind material, and a potential business model for the on-line marketplace that should be run on
a commercial basis. This study shows that there are opportunities for the plastic industry to be at the
forefront of a circular initiative that could also be utilized by other industries with adjustments to
reflect the specific requirements of each industry.

Keywords: plastic waste; circular economy; manufacturing industry; reuse; on-line marketplace

1. Introduction

Conservation of materials for reuse and recycling in the process industry is highly
prioritized for reaching the Sustainable Development Goals. The plastic industry is facing
increasing higher European targets for plastics recycling and reuse, which are calculated
to be able to lead to substantial improvement of environmental and economic impacts [1].
In line with the implementation of the Green Deal strategy, aimed to transform the economy
of the European Union into a modern, resource-efficient and competitive economy, several
measures have been put into place to reach a more sustainable and circular production, of
which the Circular Economy action plan was accepted in March 2020 [2]. The European
Environment Agency (EEA) points at the potential for recycled plastics, as energy savings
are significant, which also means that this is not only a profitable model for the plastic
industry but can also give direct positive environmental benefits [3].

For this reason, we find it interesting and important to explore the potential for an
on-line marketplace to facilitate resource efficiency and more circular plastic resource flows,
and the appropriate business model for such a marketplace.

So, why is this not done on a larger scale? In the Nordic countries, a study of economic
policy instruments revealed some obstacles for industrial plastic waste to be recycled to
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a higher degree [4]. According to Norden, part of the problem is that there is not a large
enough economic potential for small and medium-sized producers of plastic to store waste
material separately. The mixed plastic waste materials cannot be used directly in a new
production of plastic products. At best, it is possible to use the material as packaging
but typically it is handled as combustible waste. A quality guarantee of waste material is
necessary to build trust when it comes to the quality of these material flows. Milios [5]
states that a lack of information regarding quality and material properties increases the risk
of high costs in markets for secondary materials in general. For our study this is important
since it implies that direct reuse of materials would place even higher demands on the
quality of materials. Additionally, European legislation regarding the quality of plastics is
mentioned as a major obstacle for the reuse of plastics recommended by Economic Policy
Instruments for plastic waste [4]. In a recent report on the climate effects of a circular
economy [6] the case study on plastics claims that better functioning markets could reduce
the risk for buyers and is an enabler for capturing the value in more circular value chains
for plastics.

However, in order to make use of the potential of used material in the process industry,
companies need to be able to gain access to those materials. Digitalization is on the
rise in various areas for improving services and access to data in the public and private
sector [7]. Emerging economic concepts, such as sharing economy and circular economy
are reliant on the existence of platforms for bringing supply and demand together [8].
Here platforms for two-sided on-line marketplaces are useful to match and complete
transactions of supply and demand in an on-line environment. The benefit lies in the
interaction through a common platform with price models that appeal to both sides [9].
Fortuna and Diyamandoglu [10] distinguish between passive and active exchanges in an
on-line marketplace where the active exchanges are facilitated by a broker whereas passive
exchanges occur directly between donor and user. The structure and creation of such
marketplaces in existing markets such as the process industry require different approaches
and business models for companies operating there, which is challenging to define but
could fruitfully be experimented within an agile development process [11]. In this paper we
use the term “platform” for the wider concept of a system for different types of applications,
while the term “on-line marketplace” is used for the digital platforms specifically aiming
to match supply and demand of a good or a service.

Recently more attention is raised to the inherent paradox with design and producing
material goods that is challenged by notions of overconsumption in relation to the environ-
ment and the planet boundaries. In response to this, new areas of sustainable design in
relation to production have been shaped, for instance, by reducing the materials that are
used in production or by creating services instead of products, which usually require new
business models for manufacturing companies [12]. In this paper we present a Swedish
feasibility study into the design of an on-line marketplace for reuse of plastic waste streams.
The project was grounded in the concept of resource efficiency through a circular economy.

Plastic production in the world increased from 15 million ton in 1964 to 311 million
tons in 2014 and is expected to double again by 2035. Over 90% of the plastics manufactured
today are made from crude oil, equivalent to 6% of world oil production, or equal to as
much as the aviation industry uses globally [13]. Reusing existing plastic in new production
chains is, from that perspective, an important part of being able to break this trend and
both reduce waste and ensure that plastic is available as a material in the future.

The circular economy could be seen as a way of looking at resources from a practical,
theoretical and philosophical perspective [14,15], with the ultimate goal of decoupling
economic growth and environmental impact [16]. By adapting to new circular ways of
managing resources, the predominantly linear resource depleting processes and structures
of today’s manufacturing industries could instead be shifting towards an industry of
tomorrow. In accordance with the circular economy [17], waste should not exist but should
be seen as a resource. Biological material can be composted, and the products of other
material designed so that they can be: reused, refurbished, remanufactured and, ultimately,
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recycled. In summary, there is potential for increased resource efficiency through the
collection and recirculation of high-quality plastic waste from producers of plastic products.

There is no single definition of a circular economy. In fact, Kirchherr et al. [18] reference
up to 114 different definitions. They show that the circular economy is mostly depicted
as a combination of reduce, reuse and recycle activities, and only to a smaller extent uses
definitions that include systemic shifts. The authors of this paper acknowledge the fact that
the level of resource efficiency needed for a truly long-term sustainable future will not be
solved without systemic societal shifts, including areas such as consumer behavior, politics,
economics and finance [19]. Nevertheless, the resource-based view on circular economy,
based on reduce, reuse and recycle and on concepts like narrowing, slowing and closing
material loops [20,21], zero waste or “waste is food” [17,22] remains an important part of
the circular economy. It also helps businesses of today—which are operating in, and limited
by, the systems of today—address immediate issues and reach concrete results [16] and
further emphasize the need for concrete actions in areas such as structuring and organizing
production and consumption systems, so that they can benefit from resource exchange.
This study is grounded in the perspective of today’s situation in the plastic industry. As
long as the ambitions do not stop at this level, these efforts should be encouraged and seen
as a good thing.

The potential for circulating plastic waste in the industry remains unreported so far,
even though the volume of plastic waste streams in Sweden is quite extensive. The Swedish
Environmental Emission Data organization (SMED) calculated this to be 560 Kton plastic
waste from various industries and consumption waste, of which about 134 Kton originate
from the manufacturing and service industry and thereof 27 Kton are sorted plastic waste
from the chemicals (plastic manufacturing) industry that can be reused [23]. In fact, about
34% of the plastic waste from the manufacturing industry (about 45 Kton) are brought back
into the manufacturing loop (via some kind of recirculation) because of the high quality of
waste material that is not deteriorated by ageing, and with proper information on content
and type of plastic material. However, the study also indicated that these numbers are
difficult to verify and the numbers on waste consisting of both combustible and mixed
plastic types are missing.

In the Swedish industry, the need for adapting innovation management and business
models to the digital age is imminent for optimizing production and material flows [24].
There are currently several international platforms for exchange of material that aim to ex-
change consumer and production waste, however there are no specific sites for professional
users, which guarantee the quality of the material. Platforms are increasingly appearing in
all sectors in Sweden and are being used for exchanging services and products in different
sectors, however less so in the process industry [25]. This gap is further analyzed in this
study. See Figure 1 for a simplified version of the circular economy framework. The frame-
work presents several types of actors, including service providers (such as marketplaces),
which could be a link between waste providers and production companies by offering
collection, sorting, grinding and/or other types of waste transformation services.

We present a multidisciplinary study drawing from our own circular economy and
sustainable design backgrounds, working together in the project with experts from the
plastic industry. We will start by providing a short literature overview of the plastic waste
streams and some of the barriers for reuse of plastic materials in manufacturing, followed
by an overview of the circular economy and circular business models. In this study our
research questions seek the answers to which types of material flows of plastic waste are
relevant for an on-line marketplace and how the marketplace can be effectively positioned
and operated in the market.

For the purpose of this paper, it is important to define and separate different types
of reused plastic materials included in the project, see Table 1 and for some examples
Figure 2. Here we will take a plastic product manufacturer’s perspective, since we are not
taking the post-consumer loop into account in this study. The defined types of materials
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in Table 1 can be the result of different types of reuse. Therefore, in this paper, the words
reuse and recirculate are used in a broader sense.
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Table 1. Our definitions of reused plastic material.

Material Type Internal or External Source

Virgin raw material External (from plastics manufacturer)
Recycled material External (from recycler)

Regrind material External or internal (in case the plastic product
manufacturer has a grinding machine)

Whole components/parings External or internal
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manufacturer in the project.

The project set out to enable as much resource efficiency as possible, hence targeting
whole components and parings and regrind rather than recycling. This is in line with
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the inherent higher energy and value saving potential of inner compared to outer loops
according to, for example EMF, Niaounakis and Lüdeke-Freund et al. [17,25,26].

2. Materials and Methods

The study was organized as a feasibility study for an on-line marketplace for industrial
plastic waste material, thus we reported here on the first explorative stages of the develop-
ment process to identify suitable plastic waste material loops for exchange between actors,
and appropriate markets and business models for the platform. To achieve this, we applied
various data collection methods in two phases: an analytical and a generative phase, which
were not chronologically separated but for a large part parallel and overlapping in time,
due to the short project period of eight months in 2016–2017. After the project, follow-up
projects were carried out and the authors contributed to supporting and analyzing the
set-up of existing and new platforms both in Sweden and abroad, which will be taken
up in the Discussion. The analytical phase consisted of desktop studies of functionalities
of current marketplaces and a survey analysis of relevant material types indicated by
the industry. The generative phase consisted of explorations of potential functions of the
marketplace and possible appropriate business models for it. In order to do this, we set up
our generative investigation in close cooperation with the project group. We will explain
our approaches in the analytical and generative phase in more detail.

2.1. Analytical Phase

A survey was designed to be sent out to Swedish companies connected to the two
largest Swedish industry organizations of plastic and chemical manufacturers and included
questions such as the type and size of the company, plastic production, types and volumes
of waste streams, the types and volumes of recirculation of material and acquisition and
deposit means of waste material. The questions were of multichoice type with additional
follow up questions to support the answer. We used Survey monkey software to collect
the responses and to analyze the survey. Due to confidentiality issues, one industry
organization decided that they would not send out the survey, instead they contacted a
smaller number of their members by phone and asked all the questions from the survey,
resulting in 14 filled-out surveys. At a later stage, another industry organization, with
approximately 100 larger member companies, however not all being from the plastic
industry, did send out the survey to all of their members and received three responses. The
answers from these three surveys have also been included in the analysis but have not
been counted in the response rate.

Thus, a total of 17 surveys were received and analyzed, but since the responses were
anonymous we could not check the representativeness of the respondents. It should be
noted that the response rate based on the initial industry organization was low with 15%
thus indicating that the results could not be generalized but should be seen as indicative
for further research.

In addition, the project reviewed existing on-line platforms with different functional-
ities for reusing and recycling materials, in order to make a gap analysis of the project’s
identified requirements. The selection was initially based on the research team’s knowledge
within circular economy, human–computer interaction, business models and design. The
selection was widened through snowball sampling, for example by following up leads
from seminars and fairs in the plastic industry. One platform that was mentioned in the
project was no longer functional, but we did include the platform in the analysis since
the information on the deployment of the platform was valuable for our study. Here the
intention was to capture a few platforms to explore their functionality and set up, not to
provide an exhaustive overview.

Data collection in the interviews was done through semi-structured interviews with
initiators or operators of the different platforms with questions on the background and
organization of the platform, the targeted materials and circular loops and customer
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segment, and on functional aspects of the platforms. Six platforms were analyzed by
studying and self-use of the websites. The results were anonymized:

• NL: a Dutch B2B and B2C platform for reuse of building materials and other materials;
• SE1: a Swedish platform for recycling and reuse of various materials;
• SE2: a Swedish intraorganizational platform for reuse;
• SE3: Sweden’s largest platform for reuse;
• SE4: a former Swedish B2B platform for equipment and material reuse;
• DE: a German platform for plastic industry with information and exchange of plas-

tic materials.

Platforms NL, SE1, SE2, and SE4 were additionally interviewed in the fall/winter of
2016 and early 2017, whereas SE3 and DE were approached through the project but were
not available for interviews. For one of the platforms (SE2), the information was derived
from an interview conducted in 2015 by one of the authors, and covered all the relevant
information with questions on the business model and operation of the platform.

The interviews with the platform providers were documented in an Excel data sheet
with a number of categories, i.e., material/product, type of loop, customer segment,
payment model, matching functionality and technical platform solution. The research team
analyzed the data and concluded on the two most important differentiating dimensions,
which were then used in the gap analysis.

2.2. Generative Phase

The technological development of the on-line marketplace presented no major chal-
lenges, but instead we focused on the value creation of the service and barriers for using
reused materials. We applied a participatory design approach for sketching a first concept
of both the service and a complementary business model for acquiring reused plastic mate-
rials. We facilitated the development process by ensuring active participation of various
actors from the industry to study the roles that actors can take. Furthermore, we facilitated
the process by enabling stakeholders, as future users of the marketplace, to design con-
ceptual ideas for the marketplace. This process has enabled both the stakeholders’ and
our own understanding of the purpose and positioning of such an on-line marketplace in
the market.

First, we performed semi-structured interviews with the participating plastic product
manufacturers separately. The goal of the interviews was to start mapping out a potential
business model for the platform provider. The interviewees were either CEO’s or CFO’s
of the companies and the interviews were performed over the telephone and were ap-
proximately one hour each. In order to understand each company’s own role in such a
future exchange, and also the potential for the companies themselves to take on the role
as a platform provider, the meetings started with mapping the current business models
of the companies. All business model mapping and documentation were done in the
format of the Business Model Canvas by Osterwalder and Pigneur [27], which is a way
of documenting the organizational and financial architecture of a company. The business
model canvas consists of nine different sections: The main section is the value proposition,
which describes the value the company brings to its customers. The canvas then splits
into two main parts: A right hand side—where the “how, what and why” of the customer
is described in the sections of the customer segments, customer relations, channels and
revenue streams—and a left hand side, where the “how and what” of the company’s own
work to deliver the value to the customer is described, in the sections of activities, resources,
partners and cost structure.. Secondly, we applied the customer development method by
Blank and Dorf [28], to create hypotheses for the future operations of the platform itself.
The Customer Development Method explicitly describes the development of web/on-line
based services, and we used sets of suggested questions to probe guesses and assessments
of a potential business model of the platform.

In the project we ran one main generative focus group workshop with the participating
Swedish companies: a large flooring manufacturer (organization A), a small injection mold-
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ing company (organization B), a municipal material lab (organization C) and an industry
organization (organization D). This workshop was used to further assess the relevance of a
platform for exchange of waste material in the Swedish plastic industry. In this workshop
the requirements of the platform were discussed in two working groups, to allow all the
participants’ inputs to be accounted for. The setup of two groups was to create ideas
for the type of information needed to purchase and offer reused material on the on-line
marketplace, applying a design thinking approach [29] in which several potential ideas
for the platform were sketched out. The materials used in this assignment were prelisted
functionalities of the marketplace, which we showed directly in the workshop, such as
organization and ownership, safety and privacy, storage and transport and financial trans-
action options. The resulting ideas for platform requirements were listed by the research
team, and then categorized and summarized into a potential requirements list. In this
workshop, the earlier created draft business models were also discussed and confirmed.

Finally, the study results from both phases, in terms of a rough draft of requirements
and business model analysis were consolidated and brought up for discussion in a reference
group meeting with representation from one of the analyzed platform providers (SE1),
a waste company, a technological research organization, an environmental NGO and a
design and engineering company. The meeting resulted in useful feedback on both the
design requirements for the platform and the different business model concepts that we
derived in the project. The feedback from this meeting was also integrated into the results
and recommendations of the project.

3. Results
3.1. The Relevance of and Requirements for a Platform

Analysis of the survey showed that the amount of waste and the cost of handling these
fractions differ significantly between companies. A third of the respondents indicate that
no production waste material is recycled and over 80% of the respondents send production
waste material to be incinerated.

The question as to the potential need for a flow of reused materials further showed
that majority of the companies (59%) already use recycled materials (at least their own
waste) for production, however, most of the companies do not share their waste with
other companies. The types of waste materials for reuse that are mostly mentioned are
HDPE, LDPE, PP, PA6 and ABS. The reasons that companies indicated not using reused
materials from others were a lack of required quality and traceability, thus resulting in
mixed plastic materials, wrong size of material pellets and contamination of other materials,
such as metals.

The questions as to the interest of companies and the perceived need for an exchange
service revealed that despite the barriers for reusing materials that were mentioned earlier,
some companies did already exchange materials with others. These were often part of a
connected group of manufacturers, sometimes a holding, that already have established
professional and sometimes personal connections. Still, majority (82%) of both companies
who have regular waste and those who do not have regular waste are interested in exchang-
ing waste material from production with other companies that they are not familiar with.
They particularly mention their interest in selling waste materials. Additionally, companies
without costs for handling waste are also interested in an exchange platform.

At the workshop held with the project partners, the need for a platform was also
expressed. Both organization A and organization B use their own waste material in
production as much as possible. However, they also see a clear need for trading their waste
material. The risk of low quality was also expressed as a major concern for the demand
side of trading. At the workshop with the project participants, the four most important
requirements of the on-line marketplace were identified:

• Credibility and security are central. There is a need for traceability and quality
guarantee to purchase plastic waste via a platform. This could be provided via a
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certificate, but could preferably be “built in” to the platform via a warranty when
using the platform and specifying the material.

• The platform needs to be simple and usable. It should save time compared to current
processes (often very manual, trying to find buyers and traders via telephone or
e-mail). Automatic matching of supply and demand would be the best solution for
this. However, this would require a solid data specification.

• There is a need for more pull than push. At least one of the large manufacturers
should participate in creating the “pull” effect. Possibly the platform should work at a
national level. Transport costs were discussed but deemed to be of less importance
compared to the relative value of the plastic waste.

• Added value could be generated by clearly communicating positive effects. There is
an “upside” in being able to quantify an environmental effect and decreasing material
cost, to be able to motivate the business and environmental case.

The group discussions resulted in a gross list of required material properties, which
could both state the material clearly enough for quality warranty and allow for auto-
matic matching of demand and supply. The list was consolidated in the net list seen in
Table 2. The list can be seen as a rough draft of a possible data specification for a first
platform prototype. This rough data specification was further discussed in the reference
group workshop.

Table 2. Draft data specification.

Order of Importance Property Name Sample Content

1 Type of plastic LDPE, PP, PVC
2 Form of plastic Regrind, regranulate, bale
3 Clean production process Yes, no
4 Liquidity index High, medium, low
5 Volume Metric tonnes
6 Color White, black, blue
7 Packaging Bag, box
8 Price SEK/kg

9 Geography Regions such as Stockholm,
Skåne

10 Frequency Monthly, weekly, every Monday

3.2. Market Potential

The analysis of the two international and four Swedish on-line marketplaces for
exchange of materials and/or products is depicted in Table 3. It shows a comparison of the
type of material or product that is available on the platform, the customer segment that
is targeted, and finally how it functions in terms of buying and selling. All investigated
platforms allow users to swap, buy and sell used goods, products and waste, and thus are
examples of circular material platforms. They differ primarily in which products/goods
they handle and whether their customers are final consumers or manufacturing companies.
While several material on-line marketplaces exist, there is no automatic matching or explicit
quality checks on the materials.
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Table 3. Overview of functional and circular related aspects of two international and four Swedish on-line marketplaces for exchange
of materials and/or products.

Platform Material/Product Customer Segment Functionality

NL: a Dutch B2B and B2C
platform for reuse of building
materials and other materials

Primarily building materials
for reuse but also plastic
materials are included

(Building) manufacturing
industry

Advertisement-based for open
and closed groups,

notification needed to receive
further contact information

SE1: a Swedish platform for
recycling and reuse of various

materials

All waste (incl. plastics).
Relative small volumes per
time (30% from households)

Households, recycling
industry, manufacturing

industry

Requests can be sent in,
matched semi-automatically

with supply

SE2: a Swedish
intra-organizational platform

for reuse

All products/surplus in an
organization (mostly office

equipment)

Organizations in private and
public sector

Automatic matching and
offers overview and reports of

transactions

SE3: Sweden’s largest
platform for reuse All products and services Households and industry Open advertisement market

SE4: a former Swedish B2B
platform for equipment and

material reuse

Plastic waste—surplus waste
and also other materials

related to plastic
manufacturing e.g., pallets

Manufacturing industry
Advertisement-based,

notification needed to receive
further contact information

DE: a German platform for
plastic industry with

information and exchange of
plastic materials

Exchange and valuation of
plastic materials

Plastic manufacturing
industry

Advertisement based,
semi-automatic matching.

Of the platforms that we interviewed (NL, SE1, SE2 and SE4), we were able to re-
trieve some additional valuable insights on how the platforms were driven and organized
around types of materials, products and customer segments, thus the strategy for attracting
demand and supply:

• The Dutch platform (NL) originated as an idea in the 1990s from the owners of
an architectural and construction company who started out by reusing materials,
primarily wood, from demolished buildings. Initially they started a marketplace to
offer the materials to other construction companies, but due to the low interest in
reused materials at that time the materials were fed back into their own construction
work. As interest was growing later on, they added a larger variety of types of
building materials and specifications, and have expanded internationally and to other
sectors as well. Recently, additional features were added, such as showing material
flows, a library of projects and on the wish list are environmental effects, for example
calculating reduced environmental impact. These have all added to the impact and
attraction of the platform.

• SE1 is a company run by its owner who has a background in the recycling business.
The company has grown substantially in later years and also started one subsidiary
outside Sweden. The purpose of the platform was to reduce waste by offering a
transparent way of finding interested customers. They mainly target the smaller
fraction market, where both consumers and producers offer their waste on an ad
hoc basis. Most customers are found in the recycling industry, but also among other
manufacturing companies.

• SE2 is a software company, who sells licensed access to the platform software, which
they have developed themselves. They thus operate as a “closed” marketplace within
the organization that has decided to use the application. The initial idea was to offer
a way to find use for the “functional surplus” that exists within an organization by
helping to match supply and demand with advertisement and search functionality.
The application is used by several large organizations in Sweden mainly for office
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furniture and office equipment, but could be used for any products, objects or even
services within an organization.

• The former Swedish platform (SE 4) used for any type of material and equipment reuse
was started by a plastic manufacturing company in 2008 for the plastic manufacturing
industry but closed down in 2012 due to lack of time from those running it and a lack
of demand for the service. The platform had grown from offering materials for reuse
to everything that is lying “on the shelf” and that can be used by others. The required
volumes of demand and supply seem to have been crucial here and were not sufficient
to maintain the platform.

Many of the classifications were similar between the platforms and the research
team identified that the two most differentiating dimensions were post-consumer vs.
post-producer waste and manual vs. automatic mapping. The mapping of the different
platforms along these dimensions resulted in the map shown in Figure 3. It suggests that
there is a gap and a need for a new on-line marketplace, which would handle post-producer
waste in an automatic way. This is a segment with important market potential.
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3.3. Appropriate Business Models

In the interviews with the project partners, the current business models of the plastic
product manufacturing companies (A and B) and the industry organization (D) were
discussed—both for the researchers to better understand the operations and to investigate
the potential for each one of them to run the platform. Below is a description of the facts
regarding current business models.

Both plastic product manufacturing companies are producers who primarily work
according to linear sales models. Organization A is a leading producer of plastic flooring.
Organization B sells different types of injection molded plastic products, including a full-
service offer from concept to post production treatment. Both companies reuse production
waste in their own production when possible and use recycled material in their production
to a small extent. Organization A has also tried a more innovative circular business model
in terms of a lease of flooring to its customers, thereby ensuring that the flooring material
gets back to them and can be used in new floor production. This is however still a marginal
model with small turnover. The company sees a huge potential for using more external
waste material in its production, as is the main focus of this project. Organization D has a
business model based on membership fees, where they offer advice in legal and market
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affairs to their members. They do not handle plastic materials in their business, but they
have a high level of knowledge in the plastic manufacturing industry.

Based on this, the project workshop also covered the different options for business
models for a platform provider for the on-line marketplace. The research team analyzed
the results and it was concluded that there were two principally different versions of the
business model of the platform to discuss further:

• A for-profit model with a commercial owner and operator of the platform
• A not-for-profit model, with the industry organization or similar being the owner and

driver of the platform.

Both versions would have the possibility to offer the functionality required (according
to Section 3.1). Part of a business model is the revenue model i.e., how to get paid for the
product or services by the users. A number of different revenue models were also identified
in the interviews and in the project workshop. These included:

For the for-profit model:

• Advertisement fee (normally fixed price);
• Transaction fee at closed deal (fixed fee or percentage could also be set at an auction);
• Fee for supply information (sold to a limited number of interested customers);
• License fee (per time period), for the use of the platform application.

For the not-for-profit model:

• Free service. No transaction cost. The value for the platform provider lies in strength-
ening either its offer to members (i.e., for the industry organization) or in systematically
simplifying and making their own business more efficient (i.e., for a larger plastic
manufacturer).

As a next step, the two types of business models (the for-profit and the not-for-profit
model) including revenue models were presented and discussed in a reference group
meeting. The reference group agreed that the risk of negligence and slow responsiveness to
market needs would be substantially larger if the platform was run on a not-for-profit basis.
The commercial set up is seen as a warranty for professionalism and efficiency. It was also
deemed necessary that the platform owner has very good knowledge of plastics chemistry
and plastics materials in general to ensure a solution to the quality issues. The conclusion
after the final workshop with the reference group was that the platform should be run on a
commercial basis. The choice was based on the finding that the platform that had not been
successful (SE4) had been run on spare-time and more idealistic basis, while the platforms
still in operation were all run on a commercial basis. Regarding the revenue model, the
reference group meeting concluded that this is something that could be tried out in practice
during testing. It was suggested, however, that a transaction-based payment would be the
best starting point for further development, due to simplicity and transparency.

The preferred business model agreed on after the reference group meeting is shown
in Figure 4, which should be seen as a first draft business model.

The value proposition of the recommended business model is “easy matching of
supply and demand of plastic waste of different qualities, with quality guarantee”. This
value proposition is delivered to plastic manufacturing companies through an on-line
marketplace. The customer relations could be both a short-term transactional relationship
and more long-term stable relationships. The connections between supply and demand
in the platform would initially be transactional and ad hoc but is expected to grow into
more stable long-lived relationships between sellers, buyers and the platform owner. The
more long-lived relations and efficient exchange between parties, the better for the circular
outcome. The main internal resources and activities to provide this service consist of the
technical solution for the platform, the skills to run and maintain it, and expertise in plastic
material and competencies in marketing and sales.
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This draft business model, including the revenue model is a first tentative presentation,
and should be further developed, detailed and tested. This could be done in a follow-up
project or directly in the market.

4. Discussion

Despite practical barriers on material quality and volumes, there is potential for
additional value preservation through exchange of waste material in the plastic industry,
compared to other manufacturing industries. Many of the injection molding companies
have a grinding machine, where plastic waste of different forms can be grinded to pellets
like components, fit for the normal production line. In the context of the circular economy
framework [17], this creates the opportunity of reusing post-industrial plastic waste for
the production of plastic artifacts. The on-line marketplace could support both the reuse
of plastic waste in an “as is” form and recycled waste material, but it could also support
a loop between different plastic manufacturers, which would be less efficient and value
preserving than reuse, but still more value preserving than a recycling loop, while offering
the opportunity of more flexibility for the plastic manufacturer.

The business model canvas method was deployed in the project as a way of structuring
and documenting the work. Since none of the actors in the project could—or would—take
on the role as the owner of the on-line marketplace, the BMC results must be seen as
a best guess hypothesis to be further developed in an agile process, as suggested by
Björkdahl et al. [11]. Nevertheless, the project has resulted in some important findings
regarding a potential business model for an on-line marketplace. The suggested business
model is based on a commercial set up, where the platform provider sells its services to
the users, i.e., the plastic industry actors. This is an example of a two-sided marketplace
suitable for a circular economy [9] with active exchange of goods [10]. In a follow up project
focused on the Swedish market, we analyzed a few new marketplaces that appeared in
Northwest Europe with a focus on post-industrial plastic waste, and offering additional
services including matchmaking and material quality certificates. The follow-up analysis
did not contradict the findings of this paper, but rather confirmed them, since much
industrial plastic waste is still occurring, which could be prevented by facilitating other
actors to (re)use it. An estimate of the amount of the post-industrial plastic waste flows
was calculated at 5000 ton per year in Sweden alone [30]. This indicates that the market
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has not changed that much and that the potential for redirecting these flows back into the
loop still exists, including the application of a new business model by new actors.

As in all commercial contexts, the demand side of the marketplace is extremely
important. For example, in the case of the Dutch platform, where a base demand was
needed to make it feasible to take up used materials from other companies, a role that the
platform owners took at first. When they started to work internationally, creating demand
was in some cases accelerated by connecting professional matchmakers who worked locally
with limited customers for the service. Additionally, companies that are situated in close
geographical proximity, such as at industry zones, were initially targeted to reduce logistic
complexity of exchanging materials. Today, several companies share material between
each other, in so-called industrial symbioses where traditional industries in a collective
approach to competitive advantage exchange physical materials, water, energy and/or
byproducts, etc., based on geographical proximity [31].

It is also possible to extend the customers to involve plastic recyclers. Although more
issues of competitions could be foreseen, it also opens up the possibility to create a larger
demand “pull”, which has been deemed necessary for the success of the marketplace.
Another, or additional, way of creating the “pull” effect would be to have one of the bigger
manufacturers in the industry run the marketplace. This could involve a risk of bias in
terms of fair competition though.

Based on the synthesis of our interviews and case studies with existing and closed
platform providers, it seems that financing of the platforms through the start-up and
growth phases will be a challenge that needs to be managed in parallel to developing the
most applicable business and revenue models in follow up-phases.

Obviously, this study is a first exploration of the field of plastic waste material from
manufacturers and has important limitations regarding methods applied and selection of
the participants. The results of this study were based on a limited number of companies
interviewed and responding to the survey, which were probably triggered by the possibility
to improve reuse of waste since they were part of the project. Limitations of methods
include the way the platforms were selected by means of ad-hoc discussions at seminars
and fairs and with the participating industry organizations. Another important limitation
concerns the way only companies selected by the industry organization were contacted
and therefore were possibly positive-minded towards reuse of waste in their response.

The design approach resulted in active participation of the companies in the project
groups who were perhaps not really used to these creative sessions but nevertheless
brought their knowledge and experience into the discussions. Due to the short period
of the study, we were not able to prototype and try out the design of the service or the
business model but still the conceptualization of the service and business model brought
the actors around the table to discuss barriers around reusing materials and share ideas
about opportunities and potential. In this process we applied traditional data collection
methods such as interviews, observations and questionnaires, which are familiar to any
other social discipline, such as psychology or engineering. As Koskinen et al. write [29]
(p. 126) the difference is that “Designers are expected to imagine new things, not to study
what exists today”. Additionally, as they further point out, designers have to find the
right vocabulary and ways to make people imagine through methods for ‘’stretching the
context rather than describing it.” (ibid.). This is how we worked with the project group,
by gathering people with different expertise and backgrounds in a discussion, which we as
researchers facilitated in order to cocreate new things. Our initial hope was that one of the
larger plastic manufacturers would be interested to take a more active role as the owner or
creating demand for the used materials, but we were not able to verify this, as the project
duration was too short for implementing the marketplace.

Therefore, additional research is needed to reduce bias and increase response in
various parts of the study, which means that the results should be analyzed with some
caution. Future work should be aimed at determining the potential and the criteria for
the exchange of plastic waste material in a larger sample than this study and selecting an
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adequate tool or platform for this purpose. At this stage the platform concept is focused
on industrial waste and the possibilities of reusing waste materials that are still of high
value. Still, we also foresee future varieties of this platform being used on post-consumer
material such as plastics from the hospitals and beach waste, and informing and inspiring
designing with materials from these tighter reuse loops.

5. Conclusions

There are currently several international and Swedish on-line marketplaces for ex-
change of material that aim to exchange consumer and production waste. However, most
of these sites are targeted at consumers whereas this project was aimed at professional
users. There are a few sites for professional users and for plastic material reuse that we
found in this project and a follow up project. Only a few of the existing platforms offer
quality guarantee or automatic matching, and this is the reason for the apparent strong
market potential for the on-line marketplace for plastic production waste.

The aim of this paper was to investigate the relevance of an on-line marketplace to
enable more recirculation of plastic materials within the plastic industry, and to understand
the functional requirements and adequate business model for such a marketplace. Our
main conclusions are:

• The on-line marketplace is relevant for the industry. Both the survey, interviews
and the workshop results show that there is a broad interest and potential for more
recirculation of plastic production waste in the industry.

• There is market potential for a marketplace that could provide automatic matching
of supply and demand and a quality warranty for the materials traded through the
platform. This could be solved by the use of a detailed data specification, and the
project has provided a draft outline for this.

• Different business and revenue models are possible for the operation of the market-
place, and the final selection will be dependent on the designated owner. The recom-
mendation from the project is to set out with a for-profit model with transaction-based
payment, to ensure future development and competitiveness of the marketplace.

There is a need for increased circular thinking and action in all industries and this
study shows that there are opportunities for the plastic industry to be at the forefront of a
circular initiative that could also be utilized by more industries with adjustments to reflect
the specific requirements of each industry.
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