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Abstract. Circular Economy business models rely on complex data ex-
change between organizations, which require a supporting digital infras-
tructure facilitating the circularity-related processes. In a digital plat-
form context, value is generated not by the underlying technologies but
by its allied ecosystem: community, users, developers and integrated ap-
plications. These ecosystems come with an intrinsically complex inter-
organisational structure often overlooked during the development phase,
leading to low platform adoption and obsolete platforms in the mid to
long-term. Developed through a combined action-research and design sci-
ence research approach, we propose a framework to support the design
and deployment of circular economy ecosystems from a sociotechnical
perspective, including practices from the requirements engineering, cir-
cular innovation ecosystems and digital platforms literature.

Keywords: Digital Platform Ecosystems - Circular Ecosystems - So-
ciotechnical Systems Design - Design Science Research

1 Introduction

History shows us that technological revolutions originate new ways of how value
can be created and captured, which can also give rise to new forms of organisa-
tions [7]. In fact, the digital revolution is ongoing, and there seems to be no end
to technological innovation, which places digital platforms (DP) and distributed
innovation among the main trajectories for innovation [20]. The digital platform
(DP) model is transforming virtually every industry today [19,21,2], as their
pervasive nature has taken over most of the services we depend on regularly
[19]. This happens as well with the so called circular economy (CE).

The concept of CE, particularly promoted by the European Union in several
initiatives [15, 5], can be defined as "regenerative system in which resource input
and waste, emission, and energy leakage are minimised by slowing, closing, and
narrowing material and energy loops” [8]. In order to achieve a truly CE, there is
a need for a systemic perspective, where both products and processes information
flow and sharing are fundamental. This perspective, a truly systems-of-systems
one as it involves multiple organisations and value chains, is challenged mostly
by the information silos that may be formed between the various phases of the
product life cycle (PLC), the lack of interaction between the industrial actors
and the poor integration of data and information for effective analytics [27].
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The use of DP is as a way to create a circular ecosystem involving industrial
actors which collaborate in sharing product and process data and information
across the entire PLC chain. By unlocking access to this data and information,
organisations can more confidently adopt circular business strategies, leading to
more sustainable business practices [13,17].

In an industrial context, a DP act as both innovation and transaction plat-
forms: these platforms make data available from a large variety of industrial
assets and devices that enable complementary solutions to be built upon it; and
also offer some type of marketplace structure to facilitate distribution among
the industrial actors. Therefore, platforms can perform two central roles: act
as a technological foundation and as a market intermediary [20]. These collab-
orative information systems become, however, rather complex when deployed
in industrial environments. Users become large organisations with hundreds, or
even thousands, of collaborators, which use these systems as part of established
business processes and in the possible creation of new ones [20]. Nevertheless,
there is a lack of understanding that a platform’s value generation mechanisms
lie not on the underlying technologies but on the ecosystem of users, develop-
ers and applications it supports [22]. In the case of a DP used to manage data
and information to support CE oriented decision-making in the value chain and
fostering a CE-oriented ecosystem, the challenges extend from the difficulty of
defining a clear value proposition, to the obstacles of technology deployment and
adoption.

In this paper, we describe a framework for the design of Digital Platform
Ecosystem (DPE) supporting CE that considers the multidisciplinary nature
of DP and Ecosystems, facilitating the platform adoption by industrial organ-
isations by shifting the design focus to the surrounding ecosystem. From a so-
ciotechnical perspective, the framework includes guidelines for the deployment
of the platform, together with user engagement strategies, the definition of user
and organisational profiles and roles, access, security and privacy policies, trust
mechanisms and commitment processes. The framework was developed within
the CircThread project! and validated in three use cases in three different coun-
tries.

This paper is divided in the following sections: section 2 focuses on the key
characteristics of DP; section 3, defines our work methodology from a Design
Science Research perspective; section 4 describes the main results of our research;
and section 5 includes lessons learned, as well as topics for future research.

2 Digital Platforms and Ecosystems Design

2.1 Key Characteristics of DP and Ecosystems

DP display a large set of characteristics that explain their attractiveness as a
business model [31, 2]. By supporting multi-sided market connections in a seam-
less and scalable fashion [31], platforms can drastically reduce transaction costs,

1 H2020-SC5-31-2020 - Building the Digital Thread for Circular Economy Product,
Resource & Service Management 2021-2025
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which include search, contracting, and distribution [2]. This market discovery is
achieved through price discovery mechanisms, which often aggregate data from
multiple sources, therefore enhancing the experience for different stakeholders
[20, 31]. Another key aspect of DP is their ability to organise and coordinate
technological development and innovation through architectural modularity, and
appropriate governance structures [29, 28].

The large amount of data that these platforms can aggregate and generate
is usually made available to a set of independent third-party complementors
which can develop new applications and services by making use of standard
interfaces provided by the platform’s core [20], allowing the platform’s firm to
achieve economies of scale and scope [7]. These services are then made available
to users usually through an app store or marketplace [20]. Platforms are also
at the heart of a phenomenon known as network effects [19, 6]. Network effects
are feedback loops that can cause exponential growth (positive network effects)
as more users make use of the platform and become part of their ecosystem,
or shrinking (negative network effects) as if users and value are not correctly
governed and filtered, it may cause other users to abandon the platform due to
not capturing enough value [19].

Theres is an ambiguity that hovers over the DP research [2,21] as the terms
”Platforms” and ”Ecosystems” are used interchangeably [22].The term ”Ecosys-
tem” is a metaphor originating from biological systems comprising interacting
organisms that make up an habitat [10]. However, it is also used in a management
context to define a business structure and strategy [1, 12]. [10] states that recent
literature on digital platforms have been analysed from single paradigms such as
economics, technical, business and social. Therefore, it suggests a shift in per-
spective by combining the intra-organisational technical perspectives on digital
platforms and the inter-organisational economic, business and social perspec-
tives on ecosystems. It then conceptualises Digital Platform Ecosystems (DPE)
as comprising a platform owner that implements governance mechanisms to fa-
cilitate value-creating mechanisms on a digital platform between the platform
owner and an ecosystem of autonomous complementors and consumers.

2.2 Digital Platforms and Ecosystems Design Frameworks

If a platform strategy is the motor of shared innovation and value co-creation,
then Architecture — as the conceptual blueprint that describes the structure of
technological solution [28], — and Governance are the two gears [28]. We can look
at architecture as a tool for simplifying and precisely describing the interconnec-
tions between parts of the ecosystem and to reduce structural complexity [28].
Furthermore, ecosystem architecture encompasses both the platform architec-
ture and the architecture of complementary applications [28]. The issue of how
to govern DPE has been a continuing subject of study [21]. The main goal of
good ecosystem governance by a platform owner is not to direct the behaviour of
an ecosystem but to shape and influence it [30], while simultaneously respecting
the autonomy of users and complementary developers. Therefore, the platform
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owner must create ecosystem orchestration mechanisms that ultimately allow it
to leverage and manage the generative nature of the ecosystem.

Even after the fact that the literature around DP and Ecosystems have not
generated much design theory (knowledge) [21], there have been a few attempts
to create frameworks, methods and models to design these sociotechnical arte-
facts. We give some examples below within the circular economy domain. From
their participation in a circular ecosystem project, [14] have developed 3 groups
of Circular Innovation Ecosystem principles. [3] also states that there is little
guidance and methodical support for designing ecosystems. It then performs a
great effort in synthesising the current literature from multiple perspectives in
order to introduce specific types and characteristics of DPE as a basis for a future
comprehensive modelling framework. The framework aims to support ecosystem
construction by organising the modelling of ecosystems in three aspects, goal
modelling, ecosystem modelling and platform modelling. From the effort and re-
sults of the Ecosystem Modelling framework [3] and its application in designing
Industrial Symbiosis Platforms [4], the Digital Industrial Symbiosis Ecosystem
framework has been developed [16]. More generic models outside the scope of
circular ecosystems have also been developed, such as the Ecosystem Pie Model
[26] and the Platform Design Toolkit [24, 23].

3 Methodology

3.1 Research context and case studies

The framework for the design of DPE supporting CE was developed within the
CircThread project. This project aims create a Industrial Digital Platform (IDP)
to support circular produt life cycle decisions by implementing a digital thread
specific for circularity oriented infomation. In simple terms a Digital Thread is
related to the flow and linking of the information generated during the product
lifecycle. CircThread DIP enables the capturing, linking, combination, and shar-
ing of product data and information covering product status logs and materials,
resources, critical raw materials, substances, product lifespan, environmental,
social, and end-of-use options, that will be linked to circularity strategies, from
products maintenance and lifespan extension, furthered by refurbishment, re-
pair, reuse, remanufacturing, and finally recycling for secondary raw materials
use. This IDP can be characterised as a multi-sided platform, where the value
exchanged is product information and the participants’ roles are information
providers, consumers, and variation of these (see Section 4). The new model of
a CE presents large opportunities for Europe, which is not yet fully exploitable
in the absence of Digital Technologies (DT) with associated decision making
support across the PLC among various stakeholders. The CircThread project is
contributing to such digital infrastructure through a DP architecture that can be
instantiated in particular value chains to unlock access to product data between
stakeholders that is now in silos and to use it for enhanced CE decision making
across the extended PLC.
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For the elaboration of our framework, we have adopted the Design Science
Research framework which focuses on guaranteeing the utility and truth of an
information system (IS) artefact [11]. Relevance is guaranteed by extracting the
business needs from a certain environment, which, in this case, is the CircThread
project. On the other hand, DP and IS literature served as a knowledge base
for our artefact. The framework building process itself is a creative process with
multiple iterations, each one consisting of a development/building phase and
a justification/evaluation phase. Figure 1 consists of an instance for the Design
Science Research methodology regarding this particular research. The pragmatic
nature of the design science research (DSR) framework allowed us to contribute
with a potential solution to the application domain and maintaining rigorous-
ness to make a valid contribution to the knowledge base. The result of this effort
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Fig. 1: Design Science Research approach for the Circular Economy Ecosystems
design and deployment framework artefact

was an artefact — defined as a framework — to be applied in the deployment of
CE industrial ecosystems. This framework includes models, which will be used
to represent real world industrial scenarios and ecosystems, and methods which
define processes on how to solve problems by more accurately searching the
solution space. At the same time it combines models for ecosystem and value
constellation modelling in order to build a conceptual macro perspective of DPE
dynamics between the multiple industrial actors and roles, as well as micro sce-
narios where requirements can be elicited, validated, and formally modelled into
business processes. At the same time, we will provide processes to create these
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models and understand industrial environments to better guide the requirements
engineering (RE) process from a sociotechnical systems (STS) perspective.
The framework was developed using an action-research approach with the
participation of the industrial organisations that formed three pilots in the Circ-
Thread project in Spain, Slovenia and Italy. Each of these pilots is comprised
of one or more organisations, in the sectors of home appliances (dishwashers,
washing machines and boilers), industrial batteries and photovoltaic panels. The
pilots where used as requirements sources and for the framework validation.

3.2 Research design

The approach to the user-centred design and specifying deployment requirements
of the framework was centred around the use of scenarios in a three-step process
of actions and resulting artefacts (see Figure ??). Departing from previously
identified personas and user stories, together with the knowledge gained from the
scientific literature, an initial scenario the CircThread DPE use was developed.
The goal was to acquire knowledge of the partner’s organisational needs (who
will interact with the system, when, what is the goal of this interaction, and
what comes after specific actions). By focusing on the who, what and when we
could iterate and improve the scenario and further detail it.

With detailed scenarios of future platform usage, we could begin to for-
mally document platform interactions from an intra-organisational perspective
by modelling internal business processes, as well as an inter-organisational per-
spective by modelling and understanding ecosystem dynamics and informational
dependencies between actors and product lifecycle stages. Finally, having the
organisational dependencies and needs of the ecosystem and the individual or-
ganisations, we were able to provide recommendations on a conceptual DPE
architecture and governance model, as well as deployment strategies to achieve
a minimum viable ecosystem.

Pilot interactions were mostly composed of 1-hour long semi-structured in-
terviews. During scenario elaboration, we came across some questions regarding
specific organisational roles and platform interactions. These doubts were trans-
formed into questions to conduct the interviews. However, we did not enforce a
specific interview process, as we had come to the conclusion that partners have
a tendency to focus on their particular needs and vision for the future without
much need for guiding questions. Nonetheless, some of the more open guiding
questions focused on organisational needs and vision for governance models.

4 Results

4.1 Framework Components Overview

In this section we will go over the constructs of the developed framework, pre-
sented in Figure 2. Fcosystem. The ecosystem, delimited by dotted lines in Figure
2 is the set of technical and organisational artefacts and the different roles of
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Fig. 2: Circular Economy Ecosystems design framework

stakeholders. In this context, the ecosystem is platform-based, as we can see the
presence of a DP in the centre.

Digital Platform. The DP is at the centre of the ecosystem, functioning es-
sentially as the orchestrator by providing the means of stakeholder value co-
creation. The platform functions as the technological infrastructure and is made
up of data, which is shared between the multiple stakeholder roles, and inter-
faces which are used by service providers to interact with the data and build and
integrate new service offers. At the same time, the DP contains services which
can either be proprietary or developed by service provider stakeholders.

Platform Owner. The platform owner role is responsible for designing and
maintaining the ecosystem. This role can be filled by a single entity, such as a
group of people or organisation or a consortium of organisations that have a
common interest in building and deploying the digital ecosystem. This common
interest is defined in the ecosystem goals, which are the high-level objectives for
which the ecosystem is being designed. In a Circular Economy ecosystem, the
goals are mostly circularity and environmental sustainability-related. Lastly, an
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ecosystem vision must be collaboratively created and aligned with the platform-
adopting organisations.

Organisational Role. Organisational roles are the organisation archetypes
that will adopt the DP into their business processes, with the goal of enhancing
or even creating new business models. Each role has their own ecosystem vision,
which must be elicited and aligned with the Platform Owners for a shared vi-
sion and design vocabulary. These archetypes are often related to their business
model and/or product life cycle acting phase.

Product Life Cycle. The product life cycle phase is a specific state in which the
product can be in. Usually, an organisational role can have its business model and
processes in one or multiple product life cycle phases. Identifying these phases is
extremely important, as it will allow the ecosystem designer to more accurately
create models and organisational roles, which will improve the quality of the
design. In the case of CircThread, with the help of consortium partners, we were
able to document the life cycle phases, as well as the transition between them,
in which a dishwasher, washing machine, battery, boiler and photovoltaic panel
can be in. This allowed us to understand the actors in each product life cycle
phase, the informational needs and closed loop paths.

Users & IT Infrastructure. This role represents the actual users of the DP
inside adopting organisations. These users can be anyone or anything that in-
teracts with the system, from workers to IoT sensors, IT infrastructure or even
software, which have individual needs. Identification of these stakeholder roles
is a crucial task that falls under the responsibility of the ecosystem designer.

Service Provider / Complementor. This role is responsible for enhancing the
generative nature of the DPE by using the platform’s resources - data and inter-
faces - to create and integrate new services which can be easily deployed into the
current DP instance of adopting organisations. This role has its own business
model, which must be taken into consideration when designing the governance
model. The role of the ecosystem designer in this role is to incentivise the service
provider / complementor participation in value-enhancing activities.

Governance Model. As previously discussed, by adopting the governance di-
mensions referred by [28], the ecosystem designer should be able to more accu-
rately design and describe the governance model. In addition, it is essential to
take into account the legislation surrounding circular economy and the linked
products.

4.2 Information Ecosystem and Roles

The definition of roles, both from an informational perspective as well as from a
PLC stage perspective, is a crucial component for the efficient mapping of a DPE.
This mapping leads to a macro perspective of the entire ecosystem dynamics, by
learning who performs what action in what stage of the PLC. An informational
role is a role involving specific tasks related with the creation, modification or
use of information. Six types of informational roles where identified and char-
acterised: provider/producer, consumer, complementor, disseminator, regulator,
enhancer. These informational roles are fundamental in a DP where information
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is the maisn exchange value and differ from platform roles as they elaborate on
how information is processed and used in a given stage of the PLC. Therefore,
each platform role can have multiple informational roles. For example, a manu-
facturer can provide information during the product design and manufacturing
stages, yet consume information provided by recyclers (another platform role)
during the recycling stage. Roles are further classified based on 5 characteris-
tics: (i) main interest: what are the main interests for each role in using the
platform; (ii) specific context: if there is any specificity to how they use, and
get value from, the platform; (iii) PLC conditions: what are the necessary PLC
chain conditions for the platform to be used; (iv) skill requirements: what are the
necessary sociotechnical requirements to participate in the ecosystems; and (v)
dependencies: how different roles complement each other and value is exchanged.

4.3 Using the framework for deploying and configuring a DPE

Characterisation of organisational and user roles The first step in the design
process using the framework is to identify who is responsible for designing and
governing the platform (Platform Owner) and who will interact with the plat-
form (Organisational and User Roles). The platform owner is responsible for
defining the goals of the platform, designing its business models and the initial
ecosystem. By initial ecosystem, we understand both the adopting organisation
as well as the core services that make up the initial value proposition of the
DPE. Organisational roles are based on their business models and product life
cycle stages. It is important to understand that the adoption of a DP will most
likely allow for the creation of business strategies that have not been possible
due to the lack of a digital infrastructure. Therefore, business (platform-based)
model design should be a process where the ecosystem designer can work on the
ecosystem’s value proposition for each organisational role. It is crucial to have a
complete list of all the stages that the product will be in, as data - in addition to
physical resources - will be produced in each phase, which, given the principles
of the Circular Economy framework, will be consumed in another product phase,
closing the product loop. User roles are characterised by their individual needs
inside the adopting organisation. We have to learn and document how their cur-
rent work is done and how it could be enhanced by the adoption of the DP.
One popular way of doing such a task is through the use of user stories, which
represent frequently primary requirements artefacts and units of functionality of
the project [18].

Creation of shared ecosystem vision and business processesWith the identi-
fied organisation and user roles, we can now create a shared ecosystem vision
from the multiple perspectives of the adopting organisations and learn about
their internal business processes and data needs. The alignment of ecosystem
vision between stakeholders is imperative as it sets the foundation for discussion
by aligning how the system under design should behave in the future. There
is also the need to place the platform users and their needs in context. There-
fore, it is essential to characterise the adopting organisation’s business processes
which will be enhanced by platform adoption. By creating descriptive scenarios
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of platform usage, we can create both a shared system vision and categorise
the platform interactions that make up the business processes. Depending on
the granularity of these scenarios, it might be necessary to detail the business
processes and platform interaction further. The use of a formal notation, such as
Business Process Model Notation [9], is undoubtedly a plausible solution. With
the detailed system usage scenarios and diagrams, we are now aware of the data
and information needs of these organisations.

Development of collaborative networks, ecosystem dynamics and initial gov-
ernance model This third step is responsible for identifying ecosystem dynamics,
and dependencies between organisational roles and creating the initial ecosys-
tem governance model. The first course of action in this step is understanding
ecosystem dynamics by mapping the ecosystem. By adopting this wide ecosystem
lens, we understand that organisational roles have their own business processes,
which require using platform-provided services and act on one or more product
life cycle phases. These phases produce or consume information that must be in-
tegrated into the platform for future use. With organisational and informational
roles defined, together with the categorised product life cycle phases, we can map
the ecosystem dynamics and ultimately answer the question: ”What and how
is information processed, when and by whom?”. We suggest the creation of an
Information Ecosystem model, which takes into consideration the multiple di-
mensions of ecosystem dynamics to represent information dependencies between
actors and the various stages of the product life cycle. Figure 3 can be viewed
as a meta-model for creating instances of Information Ecosystem models that fit
the needs of the ecosystem designer. With this model, the ecosystem designer is
able to extract the organisational actors and the consumed information from the
product life cycle phases and should now focus on collaboratively developing the
ecosystem’s governance model. In our particular framework instance, we have
decided to adopt [28]’s governance dimensions. Finally, industrial ecosystems
like CircThread are often heavily regulated, such is the case for WEEE regula-
tions. The platform designer should include someone with regulatory expertise
to aid in the creation of a Circular Economy governance model. Development of
platform governance and conceptual architectureHaving defined the core services
that make up the initial platform value proposition, the design effort must now be
shifted to the conception of technical interfaces that allow third-party developers
and service providers to integrate their service offers into the platform’s ecosys-
tem. This will increase the ecosystem’s value proposition which will most likely
stimulate network effects between organisational actors and service providers.
Lastly, there is the need to further define the degree to which services and data
belong to the developer or to the platform. A general rule is that the more open
the platform is regarding its governance model for outside innovation the more
inviting it is [14], increasing the chances of network effects exploitation. How-
ever, platform openness also reduces the influence of the platform owner, which
in return might cause the platform and its surrounding ecosystem to shift to
different industries that were unforeseen in the early design stages. Depending
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on the nature and goals of the platform, governance models can be more or less
open and must be carefully and collaboratively designed.

Development of platform deployment strategies Existing strategies provide
useful insight for ecosystem designers to collaboratively develop a deployment
strategy that functions as an effective adaptation for DPE. [25,19] have gone
through great effort in presenting the most common strategies for platform de-
ployment: (i) single target group, focus on a particular target group or segment
of the market; (ii) subsidising strategy relies on incentives to increase the mass
of a single side of the market in order to create value for another, up until value
is naturally generated and exchanged and subsidising is no longer needed; (iii)
platform envelopment that leverages relationships with other established plat-
forms and ecosystems by combining its own services and functionalities with the
target platform bundling a more complete offering; (iv) exclusivity agreements
by signing exclusivity agreements on one market side can be sufficient to attract
other users on both market sides; and (v) side switching where a two-sided plat-
form market is turned into a one-sided platform market by developing a launch
strategy that fills both market’s needs at the same time.
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Fig. 3: Information Ecosystem model creation tool
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5 Conclusion & Future Work

The lack of insights from the literature into the design of DP and DPE lead
to a state-of-the-art where industrial platforms and platform services have be-
come ephemeral, contributing to the lack of adoption. The growing adoption of
circular practices in the industry can become the impulse that platform-based
business models need to solidify their stay in business-to-business markets fur-
ther. From this perspective, and by relying on a combined action-research and
design ccience research approaches, we presented a framework that is both rig-
orous and flexible to serve as reference for platform owners and developers to
guide the early development stages of thriving DP-based Ecosystems. This de-
scription is necessarily incomplete, as the framework includes many other details
that could not be accomodated in the space of this paper.

Regarding future work, we can identify that there is still space to accom-
modate more constructs to cater to specific industries. The Circular Economy
ecosystem design and deployment framework was initially validated in the same
environment it was created in, the CircThread project. It would be ideal to follow
other Circular Economy DP-based Ecosystem development projects to validate
further the many components of the framework, feeding the cycle of build design
and evaluation.

Secondly, although we present a step-by-step explanation of user roles and the
framework’s internals, as well as pragmatic methods to extract knowledge and
validate requirements from the ecosystem participants, we encourage the creation
of different practical Requirements Engineering methods and models that might
serve as an improved fit in other projects. A transparent and efficient model
to create, document and validate governance models and deployment strategies
would also be an excellent addition to this framework.
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