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Abstract

In practice and research, pay-per-part business models are becoming increasingly
popular. Amongst others mechanical engineering companies, banks, insurances, and IT
companies are working on these new business models. There is increasing evidence that
the enabler for pay-per-part approaches is the cooperative use of data across company
boundaries, being discussed in literature under the term data ecosystem. Along two case
studies, a total of eleven companies were accompanied from the definition of the
cooperative pay-per-part value proposition to the implementation of a proof of concept.
Based on these case studies, eleven design principles could be derived. These design
principles provide companies a guidance when designing a cooperative value proposition
within an ecosystem. The identified design principles were mapped to different
stakeholder groups that are involved in the design of a cooperative value proposition. The
generated design principles were evaluated and implications for practitioners and
research given.

Keywords: Pay-per-Part; Design Principles; Data Ecosystem; Action Design Research

Introduction

Recent years have shown a change in consumer behavior from one-time purchases to per-use models (e.g.,
cars, music, and electronic devices). In the manufacturing domain as-a-service concepts have been widely
established (Guo et al., 2019). Software as a Service (SaaS) is a time- and location-independent web-based
access to a remote server application which allows simultaneous usage of the same application installation
among a wide range of unrelated customers. SaaS offers an attractive logic of payment versus the customer
benefits received and provides a continual flow of innovative new software (Saiksjarvi et al., 2005; Sun et
al., 2007). Examples of this are hyper scaler platform providers like Amazon Web Services or Microsoft
Azure.

Similar developments from the consumer sector and the as-a-service approaches have increasingly been
applied in the manufacturing domain. For example, the mechanical engineering company DMG Mori
presented their new business model Pay-per-Part (PpP) under the title “Netflix of machine building” (DMG
MORI AG, 2021). Through the business model PpP companies offer assets (e.g., machines) not for a
onetime purchase fee to their customer, but instead for the output (produced part or the time used to
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produce it). The ownership of the asset is not sold to the customer but stays with the mechanical engineering
company (Endres et al., 2019). Simultaneously to mechanical engineering companies, in particular banks,
insurances and IT companies are also working on PpP business models (Siegert et al., 2021; TRUMPF,
2020; DMG MORI AG, 2021; RELAYR, 2018).

Real life PpP applications emphasize the need of an ecosystem with different partners and capabilities to
offer such a PpP value proposition e.g., the manufacturing company TRUMPF and insurance company
Munich Re (TRUMPF, 2020). Banks are ambitious for financing the assets (Siegert et al., 2021). Insurance
companies take on the risk management and, in some cases, technology providers are needed to realize data
capturing, data transfer and data analysis e.g., the company relayr (RELAYR, 2020). The mechanical
engineering companies position themselves in the currently emerging ecosystems as the central keystone
player of the ecosystem (TRUMPF, 2020; Siegert et al., 2021; DMG MORI AG, 2021; Iansiti & Levien,
2004). This collaboration of partners to offer a PpP value proposition is depicted on the left side of figure 1
where through additional partners the keystone player can offer PpP solutions to different customers
(represented as a person icon receiving a box in figure 1 left side). The value created for the users of PpP
ranges from gaining flexibility and scalability, sharing risk, as well as not having tied capital (Endres et al.,
2019; Siegert et al., 2021). However, in practice, PpP approaches with a keystone player are only slowly
being established.

A further ecosystem approach that is gaining attention in science as well as in practice is Adner (2017)
ecosystem as a structure approach. Here the focus lays on a cooperative value proposition rather than the
value proposition of the keystone player (Adner, 2017). Initial implementations indicate that this
cooperative approach might be superior to existing ecosystem offerings (Adner, 2017; Baars et al., 2021). It
is essential for the realization of cooperative value propositions in the PpP context to gather data and
analysis from different sources (e.g., assets) as well as additional services across key partners. In research,
these ecosystems are referred to as data ecosystems. Initial findings suggest that PpP approaches alone are
not economically viable, but through the cooperative use of data in such ecosystems, additional services
(e.g., benchmarking, and preventive maintenance) can be realized by the partners within the ecosystem,
shown in figure 1 on the right side (Senyo et al., 2019; Oliveira & Loscio, 2018; Weber et al., 2020). It is
crucial for PpP approaches that data is shared across company boundaries. Literature implies that an
important success factor is the creation of trust for the cooperative use of data. Further this trust can be
established through a cooperative value proposition (Otto et al., 2022; Baars et al., 2021). In this research
paper we focus on ecosystems with a cooperative PpP value proposition which is illustrated on the right side
on figure 1, where the ecosystem delivers the PpP solution to its customers (depicted as a person icon
receiving a box in figure 1 right side). By this we contribute to the further development of cooperative value
proposition ecosystem approaches.
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Figure 1. Pay-per-Part — Keystone Player vs. Cooperative Value Proposition

To confirm the research gap and to ascertain the state of the art in research, an upfront structured literature
review was conducted. The relevant literature that was identified forms the foundation for the design of the
artefact of this paper (see section related work). Building on this foundation, this paper addresses the
research question: Which design principles should be considered when creating a cooperative pay-per-
part value proposition within a data ecosystem? We follow the action design research approach by Sein et
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al. (2011) and present eleven design principles (DPs) for PpP in data ecosystems based on two case studies.
The two case studies were conducted by the authors over a period of more than one year each and contain
the participation of seven and respectively four German based companies. The joint itinerary began from
the formulation of the cooperative value proposition to the implementation of the proof of concept (PoC)
based on workshops and in between meetings. The resulting DPs serve as a support and guidance for
decision makers e.g., CEOs and CIOs to overcome the challenges in establishing a PpP value proposition.
DPs as an approach for guidance have been used and discussed within information system research for a
long time as Gregor et al. (2020) describes. With the DPs we extend the body of knowledge on ecosystems
without a keystone player and their establishment of a cooperative value proposition.

The paper underlies the following structure: in the second section the background as well as an upfront
literature review is presented. Section three gives an overview about the two case studies based on Yin
(2018) and the conducted evaluation. The findings are presented in the fourth section. In section five the
DPs are presented. Section six, seven and eight show the implications, the conclusion, the limitation, and
outlook on future research.

Related Work

To determine the state of the research, a literature review following the approach of Levy & Ellis (2006) was
conducted. The aim of the literature search was to identify relevant publications concerning PpP in
ecosystems. The AIS (Association for Information System) eLibrary, IEEE Xplore, and ACM (Digital
Library) databases were chosen to provide a broad view on the field of information systems as well as the
engineering domain. To cover the different terms used to describe pay-per solutions, the following search
terms were defined: (("pay per X" OR "pay per part" OR "asset as a service" OR "equipment as a service"
OR "subscription model" OR "pay per use") AND "value network™) OR (("pay per X" OR "pay per part" OR
"asset as a service" OR "equipment as a service" OR "subscription model" OR "pay per use") AND
"ecosystem"). A further restriction to DPs and value propositions was not made because these papers would
also be identified in the scope of the literature review. In addition, this brings up publications that deal with
these topics using a different wording. Only publications in English or German were considered, work in
progress publications were excluded. After screening all three databases, duplicates were removed. A total
of 303 articles were then identified. The results revealed that PpP has been a topic for recent discussions in
the context of as-a-service and product-service-systems with a strong focus on digital output. When looking
at these publications in detail, it is obvious that there is a lacking relation between physical product output
in relation to ecosystems within the understanding presented in this paper. After scanning titles and
abstracts for relevance to our research, 23 papers remained. The 23 papers classified as relevant were then
analyzed in full and a backward search approach was used in order to not disregard possible relevant papers.
21 papers passed the full paper analysis. A brief overview of these 21 papers is given in the following
paragraph.

DPs regarding a PpP value proposition within an ecosystem could not be observed within the literature. The
distinct differentiation between keystone focused ecosystem and ecosystem without keystone was also not
observed in the literature. Whereas most papers had their focus on a digital output (not a physical part)
from various perspectives, for example artificial intelligence (Lins et al., 2021), platforms (Giessmann &
Stanoevska-Slabeva, 2013; Beimborn et al., 2011), cloud (Repschlaeger et al., 2012; Wu et al., 2015; Wulf et
al., 2019; Leimeister et al., 2010; Guo et al., 2019) or software (D’souza et al., 2012; Venkatachalam et al.,
2013; Weitzel, 2020). Angelo & Barata (2022) as well as Weber et al. (2020) described a pay-per-
approaches for physical parts in the context of construction assets. Blau et al. (2008) and Woroch & Strobel
(2022) promoted approaches for the pricing/monetization of services and data, offering an in-depth
analysis into a PpP business model. Gelhaar et al. (2021) focus on the aspect of data sharing within an
ecosystem presenting a first hint on possible DPs for PpP. This could also be stated for possible roles which
were presented amongst others by Miiller & Buliga (2019) and Endres et al. (2019). Miiller & Buliga (2019),
Kayser et al. (2021), Leski et al. (2021) and Terrenghi et al. (2018) present PpP as a revenue model within
a broader view of data driven business models. Endres et al. (2019) on the other hand views PpP as an
element of an industrial internet of things service-centered business model.
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Data Ecosystem

During the last years, ecosystems have become increasingly relevant in practice and research (Tsujimoto et
al., 2018). In business ecosystems, economically independent actors work together to create innovations by
combining capabilities. In this process, the companies work cooperatively and competitively to support new
products, satisfy customer needs, and finally incorporate the next round of innovations. In this way,
business ecosystems are changing established competitive structures and hence create new possibilities for
the generation of cooperative value creation through collaboration (Moore, 1993). The alignment of the
ecosystem with a cooperative value proposition is based on the approach ecosystem as structure by Adner
(2017). In Adner's approach, the shared value proposition is the center of the ecosystem. Based on the value
proposition, partners, activities, and their required alignment will be configured accordingly (Adner, 2017).

Data exchange across company boundaries is becoming an integral enabler of ecosystems. These
collaborations are referred to as data ecosystems (Senyo et al., 2019; Oliveira & Léscio, 2018). This data
exchange enables the companies to create new data-driven services based on the shared data (Porter &
Heppelmann, 2014; Mazhelis et al., 2012). In the following, we understand a data ecosystem as a network
of different organizations. The organizations are cooperatively and/or competitively linked via digital
technologies. The organizations collectively use digital platform structures to coordinate their value-
creation activities (Senyo et al., 2019; Oliveira & Loscio, 2018). One key enabler for realizing a collaborative
value proposition in a data ecosystem is a cooperative data space. A cooperative data space is a shared,
trusted space for the exchange of data (Federal Chancellery, 2021). Cooperative data spaces and the
underlying software infrastructures must enable trust, interoperability, and interconnectivity of data as well
as data sovereignty in the ecosystem (Otto et al., 2022). Initial findings in the context of data ecosystems
prove, that sharing condition data (e.g., number of parts or drilled holes) within data ecosystems is a
suitable approach as the members of the ecosystem classify this type of data as less valuable for protection
(Weber et al., 2020).

The state of the art of research shows that certain basic conditions are necessary in order for a data
ecosystem to succeed, regardless from a cooperative value proposition PpP. The following generic basic
conditions can be stated: cross-industry partners (Endres et al., 2019; Miiller & Buliga, 2019), company
representatives at decision maker level, modelling of service interrelations (Terrenghi et al., 2018; D’souza
et al., 2012; Weber et al., 2020), trust space between partners (Baars et al., 2021; Gelhaar & Otto, 2020),
open platform/open standards (Braud et al., 2021), common understanding of the value-added process
(Al-Debei & Avison, 2010), the interaction and need of different stakeholders and interplay between
business and technical task groups (Lin et al., 2019).

For the design of data-driven solutions in ecosystems, the Industrial Internet Reference Architecture (IIRA)
has served as an established framework for research and practice (Weber et al., 2019; Weyrich & Ebert,
2016). The IIRA provides a reference architecture with guidelines and supports the development,
documentation, and communication of data-driven solutions, with cross-domain applicability (Lin et al.,
2019). In addition to the ITRA the Industrial IoT Consortium provides foundational work e.g., security and
connectivity (Joshi et al., 2022). The design of data-driven solutions requires that different stakeholders
interact. To achieve this, the IIRA defines four layers, business, usage, functional, and implementation layer
(Lin et al., 2019). These layers represent different stakeholder perspectives and are described in the
following.

On the business layer, the decision makers of the companies involved in the ecosystem specify the
cooperative value proposition as well as the capabilities of the various partners. The engineers and product
managers define on the usage layer how the value proposition identified on the business layer can be
realized by decomposing it into tasks and activities between different system components (Lin et al., 2019).
On the functional layer, system and component architects break down the solution of the data ecosystem
into functional components to describe the system structure and the interrelationships, interfaces, and
interactions between the functional components as well as external systems (Lin et al., 2019). Developers,
integrators, and operators design on the implementation layer the technical representation of the data-
driven solutions, and the system components required to implement the activities and functions that are
specified by the usage as well as the functional viewpoint (Lin et al., 2019). The distinction is not completely
free of overlap, and it should also be noted that the presented stakeholders in an ecosystem belong to

Forty-Fourth International Conference on Information Systems, Hyderabad 2023
4



Pay-per-Part Design Principles

different companies. Implying that it is necessary to involve several representatives from each company
when designing a data ecosystem.

Pay-per-Part

In literature the term PpP can be found as the financial aspect of a bigger archetype of business model.
Miiller & Buliga (2019) describe it as part of data-driven business models, Endres et al. (2019) as industrial
internet of things service-centered business model. At the core however, the value proposition remains the
same. Opposed to the usual the asset (e.g., machine) is not sold but the output (part) is. This is realized by
data and analysis from different sources as well as additional services across key partners. PpP can lead to
a reduction of downtime with gained flexibility as well as a reduction of fixed costs. (Endres et al., 2019;
Miiller and Buliga, 2019). Real-world offerings underline the body of knowledge in research. For example,
the manufacturing companies TRUMPF and DMG Mori offer PpP solutions based on their machinery.
Financing and IT capabilities however are supplied by partners (TRUMPF, 2020; DMG MORI AG, 2021;
RELAYR, 2018; Siegert et al.,, 2021). The developments identified and described in this chapter are
summarized in figure 1, the focus of this paper is on the approach shown on the right-hand side.

Research Design

The research question of this paper aims to derive DPs in the context of PpP, in terms of Action Design
Research (ADR). In the research process, an organizational-technical solution as an “ensemble artifact”" was
developed in an iterative process (see figure 2) with the participation of the researchers (Sein et al., 2011).
The ADR approach focuses on DPs, which are defined as follows: "A design principle is a statement that
prescribes what and how to build an artefact to achieve a predefined design goal" (Chandra et al., 2015). It
is important that DPs are formulated in an abstract way, including information about the actions, the
material properties, the boundary conditions as well as the corresponding user group to move away from
singular settings towards generalizing knowledge (Chandra et al.,, 2015). The participation of the
researchers ensured that the state of the art in the fields of data ecosystems and PpP was considered in both
the design and the evaluation. It must be emphasized that the (non-funded) participating companies
involved in the design functioned as the final authority for the concrete design of the concrete solution but
not on resulting DPs of this research paper. Further the ecosystem was initiated with the intention of
initiating and continuously developing this cooperation. We are confident that this specific aim promotes
the objectivity of the results, as the measurable economic impact strongly counters statements of favor or
aspects of social desirability. The technical PoC developed in the case studies helped to ensure hands-on
experience by the participating companies and thus to ensure the validity of the results, the elicitation of
further requirements, and thus joint further development. For the implementation of the PoC, we followed
established approaches from science and practice. Accordingly, the PoC was structured into the edge,
platform and enterprise tier (Morth et al., 2020). The two case studies show the same structure, starting
from the formulation of a cooperative value proposition through the specification of the value proposition
to the implementation of the PoC (Weber et al., 2021).

Case Study Design based on Yin (2018)
|
|
__________ Preparation |- ________ —e—ee--] Preparation |-_______J Preparation | _________________.
Workshop 2 Workshop x Workshop ... Design

Principles
---------

Preparation
Workshop 1

Preparation
Workshop 3

Qualitative Content Analysis
based on Mayring (2014)

Main Artifact:
Pay-per-Part

Researchers

---------

Practitioners

Workshop 1

Implementation
(Proof of Concept)

Workshop 2

Value
Proposition in
Ecosystems

Utility for the
specific case
companies

Utility for the
specific
implementation

Figure 2. Scheme of the Research Design Based on (Sein et al. 2011)
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Alongside the iterative process two case studies based on Yin (2018) with internal preparation workshops
of the researchers and main workshops with all case participants were conducted (see figure 2). The
participating companies shown in table 1 are all considered large-scale enterprises (lager than 250
employees) and are all German-based enterprises. The preparation workshops were intended to prepare
for the main workshops and to set the observation questionnaire. Data was collected alongside every
iteration step (see artifact 1,2,3,... in figure 2) in form of written protocols and photo protocols done by the
researchers. The data analysis was conducted through qualitative content analysis based on Mayring (2014)
(see chapter Data Analysis).

Case Excavator (CS 1) Case Automotive (CS 2)

# Company (Participants) # Company (Participants)

E1 | Re-insurance (Head of IoT, Head of Finance in IoT) A1 | Original equipment manufacturer (Chief

Engineering Officer)

E2 | Industrial service provider (Managing Director, CEO, A2 | Bank (Managing Director)
CO0)

E3 | Manufacturer of industrial sensor technology (IoT Strategy | A3 | Industrial service provider (Managing
Manager) Director, CIO)

E4 | Manufacturer of wheel excavators (Managing Director, A4 | Mechanical engineering company (CEO)
Division Manager)

E5 | Internet and information technology supplier (CAQO)

E6 | Mechanical engineering company 1 (CEO)

E7 | Mechanical engineering company 2 (Technical Manager)

R | Two researchers in both cases (authors of this research work) and a neutral project manager affiliated to the
researcher.

Table 1. Participating Companies in the Two Case Studies

The involved researchers documented the workshops in written protocols and photo protocols of work done
on flipcharts. The project manager had the role of managing the cases and following the taken workshop
approach proposed by Weber et al. (2021).

Data Analysis

The text material and the research question form the first step for the qualitative content analysis. We
followed the iterative steps of inductive category development by Mayring (2014). An inductive approach
was chosen due to the lack of existing categories (PpP DPs). The following figure 3 illustrates the steps
taken. The second step comprises of a pre-definition of first DPs as categories. In the third step the text
material from the excavator case was worked through by one author, the automotive by another. A first set
of DPs for each case was formulated as a draft. In a workshop within the fourth step the two sets of DPs
from each case were aligned and revised. With this fixed set of DPs, the text material was worked through
a final time in a fifth step. Considering the alignment and revision of the categories a second work through
of the material was completed with the intra-coder and inter-coder check taken into account. These
categories in the form of DPs can be found on table 2 and the following chapters (sixth step).

Step 1: Step 2: Step 3: First work through Step 4: Alignment and Step 5: Final work through Step 6:

Research Pre-definition of text material case automotive | | revision of categories text material case excavator Findings

question and design principles within a workshop with and

text material as categories Step 3: First work through the authors Step 5: Final work through analysis
text material case excavator text material case automotive

Figure 3. Taken Steps of Inductive Category Development Based on (Mayring 2014)
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Case Study Excavator (CS 1)

The seven companies (see table 1 left side) were represented by at least one managerial director or division
manager. A total of eight face-to face workshops was conducted with participating companies between
February 2018 and April 2019. Six workshops were held at meeting rooms from the researchers, one was
held at the production side of the manufacturer of wheel excavators and one meeting at the re-insurance
company. Smaller meetings were held between workshops especially for the technical implementation
(technical task group). The technical task group implemented the requirements given by the decision
makers and gave feedback about their progress to the decision makers. In addition to the workshops,
informal one-on-one meetings with company representatives were held on a regular basis. For reasons of
confidentiality, these conversations were not recorded but put into written memory protocols afterward.

Initially, there were only bilateral relations between the partners and there was no ecosystem in place. The
companies became aware of the opportunity of sharing data across company boundaries and thus be able
to realize PpP within an ecosystem. This ecosystem provides the manufacturer of wheeled excavators a
payment-per-part for the production of the turntable of wheel excavators. The turntable is the connecting
piece of a wheeled excavator between the upper and lower carriage. This turntable passes through several
production steps. In the production of the turntable several physical assets are involved, the milling
machine, the screwing machine, and the turntable itself. Within the ecosystem, the wheeled excavator
manufacturer no longer produces the turntable itself or even owns the machines, but the entire effort is
provided by the ecosystem. To realize PpP of the turntable, a prototypical implementation was realized as
part of the case study. In the first phase, digital representations of those three assets were implemented.
The digital representation of the screwing machine, for example, collected data about the torque and the
angle of rotation. In addition, the turntable was tagged with an RFID sensor to be able to identify the
turntable in the production flow. A detailed view on the responsibilities and involvement of the companies
is later given within table 2.

Case Study Automotive (CS 2)

Initially the participants (see table 1 right side) were only involved in bilateral relations. The original
equipment manufacturer (OEM) noticed a business potential in implementing a PpP approach in one of
their assembly lines. Within eight workshops (two face-to-face meetings at conference rooms of the
researchers and six online meetings) an ecosystem-based PpP approach was developed together with the
participants. It was important that all ecosystem participants had an added value by the implementation of
the PpP approach. The desired added value of the OEM was to reduce capital expenditure and gain
operational expenditure as well as to react to highly fluctuating market dynamics. The desired added value
for the bank was to expand their new business model in PpP and to become a strategic partner for industry
enterprises. The industrial industry providers’ aim was to achieve customer loyalty and expand their digital
business unit as well as functioning as the operator of the assembly line. The mechanical engineering
company desired added value consisted of new business models based on better know-how of the machinery
performance in the field to further improve for the next generation of machines.

The workshop-based approach of implementing a PpP value proposition within a data ecosystem took place
between January 2021 and May 2022. Shorter meetings were held in between the workshops for the
technical implementation (technical task group). The technical task group implemented the requirements
given by the decision makers and gave feedback about their progress to the decision makers. Transparency
of the machinery of the assembly line was achieved via digital representation. Different kind of information
needs from the perspective of the respective participants was collected and the corresponding data und
context for the information defined. In a first step the data (parts per hour) came from the Manufacturing
Execution System (MES) of the OEM and was provided in a cooperative data space for all ecosystem
participants. In a second step the implementation was shifted to gather data directly from the machinery
besides the IT of the OEM. A detailed view on the responsibilities and involvement of the companies is later
given within table 2.

Evaluation

ADR focuses on the construction, intervention, and evaluation of an artifact. The goal of the evaluation is
the ongoing improvement of the artifact (Sein et al., 2011). This continuous evaluation in the ADR process
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is called the human risk & effectiveness evaluation strategy in the FEDS framework (Venable et al., 2014).
In addition, a quick & simple evaluation strategy was used to evaluate the final DPs with experts which were
not part of the case studies (Venable et al., 2014). March & Smith (1995) were used for choosing the
evaluation criteria. The evaluation focuses on the following three evaluation criteria: (1) completeness, in
terms of the DPs for PpP, (2) usability, regarding the comprehensibility of the DPs for the target group
practice and academia, (3) functionality, in terms of the benefits that the DPs provide in establishing pay-
per-part models in ecosystems.

As part of the quick and simple evaluation two semi-structured expert interviews (Myers & Newman, 2007)
were conducted. Expert 1 represents the field of academia as a postdoctoral researcher with focus on
ecosystems, platform economy and industry 4.0. The expert is seen as a good fit in regard to the three
evaluation criteria from a research perspective. Expert 1 was not part of the two case studies or research
activities connected to it and is not affiliated with the authors. Expert 2 is a practitioner as a product owner
PpP at a mechanical engineering company, the expert is seen as a good fit especially considering the
completeness and usability of the DPs. The mechanical engineering company offers a PpP business model
in collaboration with a financial institute and an IT company. Expert 2 is also not affiliated with the authors
and the mechanical engineering company which offers the PpP solutions was not part of the two presented
cases. The semi-structured interviews were conducted and recorded via an online video call by the two
researchers. Interviews took place in November 2022 and had a length between 60 and 90 minutes. In the
first part the ecosystem view (see figure 1) of the research was explained to the experts. Followed by a
presentation where the basic conditions as well as the DPs were presented and the response of the experts
was visualized. The remarks and adaptions recommended by the two experts were noted by the researchers
and visually presented to the experts. The summarizing transcript was analyzed using hermeneutics (Myers
2020).

Findings

In addition to the basic conditions presented in the chapter related work, the PpP DPs were derived from
the case studies. Table 2 illustrates the key findings from each of the two case studies. It shows in which
workshop of the case study the derived DPs were generated. In the assignment of the DP and the workshops,
large differences in the case studies can be observed for the following reasons. CS 2 is a smaller ecosystem
and was initially built around the PpP scenario whereas CS 1 had a more open approach in finding the
scenario PpP. The presented order is based on the appearance of the design principle (DP) in the OEM case
study (CS2) and does not represent importance.

# | Findings from the Cases Work- DP
shop #
Ecosystem partners must have complementary capabilities to realize PpP. W1, W2
Examples of key capabilities are:
ale Mechanical engineering company: production know-how
O | o  Re-Insurance: risk know-how, capital strength Ay
e Industrial services provider: represented globally and locally, vendor A~
neutrality 8
Examples of key capabilities in CS 2 are: Wi ?
e  OEM: product know-how, production know-how, operation know-how, access =
to the market '%
:D“ e  Bank: financing know-how, risk know-how, capital strength &
O | e Industrial service provider: operation and service know-how, vendor ©
neutrality, connectivity know-how
e  Mechanical engineering company: machinery know-how, production know-
how, process know-how
One of the key enablers for the PpP is that based on the shared data, one or more W5 W 0 ©
partners can take over the financing of the assets in the field. To take on the 6,W7 g =
financing, it was important to the ecosystem partners that the very wide range of S5 g
S o €= 3
a r1§ks_1s shared between the partners. Examples of risks in the case study were & E *i
O | distributed as follows: -g o &
e Mechanical engineering company: asset risks < E 2
e Industrial service provider: process risk i =
e Re-Insurance: part failure in the field &
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CS2

As the part assembled in the line is critical for the safety of a vehicle, the allocation
of the risks of the part, the process, the failure of the line or missing demand was
intensively discussed and assigned to the partners as follows:

e  OEM: parts risk stayed with the OEM

e Industrial service provider: process risk

e  Mechanical engineering company: process risk, asset risk

The risk of breakdowns or no demand needs to be distributed to all four partners of
the ecosystem.

CS1

The case study showed that PpP only works if the asset is as standardized as
possible and can be used in different contexts. The standardization must be the
given to be attractive for the partners from the perspective of financing and risk.

W4, W
5 W6

CS 2

The automotive case showed that the asset know-how is needed to understand
where in the assembly process of cars a PpP scenario is useful. From a financial
perspective it is only possible to finance assets which are standardized. This showed
some difficulty as the chosen assembly line is highly specified to the OEMs needs.

Wi, W2

Specification of the

PpP scenario and

selection of
relevant assets

CS1

The different roles of the partners in the ecosystem must be distributed and
unassigned roles must be allocated to a partner or new partners and/or service
providers. The basis for the specification of the roles are the capabilities of the
partners. Below are examples of the roles from different partners of the ecosystem:
e Mechanical engineering company: asset provider, 2nd level support.

e  Re-Insurance: asset owner, risk assumption

e Manufacturer of industrial sensor technology: connectivity provider

CS2

In the case automotive, the following roles could be identified which are necessary

to capture the mentioned added value:

e  Bank: asset owner, risk taker, financier, payment provider

e  OEM: specification of product & processes, risk taker, asset operator,
connectivity provider

e Industrial service provider: risk taker, asset maintenance, connectivity
provider

e Mechanical engineering company: specification of machinery & processes,
risk taker, connectivity provider

Role allocation within the ecosystem

CS1

All partners must transparently document the benefits that arise for their company.
It became clear that the benefits of implementing PpP can be very different. Below
we briefly summarize a selection of benefits:

e Industrial service provider: expansion of the service portfolio, e.g., by
assuming a broker role for production capacities or by increasing plant
productivity.

e  Manufacturer of wheel excavators: reduction of fixed capital, stable
calculation basis, increase of production flexibility.

e Mechanical engineering company: simplified start of operations, fast
payment.

CS2

In case 2 the participants specified the following added values:

e  OEM: becoming more efficient, reduction of costs, capital expenditures to
operating expenditures.

e  Bank: offering new financial services

e Industrial service provider: becoming more efficient, expanding their existing
business model of servicing the machines.

e  Mechanical engineering company: becoming more efficient, expanding their
existing business model in the direction of data services.

Transparency about added value

CS1

Based on the defined value for each partner, different information requirements are
derived for each partner. The information requirements of the manufacturing
company included the number of produced good parts per hour. For the insurance
company, downtimes, setup times and scrap rates. For the industrial service
provider, torque, and the utilization of the plant.

W 3, 6,
activities
of the
technical
task
group

CS2

For each partner of the ecosystem different information requirements are needed to
fulfill their roles. Production output per hour and availability of each assembly
station were the most important information requirements.

W5-
w8

Implementation of
the information

requirement
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From the viewpoint of the companies and their data security officers, the cross- W5,
company data exchange cannot be implemented in the existing IT systems of the 6,activiti
partners. This was especially due to reservations regarding trustworthiness and es of the o
& | technical feasibility. For this reason, additional sensors were attached to the assets. | technical | § =
O | The cooperative data space for PpP was therefore set up outside the partners' task s g =
existing IT structures. A German cloud solution was used for this purpose. For group 8L E
analyses, the partners can link the cooperative data space to their existing IT ° & g
systems as an additional data source. = g =0
The MES system of the OEM was the data source of the information required for Ws, % < g °
the first PoC. The data was provided to the cooperative data space by the industrial | activities & E* % =
(‘,‘J‘ service provider, open to all four partners and visualized via a dashboard. In a next | of the ST g
O | step the partners had agreed on the implementation of the data source directly technical =
form the asset, creating a digital representation of the asset. task
group
The partners were only ready to further develop the PpP scenario when there was Wi, 2
transparency about the process. Otherwise, the risks were not tangible for the
— | partners. The case study demonstrated that creating transparency is a good entry
@ | point into PpP approaches for the companies. In this case, digital representations of &
Q . e . . . =}
three assets were implemented, the milling machine, the screwing machine, and the = 8
turntable itself. The digital representation of the screwing machine captured data of 28
the torque and the angle of rotation. < a
Creating a digital representation of the assets is crucial for a PpP system. In the W5 g
;)\' automotive case we consolidated on a few parameters for the digital representation
O | to achieve asset transparency. These parameters were output per hour, availability
of stations of the assembly line as well as the cycle time.
It is important for the technical specification to focus on condition data of the Wi, 2,
assets. This focus increases the acceptance of data sharing and increases the speed activities
5 of implementation. Additional contextual information will be relevant for the of the -
O | realization of the PpP concept and can be integrated into private data spaces in a technical 2>
second step. task _E g
group @ §
An important step in ensuring data security and trustworthiness which was very Activities g =
important to the participating companies is the focus on machine-based condition of the 55
;)\' data and no personal data infringing the GDPR rules. Another level of security isto | technical ER
O | distinguish between data, context, and information. Data without the context could | task &=
be easily shared. However, the contexts of the data which makes it an information group
was only shared with a limited number of stakeholders.
The shared data enables the partners to implement other value-added scenariosin | W5, W7 | o g
_ | addition to PpP. In the case study, process optimization, predictive maintenance, g8 B
vy | risk management and other services could be realized based on the shared data. = 2 3
© | The case proved that only the PpP scenario is economically not suitable. %58 g
BEE A
=
The transparency of the output per hour of the assembly line to all ecosystem w38 2 g <& ii
S partners has generated ideas of new additional services such as improved g S
O | maintenance, new production planning and spare parts supply. < é :;'L
Table 2. Design Principles for Pay-per-Part Derived from Case Studies

Evaluation of the Design Principles

The above-mentioned DPs were presented in the evaluation interviews. Several suggestions to the
clustering and allocation of the DPs were made by the experts. The DP capabilities within the ecosystem
was confirmed by both experts in the evaluation and is closely linked of the DP roles allocation. Expert 1
further stated that a compilation of both DPs to one DP would increase effectiveness. Expert 2 highlighted
the need of two different DPs as the capabilities are an important aspect of the ecosystem design. Expert 2
also stressed that stating their companies’ capabilities is not an easy task for decision makers.

One adaption to the DP risk and financing sharing within the ecosystem was made. This DP was divided
into two DPs for better understanding. Expert 1 stated due to the importance of the DP it should be listed
separately. The split DP risk sharing within the ecosystem was viewed as a critical DP from expert 1. To
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know which partner faces which risks, the ecosystem must cover all existing risks. Expert 1 noticed the risk
of accountability of the asset in the field. This risk occurred in both cases. Expert 2 resolved that it is not
possible without the sharing of risks within the ecosystem. The DP asset financing within the ecosystem
was confirmed by both experts. Expert 2 stated that connected with the financing of the asset the pricing of
the single part is a difficult task as standardized pricing concept will not work within a data ecosystem.

An in depth analysis also from the technical experts is an absolute necessity claims expert 2 confirming the
DP specification of the pay-per-part scenario and selection of the relevant assets. Knowledge about each
process must be made available in order to gain knowledge for example of the possible risks. Expert 1 agreed
with the statement that the scenarios must be thoroughly thought trough.

The DP role allocation within the ecosystem was also agreed on by both experts. In addition, expert 1
mentioned the dynamic change of roles within an ecosystem over time. This could also be a possible
scenario within the data ecosystem PpP. Expert 2 sees the allocation of the roles and the partners within
the ecosystem as eagerly important to reach the transparency about the added value.

The DP transparency about the added value was declared an important DP from both experts. It was
considered an absolute necessity to support is an existing business case (stated by expert 2). Expert 1 added
that transparency also improves trust within the ecosystem. Occasionally the added value is not always
perceived as direct but can also be indirect for example the additional services in the other DP.

The DP implementation of the information requirement can be a controversial aspect within the partners
of the ecosystem according to expert 2. It must be clarified which partner is sharing, what data, to whom.

The DP cooperative technical implementation / implementation besides the existing IT is of importance
especially for new and development projects according to expert 2. For out of the box solutions companies
are working on standardized containers to implement within the existing IT landscape.

Expert 2 stated the DP asset transparency is of relevance for a PpP value proposition and stressed that
other than stated above to gain transparency the digital representation is not always needed. Expert 1 stated
that this DP could be seen as a basic condition, which must be given for every data ecosystem and further
mentioned the mobility data space, which designs a data space connector that creates the basis for
connecting assets to the mobility data space based on open-source software.

Very important and underrepresented is the DP trustworthiness / data security stated expert 2. The
distinction between data, context, and information to improve data security is seen as crucial by expert 1.

Expert 1 sees approaches of coopetition (cooperation and competition) within the DP additional services
based on shared data. Expert 2 also identifies the rise of these additional services outside of PpP coming to
marked. Such services may also arise over the lifetime of the ecosystem.

Design Principles for Pay-per-Part

The DPs presented in table 2 and subsequent comments within the evaluation indicate that they are relevant
for different stakeholders within the scope of the case studies. In the case studies, a breakdown into business
and technology task groups was made. The business task group, consisted of the decision makers as well as
the product managers, the technology task group attendees were developers of the physical asset and
software developers. The evaluated DPs are presented in figure 4 on an abstract level with an allocation to
the stakeholder group. The numbering of the DPs from one to eleven does not represent an order or
importance of the DPs. It is chosen to help the understanding and the overview about the DPs. It is based
on the appearance of the DPs in CS 2 (see table 2) as well as the allocation of the DPs to the stakeholder
group. As a basis for structuring, the IIRA was used, with its various viewpoints and corresponding
stakeholders (Lin et al., 2019). The eleven DPs are described in detail in the following with the necessary
information about action and material properties of the DPs following the understanding of Chandra et al.
(2015) were as the boundary conditions are PpP ecosystems with a cooperative value proposition.

DP 1 capabilities for pay-per-part: Decision makers must assess which capabilities their companies have
and add to the ecosystem. As a base of needed capabilities for PpP, the following were observed:
connectivity know-how, financial know-how, market access, process know-how, production know-how
(asset), product know-how (part), represented globally and locally, risk know-how, service know-how,
vendor neutrality, and operator know-how.
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Q.
5 ‘ DP 1: Capabilities || DP 2: Risk sharing DP 3: Asset financing || DP 4: Transparency
3 pecision- || for PpP within the ecosystem || within the ecosystem || about added value
& Mak
'L: T a.ers DP 5: Role allocation H DP 6: Additional services based on shared
4] a within the ecosystem || data for the PpP value proposition
§ Engineers &
> Product
@ || Managers || DP7:
ar [ Specification of
o - he PpP
6 System & the p' -
x Component || scenario and DP 8: Implementation DP 9: Asset DP 10:
\© | |_Architects || selection of 1l of the information Ll transparency || Trustworthiness
= ‘ relevant assets || requirement / Data Security
'c Developers,
S Integrators || DP 11: Cooperative technical implementation / Implementation beside the existing IT
|9 L L& Operators
Figure 4. 11 Pay-per-Part Design Principles

DP 2 risk sharing within the ecosystem: The different sources of possible risks must be shared across the
partners of the ecosystem. The identification as well as the apportionment of the risks are difficult and
highly dependent on the chosen asset, domain, and partners setting with the ecosystem. The following risks
could be observed: failure in asset output or asset break down, risk of part breakdown in the field, process
risks, and risk of marked fluctuation.

DP 3 asset financing within the ecosystem: The high-level decision makers within the ecosystem must
assure the existence of the financier role. This is closely linked to the knowledge of existing risks as well as
the pricing of the final part which might be difficult to assess. Due to fiscal policies highly customized
machinery may cause difficulties in the balancing of companies. Therefore, a focus on standardized assets
is advisable when the reduction of capital expenditures to operational expenditures is strived for.

DP 4 transparency about added value: Not only the decision makers must recognize the added value
achieved by the PpP approach for their company but also the other partners within the ecosystem. Possible
added values in the context of PpP are flexibility, scalability, less bound capital, risk sharing and the
enablement of new business models but could also occur in an indirect manner for example through
additional services. However, the assumed added value must be within the strategic scope of the company.
Transparency of the added value for the different partners in ecosystems without a keystone player, further
prevents that one partner of the ecosystem might be favored and hence promotes trust.

DP 5 role allocation within the ecosystem: Within a PpP business model different roles can be observed.
Decision makers und project managers must be aware of which roles are needed and which role is appointed
to which partner. Also, partners can hold multiple roles or share roles depending on the domain and case.
Role allocation could also evolve during the lifecycle of an ecosystem. The roles are closely linked to the
above-mentioned added value. The following roles were central for pay per part value propositions to the
two case studies: asset provider, asset operator, asset owner, connectivity provider, financier, payment
provider, risk assessment, risk taker, and service provider.

DP 6 additional services based on shared data for the pay-per-part value proposition: Decision makers
and product managers must be aware and ready to capture additional services based on the shared data
and contexts and add value for the ecosystem partners. E.g., transparency on the machinery condition can
help improve service efficiently or allow predictive maintenance.

DP 7 specification of the pay-per-part scenario and selection of relevant assets: For the lower-level
technical experts, specifying the scenario as well as the asset (machinery) and the part to be produced is
highly relevant. They are the stakeholders which can point out added value, technical challenges of
advantages of choosing the suitable asset. DP 3 can be of assistance for DP 7.

DP 8 implementation of the information requirement: Stated information requirements from the decision
makers need to be implemented by the stakeholders of the technical level. Other than in data-lake
approaches, the chosen cooperative data space approach is based on the principle to only include data
required for the chosen value proposition. Data is provided by the digital representation of an asset (see DP
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9). Data which does not add value is not collected in the data space of the ecosystem. Challenges can arise
in the discussion which partner provides which data and what kind of contexts to make it an information.

DP 9 asset transparency: PpP is based on the transparency of the assets. Information requirements will
define the needed condition data. This transparency is established via the digital representation based on
the condition data. The implementation is provided by the technical stakeholders.

DP 10 trustworthiness / data security: Trustworthiness and data security are key in such an ecosystem.
The focus on condition data of the machines and not on personal data as well as the differentiation between
data, context and information is important. So, data can be shared with all partners of the ecosystem, but
contexts might be restricted. The approval of the respective responsible data security manager of the
companies within the ecosystem must be given.

DP 11 cooperative technical implementation / implementation besides the existing IT: Linked to the
implementation of the information requirements the technical cooperative implementation should be
outside existing IT structures of the companies. This improves data security and provides a higher
acceptance among the technical stakeholders. A provider of platform services (cooperative data space) is
needed to host the digital representations. This could be provided by a partner of the ecosystem or an
external service provider dependent on the case requirements.

Implications

Decision makers, e.g. CEOs or CIOs pursuing a PpP approach need to ensure knowing which ecosystem
perspective they want to follow. Either the company is part of an ecosystem with a keystone or partner
within an ecosystem with a cooperative value proposition. As figure 1 indicates schematically with the
arrows, the openness for collaboration between different companies is bigger in the researched setting of
an ecosystem with a cooperative value proposition. Accompanying the companies over the years of the case
studies showed that there must be an openness to such cooperations on the top-level management of a
company. One big factor is trust within the ecosystem which is also mentioned amongst others by Baars et
al. (2021) and Gelhaar & Otto, (2020), and stated as a basic condition in the related work chapter.

If companies want to follow the ecosystem approach with a cooperative value proposition, the stated DPs
can be a guidance for decision makers in building a PpP value proposition. The different partners within
the ecosystem can realize various PpP value scenarios (DP 7) based on the roles and capabilities they
contribute to the ecosystem. Which assets and the definition of the part is a crucial factor for the success of
the ecosystem. An emphasis should be taken on standardized assets. Decision makers must be aware of
which added value will arise for which partner (DP 4) fundamentally helping in building trust within the
ecosystem. Only through the combination of roles and capabilities it is possible to realize the shared PpP
value proposition (Miiller & Buliga, 2019; Endres et al., 2019). Especially the roles financier, payment
provider, asset provider, and risk taker are seen as highly relevant and must be taken on by the partners of
the ecosystem (DP 1 & 5). Furthermore, the role of the asset manufacturer must be structured differently
than traditionally. A high degree of asset standardization is required to implement PpP, which might be
very challenging for customized machinery. Only with a high degree of standardization the risk is assessable
and tradable for an insurance company, which is important for the role of risk taking (DP 2). To be able to
achieve this standardization, it is necessary that the users of an asset do no longer provide a product
specification for their own application context, rather it is necessary that the user of a product specifies
which result (part) he requires at the end of a production process. This shifts the decision on the design and
configuration of an asset back from the user of an asset to the manufacturer of the asset. The service
relationships between the partners in a data ecosystem with a cooperative value proposition PpP, is closer
than in data ecosystems with other business models (Leski et al., 2021; Leimeister et al., 2010; Terrenghi
et al., 2018; Weber et al., 2020). This becomes particularly clear when we consider that the role of risk taker
is shared between several partners of the data ecosystem, because risks arise at different points within the
ecosystem (DP 2). As well as the asset financing, which must have deep knowledge about the asset to
understand its output and market potential (DP 3).

Furthermore, the findings of the two case studies indicate that just the PpP value proposition is not an
economically viable business model for the partners in an ecosystem without a focal company. Decision
makers and developers must therefore work on the realization of additional services based on the
cooperative data space and asset transparency (DP 6 & 11). These additional services e.g., preventive
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maintenance or process optimization, lead to an economically superior ecosystem with a focus on the
shared value proposition PpP.

In contrast to PpP approaches with focal companies (Wulf et al., 2019; Angelo & Barata, 2022), the two
conducted case studies have made first indications that data ecosystems with the cooperative value
proposition PpP and additional services would profit from a separate legal entity that empowers the sharing
of data (DP 9 & 10). This confirms the findings of other authors and demonstrates that it is very important
for the separate entity to create a balance between larger and smaller partners in data ecosystems (Otto et
al., 2022; Baars et al., 2021; Weber et al., 2020). Only if this balance is achieved for example through a legal
entity a long-term cooperative use of data is possible. This legal entity must also regulate which partners
contribute which data and therefore specify which services will be realized based on the shared data (DP 8).

Conclusion and Limitations

Results from our conducted case studies indicate that for the development and implementation of strategies
in the context of digital transformation an interplay of several partners in one ecosystem is essential. The
interplay of several DPs is required to be able to realize PpP. The results of this paper therefore provide a
first structure for decision makers and researchers to identify which DPs are needed to create a cooperative
value proposition within a data ecosystem. However, the findings do not show the order in which the DPs
have to be structured. PpP approaches are currently becoming increasingly relevant, especially in the
context of the Covid-19 pandemic, the energy crisis and other factors that make long-term planning difficult.
The reduction of investment costs, flexibility and the reduction of fixed costs are therefore becoming
increasingly relevant.

The presented DPs were derived from a limited number of two case studies using ADR. Whether some of
the principles also apply to ecosystems with a keystone player should be part of further research which
therefore is a limitation towards our research. The two case studies were accompanied by the authors from
the initiation of the ecosystem to the PoC. The roll out of the ecosystem (additional cycles within ADR) was
not part of the research. How successful the PpP business model is in the context of scaling and in long term
cannot yet be assessed. This study is also limited by the qualitative approach of only two case studies in
somewhat similar contexts where the participants had no prior knowledge about PpP in data ecosystem. As
well as the limited number of two expert interviews for the final evaluation.

Future Research

Further research activities arise from the taken research approach as well as the resulting DPs itself. DPs 1-
7 regarding the business representatives opens up a variety of different implications as future research
needs which should be addressed. E.g., which category of assets are well suited for PpP approaches or how
the appearance of different kinds of risks could be quantified and combined with the financing to a final
part price. For the DPs 7-11 blueprints and methods of how a successful implementation is made are a key
artifact coming from research serving practitioners. Whether the DPs might change with additional
knowledge of companies about PpP in data ecosystem needs to be assessed. Further research is especially
needed for a possible standardization of the design of the digital representations. As PpP business models
find their way into a broader use by enterprises in the future the DPs must be further evaluated from the
business and technology group perspective towards completeness, usability, and functionality in their
practical application and formulated into an applicable method. Additionally, the question arises how a
legal entity can be structured housing a PpP value proposition in data ecosystems which could be done with
additional cycles using ADR surpassing the PoC towards a PpP business model. An in depth analysis when
and which ecosystem approach (see figure 1) is more suitable in which situation remains a task to be done
for future research, as well as the embedding of PpP as a business model (Miiller & Buliga, 2019; Endres et
al.,2019) into approaches like product-service-systems. To address these questions and to increase the
robustness of the DPs additional ecosystems outside of the presented domains need to be initiated.
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