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ABSTRACT

Digital Twins are one of the most trending topics. However, there are still open issues in the development
of Digital Twins. One of these impediments is formulating a clear and valid value proposition of a
Digital Twin. Therefore, this paper presents a novel business modelling approach for Digital Twins.
Based on a literature review and an academic case study, different business modelling approaches and
techniques were systematically compared, selected and adjusted in order to develop a new framework
suitable for describing the value of Digital Twins. It consists of 10 steps — (1) describe a basic
development concept of the DT, (2) identify the customer segments, needs and pain points, (3) derive a
value proposition (4) identify revenue streams and values created, (5) identify key activities, (6)
resources needed, and (7) necessary partners. (8) Adapt the organization to fit the business model and
(9) evaluate the cost structure of the project. In the end, document and communicate the new business
model (10). Each step is supported by auxiliary methods, tools and procedures. The approach was
applied to a scientific case study. In an initial evaluation the overall applicability and usefulness of the
approach were confirmed.
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1 INTRODUCTION

Nowadays, companies of all sizes and from all industries are confronted with a variety of challenges in
the development and production of products. The demand for ever shorter innovation times in the face
of increasing complexity and a greater number of product variants increases the requirements on the
product development process (Ehrlenspiel and Meerkamm, 2017). In addition, there is an increasing
demand for more individualized, high-quality products, with lower production costs at the same time
(Gundlach and Fay, 2022). Many companies try to address these challenges with the potentials and
possibilities digitalization offers. Especially the "fourth industrial revolution” (Industry 4.0) and other
data-driven approaches are able to leverage technical product development (Masood and Sonntag,
2020; Trauer et al., 2020b). One of the most trending and promising concepts in industry 4.0 is the
digital twin (Eckert et al., 2019).
Since the first mention in the early 2000s, a myriad of different definitions of the term "digital twin"
(DT) have been published. None of them is exclusively valid. However, in order to create a common
understanding, in this paper the definition of Trauer et al. (2020a) is being used: "A Digital Twin is a
virtual dynamic representation of a physical system, which is connected to it over the entire lifecycle for
bidirectional data exchange". Depending on the lifecycle phase a DT solution is contributing to the
most, the term can be subdivided in "Engineering Twins", "Production Twins", or "Operation Twins"
(Trauer et al., 2020a). The DT is said by most to have great potential. Numerous publications promise
great benefits of this concept for all phases of the product lifecycle. However, even more than two
decades after the first mention of DTs, companies are still struggling in the conception and
implementation of DTs (Perno et al., 2022). In a survey, Trauer et al. (2022) analysed the challenges in
implementing DTs. Among other things, most of the participants stated that "identifying a clear and
valid value proposition™ is likely or very likely to cause problems in DT projects. Further, one participant
specifically suggested to “...focus on when a DT can add which value". Another one suggested to
highlight "advantages of DTs in business use cases™ in future research "...since - especially in more
‘classic' engineering companies - people are quite sceptic against such digitalization and clear
arguments and advantages are needed to convince them, that this is the way" (Trauer et al., 2022).
Consequently, there does not seem to be a suitable business modelling approach, practitioners could use
to describe and quantify the value of DTs. Therefore, this paper aims at addressing three research goals:
1. ldentify elements of existing business modelling approaches suitable for DT solutions.
2. Develop a novel Digital Twin Business Modelling Approach (DTBMA) based on the previous
investigation.
3. Initial evaluation of the DTBMA in an academic case study.

2 STATE OF THE ART

2.1 Methodology of the literature review

To structure and guide the systematic literature review, a research strategy was built (cf. Table 1). Some
of the terms were truncated to avoid missing important literature due to deviations from the keywords.
To identify relevant literature on business modelling, search strings were derived by combining the
elements of the columns using the Boolean "OR" operator. The columns were combined by AND
operators. The search strings were entered on Scopus (www.scopus.com, updated February 2023).

Table 1. Literature research strategy

Aspects
» | Business Model Digital Twin Assessment Use Case
; Value* (Proposition) | Digital Shadow Success Case Study
S | Value Creation Simulation Model Evaluation Application
S, Digital Model Scenario
%)
Industr*

To condense the literature review, the results were systematically limited to the field of engineering,
publications containing "Digital Twin™ or "Business Model" as a keyword, and finally filtered by their
content. The extended keyword search process can be found in Figure 1.
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Search Field of “Digital Twin*“ or Relevant
String Engineering “Business Model Content
as Keyword

All 15 factors

Figure 1. Keyword search process

2.2 Business model

Many definitions on "business models" exist leading to different basic interpretations of the concept
(Gassmann et al., 2014). Massa et al. (2017) identified in a literature review three categories of business
models - "(1) business models as attributes of real firms, (2) business models as cognitive/linguistic
schemas, and (3) business models as formal conceptual representations of how a business functions".
Teece (2010) defined a business model as a "manner by which the enterprise delivers value to customers,
entices customers to pay for value, and converts those payments to profit". However, DTs per se are
often not monetarized, leading to no increased profit. Therefore, in the course of this paper, the definition
of Osterwalder and Pigneur (2010) is used, describing business models as "the rational of how an
organization creates, delivers, and captures value". To identify the basic elements of existing business
modelling approaches, relevant publications were systematically analysed and compared (cf. Table 2).

Table 2. Overview of basic business model elements
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Key Activities X | X |X|X X | X | X | X | X | x| x|x|x]13
Key Partners X | X | X|X X | X | X | x| x| x| Xx|[x|x]13
Cost Structures / Budget X | X | X X | X X x| 7
Market opportunity X 1
Competitive environment X x| 2
Market strategy X 2
Organizational development X X X 3
Competitive advantage X X X 3
Development Concept X 1
Legal Issues X 1
Information & Insights (key X 1
resources)
Management team / Leadership & % | x 2
governance
Organization X 1
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One of the most important elements of business models are the target customers (Osterwalder and
Pigneur, 2010; Gassmann et al., 2014). They can be grouped into customer segments, for example,
according to demographic, expectation-based, or sales-based criteria (Osterwalder and Pigneur, 2010).
To manage the requirements, needs and expectations of the end customers, customer relationships
need to be considered. Strategic customer relationships support the acquisition of new customers, the
maintenance and management of existing customers resulting in an increase of sales (Osterwalder and
Pigneur, 2010). Related to the customer relationship are the channels through which the company
interacts with the customer. Channels are used to communicate, deliver, and market the value
proposition and play an important role in the customer experience (Jodlbauer, 2020; Osterwalder and
Pigneur, 2010). Classic channels include direct (own sales department and internet sales) and indirect
(own stores, partner stores, wholesalers) channels (Osterwalder and Pigneur, 2010). However, as DTs
are only rarely sold, this plays a minor role for a DTBMA. Internal customers need to be considered,
but they will not create any revenue.

Next to the target customers, the value proposition is at the core of most business models. This
element represents products and services that the company offers to a specific target customer to solve
the customer's problems and fulfil the customer's needs (Jodlbauer, 2020). Every company
differentiates themselves from their competitors through their value proposition (de Kluyver, 2012).
The value proposition can be developed based on customer requirements, innovations, or the addition
of features and attributes to similar existing value propositions (Osterwalder and Pigneur, 2010).

To realize the value proposition key activities, resources, and partners are necessary (Schallmo, 2014;
Osterwalder and Pigneur, 2010). The required resources can be human, intellectual, data, information,
software, physical, technical, managerial, relational, and financial resources (Hamel, 2002; Johnson
and Lafley, 2010). Hereby, it must be determined whether the resources and activities are realized
internally or externally. Common partnerships can be related to suppliers, academia, technology,
development, design, software, manufacturing, and service providers. Further, revenue streams and
cost structures need to be determined (Gassmann et al., 2014). Revenue streams describe the main
types of income a company generates (Osterwalder and Pigneur, 2010). Besides the sale of assets,
revenue can also be generated by leasing, license fees, user fee for services, and subscription for
services (Jodlbauer, 2020). The cost structure includes all costs to execute a business model, namely
customer relationship maintenance, channels, key activities, partners, resources, and value creation
(Osterwalder and Pigneur, 2010).

2.3 Business modelling for digital twins

Some literature already emphasizes the importance of DTs for the transformation of business models
(e.g. Kumar et al., 2022). As other disruptive technologies, DTs require entirely different business
models to exploit the benefits (Benta et al., 2017; Li et al., 2020). For example, Li et al. (2020) argue that
DTs enable "[...] enterprises to turn products into a dynamic platform, continuously acquire customer
needs, take appropriate actions at the right time and in the right scene, provide customers with better
products and services, and promote the disruptive upgrading of core processes and customer experience".
DTs fundamentally change how products are offered to the customer and by which method the customer
pays for the product/service (Aurich et al., 2019). Kampker et al. (2019) for instance showed that DTs
allow a payment model based on the availability of a product-service system.

So far, only little research has been conducted in the development of business models for DTs.
Prielipp et al. (2021) designed one of the few business modelling approaches that include a conceptual
design of marketable smart services based on DTs. However, this work was limited to the textile
industry. Schweigert-Recksiek et al. (2020) presented a procedure model for the conception and
implementation of DTs. As a first step, use cases have to be derived, assessed, and prioritized
(Schweigert-Recksiek et al., 2020). However, assessment and prioritization are done only qualitatively
and without a systematic approach. Focusing on digital products in general, researchers and
practitioners already adapted to the different and new requirements (Wirtz, 2019). According to Wirtz
(2019) there are four basic forces influencing digital business models - (1) convergence and
technology, (2) digitalization and innovation dynamic, (3) market complexity, and (4) customer
empowerment. Here, especially the second aspect is relevant to the business models of DTs. It leads to
changed cost and revenue structures as products become intangible and more emphasis is set on the
services (Wirtz, 2019). This also requires novel organization forms including different stakeholders,
resources and activities (Wirtz, 2019). To address these changed requirements, Benta et al. (2017) and
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Wilberg (2019) proposed a data-enhanced business modelling canvas which takes data resources and
data insights as key elements into account.

3 RESULTS

Based on the findings of the literature review outlined in section 2, a novel business modelling

approach for DTs was developed. As described in the previous section, digital products in general and

DTs in special require different business modelling approaches, due to their different characteristics.

The most important characteristic demanding for new approaches are:

1. Often the customers are only internal, therefore,

2. Often, no additional revenue is directly being created by the DT,

3. The added value of DTs is multifaceted. It is very difficult to identify all indirect effects and their
interaction.

4. For the identified added values, it is often complicated to quantify them.

Based on these characteristics, the most common business modelling elements (cf. Table 2) were

systematically checked on applicability for DTs. In total, ten aspects were identified and form the

Digital Twin Business Modelling Approach (DTBMA). Hence, the DTBMA is not a development of

entirely new business modelling methods, but an adoption of existing approaches to fit the needs of

DTs. An overview of the DTBMA is shown in Figure 2.

3 - Value Proposition
Overall benefit that the company offers the customer
or itself

V7
2 - Customer Segments o~ —
Identification and segmentation of target customers for a ~ 4 - Revenue Streams/Value Created
product or service. = Revenue generation mechanisms and/or
value created for the customer
1 - Development Concept
Further Development of the business model @ 5- Key Activities
through additional solutions or optimization ¢ Activities needed in order for the company to
°e°° realize the value proposition
6 — Key Resources
10 — New Business Model o @ Key Resources needed to realize the value
New business model after the business ’& J proposition

modelling approach has been finished

9 - Cost Structure/Budget

Costs incurred during and after the % %

7 - Key Partners
£

Key Partners needed to realize the value

X . proposition
implementation phase

8 — Organization
Organization needed to realize the value
proposition

Figure 2. Overview of the digital twin business modelling approach

As described in Schweigert-Recksiek et al. (2020), at the beginning of any DT project an overall
vision and strategy should be defined for the DT. Naturally, this is closely related with the business
model of the DT. Therefore, the DTBMA starts with a "Development Concept” (1). Here, identified
DT use cases are evaluated and prioritized depending on the suitability to the respective company.
Furthermore, this step also analyses the company's current business model and the overall DT
readiness. Various methods and tools like benchmarking or brainstorming are helpful to conduct the
mentioned activities. Questions like: "Which use cases are the most attractive for the current business
model?", "How ready is the organization for the Digital Twin?", or "How can global trends/innovative
technologies be applied to the business model?" must be answered to formulate the hypothesis. As a
result of the first step, the company receives an overview of possible use cases, formulates a business
model hypothesis, and suggests possible Customer Segments. In addition, the derived use cases are
prioritized so that managerial decision-making is facilitated.

Next the "Customer Segments” (2), to which the chosen use cases apply, are identified. Here, it is
necessary to differentiate between internal and external customers. While customers outside the
company, will lead to a revenue, DTs for internal customers usually do not lead to an increased
income. For external customers, a market analysis is conducted to identify the market background and
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determine the market size of the customer. Independently of the type of customer, it is important to
collect relevant information about the customer. E.g., what are activities of the target customer, what
problems and needs does the customer have to fulfil certain activities. This can be done, for example,
through customer interviews, questionnaires, or a Focus Group Discussion (O.Nyumba et al., 2018).
At the end of this step the target customer should be defined, and the customer profile understood.
Once the information has been collected the fit between the "Value Proposition" (3) and the target
customers should be analysed. The value proposition therefore describes the solutions that meet the
customer's needs or solve the customer's problems. First, the appropriate solution needs to be described.
For the identified product, the values that can be offered to the customers need to be derived. As DT use
cases can be very different, this is a difficult task. Literature already provides some overview on the
benefits of DTs (e.g. Donoghue et al., 2018; Jones et al., 2020). However, they are usually not described
use case specific, which reduces their applicability. Therefore, Christ et al. (2022), developed a DT value
framework, clustering benefits in three categories - increasing revenue, saving cost, and improving
sustainability. Based on the identified and assessed values, the use case is compared to competitor's
products for benchmarking and identifying the own market position. The result of this comparison
should reveal the unique selling proposition of the company (Maurya, 2012). Finally, the Value
Propositions should be validated by the target customer. For this, Validation Boards can be used. The
validation result determines whether a use case is accepted, needs to be reworked, rejected.

Based on the validated value proposition, the "Revenue Streams/Values Created" (4) need to be derived.
Here, the previously identified benefits need to be assessed and in the best case quantified. Many metrics
can be used for the analysis such as the overall equipment effectiveness (OEE) for production use cases
(Trauer et al., 2021). For external customers, based on the quantitative analysis, revenue streams can be
defined. To do so, questions such as "What pricing is assumed for the products/services?", and "Through
which channels is the revenue generated?" must be answered. The revenue can be generated from, e.g.,
by offering the DT as a service (e.g. Aheleroff et al., 2021), or monetarizing the collected data. To realize
the values, "Key Activities" (5) are derived. These activities fulfil the goal of delivering value to the
customer (implementing the DT, running the DT), creating value, and generating revenue streams. It is
also necessary to identify which channels the target customer expects for value delivery and
communication and which ones the company wants to serve. The activities require "Key Resources" (6).
These can be hardware and software resources, like servers, data, sensors, etc. but also human resources
such as specialists (e.g., data analysts). Apart from the resources needed for implementation, also the
resources required to operate the respective use case must be documented. Mostly, DT projects are
collaborative. Therefore, it is important to also consider the "Key Partners" (7) of the project at hand.
The implementing company may not be able to cover all determined activities and resources from the
previous steps by itself. Thus, the company needs to identify partners covering these competencies. The
Key Partners needed could be identified by brainstorming in a workshop with subject matter experts.
Once the potential partners have been identified they should be analysed and strategically selected. In
this context, the technical and business departments should collaborate on the sourcing of the partners to
avoid misalignment between the technical expectations and business boundaries.

Next, the "Organization” (8) needs to be addressed. As different departments/stakeholders are
involved in the implementation and operation of the DT use case it is important to support the
coordination and communication between these departments/stakeholders. This is especially important
for external partners that work together with internal departments. Clearly distributing the work and
responsibilities clarifies the organizational structure and will avoid possible conflicts that could
impede the implementation and continuation process of the DT use case.

As a counterpart to the value created the "Cost Structure™ (9) is calculated. It includes the costs of setting
up and maintaining the DT use case, i.e., the customer relationship, channels, activities, resources, and
partners. A cost structure includes fixed and variable costs. Respective cost drivers include, for example,
order quantity, lot size, and the length of the planning or accounting period (Ehrlenspiel et al., 2020). The
ratio between fixed and variable costs is greatly affected by the nature of the DT use case. For example,
DT products intended to be sold to external customers might cause a higher share of variable costs. In
contrast, internal DT use cases that, focus on the optimization of processes might affect variable costs
less. Finally, all acquired information is documented in the last step "New Business Model” (10). To
visualize the key insights, the business modelling canvases of Osterwalder and Pigneur (2010) and Benta
et al. (2017) were combined (cf. Figure 3). By adding "budget" and "value created" as alternatives to
"cost structure™ and "revenue streams"”, the canvas was adapted to fit business models for internal
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customers. As data is a core resource and possible source of further benefits, "data resources” and "data
insights" were added. Thus, the DTBMA also considers the cyber-physical nature of DTs.

E\% Key Partners l—%l—\ Key Activities /j‘g’é Value Propositions 2 Cust Relationships @ Cust Segment
All Key Partners Activities needed to implement | The activities needed to manage

identified to provide the and operate the solution customer relationships

resources not covered
R
internally @ Key Resources % Channels
Validated — Possible Customer
:% Buy-In/Support Resources needed to value | The activities needed to manage Segments and their
® realize the use case proposition customer communication profiles
Stakeholder organization & Data Resources ]\j Data Insights
structure with the most
positive impact Data resources needed Digital Product to be
to realize the use case offered to each segment
% Cost Structure/Budget }i;? RevenueStreams / Value Created

Total Cost determined
to implement and
maintain Digital Twin

Expected revenue or
value created

Figure 3. The adapted business modelling canvas (based on Osterwalder and Pigneur,
2010; Benta et al., 2017)

To increase the applicability and usefulness of the developed DTBMA, for each step one-pagers
including the goal of the step, involved departments, a short summary, required inputs, activities, and
resulting outputs. Key questions are provided, to check whether a step is completed. In addition, further
descriptions and templates were created for all associated, activities, methods, and tools are provided.
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Figure 3. One-pagers to support the digital twin business modelling approach (zoomable)

4 CASE STUDY

The developed DTBMA was applied in an academic case study. This study is based on a demonstrator
for loT in the process industry, resembling a bottle filling station (see ADIRO
Automatisierungstechnik GmbH - EduKit PA for Festo Didactic, 2022). The system consists of two
tanks that are connected to each other via several pipes and a pump. The pump transports the liquid
from the lower tank to the upper tank. along the process line, several sensors are installed, which
provide online process parameters. These include pressure, flow rate, pump speed, and liquid level in
the upper tank. For this scientific case study, an artificial scenario was designed. A company that
operates this plant has had recurring problems with the pipes becoming clogged due to deposits. The
pump has to work against the increasing pressure and often gets damaged. In order to avoid this, a DT
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use case for "preventive operations" is to be introduced. Here, the DT should be able to detect clogged
pipes in real-time. Instead of shutting down the production entirely, the DT will control the pump and
the system in a way, that the pump will not be damaged while stopping production. In addition, the
maintenance will be planned and supervised in a cost and time optimal manner by the DT. For this use
case, the DTBMA was applied in order to describe the value. All steps were conducted. For this use
case only internal customers were considered. Consequently, the DT is not directly creating a revenue
stream. However, costs can be significantly reduced and sustainability improved. As it reduces
downtimes of the plant, production volume will increase, leading in an increased revenue. Assuming a
conservative scenario, the DT will already have amortized 4 years after the start of the project. The
resulting business modelling canvas can be found in Figure 5.

2 = " . o N
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Training Current Internal Customer.
Center Supplier s e n Less parts Precise Damage Management
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company company N needed
‘ = Internal Customer: .
- Internal Customer:
=.© _ : Management Management
;, ® Buy-In/Support Theoretical D Keep informed biweekly 9
® owntime
production <] o
T T T T increase reduction
Business = e
Managing D 1t == E = = === N |
Director needs Nanagertes I V. j\/
to be convinced this project & Data Resources Automated Plant Reliability Data Insights
optimal
Sensor data (pressure, flow Production B
IT Systems rate pump), switching Strategy based S Early Precise Strategy to
Engineer needs ositions (pump, solenoid on component Localization of continue
to be closely P (ALIEA] % Increase
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manage:
% Cost Structure/Budget 2%; Revenue Streams / Value Created
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Fixed Costs 231.900,00€ 231.900,00€ 231.900,00€  171.20000€  171.200,00 € 171.200,00 € Re"eg?le "0;” a:idi“Oﬂa' demand and 000€ 000€ 000€ 500.000,00 € 500.000,00€  500.000,00 €
possible production . . . . et
Fixed Costs with factor 27828000 € 27828000€ 278.28000€  20544000€  205.440,00€ 205440,00 € | Revenues from additional demand and 000€ 000€ 000€ 400.000,00 € 400.000,00€  400.000,00 €
Variable Costs 0,00 € 0,00€ 0,00€ 0,00€ 0,00 € 0,00 € | Possible production with factor
Cost savings 000€ 000€ 000€ 21.690,72 € 21.69072€ 2169072 €
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Figure 4. Business model of the use case "Preventive Operation" (zoomable)

5 CONCLUSION

This paper presents a novel business modelling approach suitable for DTs. The DTBMA was
developed based on a systematic literature review and initially evaluated based on an academic case
study. Although this approach was successfully applied in the case study, it has some limitations.
Biggest drawback is the low level of empirical evaluation. The complete DTBMA was applied only
for one use case. Additionally, it was an entirely artificial setting. The methodology was developed to
fit all different kinds of DT use cases and applications. Yet, it was not possible to evaluate its
suitability. However, special focus was set on designing the approach as generic as possible, whilst not
being arbitrary. Lastly, legal aspects were not considered in the DTBMA as legal aspects are very
specific for each industry, company, and application. Despite these limitations, two experienced DT
experts from a German consulting firm confirmed the general usefulness and applicability of the
DTBMA in an initial evaluation interview. The results are depicted in Figure 6.

The manual on activities, methods and outputs improves the usability of the DTBMA. NN
The implementation of DT Use Cases is improved by using the DTBMA. [N
The methods & tools developed are helpful in making DT's value proposition transparent. [ RN
The DTBMA can be applied in industrial context. [ NI
The DTBMA contains all essential steps of business modeliing. NN

0 1 2 3 4 5
Figure 5. Initial evaluation of the digital twin business modelling approach

In future, the DTBMA needs to be tested in different companies for different use cases. Further, a
software should be developed to improve the usefulness of the approach. This software with all
methods and tools will be made available. Finally, legal aspects should be included in the DTBMA.
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