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Abstract 

In the context of Industry 4.0, digital technologies and concepts are becoming more and more important in 
companies, as they can provide solutions to current challenges. The digital twin in particular can be used in 
various fields of application and thus create added value. However, the variety of different application 
possibilities as well as the difficult evaluation of the added value of the digital twin poses great challenges 
for companies. This publication therefore presents a method that offers companies a structured approach to 
identifying and subsequently evaluating possible uses of the digital twin based on their digital maturity. First, 
the digital maturity of a company is determined by means of a point-based questionnaire and a suitable 
identification method is proposed based on the result of the digital maturity. If a field of application could 
be identified with the proposed method, it is evaluated by a self-developed "Digital Twin Canvas" and, 
depending on the field of application, by a suitable simulation. By applying the method in various companies 
from different sectors, the method's functionality has been validated. 
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1. Introduction 

Competitive pressure on companies is increasing due to globalisation, as well as the rising demand for 
individual products with simultaneously shorter product life cycles [1]. In this environment, companies are 
confronted with strong price and efficiency pressures [2]. At the same time, technological progress in recent 
years and the accompanying digitalisation give companies the opportunity to make their processes more 
efficient through the automation and networking of their production and thus maintaining their 
competitiveness [3]. One technology that has great potential for connecting the real world with the virtual 
world is the digital twin (DT) [4]. This technology has a variety of application fields in the life cycle of a 
product.  

For example, the DT can already be used in the design phase of a product to identify and reduce potential 
problems with products before they are produced [5]. It also enables a virtual commissioning of machinery, 
which speeds up the real commissioning and enables the detection of potential defects [6]. In addition, with 
the help of a DT, the training of employees can be carried out on a digital image, thus avoiding a stop in 
production or the generation of rejects [7]. If a product has sensors and the operating data generated by them 
are transferred to a DT, the condition of the product can be recorded and, if necessary, condition-based 
maintenance can be performed [8]. If this collected data is stored over a longer period, anomalies can be 
detected using various methods of data analysis, such as algorithms from machine learning [9]. Furthermore, 
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the use of these methods in combination with a DT can determine the probability of failure of components 
if the database is adequate, thereby enabling predictive maintenance [10]. The collected data in the DT of a 
product provides information about the stresses during its life cycle and allows optimisation of the individual 
components of the product in order to extend its lifespan [11]. The use of a DT can also offer benefits for 
companies in the application areas of reuse, remanufacturing, and recycling of the product [12]. 

The fields of application of the DT listed here represent only a small part of the variety of different fields of 
application. Since it is often difficult for companies to identify the most suitable fields of application, this 
paper presents an approach that supports companies in identifying and evaluating the fields of application of 
a DT. This method is discussed in this paper after the introduction and the state of the art. The approach 
presented here is divided into 3 parts. First, the digital maturity level of the company is determined. Based 
on this result, suitable methods for identifying application fields are presented. After the successful 
identification, the selected application fields are evaluated to check whether the use of a DT is profitable in 
this application field. Subsequently, the method presented here is validated on an application example. 
Afterwards, the advantages and limitations of the method are shown in the discussion and, finally, the 
conclusion summarises the most important findings and gives an outlook on the need for further research. 

2. State of the Art 

This section presents various works in the areas of "Digital Maturity Level in Companies", "Identification 
of Application Fields of a Digital Twin" as well as "Evaluation of Application Fields of a Digital Twin". 

To determine the digital maturity level of companies, Bastos et al (2021) developed a questionnaire. After 
evaluating this questionnaire, an index is calculated based on the points awarded and, with the help of this 
index, companies are classified in terms of their digital maturity [13]. Next, depending on the classification, 
measures are identified to increase digital maturity [13–15]. Gill et al. (2016) and Lödding et al. (2017) have 
also developed a questionnaire to determine the digital maturity of companies. In addition to these 
quantitative approaches, there are also qualitative approaches to determine the digital maturity of companies 
[16]. In many works, the term digital readiness is used instead of digital maturity. This will also be the case 
in this paper. Overall, there are some papers that determine the digital readiness of companies, but most 
approaches are very general and do not focus on the assessment of digital readiness for a DT. In 2020, the 
MSG Group published a study in cooperation with Fraunhofer IPK called "Digital Twin Readiness 
Assessment" [17]. In this study, the authors investigated how far the companies are regarding the use of a 
DT and which use cases are being pursued. However, an identification and evaluation of use cases did not 
take place but will be done in this paper alongside the determination of Digital Twin Readiness (DTR). 

The life cycle of a product is often considered for the classification and identification of application fields 
of a DT [6,18]. Through the enrichment of data and models during the product life cycle, the DT of the real 
image is expanded and can thus be used for several application fields [19]. The classification of the different 
application fields can be based on the criteria of hierarchy, data flow type and functional benefit [20]. Other 
works refer to Industry 4.0 concepts to find application fields for the DT [21]. These concepts are sometimes 
extended to include the interdependence between the real and virtual image, in order to better classify the 
fields of application [22]. These works classify existing application fields and do not consider the 
identification of new application fields in their work. In contrast to these works, this paper provides an 
approach that presents different methods for identification and classification. 

There are various possibilities for evaluating the fields of application of a DT. One possibility is the 
evaluation based on the aspects of business models, which can be done, for example, using the Business 
Model Canvas according to Osterwalder [23]. This model was used to evaluate a DT, but the model was not 
adapted to the application fields of the DT [24]. In addition to the aspects of a business model, the evaluation 
of the DT in the Data Science Canvas also involves the data situation in the company [25]. Simulations can 
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be used to evaluate the possible effects of a DT when it is introduced and, in addition, interactions can be 
recognised [26,27]. The application field of a DT can also be evaluated via quality criteria such as 
extensibility, interoperability, transferability, and reusability [28]. The approach presented here represents a 
mixture of the evaluation opportunities presented here to be able to provide the appropriate evaluation 
depending on the field of application of the DT. 

3. Method 

For a generic identification and evaluation of application fields of a DT a modular system was developed. 
The aim of this system is to be able to respond to the digital readiness for a DT of different companies. The 
user is guided through steps A, B and C (see Figure 1). Each module contains sub-modules. The initial 
situation in the company is evaluated by determining the degree of digital readiness in all sub-modules of A.  
Based on the score of the assessment, a sub-module of module B is chosen by using a decision tree. These 
sub-modules aim to suit the needs of the company and provide a method to identify an application field of a 
DT. After an application has been identified using module B, the application is evaluated in module C. 

 

The module system ensures that: 

- The method can easily be adopted by companies. 
- The modular system allows to present different approaches to identify applications based on the 

digital readiness of various companies.  
- Different perspectives can be taken. 
- Companies can process the system in a short amount of time or in more detail. 
- A further development of the modules and sub-modules can easily be adopted by adding modules. 

  

 

Figure 1: A modular system to identify and evaluate the 
application fields of a DT 

 

Figure 2: DT readiness assessment with point-based 
questionnaires 
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Module A: Digital Twin Readiness Assessment: 

The realisation of a DT can only be successful if the company has reached a high level of digital readiness 
in all areas - this requires increased agility and holistic thinking [17]. To determine the DTR, four point-
based questionnaires are provided (see Figure 2): 

A1 - Enabler of the DT: The enablers of Industry 4.0 were evaluated for the properties of a DT (the 
questionaries are inspired by [29,17,30]). Further questions regarding the enablers of a DT were explored. 

A2 - Assessment of the company: The Digital Twin Readiness Assessment study [17] deals with questions 
in three "maturity areas" (understanding and commitment, targeting and concept, implementation of a DT). 
These questions are adapted to the assessed company and its structure. The questions were evaluated, and 
further questions were added. 

A3 - Existing applications: Simulations, visualizations, digital models, and shadows can be completed to a 
DT by increasing the interdependence of the physical and the digital object. This block of questions also 
considers the whole spectrum of automation technologies and software like Profinet, Automation Studio, 
Siemens TIA, Ansys Twin Builder, AWS IoT TwinMaker, MS Azure DT, ISG-viruos, Mnestix and many 
more. The naming of technologies helps companies to get an overview of the market. 

A4 - Norms, standards and concepts: Norms and standards that already have been introduced in companies 
provide information about the digital readiness of the company for a DT. The questions in this module are 
based on a list of norms of the DIN [31] , Platform Industrie 4.0 [32] and IEEE [13]. Only norms and 
standards that are relevant to the introduction of a DT were considered, like OPC-UA (IEC/DIN 62541), 
MQTT (IEC 20922), TSN (IEEE 802.1), eCl@ss (IEC 61360), AutomationML (IEC 62714), AAS (IEC 
63278) and more. 

Module B: Identification of a field of application: 

The aim of module B is to identify one or more fields of application for the DT that does already exist in the 
company. Based on the result of the DTR a corresponding sub-module of B is chosen by a decision tree  
(B0 - B4). In these sub-modules, a perspective on the fields of application of the DT that corresponds to the 
degree of DTR is taken. Each sub-module thus represents one of several different perspectives on the fields 
of application of the DT.  

B0 - Alternatives to the digital twin, initial situation: low DTR. Regarding the degree of the DTR, this module 
focuses on alternatives to the DT. The requirements for a company to introduce a digital shadow or model 
are lower than the requirements for introducing a DT. The perspective of this module is based on the 
decreasing interdependence (see Figure 5). These alternatives are a more sensible decision for companies 
with a low DTR. The aim should be to expand the application field in future by adding interdependence. 
B1 - Naming the fields of application, initial situation: few DTR. It can be assumed that the company has 
little knowledge of the application fields of a DT. It is therefore useful to name and describe application 
fields to familiarize the companies with the spectrum of applications of a DT. Therefore, a table describing 
the application fields of a DT is provided. This method is often to be found if companies are looking for an 
identification in literature and web [33]. In addition to naming application fields, reflective questions are 
used to help the companies to understand and identify the applications of a DT. 
B2 - Lifecycle and hierarchy levels of the asset, initial situation: average DTR. The decision tree also a check 
about the result in module A3 (existing applications of the DT). An average DTR means that a company 
usually has knowledge of application fields of the DT but has few or no applications of a digital model, 
shadow or twin. With the architecture model RAMI4.0 / DT a perspective on the life cycle and hierarchy 
axis can help companies to identify new applications with a provided template (see Figure 3). This represents 
a horizontal layer of the RAMI4.0 / DT model.  
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B3 - Interdependence of existing applications, initial situation: above average DTR. Applications and 
knowledge of a digital model or shadow are available. The perspective of this module is based on the 
increasing interdependence of existing applications (see Figure 5). The goal is to expand the dependencies 
between the physical and the digital object. An existing application of a digital model or shadow needs to be 
checked for the expandability of the interdependences successively to generate new applications. 
Maintenance of a machine prior based on condition monitoring can then be transformed into predictive 
maintenance by realising the bidirectional automated dataflow (and the corresponding algorithms for 
prediction).  

B4 - Data driven identification, initial situation: high DTR. Applications of a digital model, shadow or twin 
are available. In this module the perspective of the company focuses on the dataflow. Companies with a high 
DTR are facing and solving the issues of big data. Therefore, a data-, a simulation- and a control-twin are 
considered in data mining, process mining and machine learning applications. For example, a data-twin can 
be used in machine learning applications for predictive maintenance. Another example could be a simulation-
twin in data mining application for virtual commissioning. 

 

Figure 3: Module B2 - Lifecycle and hierarchy levels of the asset 

Module C: Evaluation of the identified field of application 

After one or more applications of a DT were identified, the aim of this module is to evaluate the application. 
An evaluation can be done under serval aspects: business model, investment, trend, functionality, 
requirements, and implementation. 

C1 - Digital Twin Canvas: A canvas is an intuitive model for evaluating different aspects. The Digital Twin 
canvas addresses the aspects of business model, investment, and trend of an application. Different already 
existing canvases were evaluated regarding their applicability to the subject of a DT: 

- Business Modell Canvas [23] 
- Data Science Canvas [34] 
- Trendmicrocosmos [35] 
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To meet the requirements of evaluating a DT, individual elements were taken and supplemented. The Digital 
Twin Canvas covers the following aspects seen in Figure 6: 

Driver, Disruptors, Digital Readiness, Key Resources, Value Propositions, Implementation, Customer, Data, 
Key Resources, Synergies, Channels, Cost Structure, Revenue Streams. 

C2 - Simulation: A simulation can validate the functionality of an application field. A simulation can also 
be used to evaluate the effects of realizing an application. The concepts developed during a simulation can 
be used in the implementation of the DT. 

C3 - Requirements and quality criteria: This module is considering all aspects regarding the requirements 
[28] and quality criteria (ISO/IEC 25000) of an application if implemented.  

4. Use Case 

To evaluate the applicability of the method a study was carried out with eight different companies between 
May and September 2022. The company WEISS GmbH processed all modules of the method. 

About the WEISS Group:  

With its automation solutions, WEISS GmbH is one of the world’s leading system suppliers in the 
automotive industry, machine and plant manufacturing, life science, and electronics. The reliable and durable 
rotary indexing tables (see Figure 4), handling units, delta robots, and linear transfer systems are making the 
industrial production of tomorrow a reality. By applying their engineering expertise, knowledge of industries 
and processes, and high affinity for serving customers, the experts assist system integrators and producers 
in designing and operating innovative and sustainable production plants. Founded in 1967, WEISS now has 
a staff of around 700 employees in its sales, service, and manufacturing locations in 49 countries. 

Module A: 

The DTR of the company was determined in cooperation with a product manager for controls and 
digitalization and also the development engineer for advanced development. The DTR result was above 
average and knowledge about the application fields of the DT was available. Therefore, the decision tree 
directed the company to proceed with module B3, the increasing of the interdependency of existing 
applications. 

Module B: 

The Weiss GmbH already has existing applications in the preliminary stages of a DT. By extending 
bidirectional data exchange, these offer potential for new applications of a DT. Thus, the sub-module B3 is 
ideally suited to the company´s initial situation. Here, new applications for the DT can be identified (see 
Figure 5): Condition-based Maintenance with the possibility of further development to predictive 
maintenance with anomaly detection, an event-controlled optimization with the possibility of further 
development for artificial intelligence and a hardware agnostic commissioning.  

Module C:  

Digital Twin Canvas: Condition-based maintenance was selected for the evaluation from several identified 
applications, since WEISS GmbH aims to introduce condition-based maintenance for different components 
in a timely manner. With the Digital Twin Canvas, the application was evaluated according to various 
aspects. In 45 minutes, the drivers, disruptors, the digital readiness, the key resources, the value 
proposition, the implementation, potential customers, the data situation, the key activities, synergies, 
channels, the costs and the revenues of condition-based maintenance in the company could be evaluated 
(see Figure 6). This increased the understanding of the different aspects of the new application.  
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Simulation: An important step in evaluating an identified application is a comparison of possible 
improvements with the current state. The simulation offers an opportunity to illustrate complex relationships 
and interactions. Furthermore, customers can also benefit from the evaluation of the application through a 
simulation. The WEISS GmbH agreed to carry out a simulation of Run to Failure, Condition-based and 
predictive maintenance based on data from their service work.  

 

 

 

 

 

Figure 4: WEISS indexing table 

 

Figure 5: Improving the interdependence of an asset 

 

 

Figure 6: Digital Twin Canvas for evaluating different aspects of the application 
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5. Discussion 

To validate the developed method structured expert interviews were designed and conducted to examine 
whether the modular system can help companies to identify as well as evaluate the application of a DT and 
is therefore useful in practice. These are the results:  

- Module A is seen as a good introduction to the topic for companies. Some have already been able 
to identify first applications based on the questions and the gaps that have been identified. Clarity 
about the status quo is created. 

- Companies that have already identified applications of a DT before, see their decision confirmed. 
The method can therefore be used to validate existing applications. 

- Repeated processing of the modular system by using different personas can provide new insights. 
- For all participating companies the development of norms and standards is essential in the future. 
- The Simulation showed that Condition-based and predictive maintenance have a positive effect on 

the detection time of a defect, the number of fatal defectives, the total disruption time and enables 
remote maintenance. 

Limitations: 

- The method is limited to applications for manufacturing companies. Considering the twin of a 
person, the weather or the environment would meet the generic claim of the method but reduce the 
quality of the work. Many companies gave feedback that an industry-specific approach to identifying 
and assessing DT application can provide better solutions than a generic approach. For this reason, 
an even more detailed method is more sensible than a general one. 

- The implementation of an identified and evaluated application was not considered in this work. 
However, there is sufficient literature in the form of frameworks or standard software for e.g., virtual 
commissioning, condition monitoring, predictive maintenance or asset administration shell. 
However, a method that takes all steps into account would be of great value in practice. 

The modular system can be used in practice for a management consultancy. However, companies are also 
able to use this work as a guide to familiarize themselves independently with the topic of identification and 
evaluation, to determine their degree of maturity, and to identify and evaluate new applications of a DT. 
Individual concepts of this work can be useful for further research and in practice. The determination of the 
DTR for the DT, the RAMI4.0/DT model and the Digital Twin Canvas offer many possible applications due 
to their generic approach. The modular principle of the method also allows modules or sub-modules to be 
exchanged or supplemented. 

6. Conclusion 

In this paper, a method has been introduced with which application fields of a DT for a company can be 
identified and evaluated. The method is divided into 3 modules, which were presented after the introduction 
and the state of the art. In Module A, the DTR of a company is derived with the help of a questionnaire and 
the score calculated from it. In Module B, various approaches are used to identify areas of application for a 
DT based on the company's DTR. Finally, Module C evaluates the identified fields of application. 
Subsequently, the results of the application of the developed method in cooperation with WEISS GmbH are 
described. Finally, the advantages and limitations of the method were shown in the discussion.  

There is a need for further research, especially in the adaptation and evaluation of the sub-modules of the 
method, as the research field of DT’s is continuously developing. In addition, standards and norms are 
constantly being revised or further ones published. Due to the expandability and adaptability of the method, 
these changes can be considered, and the modules can be adapted accordingly. The evaluation of the 
application fields of the DT should also be expanded to include ecological criteria, as the evaluation is mainly 

297



based on economic and qualitative criteria. Due to the increasing consequences of climate change, an 
evaluation from an ecological point of view will become essential for companies in the future, as the various 
possible uses of the DT can save resources and energy and enable an efficient recycling. 
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