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Abstract: Cognitive Digital Twin (CDT) has been taking considerable attention 
in several recent studies. CDT is considered as a promising evolution of Digital 
Twin bringing new smart and cognitive capabilities. Therefore, it is important to 

understand how companies can exploit this new technology and create new data-
driven business models. Considering that context this article aims to identify 
Smart PSS business model based on Cognitive Digital Twin platforms. To reach 
this goal a literature review was conducted. As a principal contribution this study 
brings a set of new business models to offer Smart PSS based on cognitive digital 
twins. Moreover, the study presents several real cases of companies that are 
currently using the cognitive capabilities supplied by edge companies of the 
digital twin technologies.   

Keywords: Cognitive Digital Twin, Business Model, Digital Services, Product-

Services Systems 

1     Introduction 

Digital Twin is recognized as a key enabling technology of Industry 4.0 [1,2]. DT 

creates a virtual model of the physical entity of the production system, allowing the 
interaction and integration of physical world and information world, and collecting a 

big amount of data [3,4]. The DT have several manufacturing applications, such as 

product design, machine status monitoring, simulation, and visualization [5,6]. 

However, according to [5], the use of digital twins is frequently limited to be an exact 

replica of the physical assets, without any cognitive capability that could be bring new 

opportunities to the company.  

Semantic technologies allows augmented cognitive capabilities to a DT [7]. 

According to [8], cognition requires modeling of, not only the physical characteristics, 

but also the behavior of production elements and processes. For this, it is necessary to 

develop data-oriented models through Data Analytics and Machine Learning 

techniques [8]. The growth of combination of DT with semantic models and data 

analytics tools emerged the concept of Cognitive Digital Twin (CDT) [1, 9].  
Several authors (e.g., 1, 9, 10) state that CDT provide a more intelligent, 

comprehensive, and full lifecycle representation of complex systems, enabling to find 

data, and predict system behavior. The CDT can also enable the creation of higher 

service layers, which provide products with new intelligent behaviors and capabilities 

of communication. In that sense, companies can develop smart digital product-services 
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systems that could transform customer-supplier relationships and introduce new value 

propositions [11]. The Smart PSS business model comprises packages of products and 

services with smart digital capabilities, which can create, deliver, and capture value in 

real time [12]. These business models can focus on complementary digital services that 

support the most advanced servitized products or solutions that provide digital product 

personalization or the offer of Smart PSS of payment for use or payment for results 

[13]. 
In this sense, it is necessary to investigate how CDTs can be exploited to enable new 

Smart PSS business models, find new ways to (co)create value, as well as generate 

knowledge from data, improve the company's operational and environmental 

performance and get a competitive advantage [14]. Considering the context described 

above this study aims to propose new business models based on digital services enabled 

by Cognitive Digital Twin. To reach these aims a literature review was conducted.  

   The remaining sections are organized as follows. First, we start with the methodology 

section, where we present the methodological phases followed in the study. In Section 

3 we describe and discuss the results. Finally, in Section 4 theoretical implications and 

managerial insights and future research suggestions directions based on the analysis 

and results presented.  

2 Methodology  

We follow three stages to conduct a literature based on the study of [15]: (i) research 
planning, (ii) research execution, and (iii) summary of results. 

In the firts phase, the research objective and data sources were defined. The goal 

defined in this stage was to identify the relation between CDT and PSS. For this, two 

databases were chosen to search: Scopus and ScienceDirect. Magazines and webpages 

that present practical application were also analyzed. The research questions that guided 

the study was: How the cognitive capabilities provided by cognitive digital twins can 

be used to innovate in new Smart PSS business models? 

In the execution phase, the keywords were defined, and the definition of criteria for 

inclusion and exclusion of articles. The keywords defined for the search were: 

(cognitive digital twin OR Cognitive Twin) AND (services OR product-service system 

OR digital services OR servitization). The search was filtered by articles writing in 
English. Also, aiming to include relevant articles in the sample, the “Snowballing” 

technique was applied. Finally in the Summary of Results phase, was carried out on the 

content analysis of the articles and the main information was summarized according to 

the aim of the study. 

3   Results  

As a result of the literature research, were obtained a total of 19 articles in Science 

Direct and Scopus. These articles are focused mainly on the concept or architecture of 

CDT, and on the use of CDT for manufacturing. Therefore, were incorporate other 5 

articles about PSS business models. The number of articles found and the year of 
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publication, all in the last two years, shows that it is still an emerging topic, but with 

growing interest. 

3.1 Cognitive Digital Twin Supporting Smart PSS 

   Cognitive Digital Twin is considering the next generation Digital Twins, which has a 

strong data-orientation [9,16]. The CDT, unlike the DT, offers new cognitive abilities 

[17]. Thus, a CDT can understand, detect early and predict the impact of different types 

of behavior observed [5]. According to [1] the CDT can be defined, as a digital 

representation of a physical system that includes a set of semantically interconnected 

digital models related to the different phases of the life cycle of the physical system, 

providing cognitive capabilities and supporting to perform autonomous activities.  

    CDT has applications during all phases of the product life cycle [18]. However, the 

majority of studies focus on the manufacturing phase [3, 8, 10] and had little explored 

the use of CDT to innovate in new services models. The addition of services in the 
after-sale phase can bring new competitive advantages for companies and extend the 

life cycle of the product [17]. A product/service system (PSS) is the incorporation of 

services into a product tangible traditionally offered by a manufacturing company, 

seeking to offer the customer a “complete package” combining goods, support services, 

self-service and knowledge [18-21].  

    One of the most used categories is the [19], who proposed three PSS categories: Base 

Services, Intermediate Services and Advanced Services. Table 1 presents the 

description of each PSS category.  

 

Table 1. PSS Categories [21, 23] 

PSS 
Category 

Description Extent of risk 

Base  Focus on product provision. Services that 
facilitate the product sale or usage without 
significantly altering the product functionality 

Low: The customer will 
take the major risk 
regarding the product 

Intermediate Services that expand the product functionality. Or 
services that help the customer to adapt to new 
products. 

Medium: increased 
expose to the 
consequences of 

equipment faults 

Advanced Services that replace the purchase of a product, 
challenging the view that services are always 
complements to products  

High: The company 
assume the major of 
product failures risks 

 

PSS business models can be classified in two categories. A product-oriented PSS, 

mainly focused on to improve or boost product utilization, e.g. maintenance, spare 

parts, upgrades, project engineering. In other hand, the customer-oriented PSS, where 

the changes are more radical, and the PSS is mainly concerned with customer needs, 

and where the product is substituted by the services as a principal offer component [23, 

24]. The Base and Intermediate Services are services that support the product selling. 
Companies that offer this kind of PSS have a business model oriented to a product. 
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Instead, companies that offer advanced services have a business model oriented to a 

customer [25, 13]. 

According to [26, 27] the advance of digital technologies such as Internet of Things 

(IoT), smart connected products (SCPs), artificial intelligence, among others, emerged 

a new concept of Smart Product Service System. The Smart PSS can be conceptualized 

as the development of new services and/or the improvement of existing ones using 

digital technologies [28]. These new Smart PSS transform customer-supplier 
relationships and introduce new value propositions [11]. In that way companies could 

take competitive advantage from these solutions, by (co)creating value with customers, 

and also by the generation of new knowledge from data, improving the firm's 

operational and environmental performance. In that sense, the cognitive digital twin 

can offer new opportunities to develop Smart PSS [29]. Companies can collect data by 

the implementation of CDT and develop machine learning models to monitor the health 

of a product, perform diagnosis and prognosis that can be offered as services [6].  The 

CDT allows collecting data from different products and generates information about 

product usages and product conditions.  Using artificial intelligence, it is possible to 

analyze the data collected from the digital twin for diagnostics and preventive 

maintenance. Using AI methods, it is possible to identify under and over utilized 

products performance, identify patterns of anomalies, common faults, and insights in 
reducing operational costs. Besides, the company can generate detailed condition 

reports and share them by apps or digital platforms. Considering that context the 

following conceptual framework (Fig 1) was constructed.  
 

 
 

 

In the case of base services, the capabilities supplied by the CDT will be focused on 

monitoring product conditions to provide the necessary replacement parts at the right 

time, to avoid warranty issues. In the case of intermediary services, the CDT can be 

used to support services to guarantee the state and condition of equipment. Finally for 

advanced services, the CDT allows firms to offer services focused on the result, 

bringing to the manufacturing company the major responsibility for the product. 

[28,29]. Furthermore, these solutions can be integrated into a Cognitive Digital Twin 

platform. Platform approach enable the implementation of advanced service in a easier 

way [14, 30].   

In the market, there are a few DT platforms which have been evolving with the 
inclusion of applications for data analysis, however some companies refer to these 

Fig 1. Conceptual Model 
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solutions as Cognitive Digital Twin. Some of the most representative companies in the 

sector of CDT technologies are IBM, Siemens, Bosch, Ansys and General Electric. 

Next, several case studies of companies that offer products-services based on CDT 

platforms are presented. These cases were identified through the success stories 

reported by the suppliers of the CDT platforms.  

3.2 Digital Cognitive Twin Platform for Product-Services Systems: Use Cases 

IBM has a group of applications related to cognitive digital twins. For example, IBM 

Watson™ IoT Platform is a cloud-hosted service that makes it simple to derive value 

from Internet of Things (IoT) devices, through several artificial intelligence 

applications. In addition, the Maximo Asset Health Insights application, monitoring of 

asset health and optimize preventive maintenance by combining asset record 

information and sensor data so that businesses are better able to plan capital 

improvement. The company also launched the IBM Digital Twin Exchange, which is a 
marketplace that connects organizations that are looking to buy digital twins with 

members of IBM’s partner ecosystem, who can sell them fault codes, maintenance 

plans, 3D models, and other data related to physical assets. After buying the digital twin 

using IBM Digital Twin Exchange, companies could use AI and IoT solutions to fully 

capitalize on the value of digital twins, using IBM Watson or IBM Maximo enterprise 

asset management. A success case reported is KONE, a leading manufacturer of 

elevators delivering a “‘people flow’ system for small and large buildings with full risk 

contractual services”. For this it uses the IBM Watson IoT platform and its cognitive 

capabilities in many ways e.g., KONE E-Link™, a facility management tool that allows 

asset monitoring, provides elevator performance, traffic analysis, and helps to predict 

the condition of the elevator [30]. This Smart PSS can be classified as advanced 
services because the company guarantees the availability of the system through full risk 

contracts.  

    Siemens is one of the most advanced companies in the field of digital twins. The 

company developed several technologies to implement digital twins such as: 

MindSphere, and Siemens Digital Enterprise Suite, that include Siemens Product Life 

Cycles System (PLM), Manufacturing Operation Management System (MOM), among 

others. A reported example of a company using Siemens digital twin technologies is 

Saildrone. This company designs, manufactures and operates a fleet of unmanned 

surface vehicles (USVs) for maritime security, ocean mapping and ocean data 

collection. The company uses Siemens Digital Twin technologies, such as the 

Mindsphere IoT platform, which allows the collection of data on sea conditions. The 

company moved from a business model based on selling the product to a business 
model based on selling data collected by the USVs. Business customers can rent a drone 

a day to collect ocean data about specific oceans or regions. Then Saildrone provides 

customers with the requested data and handles the entire collection process. The USVs 

utilize machine learning models that run onboard GPU compute processors to provide 

real-time visual detection of targets that are otherwise not broadcasting their position. 

Since the company has completely changed its value offering, replacing products with 

drone rental, data collection and processing services, it can be classified as advanced 

services [32]. 
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    Another platform is Bosch IoT hub, which offers tools for digital twin management. 

The platform is constituted by three modules: (i) IoT device management that manage, 

update, control, and service your IoT devices throughout their entire life cycle, (ii) IoT 

data management & analytics that allows to collect, process, store, assess, and use your 

IoT data to the maximum and (iii) IoT edge and analytics Empower the intelligent edge 

and enable your devices for AIoT [33]. As a success case, Bosch reports the company 

HOLMER which has developed a remote diagnostics and maintenance package for its 
machines called EasyHelp 4.0 using the Bosch IoT hub. Service technicians use it to 

extract IoT data and learn more about the condition of farm equipment. In this way, the 

customer benefits from the possibility of remote diagnosis and maintenance and faster 

service. EasyHelp 4.0 is also connected to the agrorouter, the universal data exchange 

platform for farmers and contractors. This is claimed to allow relevant data to be 

conveniently transmitted online from the vehicle to a wide variety of endpoints. We 

consider that this solution can be classified as intermediary services, as the company's 

value proposition is focused not only on offering products and spare parts, but also 

offering remote maintenance services [33].  Another case reported by Bosch is the 

company Mann+Hummel. This company uses the Bosh platform to offer device fleet 

management services. By connecting an entire fleet of devices, fleet managers can 

remotely check the status of devices or compare the performance of individual devices 
and machines. It also allows for easy benchmarking across the entire fleet to identify 

best practices and machines with good/poor performance [33]. This service can be 

classified as basic services because it focuses on device connectivity and information 

sharing.  

     Ansys also developed a Twin Builder, which is a digital twin platform that 

incorporates machine learning capabilities. Ansys reports the company Electronic 

Cooling Solutions using the Twin Builder for thermal management of lithium batteries 

for electric cars. With this solution, Electronic Cooling Solutions optimized the product 

design and increased and shortened the product launch time. In addition, the company 

began to provide its customers with preventive maintenance services, and 

recommendations for a high-performance product designed. This service can be 
classified as a basic service because it aims to promote the sale of the product and the 

major risk is in the customer side [34] 

General Electric Company also developed a Digital Twin that integrates analytic 

models that measure asset health, wear and performance. This company in partnership 

with Teledyne Controls, create a strategic to transform aircraft engine health monitoring 

by using the Predix platform and Teledyne’s GroundLink® technology to apply data 

and analytics on continuous flight data to provide customers with more effective engine 

maintenance operations. Teledyne has three types of service packages: (i) Flight data 

analysis for maintenance and engineering, (ii) Flight data analysis for flight safety and 

risk management. Each of these services includes remote monitoring, trouble alarm 

message, report sharing. The company also provides access to thousands of data points 
owned by airlines collected every minute by onboard wireless fast access recorders 

(QARs), such as Teledyne's GroundLink Comm+, which can help equipment 

manufacturers improve analytics. and processes. In addition, the service enables the 

export of Fullflight data to third-party services [35]. This Smart PSS can be classified 

as intermediate service because the company offer condition monitoring services and 

advance data analysis.  
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    Table 2 summarizes the examples discussed earlier according to PSS types and 

business models. 
 

Table 2. Example of PSS 

Smart PSS 

Category 

Examples  Business 

Model  

Base 
- Thermal management solution using Asys Digital 
Twin technologies  
- Mann+Hummel- Fleet Management Service  

Product-

Oriented 

Intermediate 

- HOLMER remote diagnosis and maintenance 
package using Bosch IoT hub. 
- Teledyne Controls uses GE digital twin to collect 
data and provided information  

Advanced 

- Saildrone used Siemens Digital Twin 
Technologies to change its business model from 

product center to data provider 
- Kone uses IBM digital technologies to supply a 
flow people management system.  

Customer-

Oriented 

   Summarizing the principal PSS identify through the cases are: (i) Asset Remote 

monitoring (trouble alarm message, report sharing), (ii) Remote diagnosis and 

maintenance package, (iii) Risk Management (Failure Causes Analysis), (iv) Predict 

the product condition, (v) Fleet Management (remotely check the status of devices (eg 

location, health, usage) or compare the performance of individual devices and 
machines, (vi) Spare Parts Management, (vii) Provides access to external data, (viii) 

Allow connection to an universal data exchange platform that include data of different 

actors of the ecosystem.  

3.3   Business Model Canvas for Smart PSS  

To understand how companies transit from a product center business model to a 

services center business model an overview of its changes to different aspects of its 
business dimensions is needed. In that sense, Business Canvas Model (BMC) allows to 

simplify and systematize the business dimensions that explains how firms create, 

deliver and capture value [36].  

     Several authors have proposed the design of a business model to implement PSS, 

using BMC [37-42]. Based on these studies and the examples described above were 

identified changes associated to each of the business models dimensions for each type 

of Smart PSS BM (Table 3). 

https://www.google.com/search?client=safari&rls=en&sxsrf=ALiCzsa8v_-3SRU2jw0qtHRvcf0hWLsIKQ:1651485246849&q=Mann%2BHummel&spell=1&sa=X&ved=2ahUKEwip1vX7xcD3AhVUlFwKHdf7D9MQkeECKAB6BAgCEDc
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Table 3. Business Model Configuration for Smart PSS. 

Business Model 

Dimensions 

Product -Oriented Customer-Oriented 

Value proposition Product Performance information 
sharing  
The customer continues being the 
main product responsible.  
Lower cost of product maintenance 

Product Performance Guarantee 
Lower responsibility of product  
Lower cost of product 
maintenance  

Customer 
segment 

B2C or B2B B2C or B2B 
New customer segments 

Key activities Human Resource training focus on 
services and digital technologies  
Some data processing capacity 
Definition of new process and 
reasonability for services area  
Improve of sharing information and 
customer support area  
 

Human Resource training focus 
on services and digital 
technologies 
Organizational culture manage 
change  
Higher understanding of the 
customer behavior  
Higher data processing capacity 
Definition of new process and 
responsibilities  

Key Resources IoT infrastructure  
Cloud services  
CDT platform 
Human Resources with digital and 
analytics skills  

IoT infrastructure  
Cloud services  
CDT platform 
Human Resources with digital 
and analytics skills 
AI technologies investment  

Customer 
Relationship 

Long-term relationships  
Sharing information and knowledge  
Value co-creation  
Interaction improvement  

Risk Sharing Contracts  
Sharing information, knowledge  
Value co-creation  
Closer relationship with 
customers 

Distribution 
Channels 

Marketing campaigns  
Retail and sales training (service 
oriented)  
Non-physical channels (Remote 
Support, digital platform)  

Marketing campaigns  
Retail and sales training 
(service oriented)  
Non-physical channels (Remote 
Support, digital platform) 

Partern Network IT-partern for infrastructure  
IT-parter for development 
Finantial Partners  

IT-partern for infrastructure  
IT-parter for development 
Services provider (data 
analysis) 
Finantial Partners  

Revenue Stream  Payment is based on a monthly or 
yearly fixed rate 

Pay per use, pay per result, pay 
per service unit, pay per 
performance, availability, 
subscription.  
 

Cost Structure  Initial investment on digital 
technologies and human resources  
Operational and Maintenance Cost  

Higher initial investment  
Operational and Maintenance 
Cost 

To implement product-oriented business model, the company would have to make 

changes in three principal dimensions of the business model: key resources, key 
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activities, and customer relationships (Fig.2) [37].  

 

Fig 2. Canvas for Product-Center BM 

 

 

Fig 3. Canvas for Customer-Center BM 
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Moreover, in the case of Customer Business Model (Fig.3), companies will need to do 

major changes, principally in the dimensions of key activities, key resources, value 

preposition, cost structure, revenue streams and customer relationships [37]. 

4   Conclusions  

The study proposed a theoretical model that aims to relate the different dimensions of 
the Smart PSS, with the capabilities provided by the cognitive digital twin. The model 

considers three different dimensions of Smart PSS (based, intermediate and advanced 

services) that will be enabled by the CDT. In addition, the model also contemplates two 

categories of business models, Product-Oriented and Customer Oriented. The business 

model orientation depends on several aspects such as the value proposition, the 

relationship with customers and the payment methods, among others. We also 

presented some digital twin platforms that are already in the market, and how 

companies are using these platforms to offer Smart PSS. 

   Another important conclusion that arises from the cases is the importance of 

collaborating with other partners to develop solutions., with several examples in this 

study considering more than one technology supplier to reach the company goal. In 

addition, it is possible to observe how several companies collect external data to 
integrate into the product's digital twin to improve analysis and service delivery.  To do 

that companies use digital platforms where several ecosystem actors share data to 

improve their analysis.      

    Finally, in future research will be important to conduct qualitative studies to 

understand the mechanism that companies use to develop smart PSS based on CDT, 

focusing on the business model dimensions. Also, exploratory research could be 

developed to study the transformation path for companies to move from a product-

center business model to a data-driven service-focused business model.  
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