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Abstract. Waves of digitalization and Industry 4.0 currently boost research and 

development activities for smart product-service systems. The usage of infor-

mation technology within products (e.g., IoT) and services as well as processing 

big data leads to the development of novel product-service bundles like func-

tional sales. One of the main barriers of smart PSS innovation is missing infor-

mation on possible economic (cost/revenue) and ecological (environmental) im-

pacts. This paper presents a novel simulation approach to overcome the named 

barrier. Methodologically, the paper is based on design science research to de-

velop an appropriate approach. Our simulation model will be able to enhance 

transparency about the different forms and power of impact of smart PSS. Fur-

thermore, the core of the new approach is the possible low threshold integration 

of existing data on business model and process model layers into the simulation. 

Finally, an existing use case demonstrates how the approach can be applied. 

Keywords: Smart Product-Service System, Simulation, Business Model Innova-

tion 

1   Introduction 

The number of product-service systems (PSS) in various sectors of the economy is ris-

ing. The trend of ‘servitization’ is supported by using smart technology to recognize 

and address customer needs and create new smart PSS [1]. Thus, the rapid development 

of technology (e.g., Internet of Things - IoT) and the steadily increasing ability to pro-

cess big data lead to this ‘smartification’ of PSS [2]. The technological developments 

towards smart PSS enhance stakeholders’ digital integration and facilitate highly cus-

tomized product-service bundles for customers – driven by their needs. 

Besides customization, there is also a growing demand for sustainable, eco-friendly, 

and ethically tenable solutions [3]. Novel approaches of transparency and business 

model innovations are needed to cover these societal and individual customer demands. 

The potentials of sustainable business models driven by PSS, e.g., through functional 

sales, have already been discussed in the respective research, e.g., [4]. Using the new 

wave of ‘smartification’ [2], driven by digitalization, Industry 4.0, and IoT, PSS busi-

ness models, have reached the next evolution stage. However, the switch from classical 

product selling business models to ‘smart’ and service-oriented models, like functional 
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sales, is non-trivial and complex. To evaluate and recreate a business model in a sus-

tainable way, the whole product lifecycle must be considered. Further, novel services 

must be designed, developed, and maintained. Moreover, rapidly changing technolo-

gies (e.g., IoT, web technologies) have to be included in the product and service life 

cycle. In addition, many competencies must be combined within the innovation and 

business development process. Thus, the business development of smart PSS is com-

plex, risky with mostly unknown components and costs. As [5] stated out “Costs of 

PSS can be high when compared to the production of only one product, which includes 

labor and transaction costs, since a PSS is usually delivered by a group of companies, 

resulting in hiring and more complicated revenue-sharing scheme” [5]. Therefore, the 

major obstacle within this innovation process in collaborative networks is the difficulty 

of estimating the possible future impact of the novel business model - the economic 

impact for both customers and the businesses and the ecological impact. There is a 

significant gap in supporting PSS development processes, e.g., business model devel-

opment, by easily simulating possible PSS scenarios based on business model infor-

mation (e.g., key resources, revenue structure) and target process descriptions (e.g., key 

processes and activities) to calculate its possible impacts. However, simulation of PSS 

solutions is not a novel approach. One highly relevant but still missing detail of the 

currently used simulations is simple compatibility with existing business development 

processes (e.g., business model canvas, process management standards) in the compa-

nies and a low usage threshold. A novel smart PSS simulation approach is needed to 

customize and configure smart PSS and predict potential benefits and risks to overcome 

this gap. Thus, we want to approach the main research questions: How can a simulation 

approach support smart PSS business innovation processes? How to combine basic in-

formation of the target business model and business processes to enable a simulation 

and predict possible revenues, costs, and environmental KPIs? 

2   Methodology 

The method chosen in the present case is based on the design science research approach 

(DSR) described by [6] and [7]. These are I: Identify and describe the problem, II: De-

velop objectives for a solution, III: Design and develop artifact, VI: Demonstrate and 

V: Evaluate, as well as VI: Communicate. The process described is continuous and 

multi-stage. The paper presents the results of our research’s first steps, given by a real-

world scenario of our industrial partners. The scenario will be introduced in Section 4. 

We are currently working within stage III to design and implement a simulation envi-

ronment. While the work is still in progress, the results enrich the current state of the 

art of simulation approaches for smart and collaborative PSS development. Although 

design science research’s strength lies in its practicality, various DSR models simulta-

neously propose elaborating a clear state of the art of the given problem to ensure sci-

entific rigor [6, 8]. Therefore, in the present paper, a thorough state of the art is pre-

sented first. 
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3   Simulation of Smart Product-Service Systems – the State of the 

Art 

First, the term of smart product-service systems (smart PSS) will be introduced. The 

combination of tangible products and intangible services is referred to in the literature 

as product-service systems [9]. Smart PSS are combining products, services, and ICT 

services into smart packages and customizable solutions [10]. With the rise of sensors 

and IoT, mobile devices and other products start to collect data, IT services process 

them to information, and platform services bring them into use for customers or pro-

viders. While the benefits of smart PSS for customer and provider are the reduction of 

costs, the reduction of environmental impact, as well as efficient use of the equipment, 

one of the significant risks is the difficulty in measuring results as well as the question 

of revenue streams and success conditions [5]. Thus, the paper will develop a simula-

tion model to overcome these challenges. The next part will briefly introduce the cur-

rent simulation approaches within the (smart) PSS domain. 

Simulation is a very broad concept, with and without information technology, to 

replicate real-world processes and situations for various purposes [11]. This paper only 

refers to IT-based (computer-based) simulation approaches, esp. for Industry 4.0, smart 

manufacturing, and PSS. A lot of work has been done within the domain of process and 

(IT) service simulation, e.g., for the model-driven service engineering approach [12] or 

smart manufacturing orchestration approaches [13]. These approaches are fruitful for 

business process design, e.g., optimize time and costs of (IT) services and sustainable 

KPIs [14], but hard to use for ICT-based product-service systems. Further, Jaghbeer et 

al. [15] conclude “that current tools and methods extensively focus on manufacturing, 

especially sustainable manufacturing, while less attention is given towards other life 

cycle phases” [15]. The challenges which came with other life cycle phases are demon-

strated by Goodall et al., who create a simulation model for data-driven re-manufactur-

ing service [16] in Industry 4.0 environments. They demonstrate how end-of-life ser-

vices (also given for PSS) can be integrated into planning and manufacturing processes. 

In addition, Angelopoulou et al. simulate the human factor to predict the human error 

probability in Industry 4.0 [17]. With Industry 4.0, manufacturing processes and IT 

services are getting highly digitalized, and this opens space for simulation approaches 

to optimize its impact (economically and ecologically). Further, Rondini et al. give a 

brief overview about the PSS simulation approaches [18] and summarize “that some 

attempts to evaluate the performance perceived by the customers, the company effi-

ciency and the PSS environmental performance through BPS [Business Process Simu-

lation] already exist, and that simulation techniques can potentially help to gather the 

dynamics of a PSS provision process.” [18]. This analysis shows different simulation 

approaches (discrete, agent-based, system dynamics) that can be used or combined for 

different focusses in PSS development: Focusing on customer (behavior and interac-

tion), on efficiency and resources as well as on environmental impact. While the com-

bination of all methods is recommendable, this paper concentrates on the ‘smartifica-

tion’ of PSS business model innovation towards smart and collaborative systems, ex-

emplary on simulation of ‘smart‘ functional sales to predict economic and ecological 

impact (e.g., compared to classical product sales and service delivery). 
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4   Results – Supporting PSS Development by a Simulation 

Approach 

One of the most prominent business cases for PSS business models is functional sales, 

where the functions are sold. A simplified use case from our industrial partners is the 

development of “drilling services”, where no tangible product (professional drillers) is 

sold to the customer (product-oriented PSS with additional service), but the function 

“drilling” is sold (smart PSS) - see Business Model comparison as part of the econom-

ical layer following Joyce and Paquin [19] in table 11. To develop these services from 

the existing manufacturing model, the driller producer needs to ‘smartifice’ and ‘ser-

vitize’ its products by including novel technologies, integrating them on a digital plat-

form, and building new business processes/partnerships for maintenance, repair, and 

re-manufacturing. Besides these developments of value proposition and value creation 

processes, the producer needs to define the value capturing model – revenue and cost 

structure. 

Table 1 Product-Oriented vs. Smart PSS on Drilling Example 

Drilling  

Example 

Product-Oriented 

PSS 

Smart Product-Service System 

Revenue 

(Value  

Capturing) 

One-time payment Pay-per-drill 

Number of  

sold drillers 

Number of drills 

(Key)  

Resources 

Materials and Store Smart Driller (with IoT) and a platform 

(drilling activities, contract details, state of 

the machine, etc.) 

Value  

Propositions 

(Product) 

Driller,  

Maintenance 

Drilling 

(Key)  

Activities 

Manufacturing 

(Supply Chain) and 

Selling 

Customer Services (e.g., maintenance, plat-

form services), manufacturing and re-manu-

facturing (supply chain) 

Costs Materials, Manufac-

turing, Marketing  

(re-)Manufacturing, Customer Services, 

Service platform (IT-Services), Marketing 

 
The switch from product and service selling to ‘smart’ functional sales as described 

is complex, and besides the challenges of customer acceptance, decision-makers must 

estimate possible impacts. While on product-oriented PSS, product and services are 

loosely coupled, for example, in its revenue and cost structure, in smart PSS, the prod-

uct/function are closely tied. Therefore, the revenue of smart PSS depends on well-

designed services and resources. This paper aims to develop a simulation model for 

such smart product-service Systems to support decision-makers on business model in-

novations towards smart PSS.  

                                                           
1 Customer Relationship, Segments and Channels have not been mentioned, because it is not 

focus of the used simulation approach – we will argue later on why. Further we concentrate on 

economical layer, and will give a brief introduction later on the other layer. 
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A starting point for the simulation was deciding what kind of simulation is suitable 

for the given problem. We choose a process-based discrete event simulation (DES) ap-

proach because: 

 Services (smart drilling service) are realized when the respective functions are 

used (drilling), 

 Functions are measurable and discrete variables (count of drilling), 

 Services are processes where resources (driller, platform, and customer) get in-

tegrated (in a range of time) and 

 Resources (driller) have functions (drilling) and other measurable performance 

indexes (costs per time, C02-footprint, energy costs). 

Other approaches, like agent-based approaches, may also be successful adapted for 

our purpose, but more likely for cooperation [20] and customer acceptance [21]. While 

integrating these approaches has been shown in [18], we concentrate on a novel generic 

way to simulate smart PSS from the provider’s business model innovation perspective. 

Further, DES is mainly based on three concepts: the events, the objects’ activities, and 

the process. While an event triggers the object’s activities through changing object 

states, the object’s activities are defined as a time interval mostly between two object 

states, and the processes refer to the sum of activities and states for an object or the 

simulation [22]. The concept that processes a set of activities is quite similar to process 

models (like BPMN), the problem is that, for example, BPMN is not suitable for real 

automated transformation in simulation models, like [23] stated out, “that there are 

quite a few ambiguous elements, missing concepts, and redundant elements in BPMN” 

[23]. This is one of the major gaps in the modeling and interconnection of objects and 

resources [24] within process models. Our approach uses existing terms from business 

models (resources, processes) and business processes (activities, gates, lanes) to inte-

grate the information into our simulation and predict business model impact (revenue 

and cost structure as well as ecological impact [19]). An overview is given in Figure 1 

au-dessous. 

 

Figure 1: Integration from Business Model and Business Process to Simulation 

The transmission of information from the business model canvas over business pro-

cesses to simulation and back implies (practical) difficulties because each level includes 

different granularities of information. To overcome these difficulties, we suggest the 

following steps: (1) Define the (key) resources, processes, and activities for the busi-

ness model (e.g., through business model canvas); (2) Define the selling functions and 

bring them into relation with the (key) resources; (3) Develop process models for key 
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processes. Define customer, supplier, and company activities and processes in a stand-

ardized way, e.g., described with the help of BPMN (4) Define cost, revenue, and en-

vironmental (or other) indexes for function, activities, and sub-processes. 

 

Figure 2: Key Drilling Process 

The definitions of step 1 can be found au-dessus in Table 1. In step 2, we define the 

value proposition “drilling”, which is linked to key-resource driller (remember it is an 

oversimplified case). For step 3, we developed a process model for our simulation ap-

proach. The smartified subprocess as a simplified BPMN is shown in Figure 2. We also 

include the cost structure as comments to demonstrate step 4. There is a fixed cost for 

keeping the drill and a dynamic cost for using the drill in this scenario. To bridge all 

the information and bring them into a simulation approach, we do follow: 

 Extract resources and functions from Business Modell (Driller, drilling) 

 Extract the process elements from the BPMN and classify and associate them 

with the used resource (drill) and a resource-specific activity (drilling) for cost 

calculation and its descendants. 

 Build a JSON structure to process. 

 Finally, the JSON model is fitted to a generic simulation model based on 

Simply. 

Thus, resources will be initialized as well as gates and activities. The start function 

is decided based on the first function following the process source and is either a gate 

or an activity. The current generic model is limited to exclusive gates, which are only 

moving the process state, based on statistical distribution, to the next activity and ac-

tivities which calculate the costs or any other KPI and time of the process.  

We demonstrate how to combine data for smart PSS development with this prelim-

ited model and process, like functional sales. The simulation enables a flexible PSS 

business development by estimating the cost, revenue, generic KPIs, and environmental 

impact of given value propositions, key resources, and key activities/processes. Thus, 

better decisions, flexible pricing models, as well as bonus program options can be made. 

Information about economic and ecological impacts may also trigger re-design and ro-

bustness of products, novel development of end-of-life services, and other activities to 
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enhance efficiency of the provided PSS, in terms of functional sales. Finally, the digital 

simulation (as an online service) enables cross-organizational development of business 

model innovation by combining different developers’ and departments’ information. 

Thus, decision-makers obtain a more valid basis for sustainable business innovations. 

5   Discussion and Conclusion  

The evolution of smart PSS is one way to a more sustainable economy both economical 

and ecologically. Walking over the edge to new business models without intense con-

sideration of risks and chances takes companies into jeopardy. The approach proposed 

in this paper enriches the arsenal of a suitable methodology for smart business model 

innovation by a new integrated simulation model. Our approach gives the opportunity 

to test hypothetical business models’ ideas within a sandbox environment as a digital 

twin. It contributes to the field of smart PSS simulation mainly by giving the possibility 

to transform common business model notations into a for simulation usable format 

without enormous effort.  

The required data is generated from existing business model layers as well as busi-

ness process layers. The threshold of supplying the simulation with the named data is 

low, as the data is usually already stored in the company. Looking forward, the model 

will be developed further to find a way to not only test hypothetical models but evaluate 

business models and give input in smart innovation processes on product-service sys-

tems. However, there are still a lot of limitations. First, the model and the simulation 

tool are still under development. The first real PSS innovation simulations and first real 

proof of usability are planned within the next year. Second, the model still concentrates 

on specific aspects of the sustainable Business Model Innovation Canvas [19]. There 

will be a high demand to include agent-based simulation approaches to integrate the 

customer-side and the social and supply dimension of business development, which we 

need to consider. 
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