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Abstract. Industry 4.0 is a fast growing concept which has started to gain 

ground over the last few years and strives to achieve a higher and more efficient 

production rate through the usage of automations. This concept is directly cor-

related with Business Process Management because its implementation con-

cerns the improvement of business processes. Business Process Modeling is a 

tool of Business Process Management which can depict the processes of an or-

ganization in order to be elaborated and improved. For that reason models are 

widely used for the better understanding of processes and as a first step of new 

concepts insertion, such as Industry 4.0, in an organization. Hence, a compre-

hensive framework of a modeling architecture is essential for a company which 

desires the transition to new concepts according to its needs, its processes and 

its structure. In this paper, a complete architecture which proposed in a compa-

ny activating in gas industry is presented including the appropriate models for 

the recording of business processes and how Industry 4.0 principles could be 

incorporated to them.  
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1 Introduction 

The term Industry 4.0 (or 4th industrial revolution) is a technology-oriented con-

cept concerning primarily the manufacturing domain, however, can be adapted and 

applied to any value chain organization [1]. The integration of Industry 4.0 principles 

in business processes, following Business Process Management (BPM) tools, could 

assist and facilitate their improvement [2]. BPM contribution to Industry 4.0 is ac-

complished using the method of Process Modeling, providing stakeholders with ade-

quate means to control intelligent manufacturing processes and smart factories effi-

ciently and effectively [3]. Business process models examine and exploit the behav-

ioral aspects of a system and are usually developed in an early stage of requirements 

designing [1].  
Model-based systems engineering (MBSE) is a key enabler for building complex 

systems as demonstrated by the increased number of related publications [4, 5].The 

deployment of employees as well as the human-machine interaction is depicted by 

systems models development [1, 6, 7] leading to a complete view of Industry 4.0 pro-

cesses. Through the capability of process simulation via the configured models, a 

better understanding of systems operation could be achieved, providing feedback 
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about changes and readjustments [8] which can be implemented for improved results 

and better resilience. Simulation as a method of modeling is proposed by [8], [9] and 

[10] as a reliable way of getting results. UML-based models are utilized by [1], [11], 

[12] and [13] while they constitute also a big category of process modeling techniques 

used as Business Process Management tool. Hence, both dynamic and static tech-

niques are exploited for models and architectures configuration. BPMN, in which the 

architecture of this paper is based, is mentioned to be a valid and adaptable method 

for both static and dynamic approaches in modeling [1, 11].  

Completed 5-level architectures are proposed by [14], [15] for the deployment of 

Industry 4.0 in manufacturing environment where real time data acquisition and man-

agement is needed for the operations control. According to [16] an architecture ex-

ploiting human knowledge for data input in smart factories can be developed. Vertical 

integration architecture is suggested by [17] in order to collect data and transform it 

into valuable information for the system. PERA (Purdue Enterprise Reference Archi-

tecture) for industry 4.0 is used by [18] as a base for adjusted architectures develop-

ment such as this prosed in this study. The development of enterprise architecture 

provides business with useful details about how to align their strategy with their busi-

ness processes in order to achieve the desirable results [19]. 

The aim of this paper is the development of a Business Process Modeling architec-

ture prototype which is used to describe methodologies and guidelines for the design 

and combination of Business Processes and Industry 4.0 in an organization which is 

responsible for the middle and low pressure gas distribution networks operation and 

desires the transition of its processes to an Industry 4.0 framework. Initially, the views 

that will satisfy the needs of the organization are presented, followed by the descrip-

tion of the proposed architecture. PERA architecture was chosen as the base of the 

adjusted meta-architecture of this case, developed as a next-step emerging framework 

according to PERA principles, because of its simplicity and its generic nature [20] 

which facilitated the fitting with the needs and the mentality of the company. PERA 

and ARIS were combined for the development of a new meta-architecture based on 

the needs of a specific organization operating in the gas industry. 

2 Proposed Architecture 

The first step for the configuration of the proposed architecture is the understanding 

of the role of BPM in Industry 4.0 implementation in a gas company. As shown in 

Fig. 1, BPM constitutes the higher level (Level 6) of the “pyramid” which represents 

the vertical integration of Industry 4.0 in business processes, consisting of the level of 

modeling, execution and business process control. The lower level (Level 0) is consti-

tuted by the Actual Process of organization operation. Level 1 encompasses all the 

appropriate equipment for direct interaction and coordination with actual processes, 

followed by SCADA in Level 2 which collects the data of Level 1 equipment used in 

the actual processes. Level 3 includes Equipment System and Maintenance Manage-

ment operating by the aggregation of the data come from SCADA. Level 4, Products 

Lifecycle Management (PLM), is the link between Level 3 and Level 5 because it  
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Fig. 1. The “pyramid” of Industry 4.0 implementation levels 

develops products based on the requirements coming from the ERP and CRM systems 

of Level 5 and it simultaneously controls the low level production. The concept of 

security is vital in all levels of the architecture for a company operating gas distribu-

tion networks and has different expressions in the six levels of the pyramid. For ex-

ample, security is important at a physical level (e.g., covering the risk of physical 

assets destruction) as well as at an informational and network level (e.g., preventing a 

cyber-attack). Similarly, knowledge has to be management in the different levels of 

the pyramid, in different ways (e.g. explicit knowledge concerning executional pro-

cesses is expected to be found in the lower levels of the pyramid, possibly in the form 

of analytical procedures and work instructions, whereas more tacit knowledge is 

found in the higher levels, possibly in the form of management good practices and 

shared experiences). 

Based on the needs of the organization in which the proposed architecture was im-

plemented, the views of the system analysis have been detected and categorized as 

follows:  

 Organization View: Encompasses the organizational structure of the company 

according to employees’ positions and its allocation in departments. 

 Process View: Composed of the processes, subprocesses and activities of the or-

ganization. 

 Information Systems View: Depicts the information systems used by the company 

as well as the applications included in them and their interconnections 

 Industry 4.0 and Internet of Things View: Analyzes the utilization of automations 

in the operations of semi-autonomous functions using sensors, actuators and tele-

communication networks.  

 Documents/Files View: The recording and categorization of significant documents 

and files for the business processes operation are included in this view. 

 Rules/Legislation View: Refers to the business rules and laws which influence 

organization processes and should be noted down.  

 Risks/Controls View: Includes risks listing according to their category and their 

implications in business processes. 
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 Products/Services/Customers View: Contains the analysis of products and services 

provided by the examined organizations and the approaches on the basis of which 

its main customer categories are served, too. 

 

In dependence to the views which are described and should be covered based on the 

analysis of the organization, ARIS was decided to be the modeling architecture and 

more specifically the meta-architecture modeling framework to be used.  ARIS not 

only was selected because it completely encompasses the views which have to be 

included in the analysis, but it can be understandable and easily accessible by all the 

employees as well, owing to the existence of supporting software. In Fig. 2 the views 

of ARIS are presented, including the methods (diagrams) used in each view. ARIS 

views are: Organizational, Data, Processes, Functions and Products and Services. The 

representation is conducted through the House of ARIS depicting the interconnections 

between views. These views correspond to specific levels of the PERA architecture 

through specific modeling methods. In particular, in Levels 1, 2 & 3 in which the 

Industry 4.0 principles are implemented in company processes, Network Diagrams, 

Network Topology Diagrams, IoT Object Definitions Diagrams, IoT Context Dia-

gram and Information Carrier Diagrams are used. In order to represent the infor-

mation systems requirements, structure and function in Levels 3, 4 & 5, the Applica-

tion System Type Diagrams, Application Collaboration Diagrams, Requirements Tree 

and Requirements Allocation Diagrams, Customer Journey Map and Customer Jour-

ney Landscape (for CRM), Product Service Tree and Information Carrier Diagram are 

used. BPM in Level 6 is expressed by Value-added Chain Diagram, Enterprise Col-

laboration Diagrams (BPMN), Function Allocation Diagrams (FAD), Business Rule 

Architecture Diagram, Business Controls Diagram KRI Allocation Diagrams, Risk 

Diagram and Information Carrier Diagram.  

 

Fig. 2. Used diagrams distributed in ARIS view 
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In Fig. 3 the methods of ARIS were redistributed to be adjusted in each view of 

organization. In both Fig. 2 and Fig. 3 an extra Supervision View has been added, 

constituting the common platform of connection between the other views, in the form 

of a control panel. 

 

Fig. 3. Used Diagrams distributed in organization views 

In particular, the Organization view is structured by the configuration of the Or-

ganizational Chart. The Information Carrier Diagram is used for the recording and 

categorization of documents and files covering the Documents/Files view. The Func-

tion view is supported by the Enterprise Collaboration Diagram which is the main 

diagram of the suggested architecture as it depicts all the functions of the organization 

in BPMN form and both “as-is” and “to-be”  can be represented. BPMN diagrams are 

supported by Function Allocation Diagrams (FAD) which connect BPMN with the 

diagrams of the other views and Value Added Chain Diagrams which group the busi-

ness processes in a high level. 

The view of System Requirements is presented by the Requirements Tree Diagram 

determining the hierarchy of requirements which are subsequently analyzed by the 

Requirements Allocation Diagram. System requirements connect “as-is” with “to-be” 

diagrams and are connected with business process improvement initiatives.   

One of the most important views for the utilization of the proposed meta-

architecture is the view of Industry 4.0 and IoT for the reason that it supports the tran-

sition of the organization in automations adoption. IoT Object Definition Diagram 

represents the structure of automations including the function of sensors and actuators 

supplemented by IoT Object Context Diagram which describes the function of the 

automation in a process. In addition, Network Topology and Network diagrams depict 

the communication and interconnection networks of the automations completing in 

that way the Industry 4.0 view in organization processes.  

The view of Risks/Controls/Policies is analyzed as an integrated framework be-

cause of their correlation. Business Rule Architecture Diagram presents the business 
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policies that the organization should comply with. Risk diagram lists the risk catego-

ries and the risks associated with the organization operation which are measured by 

the KPI Allocation Diagram and are confronted according to the recorded information 

encompassed in the Business Controls Diagram. The view of Information Systems is 

modeled through the Application System Type Diagram registering all the infor-

mation systems used by the company and decomposing their structure and function-

ality through the Application Collaboration Diagram. The final view of Prod-

ucts/Services/Customers uses the Product/Service tree for the depiction of products 

and services offered by the organization to customers. Moreover, the route that is 

followed by the costumer from the beginning until the end of its touch with the com-

pany and the analysis of each step of the route parameters as well, are displayed by 

the Costumer Journey Landscape and the Costumer Journey Map, respectively. 

In sum, the proposed architecture consists by the main view of Processes which 

constitutes its core, based on BPMN diagrams representing business processes, 

framed by the other views which supplement a completed framework harmonized 

with the needs of the studied gas company, in order to achieve the adoption of Indus-

try 4.0 principles in its processes. BPMN lanes offer better interaction between physi-

cal and electronic actors, too. That was the reason for choosing BPMN as the central 

architecture diagram. The transition was primarily depended on the matching of In-

dustry 4.0 and IoT methods in BPMN diagrams along with the cooperation with the 

methods of the other views. Fig. 4 represents an overview of the “connection of a new 

customer in the gas network”, a core process of the company. In this process, the 

interaction of the actors is important to be shown in order to understand it better. A 

BPMN diagram can depict in high level of detail the interaction of the customer with 

the departments of the company and the external partners involved. Every activity of 

this process can be connected with other diagrams of other or the same view for better 

understanding of the system. For example, the smart tag activities in this process are 

associated with IoT Object Context Diagrams as a part of Industry 4.0 logic. 

 

Fig. 4. (Simplified) Process of new customer connection in the gas network 

3 Conclusions & Further Research 

Modeling of an enterprise system in the Industry 4.0 era is a complex task of stra-

tegic importance that faces many challenges in order to achieve the integration of 

different and often conflicting views in a holistic manner. In this paper, the design of 

an integrated architecture based on the ARIS framework is presented, incorporating 
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the view of Industry 4.0 and Internet of Things. The architecture was developed for a 

company operating middle and low pressure gas distribution networks and was based 

on its strategic orientation and specific needs. It is understood that this is the starting 

point and many steps have to be taken in the future. The developed architecture has 

not been validated yet and has not been refined based on its full application. So far, 5 

out of 108 identified business processes have been designed and 12 out of the 21 

methods have been utilized from which only two involve cyber-physical operation, so 

the integration of all methods and their related and interconnected objects has not 

been fully verified. However, it has to be stated that the experience gained by now is 

encouraging, showing that the objective to connect the Industry 4.0 view with other 

organizational views in different management and operational levels is being fulfilled. 

The example of the (simplified) process of “new customer connection in gas network” 

shows the incorporation of Industry 4.0 workflows with other Business Processes as it 

is materialized through the developed architecture. After the refinement of the archi-

tecture in the case of the user company, it is interesting to test its applicability to other 

companies operating in the same or alternative sectors.  
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