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Abstract .  The aim of the research. This article discusses the use of the Digital Twin in automation and its impact on the 

resulting solution. The research aims to illuminate the Digital Twin concept explanation and systematise the knowledge base 

and fulfill information gaps. Research results. The paper overviews the history of the concept and determines the main phases 

of Digital Twin development. The significant attention was paid to the classification issue to show the huge variation 

depending on Digital Twin‘s purpose, lifecycle phase, the scale of the physical twins and data amount in order to explain the 

twin‘s relation and the hierarchy of complex system. The defined capabilities and values of the concept identify the possible 

use cases and explain the potential benefits of Digital Twin implementation. Also, this paper takes a look at the use of Digital 

Twin in the area of building automation. This concept potentially may act as the integration platform for building management 

systems (BMS) and building information modelling (BIM) technologies with IoT solutions. The discussion of Digital Twin 

implementation for the building automation complex is presented. We conclude that the Digital Twin can integrate human 

factor to the control system by using the indexes of climate satisfaction, the feedback functionality and human-machine 

interfaces. As a result, the improvement of system efficiency depends on the coordination and orchestration of equipment 

operating mode. Conclusion. The Digital Twin has a high potential for energy efficiency improvements, as it considers many 

factors, integrates a huge amount of data and continuously improves themselves with real-world data. 

Keywords:  Simulation; Data-based control; Real-time control; Internet of Things; Digital Twin; Knowledge-based 

control; Building Automation. 
 

Introduction 

An important topic in control technology today is 

the collection, management and analysis of data, which 

has received a significant amount of attention from 

academics and industry. The trend to digitalisation and 

intellectualisation of various sectors of production and 

technology, including building maintenance, is 

generating enormous interest in the IIoT (Industrial 

Internet of Things) concept. In this way, data can be 

directly collected by smart devices and transmitted to 

the cloud for further processing and storage. However, 

with the rapid growth of data volume, they will create 

challenges in data organisation, management and usage. 

Improving the energy efficiency of the system 

operation can be achieved by improving the control 

algorithms. It is associated with the advanced analytic, 

additional parameters, predicting the object behavior, 

equipment diagnostics, etc. All these cases, combined 

with digitalisation, the need for online monitoring, 

operational flexibility, lead to the necessity of using a 

specific integration platform, like the Digital Twin [1]. 

The technological push for the development of the twin 

concept includes the availability of low-cost sensors, the 

development of cloud and edge computing, computing 

hardware, machine learning and artificial intelligence 

technologies [2]. From this point of view, Digital Twins 

become an extension of technological development and 

an example of data science application that filters, 

processes and integrates the massive amount of data 

with different data types [1]. 

While Digital Twins vary greatly depending on the 

purposes and data amount, it is a technology for 

virtualising the physical world. Digital Twins become 

the proxy for a physical entity, so it can interact with 

any application to exchange the data [3]. 

An overview of operating costs indicates the 

potential for savings by optimising and coordinating the 

systems’ operation to promote energy efficiency [4]. A 

building is a complex object in terms of maintenance, as 

it has many connected engineering systems, external 

and internal disturbances that are difficult to predict. So, 

the system integration of the building is a priority task 

for today. Therefore, the use of Digital Twin in building 

automation has a great potential for energy-efficient 

system design. This research is aimed to provide 

analysis in three main blocks: 

1) the current knowledge base on the Digital Twin 

topic with an enabling technology overview; 

2) the information systematisation and filling the 

knowledge gaps; 

3) applying the described technologies and use 

cases in building automation. 

This paper is organized as follows. Section 2 

presents the methodology of the literature review and 

shows the summaries of considered papers. Section 3 

introduces the historical aspects of Digital Twin concept. 

Section 4 describes the capabilities and values of Digital 

Twin implementation and provide the general 

classification and overview of certain enabling 

technologies. Section 5 discusses possible Digital Twin 

implementation issue in order of the building automation 

environment. Finally, Section 6 presents our conclusions. 

1 Methodology 

The article research approach is divided into 

several steps. The first step of the study was to identify 

the purpose of the paper and to frame the research 

questions. It gives the vector of the following work and 

helps to define desirable results and its criteria. The 

search took place in the databases of Science Direct, 

Google Scholar and among the technical documentation 

and white papers of the world’s leading companies, 

scientific and market leaders, including Siemens, 

Emerson, XMPro, ABB, Seebo, AnyLogic, ARUP, 

Oracle, Johnson Controls, Fraunhofer and others. The 

review of the technical documentation was carried out 

to study the proposals for practical implementation or 
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specific examples of application and to consider a more 

commercial point of view. 

The search process was iterative. At first, we 

considered 60 sources and sifted out those that did not 

fit the general topic. As their analysis did not answer all 

the questions, it was decided to expand the list of 

literature. The next search was more specialized and 

related to topics in which we did not get information, 

including Digital Twin values, building Digital Twin 

application, and papers in the field of building energy 

consumption. The main inclusion criteria based on 

suitability for the purposes of the study, its research 

question and direct relation to the Digital Twin. Also, 

the authority and availability of full text had significant 

value of the selection. The final paper allocation, except 

standards, is shown in Table 1 by the publication type. 

 
Table 1 – Ranking the papers collection by publication type 

Publication type Number of papers 

Journal 37 

Conference 11 

Book (section) 4 

White paper and reports 16 

2 A brief overview of Digital Twin 

The first approach of Digital Twin realization 

belonged to NASA [5], which was a “pioneer” of this 

technology during the Apollo program in the 1970s [6]. 

However, the term Digital twin appeared far more later 

at the Grieves’s presentation about Product Lifecycle 

Management (PLM) in 2003 [1, 6–8]. Currently, there is 

no standardized definition of Digital Twin [5]. It is 

possible to highlight three different interpretations of 

the Digital Twin term, which emphasize its continuous 

evolution (Fig. 1) [9–11]. 

 

 

Fig. 1. The four stages of the Digital Twin evolution 

 

The first one was introduced by NASA in 2010 as 

“an integrated multi-physics, multi-scale, probabilistic 

simulation of a vehicle or system that uses the best 

available physical models, sensor updates, fleet history, 

etc., to mirror the life of its flying twin. It is ultra-

realistic and may consider one or more important and 

interdependent vehicle systems” [5, 12–14]. 

The second interpretation was provided by 

Siemens in 2016 and focuses on the simulated and 

visible 3D model and it was the appropriate vision of a 

broad industrial audience [9]. Thus, the Digital Twin 

topic turned numerous researchers’ attention and give 

rise to an exponential increase in the number of relevant 

publications [7]. 

The state-of-the-art concept of Digital Twin 

appeared in 2018 by extending the existing 3-dimension 

Digital Twin model and adding Data and Services 

dimensions [7, 10]. This change was intended to 

facilitate the further application of Digital Twins in 

various fields. The 5-dimensional model consists of a 

physical entity (PE), virtual entity (VE), digital twin data 

(DD), service system (SS), connection (CN) (Fig. 2). 
 

 
Fig. 2. Five-dimension digital twin model 

 

3 Understanding of Digital Twin 

3.1 Classification 

3.1.1 General classification 

Based on the reviewed literature, it can be 

concluded that the classification theme is very complex 

and does not have a clear common position of the 

authors. If we consider the classification of Digital 

Twins in general, there are divisions by the level of 

integration, focused area or product lifecycle phase, 

and the scale of the physical twins. The division by 

level of integration separates 3 following groups: digital 

model, digital shadow and Digital Twin. In this case, the 

data flow between the physical and digital counterparts 

are characterized and the differences in understanding 

of the concept are explained below (Fig. 3) [8, 15–19]. 

 

Fig. 3. The data flow in Digital Model,  

Digital Shadow and Digital Twin 
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The first group includes digital representations that 

are manually modelled and have no direct mechanisms 

for automatic data exchange in any direction. The 

Digital Shadow is provided by a one-way data stream 

and changes in the state of the physical object led to 

updates in its shadow. But there is no feedback from the 

analytical data. The Digital Twin is characterised by a 

bidirectional data flow and an integration between the 

digital and physical objects. In the context of the Digital 

Twin development path under consideration (section 3), 

in our opinion, this classification is not indicative, as 

current trends in technology lead to the view that only 

the last group meets the true criteria and requirements of 

this concept. 

Classification by industry focus or by product 

lifecycle phase involves the division into Design, 

Manufacturing, Service, and Retire phases [17]. 

However, their usage is more relevant to industrial 

applications [19]. In the context of the considered 

industries, the Digital Twin can and should be 

functional in all phases of the life cycle, which can be 

realised by having a single Digital Twin with several 

models of the object that characterise a physical entity 

from different sides. 

It is also possible to classify the Digital Twin by 

the scale of their physical objects into the following 

groups: critical component, piece of equipment, single 

machine, production line, processes and systems [16], 

[20]. Moreover, the twins of complex objects can 

integrate Digital Twins of their component elements, 

which is in line with the ideology and the trends of this 

concept. Thus, the relation between the Digital Twins is 

more complex and is divided into the following groups 

[21]: 

• Hierarchical relation: the twins of complex 

objects consist of Digital Twins of their component 

elements. In this manner, the Digital Twin replicates the 

architecture of a real object. 

• Associational relation: the relationship between 

Digital Twins with technologically associated processes 

or facilities. 

• Peer-to-peer relation: the relationship between 

Digital Twins of the same or similar type of equipment 

that perform the same or similar functions. 

Despite the spread of such a general classification, in 

our opinion, its relevance will decrease with the 

development of Digital Twins, as predicted in section 3. 

Thus, there is much more interest in classifying the 

technologies that can be used to create the Digital Twin. 

3.1.2 Enabling technologies classification 

In accordance with the definitions of the Digital 

Twin, described in the previous sections, the following 

four categories of enabling technologies can be 

identified: modelling, data management, services and 

connection technologies [7, 19]. Fig. 4 summarises this 

information and presents the technological architecture 

of the Digital Twin. 

 

 
Fig. 4. The technological architecture of the Digital Twin 

 

Data related technologies summarise data 

lifecycle and their transfer into information and further 

into knowledge. The Digital Twin should contain data 

about the physical environment that are required to 

represent and analyze the behavior and states of the 

real-world object [22]. It is characterised by the 
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following phases: collection, transmission, storage, 

processing, fusion and visualization [7, 19]. The 

beginning of the data path starts with the operation of 

sensors, cameras, RFID tags, IT gadgets, 3D scanning, 

etc. to collect complete information about a particular 

physical environment. 

The next step is data transmission using wired and 

wireless technologies that need to be performed in real 

or near real-time to provide data processing and 

analytics. Due to the volume of information collected 

and the high demands on processing time, it may be 

necessary to pre-process the data. For this purpose, the 

concept of edge computing is ideally suited and reduces 

the complexity and cost of transmission [19]. 

Obtaining multisource data requires data fusion 

through their synthesis, filtering, correlation, and 

integration. Data fusion includes raw-data-level fusion, 

feature-level fusion, and decision-level fusion [7]. 

An important stage of the data life cycle is 

visualization, which includes various graphical methods 

of presentation: histogram, pie chart, line chart, map, 

bubble chart, tree chart, dashboards, etc. Virtual and 

augmented reality technologies can also bring 

development in this direction [23]. 

Modelling technologies could be classified in a 

couple of ways. First of all, the modelling approaches 

can be divided according to the amount of physical 

knowledge used [5]: 

• black-box is a mathematical data-driven model; 

• white-box is a physical-based model; 

• gray-box is a combination of previous types. 

On the other hand, Digital Twin involves geometric, 

physical, behavioral, and rule-based modelling. As 

mentioned earlier, single Digital Twin can obtain 

several models, that bring different information about 

the physical object [7]: 

• the geometric model describes geometric and 

tolerance information; 

• the physical model includes accuracy material 

and assembly information; 

• the behavioral model provides information 

about the way in which the physical entity performs 

functions, reacts to changes, interacts with others and 

maintains health; 

• the rule-based model defines rules derived 

from historical data, expert knowledge and predefined 

logic. 

To ensure the model accuracy and simulation 

confidence, Verification Validation and Accreditation 

(VV&A) analyses the relevance of the running result to 

the requirements, evaluates the models’ sensitivity and 

tests the transformation from models to program codes 

[6, 7, 10, 24]. Service technologies could be divided into 

four groups: resource services, knowledge services, 

application services, platform services [7] (Fig. 4). A 

number of services operate at the upper most level and 

use integrated knowledge to generate added value 

through advanced analysis and validation [25]. The 

main benefit of services using is an on-demand 

operating organization. This means that the services will 

be provided at the right time and to the right extent. 

Otherwise, it was necessary to provide all resources, 

software mechanisms and organise their maintenance, 

updates and management locally, which makes the 

owner of the system responsible for its operation. Also, 

the computing capacity is selected with a reserve to 

cover peak loads and ensure the appropriate level of 

reliability. In case of service, we delegate this 

responsibility, which could save time and money. 

Connection technologies achieve bidirectional data 

interaction based on intelligent data interaction devices 

and communication interfaces [25–27]. The definition 

and understanding of the required technology are 

closely linked to the 5-D Digital Twin model that was 

described earlier. Each of its elements is interconnected 

with the others and forms six different connection 

options [7]: 

• Physics-Services; 

• Physics-Model; 

• Physics-Data; 

• Service-Model; 

• Service-Data; 

• Model-Data. 

It also includes the links between the components of 

each element, the environment, among the various 

Digital Twins and even human-machine relations. As an 

example, Digital Twins can store their data in different 

databases [14]. There are vast differences in the 

technology’s usage depending on the architecture of the 

Digital Twins, the environment and the availability of 

edge computing. The connections are enabled using 

several technologies, such as Internet technologies, 

human-computer interaction technologies, security 

technologies, interface technologies, communication 

protocols, etc [7]. 

3.2 The Digital Twin capabilities 

The Digital Twin concept includes a wide range of 

capabilities. However, the list of its functions were 

changed with Digital Twin evolution [9], so the range of 

possible capabilities is generalized in Table 2 [28]. It is 

describing the Digital Twin value and use cases 

throughout the lifecycle of a real object with the 

classification of selected papers by their focus area and 

described technology.  

The brief review of the mentioned capabilities is 

given below. 

The PLM theory became the source of Digital 

Twin creation and it originally was an idea of the 

digitalization process and mostly means the approach 

for the holistic control and administration of product-

related information [5]. PLM integrates all data and 

information collected along the item lifecycle in order to 

increase productivity and efficiency level by the 

interconnection of different isolated and fragmented 

processes and characteristics [29]. It supports five 

lifecycle phases: planning phase, create-phase, build 

phase, sustain phase and disposal phase [5]. 

The mount of the Digital Twin documentation 

includes operational instructions and service records 

that are used in further analysis. For example, 

maintenance records may be used to inform the 

manufacturer about detecting issues that would be noted 

and used to increase the quality of its product [22]. 
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Table 2 – The Digital Twin capabilities 

FUNCTIONALITY FEATURE PLAN BUILD OPERATE MAINTAIN 

All documents associated to 

equipment throughout its 

lifecycle 

Document 

management 

PLM PLM Operation 

instructions 

Service record 

[5, 11, 14, 17, 29, 54, 62–64] [25, 54] [15, 54] 

Digital representation of the 

equipment that can mimic 

properties and behaviours of a 

physical device 

Model Physical 

properties predict 

 Optimization Diagnostics 

[2, 5, 7, 44, 55, 

65] 

[3, 5, 30, 31, 44, 65, 66] 

Representation of a physical 

device in a simulation environ-

ment to study its behaviour 

Simulation Design 

simulation 

Virtual 

commissioning 

 

[5, 35, 55] [5, 22, 25, 45, 67] 

Properties of a physical device 

mapped to a 3D digital 

representation 

3D 

representation 

Design drawings Manufacturing 

instructions 

 Service 

instructions 

[7, 37] [27] 

Standardized data model for 

connectivity, analytics, and/or 

visualization 

Data model Engineering data Production data Operational data Service data 

[1, 14, 37, 49, 68] [1, 49, 68–70] [36] 

Graphical representation of the 

object either on a supervisory 

screen or personal device 

Visualization  Operational state 

display 

Health status 

display 

[2, 7, 11, 21, 44, 65] 

Alignment of a model with real-

world parameters 

Model 

synchronization 

Real-time 

movement 

Model 

inversion 

[23, 30, 55, 66, 68] 

Algorithms and computational 

results based on measured 

properties of a physical device 

Connected 

analytics 

Operational  

KPIs 

Asset health 

KPIs 

[37] 

 

The modelling function usually is mentioned by a 

different author as a central component of Digital 

Twins. Generally, Digital Twin is a simulation of the 

real world and the capable modelling environment is 

crucial [30], [31]. It obtains the wide research area 

directed at the development of more accurate digital 

models. The virtual model can adapt in real-time to the 

physical object changes to generate up-to-date data, 

predict properties, optimization and even diagnostic for 

maintaining equipment [27, 32]. It could represent a 

system, part or a family of parts while the Digital Twin 

represents an instance. Simulation has been underlined 

as the most appropriate method to model dynamic 

material and energy flows in the conditions of the 

complexity of process interactions and a large volume 

of variables [33, 34]. The purpose of a simulation is to 

study behaviour and performance of a physical device 

[14] and to determine the characteristics or make 

predictions about the real system using the data that 

cannot be measured during the operation process. In this 

context, the Digital Twin gets a wide analytical 

possibility and has a lot of data that is supported by 3D 

representation of the system or object and contains the 

geometrical information about the entity starting with 

design drawings. The advantage of this feature is not 

only the provision of 3D content and real-time analysis 

to workers [20], but its use for training sessions with 

remote, hazardous or sensitive equipment of users, 

technicians or operators [7, 35]. Virtual representation 

might be so accurate that a human could operate the 

system or object exactly the same as in the physical 

world [20]. So it reduces the waste of time and money 

to gain users or workers experience. 

3D simulation not only provides insight into the 

physical and geometric organisation of objects, but is 

also important for fault diagnostics, helping to identify 

the cause of a malfunction or to find a solution [36]. The 

Digital Twin is data-driven technology. The data model 

is designed to achieve different tasks: control, 

processing, diagnostics and condition monitoring, and 

analytics [37]. As a result, it integrates a vast amount of 

data that are generated during the object life cycle, 

including the planning, operating, maintaining and end-

of-life phase. The data cycle consists of collection, 

transmission, storage, processing, fusion and 

visualization stages [7] and it mainly means that all 

Digital Twin function is dependent on the data flow and 

its transformation to information. The accumulated 

knowledge needs to be properly presented to the user or 

operator in an intuitive and interactive way for the 

purpose of his prompt and correct reaction. The 

generation of data begins even before the physical 

object appears, by preserving the planning phase 

documentation, developing digital models, etc. and 

inheriting data and knowledge from previous 

generations of similar physical objects. 

The digitisation process leads to a perception 

complication of information through its complexity and 

volume, which caused a growth in tools, technologies 

and services for processing and visualization of 

information for its analysis, support for operator, user 

and manager decision-making [27]. The Digital Twin’s 

ability to visualise data should be a key parameter to 

use, evaluate and understand the amount of information 

it generates. 

The range of mathematical models, calculation 

methods, software and service solutions allow the model 

to be synchronised with a real object in real-time [37]–

[39]. It enables obtaining additional data during 

operation and use it to optimise control, diagnostics and 
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monitoring [17]. Comparison and processing of the 

Digital Twin data with real measurements keep the 

modelling accurate and relevant by ensuring a 

bidirectional connection between the physical process 

and the virtual system. 

The operation state display comes from a real-time 

data stream and is presented as plots, characteristics and 

time-series data generated by the simulations. The 

health status is displayed on the local application, 

gateway or cloud as an alarm and notification [37]. 

Information dashboards based on Digital Twins could 

be improved with included information (historical data, 

real-time data, and predicted data) and models that 

enable the use of 3D visual monitoring technologies, 

Augmented Reality (AR) or Virtual Reality (VR) as 

well as displaying near real-time analytics [19], [20]. 

A set of Key Performance Indicators (KPIs) is 

generated to assess the performance of the system, 

which can be linked to various targets to help evaluate 

the relevance of performance to specific business 

objectives by measuring assets’ health, wear and 

performance [2], [40]. The set of KPIs includes [37]: 

• operational KPIs - are based on process, 

electrical, mechanical and control data; 

• asset health KPIs - use specific services and 

diagnostic KPIs - process, electrical, mechanical and 

control data. 

The measurable performance indicators for a smart 

building context may include energy efficiency, 

equipment service and operating costs, number of 

failures, specific emissions of pollutants, room efficiency 

etc. The KPIs are based on the process data. The 

evaluation of the asset health often uses algorithms that 

determine the risk of failure and its remaining useful life. 

Although, as a rule, only these health KPIs do not reflect 

a performance degradation, which can impair 

performance long before the actual failure or end of life. 

An analyst based on digital twins can detect performance 

degradation using access to large amounts of data [41]. 

3.3 Value of Digital Twin 

In addition to the technical features presented 

above, it is equally significant to describe the strategic 

advantages of using digital twin solutions. These values 

were partly mentioned in the capabilities of the Digital 

Twin itself (Table 2). All advantages were generalised 

in Fig. 5 and are described below. Generally, we divided 

the advantages into 5 groups. 
 

 

Fig. 5. Value of Digital Twin 

 
3.3.1 Design 

The digital twin has extensive facilities at the 

system design stage. It includes virtual testing of the 

digital twin or system before its actual operation by 

applying 3D models, behavioural and other models and 

their subsequent virtual validation and verification with 

data integrity analysis [19, 25, 27, 42]. It ensures, above 

all, an increase in system reliability through automatic 

verification of system requirements, element 

compatibility analysis, etc. [3, 25]. The Digital Twin 

makes it possible to personalise the system and services 

to meet the requirements and preferences of users, 

market trends and legislative requirements at the design 

stage [2], while the coverage of a large number of 

digital technologies and innovations becomes the basis 

for continuous improvement of the system [43]. 
 

3.3.2 System interaction and integration 

The Digital Twin provides mechanisms for 

interconnecting a system of heterogeneous objects [11], 

their communication, organisation and analytics. It 

enables data from all devices to be received, compared 

and analysed [44]. The Digital Twin allows to provide 

complete, detailed information and increase the level of 

control over an object or a system of objects, on the one 

hand, and facilitate the integration of the object into the 

system, on the other. The creation of complex systems 

can lead to the fragmentation of knowledge about its 

elements and processes, which complicates access to 

useful information. The use of the Digital Twins 

concept helps to solve this problem by making it easier 

to obtain data for the next generations of objects [19] 

and transfer information when there is a change of 
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ownership, audit, etc. [3]. The continuous accumulation 

of data throughout the life cycle and its analysis 

supports decision-making during the design and 

operation phase without the need for additional requests 

and information collection [19]. The intelligence and 

self-description capability of the Digital Twin makes it 

possible to create a Plug-and-Work environment where 

new components can be linked at runtime and 

automatically integrated at the functional level, business 

analytics and other IIoT solutions [45]. 
 

3.3.3 Monitoring and diagnostic 

A Digital Twin can be described as a near-real-

time digital image of a physical system providing 

monitoring, diagnostics, optimisation functions, etc. [7], 

[43]. An important advantage of Digital Twins is the 

visibility through the transparency of the processes and 

operations that take place in the system, the mapping of 

the links between structural elements, which are 

necessary to improve productivity and a deeper 

understanding of the object by the user or operator [20]. 

It enables real-time visualisation of equipment that is 

used by real people and operating in a particular 

environment [11]. The integration of heterogeneous 

systems and real-time work simulations makes it 

possible to fill in data that cannot be obtained at a 

physical object or is not rational, for example [44]: 

• It is too expensive to install sensors on all 

equipment in all locations; 

• The sensor can make the equipment run worse 

or interfere with it; 

• It is not possible to provide reliable, 

economically justified communication with the sensor; 

• Data is collected at different time intervals. 

The Digital Twin makes it possible to monitor the 

status of equipment in real-time and to detect when 

devices are not working efficiently or are not interacting 

properly and provide extended information about them. 

The ability to detect anomalies is one of the pressing 

themes of IIoT [44]. It detects when the system is not 

working properly and helps to determine what may be the 

cause or how long it will last before it breaks down [39]. 

The anomaly does not always indicate an error, but may 

only show a state that has not been seen before [44]. 
 

3.3.4 Intellectual Alarm Management 

Intellectual Alarm Management is another 

important application of the Digital Twin. Its purpose is 

to alert and support operator or user solutions when they 

arise. Alarm flooding means that one emergency causes 

many other errors and prevents the quick identification 

of the root cause of the fault [46]. Digital Twin helps to 

avoid such flooding. 
 

3.3.5 Prediction and optimization 

The use of physics models makes it possible to 

predict the behaviour and state of equipment, which 

includes forecasting future operating conditions [2, 43]. 

It is important for the implementation of the decision 

support system, making it possible to obtain more 

informed or effective solutions and to deepen 

knowledge about the physical object. Scenarios and risk 

assessments are performed to detect unexpected 

behaviour situations, study them and find ways to 

mitigate or solve them [2]. Data from the different states 

of the object that are generated by the what-if analysis 

can be used [27]: 

• to improve future system designs; 

• to optimise service cycles; 

• to outline ideas for new system applications; 

• to approve preliminary design solutions; 

• to predict the response of the system to various 

types of field disruptions. 

The analysis of the system’s operation enables 

predictive maintenance, based on the anomaly detection, 

what-if analysis, fault detection and planning 

capabilities described earlier [5, 27, 42, 47, 48]. It helps 

to reduce maintenance costs and prevent serious 

equipment breakdowns. The set of prediction functions 

described above makes it possible to carry out energy 

consumption, maintenance and cost planning, which is 

positive for commercial institutions and private use. 

It provides an opportunity to improve operating 

conditions, to understand the relationship between 

indoor climate and the amount of energy used or its 

cost. The values of the Digital Twin involve a positive 

impact on the environmental and energy consciousness 

for users and teach them to understand their 

responsibility. 

4 Digital Twin in building automation 

4.1 General overview 

The application of Digital Twin technology in the 

area of intelligent buildings has its specifics. In 

particular, some technologies, principles and standards 

already exist to support the building’s life cycle. It is 

necessary to determine the place of the Digital Twin 

concerning them and answer the questions: 

• What benefits does it offer for building 

automation? 

• What practical sense do the mentioned features 

have? 

First of all, it is necessary to get acquainted with 

the terminology used in the field of building 

automation. 

The terms building automation and control system 

(BACS), building management system (BMS) are 

synonymous according to EN 15232. They incorporate 

all systems, equipment and services designed to 

manage, monitor, and optimise the performance of 

building engineering systems to improve their energy 

efficiency, cost savings and safety [4]. The term 

building automation system (BAS), which is widely 

used in literature, is also equivalent in meaning [49]. 

This system integrates the control functions of multiple 

electrical devices, heating, ventilating, cooling, air 

conditioning, hot water and lighting appliances and has 

the task of providing user comfort with energy 

performance improving [50]. 

A similar meaning is expressed in the energy 

management system (BEMS), which is part of the BMS 

and focuses on optimising energy consumption. BEMS is 

a computerised system for monitoring and controlling, 

which includes data collection, logging, reporting, and 

analysis of energy consumption. There are many 
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realisations of BEMS from numerous manufacturers, 

generally performing seven functions [50]: 

• installation management and control 

(sequencing control and process control); 

• energy-management functions; 

• risk-management functions (fire alarm systems 

and security systems); 

• information-processing functions; 

• performance monitoring and diagnosis (fault 

detection and diagnosis technology, automatic commis-

sioning technology, and smart maintenance technology); 

• facility management. 

BMS needs to use models of building and its 

engineering systems behaviour to achieve its potential 

in the field of energy efficiency. 

Often the building’s structural elements are planned 

separately by different consultants, contractors, and other 

stakeholders. The lack of coordination can lead to serious 

problems and collisions during the construction phase [51, 

52]. The term building information modelling (BIM) refers 

to the process of developing an intellectual model that 

brings together the work of specialists in the architecture, 

engineering, and construction industry [53,[54]. Initially, 

the BIM concept was considered to improve collaboration 

between the various participants in design and construction 

processes, but it quickly became incorporated into related 

areas, gaining applications throughout the building’s life 

cycle and providing strong interdisciplinary cooperation [8, 

52, 53]. BIM is applicable at various stages of the life cycle 

for both new and existing buildings [24, 53]. BIM provides 

for the collection and comprehensive processing of all 

architectural, technological, economic and other 

information about the object [49] from conception to 

dismantling of the building and enables the integration of 

knowledge from different disciplines into one model [53]. 

On the other hand, in combination with the digitalization 

trend in the real estate sector, the volume of information 

obtained by BIM, their complexity and abundant have 

increased exponentially, causing a ”drowning in data” [27, 

52], which must be processed and stored to obtain valuable 

knowledge. 

The difference between BIM and the Digital Twin 

is that BIM represents a process, while the Digital Twin 

is a virtual representation of an object in real-time [55]. 

Due to outdated formats and standards, the current state 

of BIM does not allow for integration with IIoT 

solutions [52] or BMS platforms [53], which limits the 

application of data. The unique aspect of the building as 

a control object is that it is a complex socio-

technological system. This feature cannot be involved 

with BIM. Moreover, it requires a large amount of 

memory and computation power and includes advanced 

end-user interaction by BMS [50]. 

The result of BIM is a static informational model, 

which does not support dynamic modelling, but contains 

most of the information required by the Digital Twin. 

Siemens defines the Digital Twin of a building as ”a 

digital copy of a physical building, which includes a 3D 

model of a facility combined with dynamic data to 

allow easy-to-understand visualization and analysis” 

and consists of [51]: 

• Digital Twin of the devices in a building; 

• Digital Twin of the structural components of a 

building; 

• Digital Twin of the dynamic data (performance 

data, time-series data). 

Thus, the Digital Twin capabilities mentioned in 

the previous chapters have been partly explored in BIM, 

BMS and BEMS. The Digital Twin should provide 

them with enhanced analytics and interact to form a 

complex for efficient building management or take over 

their functions (Fig. 6). 
 

 

Fig. 6. Building Digital Twin implementation 

 

The application of the Digital Twin solution comes 

through the potential of using dynamic realtime modelling 

and the ability to connect services to implement or improve 

certain BMS functions. Building energy systems are 

characterised by non-linear behaviour, stochastic 

environmental interactions [5] and the uniqueness of each 

object and operating mode. The accuracy of energy 

analysis and building performance forecasts is closely 

linked to the accuracy of modelling, which is influenced by 

several factors. Firstly, the use of real object data makes it 

possible to refine the model and maintain its relevance in 

the process of equipment operation [49, 51]; secondly, the 

use of real-time data for calculations makes it possible to 

improve the accuracy of forecasts [53]. 

The Digital Twin makes it possible to create a 

digital version of the building infrastructure, including 

its engineering systems. Such a system can investigate 

building usage modes and user preferences using AI 

technology. The obtained information is used to 

optimise the performance of the physical twin using 
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analysis of different system scenarios, which gives 

different modelling results parallel with the actual 

operation [5]. Based on the results, it is possible to 

select the workflow scenario automatically according to 

predetermined criteria, or with the user’s participation 

when the Digital Twin acts as an advisor. 

4.2 Control strategy 

Considering the heating and cooling sector as an 

example, which is one of the most energy-intensive 

building systems, the realisation of control algorithms 

will be highly dependent on the type of building and its 

operating mode. The control of non-residential and 

residential buildings is a little different in principle. The 

first category includes industrial and commercial 

(showrooms, offices, shopping malls, etc.) buildings, 

theatres, and museums. They are characterised by the 

presence of defined working hours or production plan, 

the ability to predict the occupancy of a building and the 

type of human activities. Also, they could have some 

technological constraints associated with indoor climate 

parameters. Moreover, non-residential buildings 

sometimes have a facility manager, who is responsible 

for maintaining a comfortable and safe environment and 

making operational decisions. These parameters allow 

us to improve the building model, which increases the 

accuracy of the technological parameter prediction. 

The occupants’ presence and behaviour can 

significantly affect the correctness of predictions and 

represents one of the essential factors that determine 

energy consumption in buildings [56]. Therefore, this 

factor needs to be considered in both building types. 

The easiest option for incorporating occupancy into a 

building behaviour model is the use of schedules. 

However, it may not be flexible enough for residential 

building management, as the daily routines may vary 

due to certain events in the lives of the residents. 

In this case, users manage and adapt the building 

performance to their own needs during operation, without 

having as much competence as, for example, a facility 

manager. Thus, the management of a residential building 

requires an interaction between the occupants and the 

building. The occupant actively participates in supervision 

using flexible, user-friendly decision-supported interfaces. 

The collected operational and historical data are used to 

examine the correlations in human behaviour and to 

integrate them into the Digital Twin. 

There are different objectives for building 

management, which will determine the used analytics 

and datasets. It is usual to consider criteria such as 

comfort, cost of maintenance and energy efficiency. The 

last two are often wrongly equated with one another. 

The calculation of an optimal operating plan for 

heating, cooling and other energy-consuming equipment 

aims to minimise the total energy usage, its cost or the 

prioritisation of energy sources and is based on weather 

forecasts, operating conditions, etc [57]. Energy 

consumption minimisation does not necessarily lead to 

maintenance cost minimisation. 

This result requires the introduction of algorithms 

that take into account the availability of different energy 

sources, their efficiency and tariff variability. Thus, the 

accumulation of thermal energy in ”lowcost” periods may 

reduce the overall energy cost, but may not be optimal in 

terms of the energy consumed. Other options for control 

objectives are shifting energy use away from peak periods 

of the power grid, prioritising the use of renewable energy 

sources, minimising greenhouse gas emissions, etc. [58]. 

One of the main functions of building automation 

systems is to provide quality of the indoor environment, 

including acoustic comfort, visual comfort, indoor air 

quality and thermal comfort for occupants or users. 

Some standards and methods represent the requirements 

and allow the assessment of the human satisfaction level 

in the numerical form [59, 60]. 

Optimal climate control can improve productivity 

and reduce the risk of human illness. The simplest and 

most common control option is to keep the temperature 

in the building within a defined range, although this 

option does not always give the most comfortable result. 

Consequently, the Predicted Mean Vote (PMV), and 

Predicted Percentage Dissatisfied (PPD) indexes have 

been developed for this purpose. PMV indicates the heat 

sense for the human body and PPD assesses the 

percentage of people who feel heat discomfort. PPD can 

be derived from PMV [61]. 

The PVM index is a complex non-linear equation 

that considers a large number of parameters, such as 

metabolic rate, clothes heat transfer resistance, airspeed 

and temperature, air velocity and others. The index 

value is dimensionless and represents a scale from -3 to 

+3, where zero value will correspond to the most 

comfortable conditions [61]. 

The use of non-linear indicators in the optimisation 

process makes the assessment of the environment more 

realistic, but it complicates the calculation and requires 

more computing power. Thus, the inclusion of the 

human factor in the building’s Digital Twin provides 

additional subjective information about the object, 

which enables a more comprehensive data analysis for 

making management decisions. Moreover, the Digital 

Twin can include far more virtual sensors than are 

actually installed, thereby filling information gaps that 

could not be obtained from the sensor data. 

Conclusion 

Although the idea of a Digital Twin is not a new 

one, the development of modern data collection, 

transmission, processing, modelling and service 

technologies together with the development of hardware 

finally gives the possibility to consider its wide usage. 

This complex of technologies offers a wide range of 

capabilities during all lifecycle of physical twins. No 

matter the focus area, product lifecycle phase, the scale 

of the physical twins or used enabling technologies, 

Digital Twin save its concept of being the virtual 

representation of the physical world and act as a proxy 

to organise the complex analytical, controlling, 

diagnostic and interaction processes. 

The main Digital Twin ideology is visibility, which 

is open to interpretation in several ways. Basically, this 

means the possible presence of 3D models that helps to 

inspect and explore the equipment even if it is hidden 

from human eyes. Also, it includes visibility throughout 
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the timeline. It means the representation of physical 

twins’ past historical, real-time and predicted future 

operating states. Digital Twin promotes the accuracy of 

prediction by updating the object model with new data 

during its work. The prediction function directly impacts 

on the anomaly detection, what-if analysis, fault detection 

and planning capabilities. Finally, visibility means filling 

the gap by using virtual sensors if it is not able to get real-

world measurements and provide the user interface that 

represents the information in an intuitive form. 

All these features are applicable in predictive 

control concepts, predictive maintenance, system 

improvement testing, staff training and business 

analytics, etc. And these conclusions are fully suitable 

for the building automation area. 

Concerning the building automation environment, 

the Digital Twin solutions should provide BIM and 

BMS with advanced functionality, solve the problem of 

system integration with IIoT solutions, or take over their 

function. The Digital Twin for the building has to 

consider the human component as a significant source 

of disturbance and as the main purpose of facility 

controlling. The realisation of human satisfaction 

assessment may include the complex indexes, feedback 

functionality and intuitive interfaces for human-machine 

interaction. Whether it is a residential or commercial 

building, the Digital Twin has a high potential for 

energy efficiency improvements, as it considers many 

factors, integrates a huge amount of data and 

continuously improves themselves with real-world data. 
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Роль цифрового двійника в проектуванні інтелектуальних будівель 

А. С. Захарченко, О. В. Степанець 

Анотація .  Мета дослідження. В роботі розглядається можливості Цифрових двійників і їх потенціал для систем 

автоматизації. Дослідження спрямоване на розгляд та систематизацію знань в сфері двійників як через призму історії 

виникнення та розвитку так і сучасного погляду на концепцію. Результати  дослідження. Значну увагу було приділено 

питанню класифікації Цифрових двійників, що відображає значну варіацію функціональності в залежності від їх 

призначення, фази життєвого циклу, масштабу фізичних близнюків, та включає наявність зв’язків з іншими Цифровими 

двійниками, їх ієрархія з метою побудови двійників для складних систем. Чітко сформульовані можливості та цінності 

даної концепції допомагають визначити можливі варіанти практичного застосування технології та демонструють 

потенційні вигоди від впровадження Цифрових двійників. Водночас, у цій роботі розглядається використання Цифрових 

двійників у сфері автоматизації будівель, які потенційно можуть стати платформою для інтеграції систем управління 

будівлями та технологій інформаційного моделювання будівель з рішеннями в області технології Інтернету речей. 

Висвітлено питання впровадження Цифрового двійника для комплексу автоматизації інженерних систем будівель та 

можливість інтегрувати людський фактор в систему управління за допомогою індексів задоволеності кліматом та 

зворотного зв'язку з користувачами через людино-машинних інтерфейси. Висновок Цифровий двійник має високий 

потенціал для підвищення енергоефективності, оскільки враховує багато факторів, інтегрує величезну кількість даних і 

постійно вдосконалюється за допомогою реальних даних. 

Ключові  слова:  моделювання; контроль на основі даних; контроль в реальному часі; інтернет речей; 

Цифровий двійник; контроль на основі знань; автоматизація будівель. 
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