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Abstract. As part of the development of the digital economy both abroad and in the Russian Federation, 
the management of energy resources based on the use of digital technologies is one of the key tasks in 
improving infrastructure in order to ensure the efficient functioning of technical facilities providing the 
operation of capital construction projects. Currently, the spread of information and communication 
technologies is the basis for the development of intelligent management information systems for energy 
resources, which requires further theoretical and practical studies and the development of conceptually new 
methodological approaches to the formation of these systems. As a result of the study, the authors have 
identified problems in the Russian energy sector and defined methodological approaches to improving 
energy management systems in the functioning of intelligent buildings and structures. The result of the 
study is an algorithm for creation of a server center for energy consumption reduction during the operation 
of utilities and electrical equipment of intelligent buildings and structures, real-time monitoring of energy 
consumers and forecasting the energy consumption of intelligent structures and buildings (ISB), which will 
provide for accumulation of data necessary for optimal energy planning and will improve the soundness of 
management decisions. 

1 Introduction 
Power consumption is constantly increasing due to 
population growth and urbanization, and although the 
energy needs of buildings and structures depend on the 
climate, dwelling type and the region development level 
[1], 38% of the energy consumed in the world annually 
is spent for capital construction projects [2]. Currently as 
part of the development of the digital economy both in 
Russia and abroad, the practice of information and 
communication technologies application is becoming 
widespread in various fields of activity, since the digital 
technologies are the basis for the effective interaction of 
various information structures and systems [3], including 
within the framework of technical facilities.  

The concept of the “smart city” which is being 
spreading now is also largely based on improving the 
infrastructure [4], therefore, the development of 
methodological approaches to the formation of 
intelligent management information systems by the 
energy resources of technical facilities is one of the 
trends of the urban environment development. 

Both federal and regional target programs for 
modernization of energy system in the framework of the 
program “Saint Petersburg – Smart City” have become 
the basis of the current theoretical studies for energy 
costs reduction during the operation of utilities and 
electrical equipment of intelligent buildings and 

structures, and as a result, reduction of the negative 
impact on the environment in conditions of rapidly 
changing quantitative and structural parameters of 
intelligent technical equipment with limited urban 
changes in historically developed target-generating 
zones [5]. 

2 Methods 
The implementation of the “smart city” concept, which 
includes the energy systems modernization, is based on a 
clear strategy for measures performance and urban 
systems adaptability, since the implementation of digital 
technologies shall be carried out comprehensively to 
improve the urban environment in the field of increase in 
its security and efficient functioning [6, 7]. Moreover, 
the improvement of energy systems is one of the tools 
for living environment modernization, for example, 
during the renovation of territories, therefore it is 
important to introduce technical standards for 
functioning of these systems using BIM technologies, 
which are globally recognized trends of the investment 
and construction sphere development [8].  

Building automation in the world has reached a high 
level; this trend is also gaining more momentum in 
Russia. In the market of “smart house” systems, there is 
a various number of proposals that differ from each other 
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in their functionality, data transfer medium, structure 
complexity, etc. The relevance of the topic discussed is 
due to the fact that the use of automation systems that 
effectively control the buildings utilities is in demand 
both during restoration of existing electrical installations 
and during the design of new ones. Effective 
management of such building systems as lighting, 
heating and air conditioning can reduce energy costs, 
and also promotes the comfort increase during prolonged 
person stay in a room. 

Nevertheless, the lack of uniform requirements and 
standards for the tools used and for the creation of 
automatic systems leads to confusion in concepts and 
appearance of equipment, including undependable 
software and functionality. The methodological bases 
and proposals for the rational use and improvement of 
intelligent technical means for the effective management 
of energy resources were developed based on the study 
[9]. These recommendations contain the developed 
methods, algorithms for selection and rational 
functioning of intelligent technical means, provide for 
the specific measures for their improvement. The tasks 
of the Federal and regional target programs have set the 
objective necessity for scientific justification and 
creation of the methodology of innovative technical and 
process solutions to reduce energy costs during the 
operation of utilities and electrical equipment of 
intelligent buildings and structures in the current 
conditions of changes in its quantitative, qualitative, and 
structural parameters in large cities. The main objectives 
of the programs: improvement of the balance, efficiency 
of energy resources management during operation of 
intelligent buildings and structures as part of the energy 
system that ensures the national interests of the country 
[10]. 

The implementation of this policy shall allow for 30–
35% reduction in energy consumption during the energy 
system operation [11]. The programs implementation 
made it possible to carry out institutional 
transformations, further development of production of 
high-tech components and materials, to introduce state 
standards meeting the international requirements, and 
ensure the improvement of scientific-technical and 
personnel potential. 

The practice of long-term programs for reduction of 
energy costs of buildings and structures developed in 
recent years in the United States and in European 
countries considers not only the development of 
expensive infrastructure, but also measures to form 
control of the oriented behavior of participants in the 
program implementation process. The experience of 
European cities shows that technical solutions aimed at 
reduction of energy costs of buildings and structures will 
be significantly limited in the near future. These 
circumstances create an objective necessity for the 
integration of oriented technologies to reduce energy 
consumption in the management of energy networks of 
buildings based on a system-targeted approach to the 
process. The basis of this approach is the provision on 
the interconnection of the work of intelligent technical 
means and the energy saving generated during its 

operation (in the general formulation) and, therefore, the 
possibility for joint optimization of these processes.  

3 Results and discussion 
The models linking the work of intelligent tools (Ptr) and 
the amount of energy costs (Re) make up the regulatory 
and target basis for alternative implementations of 
scenarios for their improvement. The optimization 
criteria are based on combined technical and energy 
indicators of this process. In the process of energy 
management of intelligent buildings and structures, three 
hierarchical process levels can be distinguished: at the 
regional mega-level, at the local macro-level, and at the 
individual micro level (Fig. 1).  

At each level, the energy resource management 
process is optimized according to the following criteria: 

The size of automation systems that make it possible 
to effectively manage the buildings utilities in the n-th 
period shall not contradict with the remaining tendency 
of energy consumption increase in the subsequent n + 1 
period Ptr(n+1) > Ptr(n) (Ptr(n) is not equal to 0); 

the amount of energy costs (Re), Re < Red =f(cr) 
shall not be greater than the amount that can be created, 
not exceeding the permissible values. 

There are also general restrictions for levels: A2i є A3i  
and L1k є L2k. 

Optimization models are as follows: 
Level 3: 
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where A3i, is a number of intelligent building systems 
(IBS) i-x; W3i and r3i – respectively, the amount of 
automation and the size of cost reduction of one unit i-x 
for a calendar period.  

Level 2:  
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where q2i and g2i – respectively are the amount of 
automation and the size of cost reduction due to function 
of one unit i-x IBS k, A2i and N2i, – a number of i-x IBS; 

Level 1:  

  ( )
( )
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where g1L and g1t – the amount of cost reduction due 
to function of one unit i-x IBS; ω11 and top11 – hourly 
efficiency and operation time i-x IBS managed by the 
operator. 

The IBS size and composition is optimized at the 
level 3. The IBS structure shall comply with the 
conditions (C < Cd). The modeling is carried out both for 
separate buildings and structures, as well as residential 
areas, micro-districts, with varying ratio of the IBS 
number, corresponding to the standards. 
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The operating mode of a separate building is 
optimized at level 1. IBS selection according to these 
criteria allows performing optimal operation with a 
minimum of modes not determined by the energy saving 
process. 

In the process of the study [12, 13] of the energy 
management systems of intelligent buildings and 
structures, the methods were developed (Fig. 1) to 
increase the efficiency of energy management at each 
level according to the criteria for energy costs reduction 
during the operation of utilities and electrical equipment 
of intelligent buildings and facilities. The multi criteria 
approach was applied to assess the effectiveness of 
functioning of intelligent technical facilities of buildings 

and structures. To solve it, a technique was used that 
provides for ranking of all the criteria presented. In the 
formulation under consideration, the importance of each 
optimization task shall be determined by a degree of its 
influence on energy consumption and be evaluated by an 
objective indicator - the influence rank of the j-th private 
optimization trend relative to the most priority option 
(C1) - 

1/Sj CR . 
Then the efficiency of optimization resource 

application (no worse than the accepted one) and the 
aesthetic (compliance of the facilities with the effective 
standards) expediency can be estimated by the following 
dependence:  

 
Fig. 1. Hierarchical levels of energy management of intelligent buildings and structures. 
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Here, nTK, non, respectively, is a number of channels 
for communication with functional objects and 
operators;  RαC1 – an indicator characterizing the 
efficiency of optimization resource application in the i-th 
trend. 

In case of complex solution of the problem for 
energy consumption costs reduction during the operation 
of utilities and electrical equipment of intelligent 
buildings and structures based on the construction of 

three-level optimization models, a unified database is 
required, which is formed in the concepts of the subject 
area at all levels of the energy management process, 
providing a systematic analysis of the energy network 
situation development - server center for energy costs 
reduction during the operation of utilities and electrical 
equipment of intelligent buildings and structures, 
monitoring of IBS process application. 

To reduce energy consumption during the operation 
of utilities and electrical equipment of intelligent 
buildings and structures, it was proposed to create a 
single database as part of the information automated 
system (IAS) – a server center for energy consumption 
reduction, real time monitoring of energy consumers 
during the operation of utilities and electrical equipment 
of intelligent buildings and structures, and forecasting of 
IBS power consumption (SCECR for IBS MPC), (Fig. 
2). The SCECR for IBS MPC should provide the 
possibility to collect combined information, its formation 

 
Fig. 2. Structural and functional diagram of the automated information data base of SC ECR. 
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in terms of a subject area of 3 levels of the energy 
resource management process and systematic analysis of 
costs and energy saving situation in the region. 
Information collection for the SCECR as a component of 
the intelligent buildings and structures system can be 
carried out according to the data of periodic checks of 
the IBS technical condition, with permission to install, 
according to the results of operational monitoring of 
energy saving status by mobile laboratories, and control 
of GLONASS/GPS system as per the navigation 
information. To receive, archive information and model 
scenarios for the development of energy-saving 
situations, the GIS technology products can be used. 

4 Conclusion 
Energy management issues are one of the key issues 
within the framework of digital technologies spreading, 
since the energy sector combines various activities and 
directly affects the population life quality. Using the 
digital transformation of energy consumption, it is 
possible to achieve an intelligent response to demand, to 
create systems for integration of various energy sources, 
and to promote the spreading of renewable energy 
sources [14]. Improvement of intelligent energy resource 
management systems will allow developing the 
optimized decentralized solutions based on the 
interaction of various elements of the energy system, 
combining the capabilities of all available energy 
sources [15].  

The formation of intelligent management information 
systems in the energy sector contributes to their further 
integration into digital platforms, which are a driving 
force for socio-economic development, simplifying the 
interaction of suppliers and consumers [16]. According 
to the experts’ outlook, the annual expenses on the 
digital transformation of the electric power industry will 
globally increase to $ 3.8 bln. by 2020 [17]. The 
methodological approaches proposed by the authors for 
the formation of intelligent management information 
systems by the energy resources of technical facilities 
can also be integrated into digital ecosystems based on 
the Internet of things technology [18]. 

As a result of the study [11, 19, 20] the 
methodological approaches to improve the system of 
energy monitoring and management in the functioning of 
intelligent buildings and structures are determined. The 
proposed server center for energy consumption reduction 
during the operation of utilities and electrical equipment 
of intelligent buildings and structures, real-time 
monitoring of energy consumers and forecasting the 
energy consumption of intelligent structures and 
buildings will provide for accumulation of data, which is 
urgently necessary for implementation of many types for 
energy saving planning, and can improve the soundness 
of management decisions, as well as will promote to 
predict the effect of introducing the oriented 
technologies into the process of effective energy 
management. 

The article was prepared as part of the work on the 
grant of the President of the Russian Federation NSh-
4028.2018.6. 
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