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Abstract. The author has developed an engineering calculator for 

calculating the heat flow for heating buildings according to the enlarged 

parameters of the object. The algorithm of the calculator is based on the 

method of determining the amount of heat energy and heat carrier in water 

systems of municipal heat supply. The author carried out a systematic 

analysis of thermal loads on heating of buildings in Russia according to the 

data of implemented building projects. With this in mind, new coefficients 

a, n were calculated to determine the specific heating characteristics of the 

building for newly constructed buildings. The algorithm for calculating the 

heating of buildings according to the enlarged parameters of the object is 

corrected. The calculation algorithm is implemented in the software  

1 Introduction 
The relevance of the topic is due to the development of digital technologies for solving 

engineering problems, including the construction field. Currently, many regulatory 

documents have been developed codes of rules.  

This documentation is constantly updated over time. The problem is the lack of 

adaptation of this regulatory documentation for the layman. Taking into account the 

development of public and other procurement of services and materials, their purchase is 

required. These procedures involve specialists who do not have knowledge in the 

construction field. In addition, often in low-rise construction, not qualified specialists or 

ordinary people are involved in the purchase of building materials or the selection of 

equipment. To solve this problem of selecting building materials, calculating the heat load, 

selecting construction equipment and feasibility study of the calculation, an engineering 

calculator can be used. This engineering calculator is implemented in a software package 

with the introduction of technical and economic calculation algorithms based on regulatory 

documentation. The uniqueness of the technical and economic algorithms developed by the 

author is to find the optimal parameters of the ratio of economic and technical parameters 

by solving problems of multi-criteria optimization of parameters. 
The calculation algorithm is based on the method of determining the amount of heat 

energy and heat carrier in water systems of municipal heat supply [1,3,4,5,6]. The 

disadvantage of this method is overestimated specific heating characteristics, as a result of 

which, when calculating thermal loads according to the set of rules by designers [2], the 
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data with the method for enlarged parameters of the object significantly differed [1]. This is 

justified by the introduction of new building materials for thermal protection of buildings, 

the use of automated individual heat points, new heating devices with higher heat transfer 

coefficients, the use of new materials for thermal protection of pipelines, as a result of 

which the consumption of thermal energy for heating buildings and reducing the specific 

heating characteristics of buildings are reduced [9-14] .

2 Methods
To solve this problem, a systematic analysis of thermal loads on heating of buildings built 

after 2000 years in Russia was carried out according to the data of implemented projects in 

various climatic zones. As a result, the coefficients a, n were corrected for calculating the 

specific heat flux in formula 4. The new coefficients a, n are obtained empirically, 

including for various purposes of buildings (residential and other purposes).

The algorithm for calculating the heat flow to the building implemented in the 

engineering calculator is described below. 

The heat flow for building heating (hourly) is determined by the following formula [1]:

�о = α ∙ � ∙ �о(��� − �	
�) ∙ (1 + �) ,   (1) 

where α  is the correction factor (taken in accordance with Table 1 [1]);  V is 

construction heated volume, m
3
; qo is specific heat flux for heating of the building 

Watt/м
3
·grad; tin is  the air temperature in the heated room in accordance with [7], grad.;  

tout is outdoor air temperature for heating design in accordance with [8], grad.;  Кi is

coefficient of air infiltration for heating buildings. 

Specific heat flow for building determined by the formula: 

   �о = �
√��  ,     (2) 

where a,n are the new coefficients obtained (for residential buildings a=1, n=7; for other 

buildings a=1, n=5), V is the heated building volume, m
3
.

The coefficient of air infiltration for heating buildings is determined by the formula: 

  

� = 0,01 ∙ �2 ∙ � ∙ � ∙ (1 − ��������
�������

) + ω� , (3) 

where g is the acceleration of gravity, m/s
2
; L is the height of the building, m; ω is the 

average wind speed during the heating period according to [8], m/s.

To create an engineering calculator, the thermophysical characteristics are translated 

into mathematical ones (R1,R2,R5,B,O,P,F,L,N,M,I,J). DHTML programming can be used 

as an implementation of the calculation algorithm [15-20]. Formulas 1-3 provide an 

algorithm for calculating the heat flow of energy for heating residential and other buildings. 

This calculation algorithm can be used in the development of computer programs. To 

calculate the heat flow to the building, enter the initial data.

3 Results
The author developed algorithms feasibility study for engineering systems, according to the 

rulebook for thermal protection of buildings [2] and enlarged the definition of the heat flux 

on the integrated parameters of the object [1].

E3S Web of Conferences 263, 04001 (2021)

FORM-2021
https://doi.org/10.1051/e3sconf/202126304001

 

2



The algorithm for calculating the heat flow for heating buildings based on the 

enlarged parameters of the object is based on the method for determining the amount of 

heat energy and heat carrier in water systems of municipal heat supply [1] . A systematic 

analysis of the thermal loads on the heating of buildings in Russia is carried out according 

to the data of the implemented building projects. With this in mind,new coefficients a, n are 

calculated to determine the specific heating characteristics of the building for newly 

constructed buildings. The calculation algorithm is implemented in the software product, 

using html programming. 

Figure 1 shows a comparison of the specific heat flow for heating residential 

buildings before 1958, from 1958 to 2000, and from 2000 of construction. The specific heat 

flow for heating buildings in temporary intervals ranges up to 30%. Moreover, the value of 

the specific heat flux for buildings after 2000 and for buildings before 1958 is less by 15%, 

and for buildings before 1958 and from 1958 to 2000 is less by 15%. The difference in the 

specific values of the heat flow for heating over time intervals is explained by the 

introduction of the global construction of a complex of residential buildings in the country 

according to standard projects at each time. 

Until 1958, the construction of residential buildings was carried out from bricks, 

cinder blocks (with the exception of wooden houses, including those finished with cement 

plaster) with an increased wall thickness, which made it possible to provide a good required 

heat transfer resistance of building enclosing structures. 

In the 1950  to provide prefabricated housing for the population, introduced the so-

called construction of buildings  low coefficients of thermal resistance of walls, 

respectively, to compensate for comfortable temperatures in residential areas - increased 

consumption of heat flow on heating. 

After 2000, the construction of buildings made of multi-layer enclosing structures 

made of new building materials with reduced heat transfer resistance coefficients 

(ventilated facades, etc.), the introduction of double-glazed windows, individual heat 

points, automation of heating systems, which allowed to reduce the specific heat flow for 

heating. 

Figure 2 shows a graph of the dependence of the specific heat flow for heating 

buildings before 1958, from 1958 to 2000, and after 2000. The data are given according to 

the methodology for determining the amount of heat energy and heat carrier in water 

systems of municipal heat supply [1], with the exception of the schedule for buildings after 

2000. For the graph after 2000,the coefficients a, n are derived, taking into account 

empirical data from building projects. 

Currently, this method is not used everywhere in the Russian Federation, although in 

some heat supply organizations it was used and is used for concluding contracts with 

consumers and calculating for heat energy in the absence of heat meters or during their non-

working condition, the absence of design documentation for the heating and ventilation 

section. The use of these values is possible in different time intervals, depending on the 

materials of the enclosing structures. This should be taken into account when choosing 

specific values of the heat flow for heating buildings. 
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Fig. 1. Diagram of the dependence of the specific heat flow for heating buildings according 

to data  and new data of coefficients a, n.

The analysis of the specific heat consumption for heating buildings according to the 

current regulatory documentation is carried out. According to table No. 14 of section No. 

10 [2], the specific heat flow for heating buildings for various purposes is determined by 

the number of storeys of buildings or according to table No. 13 [2] by the area of buildings. 

The figure 2 shows a diagram of the dependence of the specific heat flow for heating a 

building on the number of floors of a building for various purposes according to Table No. 

14 [2].

Fig. 2. Diagram of the dependence of the specific heat flow on the heating of buildings 

according to the data [2]. 

 The table №1 shows the data for the calculation in the engineering calculator of 

residential and public building projects in the Russian Federation. The heated volume of 

buildings varies from 546 to 230 m
3
. The outdoor air temperature for designing a heating 

system varies from -15 to -41 degrees. The wind speed varies from 2 to 4.5 m/s. The height 

of the building varies from 6 to 43 m. The indoor air temperature in buildings varies from 

12 to 20 degrees. The coefficient a for outdoor air temperature varies from 0.89 to 1.15. 

The coefficient n varies from 5 to 7. 
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Table 1. Accepted parameters for building calculations in the engineering calculator 

№ name of the building project

construc

tion 

heated 

volume, 

m3

speed 

wind, 

m/s

a n
building 

height, 

m

indoor 

tempe

rature, 

grad.

outdoor 

air 

tempera

ture,

grad.

1

3-storey 36 apartment 

residential building in the 

Astrakhan region 8593 3,8 1,15 7 13 20 -21

2

Low-rise 12-apartment 

building in the Novosibirsk 

region 2899 3,6 1,08 7 9 20 -25

3

72 apartment residential 

building in Simferopol 16867 4,5 1,29 7 31 20 -15

4

Individual 2-storey residential 

building in the city of Saratov 546 3,3 1,08 7 9 20 -25

5

Administrative building in the 

Chelyabinsk region 2263 2,3 0,98 7 12 20 -32

6

Center for Cultural 

Development in the 

Krasnoyarsk region 12825 2,5 0,89 5 14,5 18 -41

7

12-storey residential building 

in Moscow 48545 2 1,08 7 43 20 -25

8

Production building in the Ural 

region 2654 3 0,95 5 6 12 -35

9

Kindergarten for 280 children 

in the Ulyanovsk region 23030 4,4 0,97 5 8,2 20 -33

 Figure 3 shows the trends in the cost of heating buildings for the project and the 

engineering calculator. The project's heat consumption ranges from 24 to 615 kWatt. The 

heat consumption when calculated in the engineering calculator is from 25.8 to 563.4 

kWatt. The difference between the project data and the calculation in the engineering 

calculator is from 6.2 to 30.1 %. Perhaps the difference in the calculations for the project 

and in the engineering calculator may be due to the incorrect calculation of heat losses from 

the enclosing structures of buildings. The calculation of the heat flow in the engineering 

calculator can be used for preliminary assessment and selection of heating. 

 
Fig. 3. Trends of the heat flow for heating buildings  
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4 Conclusion 

The relevance of the topic is due to the development of digital technologies for solving 

engineering problems, including in the construction field. Currently, many regulatory 

documents have been developed. This documentation is constantly updated over time. The 

problem is the lack of adaptation of this regulatory documentation for the layman. To solve 

this problem of calculating the heat load on a building, an engineering calculator can be 

used. The calculation algorithm of the engineering calculator is based on the method of 

determining the amount of heat energy and heat carrier in water systems of municipal heat 

supply. The disadvantage of this method is an overestimated specific heating characteristic 

for heating buildings. Therefore, when calculating thermal loads according to the regulatory 

documentation [2], the methodology for the enlarged parameters of the object [1] differed 

significantly. This is justified by the introduction of new building materials for the thermal 

protection of buildings, the use of automated individual heat points, new heating devices 

with higher heat transfer coefficients, the use of new materials for the thermal protection of 

pipelines. This led to a decrease in the consumption of heat energy for heating buildings 

and a decrease in the specific heating characteristics of buildings. A systematic analysis of 

the heat loads on the heating of buildings built after 2000 in Russia is carried out according 

to the data of the implemented projects in various climatic zones. As a result, the 

coefficients a, n were adjusted to calculate the specific heat flow. The new coefficients a,n 

were obtained empirically, including for various purposes of buildings (residential and 

other purposes). An algorithm for calculating the heat flow per building, implemented in an

engineering calculator based on programming in DHTML.
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