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Abstract. The issues of using pipelines of heating networks with modern heat-insulating 
materials are considered. The features of calculating the estimated cost of a heating main for 
pipelines with insulation made of recently developed materials are indicated. The graphical 
dependences of the change in the specific estimated cost on the depth of laying of heat pipes 
with modern heat-insulating materials are presented. On the basis of the studies carried out by 
the method of comparison, the most promising insulating material for pipelines of heating 
networks has been established. 

1. Introduction 
Analysis of Russian heat supply systems showed [1] that the share of thermal energy consumption in 
the industrial and housing and communal sectors is from 30 to 50% of the total cost of energy supply 
to facilities. At the same time, at the enterprises of the agro-industrial complex, this figure reaches 
over 70% [2]. The main source of thermal energy at the agro-industrial complex is such non-
renewable natural energy resources as gas, coal, oil. Therefore, the rational use of natural energy 
resources at these facilities can be achieved primarily through the use of energy-saving measures in 
the systems for the production and transportation of heat carriers. 

Heat supply systems are characterized by a constructive variety of energy sources, heat pipelines, 
shut-off and control valves, heating systems, numerous ways of laying heating mains, and various 
options for the thermophysical characteristics of energy carriers. However, despite all the variety of 
methods for generating, transporting and supplying a heat carrier, heat losses in all heat supply 
systems have approximately the same value. During the transportation of the heat carrier, more than 
50% of the losses of all heat energy generated in the boilers occur, of which almost half is "provided" 
by poor-quality insulation of the pipeline sections [3-5]. Consequently, the introduction of modern 
heat-insulating materials for pipes is one of the top-priority measures for saving energy resources, 
since it allows reducing heat losses by more than 20% in the total balance of heat energy losses. 

2. Materials and methods 
Based on the characteristics and possibilities of using modern thermal insulation materials [6-11], as 
well as the requirements of SP 61.13330.2012 “Thermal insulation of equipment and pipelines”, 
materials were selected that, by their thermal characteristics, provide the lowest heat losses during 
transportation of energy carriers. These materials include polyurethane foam, reinforced foam concrete 
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and polymineral foam, traditionally used in heating networks, and recently developed materials, quartz 
foam and basalt wool [11]. The characteristics of the considered thermal insulation materials are 
presented in the form of histograms in figure 1. 

 

 

Figure 1. Characteristics of the considered thermal insulation materials. 
 
To carry out the research, the results of a multifactorial computer experiment carried out by the 

authors were used [5]. A machine experiment was carried out to establish the dependence of heat loss 
on three factors. The factors considered are the diameter of the pipeline, the thermal conductivity of 
the insulating material and the depth of the pipeline. It is these factors that influence the specific heat 
losses during transportation. This is confirmed by the formula presented in SP 61.13330.2012 
"Thermal insulation of equipment and pipelines" for calculating heat losses in the case of a channelless 
method of laying a heating main: 
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Where q- is the specific heat loss along the transportation length, W/m; 
dв.и  - the inner diameter of the insulation is taken to be equal to the outer diameter of the pipeline, 

m; 
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dн.и. - the outer diameter of the pipeline in isolation. Accepted according to GOST 30732-2006 
"Steel pipes and fittings with thermal insulation from polyurethane foam with a protective sheath", 
GOST R 56227-2014 "Steel pipes and fittings in polymeric mineral foam insulation. Technical 
conditions "and TU 4859-002-03984155-99" Steel pipes with heat-waterproof coating. Technical 
conditions "; 

δ – thickness of the insulating layer, m; 
λгр – thermal conductivity of soil, for chernozems ; 
h  – heat pipe laying depth, m; 

λи – thermal conductivity coefficient of insulating material,
Cm

W


 ; 

t1 – the design temperature of the coolant, in accordance with the requirements of SP 
61.13330.2012 "Thermal insulation of equipment and pipelines" for heating pipelines operating in the 
95/70 °C mode and for pipelines of the hot water supply network is assumed to be t1 = 65оС; 

t0 – ambient temperature is taken equal to the average temperature of the soil, depending on the 
depth of the installation. The data on average soil temperature values are taken from reference tables 
[12]. 

The outer diameter of pipes insulated with basalt wool and quartz foam was taken according to 
research data [4]. A graphic interpretation of the obtained dependences of the outer diameter of the 
insulation on the diameter of the pipeline is shown in figure 2. 

 

 

Figure 2. Change in the diameter of the pipeline in insulation depending on the outer 
diameter of the pipe. 

 
The processing of the data of the multifactorial computer experiment made it possible to obtain 

dependences for determining the specific heat losses along the length of the heat pipe in relation to the 
climatic conditions of the southern regions of the country. 

As a result of the regression analysis, the following dependencies were obtained: 
Network operation all year round: 

..74,89365,12 ивdq   (2)

When the networks operate only during the cold season: 
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hdq ив 211,3529,100774,20 .   (3)

As can be seen from the presented expressions, such a thermal technical characteristic of an 
insulating material as the coefficient of thermal conductivity in the considered range does not appear 
in the equations for determining the specific heat loss. Consequently, the thermal conductivity of 
modern heat-insulating materials does not have an effect on heat losses during the underground 
method of laying a heating main in the southern regions of Russia. This can be explained by the fact 
that the multiplicity between the maximum and minimum value of the coefficient of thermal 
conductivity of the adopted heat-insulating materials (figure 1a) does not exceed 2 times. Thus, the 
most rational version of the thermal insulation material can be determined by determining the costs of 
the contractor and the customer for the construction, i.e. by calculating the estimated cost. 

The calculation of the estimated cost of laying heating mains was carried out on the example of an 
enterprise for the repair of agricultural machinery LLC "Yugprom" in the Rostov region. 

The total length of the heating network was 345 m. The network consisted of sections with 
diameters of 57, 76, 89 and 108 mm. Practical hydraulic calculations of the heating network of various 
enterprises of the agro-industrial complex have shown that it is precisely these pipe sizes that are most 
often used when laying a heating network. This can be explained by the fact that at most agricultural 
enterprises, production facilities are scattered throughout the territory. To ensure the thermal loads of 
each individual object, it is necessary to make branches from the main line. The diameters of the 
branches do not exceed the above values. 

The calculation of the estimated cost of laying heating mains with various thermal insulation 
materials was carried out taking into account the data of territorial unit prices in construction (TEP) 
and territorial collections of estimated prices (TCEP). The list of required operations for the 
construction of a heating main was selected from the general list of work performed in TEP in relation 
to the conditions of the enterprise. The cost of finished pre-insulated pipes with such heat-insulating 
materials as polyurethane foam, reinforced foam concrete and polymineral foam was determined 
according to the price lists of manufacturing enterprises. 

The calculation of the estimated cost of laying a heating main with pipes insulated from basalt wool 
and foam quartz had its own peculiarities due to the lack of production of pre-insulated pipes with 
these materials. Therefore, the cost of a gas pipeline of the corresponding diameter and the cost of an 
insulating material were taken. The sum of these two values has been increased by a factor of 1.2 to 
account for installation costs. The amount of insulating material was determined according to the 
dependencies shown in figure 2, which make it possible to calculate the required outer diameters of 
pipelines in insulation. 

The dimensions of the trenches for laying heating mains were determined taking into account the 
obtained dependencies for pipelines insulated with basalt wool and foam quartz, standard values of 
pipelines insulated with polymineral foam, polyurethane foam and reinforced foam concrete, as well 
as the required required distances between pipes and tunnel surfaces in accordance with the 
requirements of SP 124.13330.2012. "Heating network. Updated edition of SNiP 41-02-2003". 

The results were processed using the Microsoft Excel environment. 

3. Results 
The change in the specific estimated cost of laying a heating main depending on the used insulating 
material and the depth of laying of heat pipes are presented in the form of graphical dependencies in 
figure 3. 
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Figure 3. Change in the specific estimated cost of laying a heating main from the depth of 
laying pipelines and insulating material. 

 
The specific estimated cost of 1 m of the length of the heating main is in linear dependence on the 

depth of the laying of the heating pipelines. The coefficient of approximation of the dependencies 
shown in figure 3 obtained as a result of data processing using the above environment is practically 
equal to one for all types of heat-insulating materials. 

Figure 4 shows the total estimated cost of laying the heating main for the selected enterprise. 
 

 

Figure 4. Change in the estimated cost of laying a heating main from the depth of laying 
pipelines and insulating material. 

4. Discussion 
One of the most expensive installation methods is obtained using materials that are among the top 
three in terms of application. These are polyurethane foam and polymineral foam. From the graphs 
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presented in figure 3, it can be seen that the optimal heat-insulating material is basalt wool. The value 
of the specific estimated cost when using it is obtained at a minimum at all depths of the heat pipe. 

It can be seen from figure 4 that the pipeline laying depth does not significantly affect the total 
estimated cost. Since the cost of components and fittings, the salary of personnel is the same for all 
variants of the heating main, the difference in the estimated cost can be explained by the different 
price of insulated heat pipelines. This proves once again that basalt wool is the cheapest heat-
insulating material. 

The service life of the heating main is about 25-30 years, and the service life of basalt wool is about 
50 years for underground pipelines. This value significantly exceeds the service life of polyurethane 
foam (figure 1c). Thus, from a cost point of view, it is best to apply a heating system using basalt wool 
insulation material. 

5. Conclusion 
As a result of previously performed studies, a mathematical apparatus was developed for determining 
the parameters of pipelines of a heating network and determining heat losses along the length of 
transportation. This made it possible to analyze the thermal insulation materials by determining the 
contractor's costs for the construction of the thermal network of the enterprise. 

The assessment carried out on the basis of the calculation of the estimated cost showed that basalt 
wool is a promising insulating material for the climatic conditions of the southern regions of the 
country. This material has a low coefficient of thermal conductivity, low cost and a fairly long service 
life. This makes it possible to reduce the costs of laying and operating heating networks and at the 
same time ensures minimal losses of thermal energy, which leads to the rational use of natural energy 
resources. 
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