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Abstract. The efficiency of works on replacement of steel pipelines of hot 
water supply of Kazan with pipes from polymer materials was considered. 
Due to the high corrosive activity of water, the service life of hot water 
pipelines does not exceed 8-10 years. To improve the reliability and quality 
of the supply of hot water to consumers, the possibility of modernizing hot 
water supply networks using pipelines made of polymer materials is being 
considered. The problem of physical wear of heat supply networks is 
disclosed; analysis of polymer pipelines use for energy saving purposes is 
carried out. Thermal energy savings are calculated after the modernization 
of heating networks. The costs, savings and payback period of the energy-
saving measures are determined. 
Keywords: district heating systems, heat losses, thermal energy savings. 

1 Introduction  
Russia ranks first in the world in the development of heating, the length of heating 
networks and fuel costs in district heating systems. The adoption of federal and regional 
regulations in the field of energy conservation indicates the existence of problems in the 
thermal power sector. The objectives of improving energy efficiency and energy saving of 
such critical building engineering systems as heat supply and ventilation are considered by 
many researchers [1-6]. 

Most works on energy conservation consider the tasks of reducing the price of energy 
and dependence on fossil fuels, the use of renewable energy sources and CHP waste [7-12] 
and reduction of heat losses during transportation [13-16], influence of insulation thickness 
on cost parameters and corresponding savings in heat supply system [14, 17], reducing air 
pollution and actually saving carbon emissions [18], environmental impact of district 
heating systems and determination of combustion products parameters [17, 19-23]. 
Improvement of energy efficiency of heat supply systems of Russian cities when replacing 
central heat points with individual heat points is considered in the work [24], identification 
and disclosure of the main problems of deterioration of the quality of thermal protection of 
buildings, increase of thermal losses [25]. Studies [26-28] show the possibility of using 
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pipelines from polymer materials with high-efficiency heat insulation in district heat supply 
systems. 

The Russian network of urban housing and communal services is one of the largest in 
the world. Obviously, such a large and long system was created for decades, and the peak 
of the construction of centralized communications in the city housing and communal 
services occurred in the 1960s and 1980s. Centralized heating and hot-water supply are 
relatively young systems that were massively developed only in the 1970s. Nevertheless, 
the condition of heat networks made of traditional materials (metals) is in some cases even 
worse than that of pressure networks, for example, for cold water. It refers to water 
parameters. High temperature and pressure accelerate all chemical processes, including 
corrosion of pipeline walls, which can be both internal and external. Internal corrosion is 
caused by active substances dissolved in water, mainly oxygen and chlorine. Poor or non-
existent water treatment leads to leakage of pipes several years after their installation. 
Another problem of the heat supply is external corrosion, which is caused by damage to the 
layer of heat insulation material and penetration of atmospheric or ground moisture into the 
interior. Electrochemical corrosion is also a serious problem. If there is no protection 
against wandering currents in the heat network, the pipes will be destroyed much earlier 
than the set time. All this means that the hot-water supply pipes and heating systems fail 
much earlier than the regulatory period. There are cases when new pipes completely fail in 
two or three years. 

Of course, utility networks, which were built mainly in the 1960-1980s, have already 
exceeded the threshold of standard life in a significant proportion of their length. The key 
indicator here is the share of the network in the corresponding category, which is operated 
with wear of more than 60 % of the total length of the network. In 2018, the total length of 
heat networks in two-tube terms, the service life of which exceeded the normative one, 
amounted to 48 700 7 km. In addition, the dynamics of depreciation indicators significantly 
exceeds the dynamics of the development of the network. In recent years, the length of heat 
networks with wear of more than 60 % has increased by 1.2 %. 

It is understood that under the conditions described above, the main objective of 
municipalities is to urgently reduce the share of the fund operated with wear of 60 + % by 
replacing the corresponding sections of the pipeline with new ones. Improving the 
efficiency of district heating is one of the main factors in the development of the heat 
supply industry. Today, the high temperature and pressure in the main pipelines of the 
heating networks does not allow the use of available polymeric materials for their 
manufacture. But in quarterly networks, where the temperature rarely exceeds 115 °C, the 
use of pipes made of polymeric materials is possible. The service life of polymer hot water 
pipelines is at least 30 years – 3 times more than steel pipelines. When installing these 
pipes, the volume of work is 3-10 times less compared to traditional metal pipes. 
Installation costs are 5-10 times lower. Repair of pipeline damage takes a few hours. Repair 
and maintenance costs are reduced by 2-3 times. Therefore, replacing hot water steel 
pipelines with polypropylene will reduce the cost of the enterprise for repairs and their 
replacement in the future. 

The purpose of the study is to substantiate the energy efficiency of modernization of hot 
water supply networks in Kazan. The following results of modernization of networks using 
polymer pipeline systems will be considered: improving the efficiency of heat supply 
systems; savings and payback period of the energy saving measures under consideration. 
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2 Materials and methods 
The calculation of thermal losses was calculated in two ways: according to the normalized 
heat losses in the thermal network and based on thermal technical formulas taking into 
account the state of the thermal insulation material. 

The procedure for determining the standards for technological losses during the transfer 
of thermal energy with water, steam and condensate is set out in the order of the Ministry of 
Energy of Russia No. 325 (30.12.2008) «On approval of the procedure for determining the 
standards for technological losses during the transfer of thermal energy, coolant». This 
order also lists the standard losses from the pipeline depending on its diameter, type and 
year of laying and temperature of the transferred coolant. 

Losses of the heating network include losses of the coolant itself - water (Fig. 1) and 
losses of thermal energy (Fig. 2), both with the coolant and through insulation. 

 

 

 

 

 

 
 

Fig. 1. Subtypes of water losses according to regulatory documents. 

 
  

 

 

Fig. 2. Subtypes of normative heat losses according to regulatory documents. 

For thermal calculation of insulation, equations of stationary heat transfer for a curved 
single-layer structure are used: 

qL =
tв − tе

Rв
L + Rw

L + Ris
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L, (1) 

curvilinear n-layer: 

qL =
tв − tе
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L + ∑ Ri
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L, (2) 

where qL – linear density of heat flow through cylindrical heat insulation structure, W/m; 
tв – temperature of the medium inside the insulated equipment, оС;  
tе – ambient temperature, оС;  
Rв
L– linear thermal resistance to heat removal of the inner wall of the insulated 

object, m·°С/W; 
Rе
L– linear thermal resistance to heat removal of external insulation, m·°С/W: 

Rе
L =

1
π ∙ dн

из ∙ αе
, (3) 

Normative losses of thermal energy 

heat energy loss with coolant 
heat energy losses through insulation structures of 

pipelines, fittings and equipment 

Normative losses of coolant (water) 

technologically unavoidable losses 

technically justified coolant costs for planned 
operational tests of heat networks and other 
works according to the regulations 

process discharges of coolant by 
means of automatic control of 
thermal and hydraulic conditions  

expenses of the heat carrier for filling of heat 
networks before start-up, after planned repair 
or at commissioning of the new section of 
the pipeline 
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where dн
из – external diameter of insulation, m;  
αе – heat transfer coefficient of external insulation surface, W/m2·°С; 
Rw
L   – linear thermal resistance to conductive heat transfer of cylindrical wall of 

insulated object, m·°С/W; 
R is
L  – linear thermal resistance to conductive heat transfer of cylindrical insulation 

layer, m·°С/W: 
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L =

1
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∙ ln
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where λis – thermal conductivity coefficient of insulation material, W/m·°С;  
dн– outer diameter of insulated pipeline, m;  
∑ Ri

Ln
i=1 – total linear thermal resistance to conductive heat transfer of n-layer 

cylindrical insulation, m·°С/W. 
The main characteristic of thermal insulation structures of underground pipelines is their 

contact with the mass of the surrounding soil, which significantly complicates their thermal 
calculation compared to structures that are in contact with the atmosphere. The analysis of 
temperature fields and heat flows in thermal insulation structures and in soil made it 
possible to conclude that the temperature field directly in thermal insulation can be 
considered as one-dimensional with sufficient accuracy for technical calculations. This will 
determine their thermal resistance by formulae 1-4. 

The density of heat flow through thermal insulation structures bordering the soil is 
determined in this case by formulae 1-2, in which the thermal resistance to external heat 
transfer is Rн

L replaced by the thermal resistance of the soil. The analysis of heat exchange 
features in thermal insulation structures allows simplifying design formulas significantly. 

The thermal resistance to heat transfer from the inner medium to the inner wall surface 
of the insulated object Rвн

L  for liquid and even gaseous media compared to the thermal 
resistance to conductive heat transfer in the insulation Ris

L  is insignificant and may not be 
taken into account. 

The walls of insulated pipelines are usually made of metal, the thermal conductivity of 
which is 100 times or more higher than the thermal conductivity of insulation, as a result of 
which the thermal resistance of the wall of the Rw

L   can be neglected without a noticeable 
decrease in calculation accuracy. 

Thus, the main calculation formula for determining the thermal losses of insulated 
pipelines is: 

qL =
tв − tе

∑ Ri
Ln

i=1 + Rе
L ∙ K,  (5) 

where K – coefficient of additional losses, which takes into account heat loss through heat-
conducting inclusions in heat-insulating structures, due to the presence of fasteners and 
supports in them. 

3 Results and discussion 
Consider a four-tube heat supply system from the Central Technical Center of Kazenergo 
JSC, located at 43 Revolutionary St., Kazan, Kirovsky District. The diagram of the heat 
network is shown in Figure 3. The source of heat supply is the boiler room on the street. 
Zheleznodorozhnikov, 19. The temperature schedule of network of heating is 95/70 оС, hot-
water supply – 65/45 оС. The heat supply network serves four residential buildings with 
administrative premises and one administrative building on the street. Polytechnic, 3a - 
indoor skating rink (Table 1).  
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Table 1. Residential buildings connected to the central heating station. 

Consumer address Number of 
floors Year of construction Number of 

apartments 
Biryuzovaya, 1а 10 2003 218 
Revolyutsionnaya, 39 14 1986 78 
Revolyutsionnaya, 41 14 1984 82 
Ilyich, 19/43 9 1982 377 

The total length of the network is 616.5 m in four-tube calculus. Steel pipelines in 
polyurethane foam insulation without channel gasket. The depth of laying to the axis of 
pipelines is 1.6 m. The heating pipes were repaired in 2003 and the hot water pipes were 
installed in 2010. The clay soil has the following characteristics: average density of soil - 
1300 kg/m3, weight moisture content of soil – 32 % (wet soil). 

Calculations were carried out for the following cases: 
1-2. Heat station - central, four-tube heat supply system, coolant parameters for heating 

system pipelines T1/T2 – 95/70 оС, hot water supply pipelines T3/T4 – 65/45 оС. 
3-4. Heat station – central, four-tube heat supply system, coolant parameters for heating 

system pipelines T1/T2 – 115/70 оС, hot water supply pipelines T3/T4 – 65/45 оС. 
5-6. Heat station – individual, the system of heat supply two-pipe, heat carrier 

parameters for the wasps pipelines 95/70, 115/70 оС. 

 
Fig. 3. Diagram of heat networks from the central heat point on the Revolyutsionnaya str., 43.  

The initial data for thermal loss calculations are presented in Table 2. 
Comparison of the results obtained in Table 3 shows that the heat losses determined by 

the standard are more than the losses determined by the heat engineering formulas taking 
into account the correction for the technical condition of the heat insulation material. 
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Table 2. Initial data for calculation of thermal losses through insulation. 

Calcu-
lation 
numb

er 

Heat 
station 

The 
tempera

-ture 
sche-

dule ◦С, 

Type of 
gasket 

Piping material 
The year of 

laying (repair) 
of pipelines 

Т1/Т2 Т3/Т4 Т1/Т2 Т3/Т4 

1 

Heat 
station - 
central 

95/70 Channel-free 

Steel in 
polyurethane 

foam insulation 

Steel in 
polyurethane 

foam insulation 
2003 2010 

2 95/70 Channel-free Isoproflex 2003 2020 

3 115/70 Channel-free 
Steel in 

polyurethane 
foam insulation 

2003 2010 

4 115/70 Channel-free Isoproflex 2003 2020 
5 Heat 

station - 
individual 

95/70  Channel-free - 2020 - 

6 115/70  Channel-free - 2020 - 

Table 3. Results of calculation of thermal losses through insulation. 

Calculati
on no. 

Thermal losses through insulation, Gcal/year 

standard (normative) calculated, according to heat 
engineering formulas 

Т1/Т2 Т3/Т4 total Т1/Т2 Т3/Т4 total 
1 143.94 239.17 383.11 148.41 215.58 363.99 
2 143.94 229.17 373.11 148.41 187.37 335.78 
3 150.07 239.17 389.24 162.46 215.58 378.04 
4 150.07 229.17 379.24 162.46 187.37 349.83 
5 383.17 - 383.17 317.11 - 317.11 
6 349.71 - 349.71 283.79 - 283.79 

 

  
Fig. 4. Diagram of results of calculation of thermal losses through insulation. 
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We will calculate the heat losses after the modernization of the hot-water supply networks 
using flexible polymer heat-insulated pipelines «Isoproflex-75A» made of cross-linked 
polyethylene (four-tube heat supply system). We will consider the thermal losses defined 
on the basis of heat technical calculation of networks of hot water supply from the central 
heat distribution station (T3/T4 with temperatures of heat carrier of 65/45 оС) (Fig. 5). 

 

Fig. 5. Diagram of heat losses before and after modernization of hot water supply networks using 
flexible polymer heat insulated pipelines «Isoproflex-75A». 

3.1 Evaluating the effectiveness of energy-saving measures 

On the example of the heat supply system from the central heat station of Kazenergo JSC to 
existing consumers, we will evaluate two energy-saving measures: 
1. Modernization of hot water supply networks using Isoproflex polymer pipelines. 
2. Change from Central Heat Point (CHP) to Individual Heat Point (IHP). 

The efficiency of the energy-saving measures under consideration was evaluated: costs, 
savings and payback period were calculated. The evaluation results are shown in Table 4. 
We will determine the most effective of them. 

Thus, the cost of switching from a central heat point to an individual heat point for 
95/70 °C and 115/70 °C temperature schedules will amount to 28 398 154 thousand 
rubles/year and 23 785 210 thousand rubles/year, respectively, and savings – 1 970 342 
thousand rubles/year and 2 012 655. The payback period of this energy saving event is 14 
years, 5 months and 11 years, 10 months. 

The most effective energy saving activity is the modernization of hot water supply 
networks using flexible polymer heat-insulated pipelines «Isoproflex-75A» (four-tube heat 
supply system). Costs for it will amount to 14 353 174 thousand rubles/year, and savings – 
1 220 283 thousand rubles/year. Modernization of hot water supply networks using 
Isoproflex-75A will pay off in 10 years and 2 months. 
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Table 4. Evaluating the effectiveness of energy-saving measures 

Indicator 

Energy-saving measures 

Reconstruction of hot water 
supply networks using 
Isoproflex-75A pipelines 

Change from Central Heat Point 
(CHP) to Individual Heat Point 
(IHP) (from four-pipe heat 
supply system to two-pipe) 

The temperature schedule, °С 
65/45 95/70 115/70 

Review period, year 
1 30 1 1 
Cost with value added tax VAT, thousand rubles 

Reconstruction of 
hot water supply 
networks 

12 399.510 12 399.510 - - 

Reconstruction of 
heat networks - - 9677.395 5064.451 

Construction of 
Individual Heat 
Point (IHP) 

- - 18 720.759 

Operation of CHP 
Central Heat Point 1 953.664 58 609.920 - 

Total 14 353.174 71 009.430 28 398.154 23 785.210 

 Savings with VAT, thousand rubles 
Reduction of 
thermal losses 
through insulation 

-25.199 -755.970 -16.678 -58.991 

Operation of CHP 
Central Heat Point - - -1 953.664 

Reconstruction of 
hot water steel 
pipelines to in 
polyurethane foam 
insulation  

-1 195.084 -35 852.526 - - 

Total -1 220.283 -36 608.496 -1 970.342 -2012.655 

Payback period 10 years and 2 months 14 years  
and 5 months 

11 years and 
10 months 

4 Conclusions 
Based on the data and materials of Kazenergo JSC, actual losses of thermal energy at the 
tested sections of the thermal network were calculated. Analyzing the results of heat loss 
calculations, it is obvious that the heat losses determined according to the standard are more 
than the losses determined according to the heat engineering formulas. Comparison of 
normative heat losses with their actual values made it possible to justify the effectiveness of 
work on replacing steel hot water pipelines with polypropylene ones and to assess the 
possible reduction in energy consumption and energy saving effect. 
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Based on the data and materials of Kazenergo JSC, actual losses of thermal energy at the 
tested sections of the thermal network were calculated. Analyzing the results of heat loss 
calculations, it is obvious that the heat losses determined according to the standard are more 
than the losses determined according to the heat engineering formulas. Comparison of 
normative heat losses with their actual values made it possible to justify the effectiveness of 
work on replacing steel hot water pipelines with polypropylene ones and to assess the 
possible reduction in energy consumption and energy saving effect. 

The results of the analysis of the effectiveness of the energy-saving measures under 
consideration make it possible to draw the following conclusions: 

when upgrading existing systems depending on the location of the central heating 
station, the state of the equipment building, the number of connected buildings and the 
prospect of maintaining the existing development, the reconstruction of hot water supply 
networks using flexible polymer heat-insulated pipelines should be considered; 

In the new construction of residential buildings and administrative buildings, a two-pipe 
heat supply system with individual heat points should be used. 
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