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The object of research is the design parameters and material for the execution 

of the elements of the complex thermomodernization of a building or structures, 

namely the system of central water heating and facade thermal insulation, taking into 

account the impact of the climatic zones in which these facilities are operated. One of 

the most problematic places is not enough study and lack of justification for effective 

design parameters and material for the execution of pipelines of the central water 

heating system and facade insulation. This is necessary to significantly reduce the 

energy consumption of existing buildings and structures of the Ukrainian housing 

stock. In the course of the study, a comprehensive approach to the solution of the set 

tasks was used, including economic and statistical analysis, analysis of world 

experience and synthesis of results and retrospectives, a historical-evolutionary and 

logical approach. Also, system theory and system analysis were used to identify 

strategic prospects for a significant reduction in the energy consumption of existing 

Ukrainian buildings and structures. In the long term, the results are expected to be 

disseminated to foreign buildings and structures that have similar energy efficiency 

issues, including climatic zones. The effective design parameters and material for the 

execution of pipelines of the central water heating system have been substantiated to 

significantly reduce the energy consumption of existing buildings and structures of 

Ukrainian housing stock. The minimum thickness of the facade thermal insulation 

layer is determined to be 50 mm for the temperature and operating conditions under 

study, as well as for the characteristics of the used materials, the geometry of the 

pipelines and the facade thermal insulation for the first temperature zone. The 



resulting optimum thickness of the facade thermal insulation layer is 100 mm, and 

results in 100 % protection against freezing of the pipelines, even if the coolant is 

completely stopped for more than 24 hours after the coolant ceases to flow. The 

developed innovative design and design and technological solutions lead to a 

significant reduction in energy consumption of existing buildings and facilities of the 

housing stock, is operated for more than 30 years and located in different climatic 

zones, and helps maintain comfortable conditions for life. 

Keywords: thermomodernization of buildings and structures, facade thermal 

insulation, central water heating system. 

 

1. Introduction 

In works [1, 2] the range of innovative technical solutions for 

thermomodernization (thermal sanation) of structures and buildings was defined as 

part of the system of central water heating and facade thermal insulation. On the basis 

of experimental-numerical and computational studies, the rationale for their 

effectiveness was compared with the technical solutions that were developed. 

In this direction, the actual further development is the modeling of constructive 

and technological parameters of new transit pipelines of the central water heating 

system and equivalent thermal insulation of the facade for different climatic 

conditions. These modeling results expand the geographic boundaries of the 

application of the developed technical solutions that emphasize the relevance of the 

research direction of thermomodernization and its export orientation. 

 

2. The object of research and its technological audit 

The object of research is the design parameters and material for the execution of 

the elements of the complex thermomodernization of a building or structures, namely 

the system of central water heating and facade thermal insulation, taking into account 

the effect of climatic zones in which these facilities are operated. 

It was noted in works [1, 2] that significant heat consumption during heating of 

any buildings and structures is caused by increased heat losses through external 

enclosing structures of buildings or structures. Especially it concerns the building 

structures of old (in particular, before 1991) buildings through which heat is lost 

several times more than in modern buildings. 

Another problematic situation is associated with low energy efficiency of old 

heating systems, which are built on a single-pipe central heating system. With such 

heating system, even completely insulating the house or building from the outside, in 

practice it is impossible to save heat energy and create comfortable conditions for 

living or working. 

Therefore, one of the main methods of significantly reducing the material and 

financial costs of heating existing buildings and structures is a significant reduction in 

the amount of consumed heat energy. At the same time, the point application of 

certain energy-efficient measures gives an appropriate «point» result. 

This is precisely the essence of the thermomodernization of buildings and 

structures, in order to significantly reduce heat consumption. Therefore, it is 

promising to justify the effective design parameters and material for the execution of 



pipelines for the central water heating system and facade insulation for a significant 

reduction in the energy consumption of existing buildings and structures of the 

Ukrainian housing stock. 

Particular importance of the research topic is acquired due to the fact that 

Ukrainian (and not only) buildings and structures are located in different climatic 

zones. In particular, in such conditions, the investigated objects are located in the 

Russian Federation, Kazakhstan, the Czech Republic, Slovakia, Poland and the like. 

Therefore, the technical solutions proposed in this paper can be extended to these 

countries, in particular, Central and Eastern Europe. 

 

3. The aim and objectives of research 
The aim of research is modeling based on the developed innovative technical 

solutions for thermomodernization of the effective parameters of pipelines of the 

central water heating system and the thermal insulation of the facade for different 

climatic conditions. This is aimed at the final reduction of energy consumption of 

existing buildings and structures of both residential and non-residential facilities. 

To achieve this aim, it is necessary to perform the following tasks: 

1. To substantiate the effective design parameters and material for the execution 

of pipelines of the central water heating system to significantly reduce the energy 

consumption of existing buildings and structures of the Ukrainian housing stock. 

2. To substantiate the effective design parameters and material for the execution 

of elements of facade thermal insulation. 

3. To carry out modeling of effective parameters of pipelines of the central water 

heating system and thermal insulation of the facade for different climatic conditions. 

 

4. Research of existing solutions of the problem 

Normative and technical documentation on the investigated problem is 

represented by the corresponding GOST [3] and the State Building Regulations 

(DBN) [4]. According to these sources, minimum requirements to heat engineering 

indicators of structures of the thermal insulation of buildings and to energy 

characteristics of buildings or their separate parts are established. These indicators are 

determined on the basis of economically justified level of energy efficiency of the 

building. At the same time, the anticipated life cycle of the building is taken into 

account, provided that the household's human needs are met and optimal 

microclimatic conditions for its stay and/or living in the premises of such building are 

created. 

Separate aspects of the investigated problem of thermomodernization of 

buildings and structures are studied in a number of works of foreign researchers. 

Thus, for example, in [5], a polyoptimal method is used to determine schemes for 

thermomodernization of buildings based on the theory of fuzzy sets in order to 

minimize the total cost of thermomodernization and simultaneously maximize the 

resulting energy effect in the form of reducing the cost of thermal energy. In work [6] 

it is noted the importance of solving the problem of thermomodernization due to the 

existence of a significant number of prefabricated, with bearing walls, apartment 

buildings. After all, they were built in the 50's, 60's and 70's of the last century in the 



countries of Central and Eastern Europe. Accordingly, new energy efficiency 

standards in force in EU countries should be taken into account. 

The investigated problem is extremely important for the countries of the former 

social camp, with which Ukraine borders. The test methods used and the results of 

estimating the data necessary for predicting the consumption of thermal energy in a 

typical house of the average statistical family in Poland are obtained in [7]. Aspects 

of thermomodernization of buildings and evaluation of its influence on the created 

internal microclimate of these buildings are investigated in [8]. 

The issue of preserving the historical heritage of buildings that make up the 

national heritage, through the implementation of their thermomodernization, is 

highlighted in [9]. The directions of increasing energy efficiency as a result of 

thermomodernization of existing buildings are investigated in [10]. Optimum energy 

requirements and their influence on possible options for thermomodernization of a 

typical residential house are described in [11]. 

The relationship between the implementation of energy-efficient 

thermomodernization in terms of environmental sustainability in the future is 

investigated in [12]. Numerical analysis of the behavior of the district heating system 

in dynamics is carried out in [13] with the help of a mathematical model, adequately 

described a simplified system of district heating with three end users and a 9 km 

pipeline network. 

The system of thermomodernization of buildings and structures should be built 

and analyzed on the basis of an integrated approach, in particular, using structural and 

parametric modeling. This makes it possible, according to [14], to model the 

relationships between the structural elements of the investigated system, in particular, 

the thermomodernization system. 

Aspects of the study of facade thermal insulation of buildings and structures are 

devoted to a number of works. The variant of using another insulating material that 

allows diffusive air in the insulating structure and contributes to the reduction of heat 

consumption is proposed by the authors [15]. Investigation of the current state of 

thermal insulation of walls without expandable poly styrene (EPS) and existing 

windows of buildings on a concrete example of Alipasino polje, in Sarajevo, Bosnia 

and Herzegovina, is covered in [16]. 

The automated approach to the analysis of energy efficiency of building facades 

that allows to obtain thermographic 3D-models and their corresponding orthoimages 

are given in the study [17]. In [18] it is noted that the most acceptable energy-

efficient facade for all climatic zones is the external thermal insulation system in 

combination with any type of insulation. In particular, it can be a ventilated facade in 

combination with impact resistant insulation materials. 

The study [19] proposes a methodological basis for assessing the external 

thermal insulation composite system in terms of ensuring high thermal stability and 

speed of installation. In work [20] it is noted the efficiency of using the double facade 

in buildings of various types in terms of reducing the consumption of thermal energy 

and providing thermal comfort. To reduce the urban greenhouse effect and improve 

the thermal characteristics of buildings, including for their modernization, it is 

proposed in [21] to widely use the so-called «green» facades. And in [22], energy-



efficient sensory heating systems based on radiating panels are being investigated, 

suitable for houses with low energy consumption. 

The model of switchable insulating so-called U-element based on a double-glass 

unit with a translucent insulating panel installed inside, to investigate the effect of 

various thermal properties on the U-value, is considered by the authors [23]. In [24], 

the physical and mechanical properties of natural heat-insulating composites are 

analyzed, in particular, on the basis of fiber hemp, which are characterized by low 

density and porous structure, and are also suitable for the production of heat-

insulating facades. 

The method of selection and calculation of design and technological parameters 

of an ultrasonic low-frequency cavitation device with a rectangular radiating plate, 

which realizes the vibrations of vibrations, is considered in [25]. This intensifying 

method can be used to manufacture heat-insulating facade composite materials with a 

polymer matrix. 

Summarizing the above analysis of the literature sources, it should be noted that 

there is no simulation of the effective parameters of the pipelines of the central water 

heating system and the thermal insulation of the facade for different climatic 

conditions. This highlights the prospect of research. 

 

5. Methods of research 

Fig. 1 [2] is the general scheme of the system of complex thermomodernization 

of the investigated building. In Fig. 1 the following designations are accepted: 

1 – existing exterior (facade) wall of the thermal modern building (hereinafter – 

the wall); 

2 – layer of equivalent facade thermal insulation (hereinafter – facade thermal 

insulation); 

3 – adhesive layer intended for fixing the facade thermal insulation of the 

existing external wall; 

4 – liquid coolant; 

5 – layer of equivalent pipe insulation; 

6 – new transit pipelines of two-pipe system of central water heating 

(hereinafter – pipelines); 

7 – heater with side connection; 

7' – heater with lower connection; 

8 – distributive floor comb; 

9 – new chase made in the existing wall 1 or in the facade thermal insulation 2 

(hereinafter – chase); 

10 – through hole in the existing wall 1; 

11 – windows or translucent structures; 

12 – radiator fittings; 

13 – outer protective layer, protecting the facade insulation 2 against 

atmospheric precipitation and/or ultraviolet radiation. Roman numerals (II–XVII) in 

Fig. 1 designate individual elements (design solutions) of the thermomodernization 

system, separately investigated in [2]. 

 



 
Fig. 1. General scheme of the investigated system of complex 

thermomodernization of buildings and structures [2] 

 

Let’s note that the set of essential differences described in the developed 

innovative technical solutions relating to the system [26] and the method of 

thermomodernization that realizes it [27] of considerable differences is established 

both experimentally and experimentally. This concerns the optimal dimensions, 

geometric shape, materials, composition and interrelations of the elements of the 

thermomodernization system. In particular, for new transit pipelines 6 two-pipe 

system of central water heating, equivalent to pipe insulation 5, equivalent to facade 

insulation 2, forms of implementation of new chase 9 and other elements of the 

system. The results of the studies are presented in Table 1. 



Table 1 

Basic geometric parameters, composition and material of execution of constituent elements of the thermomodernization system 

of buildings and structures 

Indicator (in parentheses – 

interval boundaries) 

The value of the parameter within the interval of implementation examples No. 1–12 

No. 1 No. 2 No. 3 No. 4 No. 5 No. 6 No. 7 No. 8 No. 9 No. 10 No. 11 No. 12 

1 2 3 4 5 6 7 8 9 10 11 12 13 

Characteristics of the thermomodernized wall of buildings and structures and the calculated climatic conditions 

Coefficient of resistance of 

the external enclosing 

structure of the existing 

external wall of the 

thermomodernized building 

Rex, m
2
∙K/W, 

(0.75–5.5) m
2
∙K/W 

0.5 0.75 1 1.2 1.5 1.8 2.2 2.8 3.3 4.0 5.5 5.9 

Coefficient of resistance of 

external enclosing structure 

(walls) Rtherm.UA; 

Rtherm.UA=Rmin.UA–Rex. 

at Rmin.UA=2.8/3.3 (m
2
∙K)/W, 

for the first/second 

temperature zones, 

(0.5–2.8) (m
2
∙K)/W 

2.3/2.8 2.0/2.5 1.8/2.3 1.6/2.1 1.3/1.8 1.0/1.5 0.6/1.1 –/0.5 –/– –/– –/– –/– 

Coefficient of resistance of 

external enclosing structure 

(walls) Rtherm.EU 

Rtherm.EU=Rmin.EU–Rex. at 

Rmin.EU=2.0/5.9 (m
2
∙K)/W 

(0.2–5.1) (m
2
∙K)/W 

1.5/5.4 1.2/5.1 1.0/4.9 0.8/4.7 0.5/4.4 0.2/4.1 –/3.7 –/3.1 –/2.6 –/1.9 –/0.4 –/– 

Coefficient of resistance of 1.5/5.4 1.2/5.1 1.0/4.9 0.8/4.7 0.5/4.4 0.2/4.1 –/3.7 –/3.1 –/2.6 –/1.9 –/0.4 –/– 



external enclosing structure 

(walls) Rtherm.СНГ 

Rtherm.CIS=RminCIS–Rex. 

at Rmin.CIS=2.0/5.9 (m
2
∙K/W), 

(0.2–5.1) (m
2
∙K)/W 

Minimum thickness of the 

equivalent facade insulation 

layer for Ukraine Вmin.UA, mm, 

(50–250) mm 

100/15

0 

100/15

0 

100/10

0 

100/10

0 
50/100 50/100 50/50 –/50 –/– –/– –/– –/– 

Minimum thickness of the 

equivalent facade insulation 

layer for CIS countries, 

Bmin.CIS, mm, (50–250) mm 

100/25

0 
50/250 50/250 50/250 50/200 50/200 –/200 –/150 –/150 –/100 –/50 –/– 

Minimum thickness of the 

equivalent facade insulation 

layer for European Union 

countries Vmin.EU, mm, (50–

250) mm 

100/25

0 
50/250 50/250 50/250 50/200 50/200 –/200 –/150 –/150 –/100 –/50 –/– 

Parameters of new transit pipelines 6 two-pipe system of central water heating, pipe thermal insulation, as well as the 

limiting temperature conditions for the coolant 

Outer diameter D, mm, of new 

transit pipelines of a two-pipe 

system of central water heating 

for various materials of their 

execution, (7–114) mm, with a 

wall thickness (0.7–22.1) mm 

6 7–12 13–18 19–25 26–32 33–40 41–50 51–57 58–75 76–85 86–114 140 

The existing diameter of 

pipelines of cross-linked 

polyethylene (PEX) Dpex, mm, 
– 12х2.0 

14x2.0; 

14x2.25; 

16x2.0; 

20x2.8; 

20x2.9; 

25x2.3; 

32x2.9; 

32x4.4; 

32x4.7 

40x3.7; 

40x5.5; 

40x6.0 

50x4.6; 

50x6.9 
– 

63x5.8; 

63x8.6; 

63x8.7 

14x2.0; 

14x2.25; 

16x2.0; 

90x8.2; 

110x10.

0 
– 



indicating the thickness of the 

wall 

16x2.2; 

16x2.6; 

18x2.0 

18x2.5 

25x3.5;2

5x3.7 

16x2.2; 

16x2.6; 

18x2.0 

18x2.5 

The existing diameters of 

pipelines made of multi-layer 

metal plastic Dmet.plast., mm, 

indicating the thickness of the 

wall 

– – 

14x2.0; 

16x2.0; 

16x2.7; 

16.2x2.6 

20x2.0; 

20x2.25; 

20x2.9; 

20x3.3; 

25x2.5; 

25x3.7; 

25x4.0 

26x2.0; 

26x3.0; 

32x3.0; 

32x4.0; 

32x4.4 

40x3.5; 

40x4.0 
50x4.5 – 

63x4.5; 

63x6.0 

75x5.0; 

75x7.5 

90x8.5; 

110x10.

0 

– 

The existing diameters of 

pipelines of steel Dsteel, mm, 

indicating the thickness of the 

wall 

– 12x1.2 
15x1.2; 

18x1.2 
22x1.5 28x1.5 35x1.5 42x1.5 54x1.5 

64x1.5

; 

66.7x1

.5 

76.1x2

.0 

88.9x2.0

; 

108x2.0 

– 

The existing diameters of 

pipelines of black steel 

Dblack steel, mm, indicating the 

thickness of the wall 

– 

10.2x1.8

; 

10.2x2.0

; 

10.2x2.5 

13.5x2.0

; 

13.5x2.2

; 

13.5x2.8

; 17x2.0; 

17x2.2; 

17x2.8 

21.3x2.5

; 

21.3x2.8

; 

21.3x3.2 

26.8x2.5

; 

26.8x2.8

; 

26.8x3.2 

33.5x2.8

; 

33.5x3.2

; 

33.5x4.0 

42.3x2.8

; 

42.3x3.2

; 

42.3x4.0

; 48x3.0; 

48x3.5; 

48x4.0 

– 

60x3.0; 

60x3.5; 

60x4.5; 

75.5x3.2

; 

75.5x4.0

; 

75.7x4.5 

– 

88.5x3.5

; 

88.5x4.0

; 

88.5x4.5

; 

101.3x3.

5 

101.3x4.

0101.3x

4.5114x

4.0; 

114x4.5; 

114x5.0 

140x4.

0140x

4.5 

140x5.

5 



The existing diameters of 

pipelines of stainless steel 

Dst. steel, mm, indicating the 

thickness of the wall 

– – 
15x1.0; 

18x1.0 
22x1.2 28x1.2 35x1.5 42x1.5 54x1.5 – 

76.1x2.

0 

88.9x2.0

; 

108x2.0 

– 

The existing diameters of 

copper pipelines, Dcop, mm, 

indicating the thickness of the 

wall 

6x1.0 

8x1.0; 

10x1.0; 

12x0.7; 

12x1.0 

14x0.8; 

15x1.0; 

16x2.0; 

18x1.0 

22x1.0 28x1.0 35x1.0 42x1.5 
54x1.5; 

54x2.0 
64x2.0 76x2.0 

89x2.0; 

108x2.5 
– 

The existing diameters of 

pipelines from polypropylene 

Dpp, mm, indicating the 

thickness of the wall 

– – 

16x2.2

; 

16x2.3

;16x2.

7 

20x1.9

;20x2.

3; 

20x2.8

; 

20x3.2

; 

20x3.4

; 

20x4.1

; 

25x2.3

; 

25x2.8

;  

25x3.5

; 

25x4.2

; 

25x5.1 

32x2.9

; 

32x3.6

; 

32x4.4

; 

32x4.5

; 

32x5.4

; 

32x6.5 

 

40x3.7

; 

40x4.5

; 

40x5.5

; 

40x5.6

; 

40x6.7

; 

40x8.1 

50x4.6

; 

50x5.6

; 

50x6.1

; 

50x6.9

; 

50x8.3

; 

50x8.4

; 

50x10.

1 

– 

63x5.8; 

63x7.1; 

63x7.8; 

63x8.6; 

63x8.7; 

63x10.5

; 

63x12.7

; 75x6.8; 

75x8.4; 

75x9.5; 

75x10.3

; 

75x10.4

; 

75x12.5

; 

75x15.1 

– 

90x8.2; 

90x10.1; 

90x12.3; 

90x12.5; 

90x15.0; 

90x18.1; 

110x10.

0; 

110x12.

3;  

110x15.

1; 

110x15.

2; 

110x18.

3; 

110x18.

4; 

110x22.

1 

– 

The existing diameters of – – 15x1.7 22x2.1 28x2.6 – – – – – – – 



pipelines from polybutylene, 

Dpolybutylene, mm, indicating the 

thickness of the wall 

5 5 5 

Execution material of 

equivalent pipe insulation 

no 

insula

tion 

foam 

polyet

hylene/

rubber 

/corrug

ated 

therma

l 

insulati

on 

foam 

polyet

hylene/

rubber 

/corrug

ated 

therma

l 

insulati

on 

foam 

polyet

hylene/

rubber 

/corrug

ated 

therma

l 

insulati

on 

foam 

polyet

hylene/

rubber 

/corrug

ated 

therma

l 

insulati

on 

foam 

polyet

hylene/

rubber 

/corrug

ated 

therma

l 

insulati

on 

foam 

polyet

hylene/

rubber 

/corrug

ated 

therma

l 

insulati

on 

foam 

polyet

hylene/

rubber 

/corrug

ated 

therma

l 

insulati

on 

foam 

polyet

hylene

/rubber 

/corrug

ated 

therma

l 

insulat

ion 

foam 

polyet

hylene/

rubber 

/corrug

ated 

therma

l 

insulati

on  

foam 

polyet

hylene/

rubber 

/corrug

ated 

therma

l 

insulati

on 

no 

insulati

on 

The thickness of the layer of 

equivalent pipe thermal 

insulation δТ, mm (expanded 

polyethylene/rubber/corrugate

d), (6–50) mm 

–/–/– 6/6/4 9/9/4 
13/13/

6 

13/13/

6 

15/15/

6 

20/19/

6 

22/25/

6 

28/32/

6 

35/40/

6 

42/50/

6 
–/–/– 

Estimated difference of 

coolant temperatures in the 

supply and return pipes ΔТ, ºС, 

(10–25) ºC 

5 10–25 30 

The time to reach the 

temperature of the coolant is 

0 ºC with thickness of 

equivalent thermal insulation 

layer Bmin=50 mm, t50, h, (8–

19) h 

20 19 17 16 15 14 13 12 11 10 8 6 

Time to reach coolant freezing of the coolant does not occur 



temperature 0 ºC at a thickness 

of thermal insulation 

equivalent layer В=100 mm, 

t100, h 

Variants of placement and fastening of pipelines of two-pipe heating system 

In the chase, made in the 

existing wall from the side of 

its fastening to the equivalent 

facade thermal insulation / (in 

the chase, made in an 

equivalent facade insulation, 

from the side of its 

attachment to the existing 

external wall) 

no/yes yes/yes yes/yes yes/yes yes/yes yes/yes yes/yes yes/no yes/no yes/no yes/no  no/yes 

Chase form 
no/no/

no 

yes/yes

/yes 

yes/yes

/yes 

yes/yes

/yes 

yes/yes

/yes 

yes/yes

/yes 

yes/yes

/yes 

no/no/

yes 

yes/no/ 

yes 

yes/no/ 

no 

no/yes 

/no 

no/no/

no 

Optimum depth (height) of 

the chase BD, mm (25–

155) mm 

10 25 36 43 50 60 90 100 115 125 155 180 

The optimum width of the 

chase Bs, mm (50–310) mm 
20 50 72 86 100 120 180 200 230 250 310 360 

 



The left column of Table 1 shows the investigated indicator and its 

corresponding designation, and in parentheses the interval boundaries are shown in 

which this index varies. In columns No. 2–13 horizontally, which are both example 

numbers (respectively No. 1–12) of the implementation of the developed technical 

solutions, the main parameters and material of the design of the structural elements of 

the thermomodernization system are given. 

 

6. Research results 

6.1. Thickness of the facade insulation layer 

As a result of the conducted studies, it is found that deviations from the optimal 

sizes and effective materials lead to a deterioration in the parameters of the elements 

of the thermomodernization system. Namely, to the high heat losses, the breaking of 

the bearing capacity of the existing facade walls), the thermomodernized building, the 

high hydraulic resistance in the pipelines 6, the freezing potential of the coolant 4. 

The thermal expansion of the pipelines 6 is also not adversely affected by the 

integrity of the facade thermal insulation layer 2 (the extreme examples of the 

implementation No. 1, No. 12 in Table 1). 

For example, it has been experimentally established that a decrease in the 

thickness Bmin of the facade thermal insulation layer 2 is less than the optimum value 

results in a decrease in the heat transfer resistance coefficient Rmin. With Bmin=50 mm, 

the coefficient Rmin=1.32 (m
2
∙K)/W, and at Bmin=150 mm the coefficient 

Rmin=3.65 (m
2
∙K)/W. This, in turn, increases 2.7 times the thermal losses of the 

thermomodernized building and pipelines 6 and leads to a decrease in the temperature 

of the heat-transfer medium 4 entering the consumers. The absence of movement of 

the coolant 4 in the pipelines 6 can lead to its freezing and to a violation of the 

integrity of the pipelines 6. 

At the same time, an increase in the thickness Bmin more than the optimal value 

for the first and second temperature zone of Ukraine leads to an increase in the 

resistance coefficient Rmin in excess of the minimum required resistance coefficient 

Rmin.UA, which is not a violation. The latter is installed according to the DBN [4] for 

different temperature zones of Ukraine. However, the use of a facade thermal 

insulation 2 with a thickness of Bmin of more than 150 mm increases the cost of 

materials and installation work, not in proportion to the increase in the coefficient of 

heat transfer resistance Rmin. 

 

6.2. The value of the diameter of the pipelines 

Table 1 shows diameters D of industrially produced pipelines for a more 

accurate determination of the depth of the required chase 9 in the existing wall 1 or in 

the material of the facade insulation 2. The ratio of the diameters D of the used 

pipelines 6 of the heating system to the thickness δT of equivalent pipe insulation 5 

and to the depth BD of the executable chase 9 allows dividing them for several 

calculated cases. 

In Table 1 in the columns for the values of pipe diameters D for different 

materials, the values «external diameter» x «thickness» are indicated, after which the 

indicated values of all sizes used today. And for the values of the diameters D of the 



 

pipelines 6, which are indicated in the form of a range, the range boundaries indicate 

the minimum and maximum values of the values. 

It has also been experimentally established that a decrease in the diameters D of 

the pipelines 6 and the calculated difference in temperature ΔT between the feed and 

return pipelines 6 leads to an increase in the velocity of the coolant 4. As a result, the 

hydraulic resistance in the pipelines 6 of the thermomodernized building increases. 

This, in turn, leads to the need to use pumps with increased power characteristics, and 

also increases the capital and operating costs necessary for the stable operation of a 

two-pipe central heating system. 

At the same time, an increase in the diameters D and the calculated temperature 

difference ΔT between the supply and return lines 6 results in a decrease in the 

velocity of the heat coolant 4. This can lead to an increase in the depth b of the chase 

9, that is, it may negatively affect the load-bearing capacity of the thermomodernized 

building. 

Replacing the existing (single-pipe) piping system with new transit pipelines 6 

of two-pipe central heating with optimal parameters and heater of the 7 and 7' heating 

system gives the following advantages. This is, first of all, the ability to design a two-

pipe system of central water heating between a high- and low-temperature heat 

sources. This, in turn, expands the application of various heat sources, such as heat 

pumps and renewable energy sources, that is, to diversify the heat sources used. Also, 

the use of a two-pipe heating system as part of a complex thermomodernization 

system allows accounting and regulation of consumed heat by each consumer. 

 

6.3. Pipeline placement in chases 

Notation in Table 1 «in a chase made in an existing wall/(chase, made in an 

equivalent facade insulation)» means the laying of pipelines 6 or in the chase 9, or 

directly in the wall 1, or in the layer of facade thermal insulation 2. The forms of 

execution chase 9 are listed in Table 1 through the fraction sign «/», namely it can be 

«rectangular/triangular/arched». 

The choice of the concrete form of execution of the new chase 9 is determined 

by the design features of the existing wall 1 of the thermomodernized building in the 

place of its attachment to the heater 7, 7'. At the same time, the selection of the 

equipment that is carried out by the work chase (wall chaser, sanding machine for 

concrete, the use of mechanisms in which the cutting edge is a diamond cable) also 

influences the choice of the shape of the new chase 9. 

According to the developed technical solution, the maximum depth b of the 

chase 9 in the wall 1 varies within the range BD=(25–155) mm. This value BD is 

selected depending on the diameters D of the pipelines 6, which will be laid in the 

chase 9, and the thickness δT of the layer of the pipe thermal insulation 5, must be 

completely placed in the completed chase 9. 

At the same time, the location of the pipelines 6 in the chases 9 that are 

performed in the layer of the facade insulation 2 creates the risk that the thermal 

expansion of the pipelines 6 extends the straight sections of the pipelines 6. As a 

result, the stress within the building structure increases. This can lead to loss of 



 

tightness of the facade thermal insulation layer 2 and, as a consequence, to 

deterioration of the thermal characteristics of the thermomodernized building. 

The arrangement of the pipelines 6 in the chases 9 made in the wall 1 allows the 

loads resulting from the thermal elongation of the pipes 6 to be redistributed to the 

existing building structure. This, in turn, allows to increase the energy efficiency and 

density of the building structure, as well as to avoid the violation of the integrity of 

the facade thermal insulation layer 2 of the thermomodernized building. 

 

6.4. The value of the thermal conductivity coefficient 

The coefficient of resistance of the external enclosing structure of the wall 1 of 

the thermomodernized building varies within the limits of Rex=(0.75–5.5) m
2
∙K/W. It 

is established that a deviation from the lower value of this optimal parameter leads to 

a decrease in the efficiency of the thermal building modernization system. This is due 

to the fact that the walls of 1 building with a lower coefficient of resistance to thermal 

conductivity Rmin, 0.75 m
2
K/W, it is more appropriate to replace completely than to 

perform their thermal upgrading. 

At the same time deviations from the upper value of the optimal parameter Rex 

leads to a decrease in the efficiency of the thermal building modernization system. 

This is due to the fact that the walls of 1 building already have the minimum required 

coefficient of thermal conductivity Rmin.UA for the specified region, and therefore do 

not require additional insulation. 

The coefficient of necessary resistance of the external enclosing structure 

Rtherm.UA for thermal building modernization, according to the developed technical 

solutions, is calculated as follows: K/W. Applying the above expression, a range of 

values from 0.5 m
2
∙K/W to 2.8 m

2
∙K/W is obtained, which stipulate the minimum 

required values of the Rmin.UA coefficient. 

The coefficient of resistance of thermal conductivity Rmin.UA is applied in 

Ukraine and depends on the applied temperature zone according to DBN B.2.6-

31:2016 [10]. So, for the first temperature zone, the coefficient Rmin.UA=3.3 m
2
∙K/W, 

for the second temperature zone the coefficient Rmin.UA=2.8 m
2
∙K/W. Table 1 shows 

the values of Rmin.UA for the first and second zones through the «/» sign. 

The coefficient of the required resistance of the external enclosing structure of 

the EU countries Rtherm.EU for the complex thermomodernization of the building is 

calculated according to the following formula: Rtherm.EU=Rmin.EU–Rex, and varies within 

Rtherm.EU=(0.2–5.1) m
2
∙K/W. Applying the above expression, a range of values of 

0.2 m
2
∙K/W to 5.1 m

2
∙K/W is obtained, resulting in the minimum required values of 

the coefficient Rmin.EU. 

The coefficient of necessary resistance of the external enclosing structure Rmin.EU 

depends on the climatic conditions of different countries. Thus, for warm countries 

(Italy, Hungary, etc.), the coefficient Rmin.EU=2.0 m
2
∙K/W, for cold countries 

(Norway, Sweden, Finland) the coefficient Rmin.EU=5.9 m
2
∙K/W. Table 1 shows the 

values of Rmin.EU through the «/» sign. 

The coefficient of the required resistance of the outer enclosing structure 

Rtherm.CIS for the complex thermal building of the building is calculated as follows: 

Rtherm.CIS=RminCIS–Rex, and varies within (0.2–5.1) m
2
∙K/W. Applying the above 



 

formula, a range of Rtherm.CIS values of 0.2 m
2
∙K/W to 5.1 m

2
∙K/W is obtained, which 

stipulate the minimum required values of the RtminCIS coefficient. 

The coefficient of necessary resistance of the external enclosing structure Rmin.CIS 

is used in the CIS countries and depends on the climatic conditions of different 

countries and/or regions. So, for warm regions, such as the Krasnodar Krai of the 

Russian Federation, the coefficient Rmin.CIS=2.0 m
2
∙K/W, for cold regions such as the 

Far North, the coefficient Rmin.CIS=5.9 m
2
∙K/W. Table 1 shows the values of Rmin.CIS 

and their derivatives through the fraction sign «/». 

 

6.5. An example of thermomodernization of a building 

After carrying out the analysis of the technical condition of the 

thermomodernized building, including the energy audit of the building and the 

analysis of the serviceability and technical condition of the existing heating system of 

the building, design of the individual elements and the entire system of 

thermomodernization is done as a whole. 

In particular, when examining the distribution of the temperature field inside a 

building structure, that is, when considering the thermal problem, it is assumed that 

the pipelines 6 and the wall 1 are covered with a layer of facade thermal insulation 2 

with a variable thickness Bmin. The result is a change in the temperature T on the 

(external) surface of the facade thermal insulation 2 from the minimum to the 

maximum value determined in accordance with the DBN [10]. 

Also, to predict the performance of the projected heating system, the limiting 

drop in the temperature of the heat coolant 4 with time is examined in the case of a 

stoppage of the coolant 4 in the pipelines 6 at a variable thickness of the layer of 

equivalent thermal insulation Bmin. 

It is established that in example No. 4 of Table 1 (Kyiv, Ukraine, design 

temperature T=-22 ºC) time to reach coolant 4 temperature 0 ºC with a thickness of 

the facade insulation layer Bmin=50 mm is t50=16 h. And with the thickness of the 

facade insulation layer Bmin=100 mm of freezing of the coolant 4 does not occur. 

The above studies have made it possible to determine the optimal parameters 

and material for the execution of structural elements of the building's 

thermomodernization system, which are given below, by carrying out studies using 

the procedure given in [2]. The values indicated in Table 1 are also taken into account 

(in this case this is an example of No. 4). 

As a thermal technical parameter, the coefficient of resistance of the outer 

enclosing structure (wall 1) was chosen, namely Rex=1.2 (m
2
∙K)/W. The coefficient of 

resistance of the external enclosing structure (wall 1) is Rterm.UA=1.6/2.1 (m
2
∙K)/W 

(respectively for the first/second temperature zones of Ukraine), which determines 

the thickness Bmin of the facade insulation. The calculated temperature difference of 

the heat coolant 4 in the supply and return lines 6 in this example is ΔT=20 ºC. 

To optimize the thickness of the facade insulation layer 2 Bmin, two options for 

the placement of pipelines 6 are also investigated. Option No. 1, where the pipelines 

6 are located in a chase 9, made in the wall 1 from the side of its attachment to the 

facade thermal insulation 2. Option No. 2, where the pipelines 6 are placed in the 

chase 9, made in the facade insulation 2 on the side of its attachment to the wall 1. 



 

In this case, variants No. 1 and No. 2 are examined with a variation in the 

thickness Bmin. The conducted studies confirmed the value of Bmin=100 mm. 

In Example No. 4, the material of pipelines 6 is polypropylene; the outer 

diameter of the pipelines 6 is D=20 mm, the thickness of their walls is δ=2.8 mm; the 

thickness of the layer of pipe thermal insulation 5 of the pipelines 6 is δT=13 mm. 

After determining the location of the heaters 7, 7', the distribution combs 8. 

Next, the laying routes in which the pipes 6 are placed in the chase 9 made in the 

walls 1 from the fastening side to the facade insulation 2 and the laying routes in 

which the pipes 6 are positioned in the chases 9, made in the facade insulation 2 on 

the side of its attachment to the wall 1. 

Pipeline laying routes 6 are carried out taking into account the technical 

possibility of wall chasing 9 in the walls 1 from the fastening side to the facade 

insulation 2 without affecting the bearing capacity of the building. Chases 9 perform 

a rectangular shape in the form of one versatile rectangle. Thus, the laying of the 

pipelines 6 is carried out in pants, namely in the chases 9 made both in the existing 

outer wall 1 from the side of its fastening to the facade thermal insulation 2 and in the 

facade thermal insulation 2 from the side of its fastening to the wall 1. 

After that, the heating system is installed. In particular, after the laying of 

pipelines 6, the heaters 7, 7' are installed inside the rooms. After this, hydraulic 

testing of pipelines 6 is carried out, which allows to determine possible leaks of these 

pipelines and to eliminate the leakage of the heating system. 

Then the pipelines 6 are covered with a layer of pipe insulation 5 made of 

expanded polyethylene and a thickness of δT, which varies within 13 mm. 

After successful completion of the hydraulic tests, the pipelines 6, covered with 

a layer of pipe insulation 5, together with the walls 1, are covered with a layer of 

facade thermal insulation 2 with a thickness Bmin=100 mm. 

In this example, the facade insulation system of the exterior walls of buildings 

and structures is performed in the form of a «wet facade» with the use of the basic 

material of foam PSB-S-25 insulation and mineral cotton wool in the form of 

firemen, rosette around windows and on the facade. In this case, the insulation of the 

facade of the thermomodernized building is made in the form of slabs, which are 

fixed with adhesive mortars and dowels to the existing outer wall 1. Then the slab is 

covered with a plaster layer with reinforcing mesh, which is made of high-strength 

and simultaneously inert material in the form of glass fibers. 

 

7. SWOT analysis of research results 

Strengths. Compared with analogues, the positive effect of the research object in 

the form of constituent elements of the thermomodernization system lies in the long-

term optimization of organizational and technical solutions for improving the energy 

efficiency of Ukrainian buildings and facilities for various climatic conditions. This 

includes modeling the effective parameters of the pipelines of the central water 

heating system and the thermal insulation of the facade. 

Weaknesses. To the weak sides of the proposed effective parameters and 

materials for the execution of pipelines for the central water heating system and for 

the thermal insulation of the facade, the need for initial capital investments in the 



 

system of new transit pipelines for water heating and facade thermal insulation can be 

attributed to thermomodernization of buildings and structures. It is also unbearable to 

provide for the costs of their installation at the location of buildings and structures. 

Also, the weaknesses of the proposed solutions include their locality («pointing») 

with respect to the entire complex system of thermomodernization and the lack of 

consideration of the interaction of all the constituent elements of the 

thermomodernization system. 

Opportunities. The proposed technical solutions for improving the energy 

efficiency of buildings and structures contribute to reducing heat consumption during 

the heating season. This, in turn, will significantly reduce the amount of utility 

payments for heating both for the population and for industrial enterprises. The 

expected profit is forecasted to be obtained in about 2–3 years, depending on the 

number of thermomodernized objects. 

Threats. From the enterprise or the operating organization will require initial 

capital investment in new transit pipelines and water heating in the facade insulation. 

Also, the costs of their installation at the location of thermomodernized buildings and 

structures are required. 

Adverse effects on the object of research in the form of external factors of the 

environment and other operating conditions due to regulatory-life of thermal insulation 

and facade systems new transit water heating piping. This depends on the materials and 

climatic zones used for the operation of thermomodernized buildings and structures. 

However, this period shall be at least 20 years, which is more than sufficient for self-

sufficiency developed organizational and technical solutions for thermomodernization. 

The latter are protected by patents of Ukraine for inventions for the method and device 

that confirms their innovativeness among similar world prototypes. 

 

8. Conclusions 

1. As a result of the experimentally-numerous and calculated studies, effective 

design parameters and material for the execution of pipelines for the central water 

heating system have been substantiated to significantly reduce the energy 

consumption of existing buildings and structures of the Ukrainian housing stock. It is 

established that the deviation from the optimum sizes and effective materials for the 

execution of the elements of the thermomodernization system, determined 

experimentally and by calculation, leads to high thermal losses, the breaking of the 

bearing capacity of the existing facade walls of the thermomodernized building. No 

less negative consequence is the high hydraulic resistance in pipelines, the possibility 

of freezing in them of the heat coolant, and the thermal expansion of pipelines and 

disruption of the integrity of the facade thermal insulation layer. 

The minimum thickness of the facade thermal insulation layer is determined to 

be 50 mm for the temperature and operating conditions under study, as well as for the 

characteristics of the used materials, the geometry of the pipelines and the facade 

thermal insulation for the first temperature zone. 

2. Effective design parameters and material for the performance of thermal 

insulation are found. The resulting optimum thickness of the facade thermal 

insulation layer is 100 mm, and results in 100 % protection against freezing of the 



 

pipelines, even if the coolant is completely stopped for more than 24 hours after the 

coolant ceases to flow. It is noted that, given the insignificant weight of the 

application of the facade insulation, there is no need to strengthen the load-bearing 

structures of the thermo-underdetermined building. Fastenings of front thermal 

insulation and pipelines of two-pipe system of water heating are carried out with the 

help of glutinous mixtures and «umbrella fasteners». Thanks to this, a constant 

microclimate inside the premises is ensured, that is, comfortable working or living 

conditions. 

3. Modeling of effective parameters of pipelines of the central water heating 

system and thermal insulation of the facade for different climatic conditions. The 

results of the simulation are expediently permissible in both Ukrainian and foreign 

organizations, which serve these buildings and structures. The obtained results 

expand the geographic boundaries of the application of the developed technical 

solutions that emphasize the prospects of the research direction of 

thermomodernization and its export orientation. 
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