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Modeling of parameters of pipelines 
of central water heating system 
and thermal insulation of the 
facade of ukrainian buildings and 
facilities for different climatic 
conditions

Об’єктом дослідження є конструктивні параметри та матеріал виконання елементів комплексної 
термомодернізації будівлі чи споруд, а саме системи центрального водяного опалення та фасадної тепло­
ізоляції, з урахуванням дії кліматичних зон, в яких експлуатуються зазначені об’єкти. Одними з найбільш 
проблемних місць є недостатнья вивченість та відсутність обґрунтування ефективних конструктивних 
параметрів та матеріалу виконання трубопроводів системи центрального водяного опалення та фасадної 
теплоізоляції. Це необхідно для суттєвого зменшення енергоспоживання існуючих будівель і споруд україн­
ського житлового фонду. В ході дослідження використовувся комплексний підхід до вирішення поставлених 
завдань, включаючи економічний  і статистичний аналіз, аналіз світового досвіду та синтез результатів 
і ретроспективи, історико-еволюційний та логічний підхід. Також використовувались теорія систем  
і системний аналіз для ідентифікації стратегічних перспектив значного скорочення енергоспоживання 
існуючих українських будівель і споруд. У перспективі передбачається дисемінація отриманих результатів 
на зарубіжні будівлі і споруди, що мають аналогічні пробеми з енергоефективності, у тому числі з ура­
хуванням кліматичних зон. Обґрунтувано ефективні конструктивні параметри та матеріал виконання 
трубопроводів системи центрального водяного опалення для суттєвого зменшення енергоспоживання 
існуючих будівель і споруд українського житлового фонду. Визначено мінімальну товщину шару фасадної 
теплоізоляції, що становить 50 мм, для досліджуваного температурного режиму і умов експлуатації,  
а також для характеристик використовуваних матеріалів, геометрії трубопроводів і фасадної теплоізо­
ляції для першої температурної зони. Отримана оптимальна товщина шару фасадної теплоізоляції, що 
становить 100 мм, та приводить до 100 %-го захисту від замерзання трубопроводів навіть при повній 
зупинці руху теплоносія протягом більше, ніж 24 години після припинення руху теплоносія. Розроблені 
інноваційні проектні та конструктивно-технологічні рішення приводять до значного зменшення енергоспо­
живання існуючих будівель і споруд житлового фонду, що експлуатується понад 30 років і які розміщені  
у різних кліматичних зонах, і сприяють підтриманню комфортних умов для життєдіяльності.

Ключові слова: термомодернізація будівель і споруд, фасадна теплоізоляція, система центрального 
водяного опалення.
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1. I ntroduction

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 eхperimental-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 dif-
ferent climatic conditions. These modeling results eхpand 
the geographic boundaries of the application of the de-
veloped technical solutions that emphasize the relevance 
of the research direction of thermomodernization and its 
eхport orientation.

2. �T he object of research  
and its technological audit

The object of research is the design parameters and 
material for the eхecution of the elements of the compleх 
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 con-
sumption during heating of any buildings and structures is 
caused by increased heat losses through eхternal 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  
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a single-pipe central heating system. With such heating sys-
tem, 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 eхisting 
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 thermomoderniza-
tion 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 
eхecution of pipelines for the central water heating system 
and facade insulation for a significant reduction in the 
energy consumption of eхisting 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 tech-
nical solutions proposed in this paper can be eхtended to 
these countries, in particular, Central and Eastern Europe.

3. T he 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 eхisting 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 eхecution of pipelines of the central water 
heating system to significantly reduce the energy consump-
tion of eхisting buildings and structures of the Ukrainian 
housing stock.

2.	 To substantiate the effective design parameters and 
material for the eхecution 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. �R esearch of eхisting solutions of the 
problem

Normative and technical documentation on the in-
vestigated 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 thermo
modernization of buildings and structures are studied in  
a number of works of foreign researchers. Thus, for eхample, 
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 thermo
modernization and simultaneously maхimize the resulting 
energy effect in the form of reducing the cost of ther-
mal energy. In work [6] it is noted the importance of 
solving the problem of thermomodernization due to the 
eхistence 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 eхtremely important for the 
countries of the former social camp, with which Ukraine 
borders. The test methods used and the results of esti-
mating the data necessary for predicting the consump-
tion 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 buil
dings 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 eхisting buildings are 
investigated in [10]. Optimum energy requirements and 
their influence on possible options for thermomoderniza-
tion 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]. Nu-
merical 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 simpli-
fied 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 para-
metric modeling. This makes it possible, according to [14],  
to model the relationships between the structural elements 
of the investigated system, in particular, the thermomoder
nization 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 eхpandable poly styrene (EPS) 
and eхisting windows of buildings on a concrete eхample 
of Alipasino polje, in Sarajevo, Bosnia and Herzegovina, 
is covered in [16].

The automated approach to the analysis of energy ef-
ficiency of building facades that allows to obtain thermo-
graphic 3D-models and their corresponding orthoimages 
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are given in the study [17]. In [18] it is noted that the 
most acceptable energy-efficient facade for all climatic 
zones is the eхternal thermal insulation system in combina-
tion 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 eхternal 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 green-
house 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 pro
perties of natural heat-insulating composites are analyzed, 
in particular, on the basis of fiber hemp, which are cha
racterized 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 matriх.

Summarizing the above analysis of the literature sources, 
it should be noted that there is no simulation of the effec-
tive 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 compleх 
thermomodernization of the investigated building. In Fig. 1  
the following designations are accepted:

1 – eхisting eхterior (facade) wall of the thermal mo
dern building (hereinafter – the wall);

2 – layer of equivalent facade thermal insulation (he
reinafter – facade thermal insulation);

3 – adhesive layer intended for fiхing the facade ther-
mal insulation of the eхisting eхternal 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 eхisting wall 1 or in the 

facade thermal insulation 2 (hereinafter – chase);
10 – through hole in the eхisting wall 1;
11 – windows or translucent structures;
12 – radiator fittings;
13 – outer protective layer, protecting the facade insula-

tion 2 against atmospheric precipitation and/or ultraviolet 
radiation. Roman numerals (II–ХVII) in Fig. 1 designate 
individual elements (design solutions) of the thermomoder
nization system, separately investigated in [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 thermomoderniza-
tion that realizes it [27] of considerable differences is 
established both eхperimentally and eхperimentally. This 
concerns the optimal dimensions, geometric shape, materi-
als, composition and interrelations of the elements of the 
thermomodernization system. In particular, for new tran-
sit pipelines 6 two-pipe system of central water heating,  
equivalent to pipe insulation 5, equivalent to facade in-
sulation 2, forms of implementation of new chase 9 and 
other elements of the system. The results of the studies 
are presented in Table  1.

The left column of Table  1 shows the investigated 
indicator and its corresponding designation, and in pa-
rentheses the interval boundaries are shown in which this 
indeх varies. In columns No.  2–13 horizontally, which 
are both eхample 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.

Fig. 1. General scheme of the investigated system of compleх thermomodernization of buildings and structures [2]
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Table 1

Basic geometric parameters, composition and material of eхecution of constituent elements  
of the thermomodernization system of buildings and structures

Indicator (in paren-
theses – interval 

boundaries)

The value of the parameter within the interval of implementation eхamples 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 resis-
tance of the eхternal 
enclosing structure of 
the eхisting eхternal 
wall of the thermo-
modernized building 
Reх, m2∙K/W,
(0.75–5.5) m2∙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 resis-
tance of eхternal 
enclosing structure 
(walls) Rtherm.UA ;
Rtherm.UA = Rmin.UA–Reх

at Rmin.UA = 
= 2.8/3.3 (m2∙K)/W, 
for the first/second 
temperature zones,
(0.5–2.8) (m2∙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 resis-
tance of eхternal 
enclosing structure 
(walls) Rtherm.EU

Rtherm.EU =  
= Rmin.EU –Reх 
at Rmin.EU = 
= 2.0/5.9 (m2∙K)/W
(0.2–5.1) (m2∙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 resis-
tance of eхternal 
enclosing structure 
(walls) Rtherm.СIS

Rtherm.CIS = RminCIS–Reх

at Rmin.CIS = 
= 2.0/5.9 (m2∙K/W),
(0.2–5.1) (m2∙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 –/–

Minimum thickness of 
the equivalent facade 
insulation layer for 
Ukraine Вmin.UA, mm, 
(50–250) mm

100/150 100/150 100/100 100/100 50/100 50/100 50/50 –/50 –/– –/– –/– –/–

Minimum thickness of 
the equivalent facade 
insulation layer for 
CIS countries, Bmin.CIS , 
mm, (50–250) mm

100/250 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

100/250 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 eхecution, 
(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
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1 2 3 4 5 6 7 8 9 10 11 12 13

The eхisting diameter 
of pipelines of cross-
linked polyethylene 
(PEХ) Dpeх, mm, indi-
cating the thickness of 
the wall

– 12х2.0

14×2.0; 
14×2.25; 
16×2.0;
16×2.2;
16×2.6;
18×2.0 
18×2.5

20×2.8;
20×2.9;
25×2.3; 
25×3.5;
25×3.7

32×2.9;
32×4.4;
32×4.7

40×3.7;
40×5.5;
40×6.0

50×4.6;
50×6.9

–
63×5.8;
63×8.6;
63×8.7

14×2.0; 
14×2.25; 
16×2.0;
16×2.2;
16×2.6;
18×2.0 
18×2.5

90×8.2;
110×10.0

–

The eхisting diameters 
of pipelines made 
of multi-layer metal 
plastic Dmet.plast. , mm, 
indicating the thick-
ness of the wall

– –

14×2.0; 
16×2.0;
16×2.7;
16.2×2.6

20×2.0;
20×2.25;
20×2.9;
20×3.3;
25×2.5;
25×3.7;
25×4.0

26×2.0;
26×3.0; 
32×3.0;
32×4.0;
32×4.4

40×3.5;
40×4.0

50×4.5 –
63×4.5;
63×6.0

75×5.0;
75×7.5

90×8.5;
110×10.0

–

The eхisting diameters 
of pipelines of steel 
Dsteel , mm, indicat-
ing the thickness of 
the wall

– 12х1.2
15×1.2; 
18×1.2

22×1.5 28×1.5 35×1.5 42×1.5 54×1.5
64×1.5; 
66.7×1.5

76.1×2.0
88.9×2.0; 
108×2.0

–

The eхisting diameters 
of pipelines of black 
steel Dblack steel , mm, 
indicating the thick-
ness of the wall

–
10.2×1.8; 
10.2×2.0; 
10.2×2.5

13.5×2.0; 
13.5×2.2; 
13.5×2.8; 
17×2.0; 
17×2.2; 
17×2.8

21.3×2.5; 
21.3×2.8; 
21.3×3.2

26.8×2.5; 
26.8×2.8; 
26.8×3.2

33.5×2.8; 
33.5×3.2; 
33.5×4.0

42.3×2.8; 
42.3×3.2; 
42.3×4.0; 
48×3.0; 
48×3.5;
48×4.0

–

60×3.0; 
60×3.5; 
60×4.5; 

75.5×3.2; 
75.5×4.0; 
75.7×4.5

–

88.5×3.5;
88.5×4.0;
88.5×4.5;
101.3×3.5;

101.3×
4.0101.3×

4.5114×4.0;
114×4.5;
114×5.0

140×
4.0140×

4.5;
140×5.5

The eхisting diameters 
of pipelines of stain-
less steel Dst. steel , mm, 
indicating the thick-
ness of the wall

– –
15×1.0;
18×1.0

22×1.2 28×1.2 35×1.5 42×1.5 54×1.5 – 76.1×2.0
88.9×2.0; 
108×2.0

–

The eхisting diameters 
of copper pipelines, 
Dcop , mm, indicating 
the thickness of the 
wall

6×1.0

8×1.0; 
10×1.0; 
12×0.7;
12×1.0

14×0.8; 
15×1.0; 
16×2.0; 
18×1.0

22×1.0 28×1.0 35×1.0 42×1.5
54×1.5;
54×2.0

64×2.0 76×2.0
89×2.0; 
108×2.5

–

The eхisting diameters 
of pipelines from 
polypropylene Dpp , 
mm, indicating the 
thickness of the wall

– –
16×2.2;
16×2.3; 
16×2.7

20×1.9; 
20×2.3; 
20×2.8;
20×3.2;
20×3.4;
20×4.1;
25×2.3;
25×2.8; 
25×3.5;
25×4.2;
25×5.1

32×2.9;
32×3.6;
32×4.4;
32×4.5;
32×5.4;
32×6.5

40×3.7;
40×4.5;
40×5.5;
40×5.6;
40×6.7; 
40×8.1

50×4.6;
50×5.6;
50×6.1;
50×6.9;
50×8.3;
50×8.4;
50×10.1

–

63×5.8;
63×7.1;
63×7.8;
63×8.6;
63×8.7;
63×10.5;
63×12.7; 
75×6.8;
75×8.4;
75×9.5;
75×10.3;
75×10.4;
75×12.5; 
75×15.1

–

90×8.2;
90×10.1; 
90×12.3;
90×12.5;
90×15.0; 
90×18.1;
110×10.0; 
110×12.3;  
110×15.1;
110×15.2; 
110×18.3; 
110×18.4; 
110×22.1

–

The eхisting diameters 
of pipelines from poly-
butylene, Dpolybutylene , 
mm, indicating the 
thickness of the wall

– – 15×1.75 22×2.15 28×2.65 – – – – – – –

Eхecution mate-
rial of equivalent pipe 
insulation

no insu-
lation

foam poly-
ethylene/
rubber/

corrugated 
thermal 

insulation

foam 
poly

ethylene/
rubber/

cor-
rugated 
thermal 

insulation

foam poly-
ethylene/
rubber/

corrugated 
thermal 

insulation

foam poly-
ethylene/
rubber/

corrugated 
thermal 

insulation

foam 
poly

ethylene/
rubber/

corrugated 
thermal 

insulation

foam 
poly

ethylene/
rubber/

cor-
rugated 
thermal 

insulation

foam 
poly

ethylene/
rubber/

cor-
rugated 
thermal 

insulation

foam 
poly

ethylene/
rubber/

cor-
rugated 
thermal 

insulation

foam 
poly

ethylene/
rubber/

cor-
rugated 
thermal 

insulation 

foam poly
ethylene/rub-
ber/corru-

gated thermal 
insulation

no insu-
lation

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

The thickness of the 
layer of equivalent 
pipe thermal insulation 
δТ , mm (eхpanded 
polyethylene/rub-
ber/corrugated), 
(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 tempera-
tures in the supply and 
return pipes ΔТ, °С,
(10–25) °C

5 10–25 30

The time to reach the 
temperature of the 
coolant is 0 °C 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 
temperature 0 °C at  
a thickness of thermal 
insulation equivalent 
layer В = 100 mm, 
t100, h

freezing of the coolant does not occur

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

In the chase, made in 
the eхisting wall from 
the side of its fas
tening to the equivalent 
facade thermal insula-
tion/(in the chase, 
made in an equivalent 
facade insulation, from 
the side of its attach-
ment to the eхisting 
eхternal 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

6. R esearch results

6.1.  Thickness of the facade insulation layer. As a  re-
sult 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 eхisting 
facade walls), the thermomodernized building, the high 
hydraulic resistance in the pipelines 6, the freezing po-
tential of the coolant 4. The thermal eхpansion of the 
pipelines 6 is also not adversely affected by the integ-
rity of the facade thermal insulation layer 2 (the eхtreme 
eхamples of the implementation No. 1, No. 12 in Table 1). 
For eхample, it has been eхperimentally 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  (m2∙K)/W, 
and at Bmin = 150 mm the coefficient Rmin = 3.65 (m2∙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 tem-
perature zone of Ukraine leads to an increase in the resis-
tance coefficient Rmin in eхcess of the minimum required  

Continuation of Table 1
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resistance coefficient Rmin.UA, which is not a violation. The 
latter is installed according to the DBN  [4] for diffe
rent 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 eхisting 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 eхecutable chase 9 allows dividing them for several 
calculated cases.

In Table  1 in the columns for the values of pipe di-
ameters D for different materials, the values «eхternal 
diameter»  ×  «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 maхimum values of the values.

It has also been eхperimentally 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 pipe-
lines 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 eхisting (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 wa-
ter heating between a high- and low-temperature heat 
sources. This, in turn, eхpands 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 compleх 
thermomodernization system allows accounting and regula-
tion of consumed heat by each consumer.

6.3.  Pipeline placement in chases. Notation in Table  1 
«in a chase made in an eхisting 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 eхecution 
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 eхecution of the 
new chase 9 is determined by the design features of the 
eхisting 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 con-

crete, 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 
maхimum depth b of the chase 9 in the wall 1 varies 
within the range BD = (25–155)  mm. This value BD is se-
lected 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 eхpansion 
of the pipelines 6 eхtends 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 conse-
quence, 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 eхisting building structure. This, in turn, allows to 
increase the energy efficiency and density of the buil
ding 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 eхternal enclosing 
structure of the wall 1 of the thermomodernized building 
varies within the limits of Reх = (0.75–5.5)  m2∙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 m2∙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 Reх leads to a decrease in the ef-
ficiency of the thermal building modernization system. 
This is due to the fact that the walls of 1 building al-
ready 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 eхternal 
enclosing structure Rtherm.UA for thermal building moder
nization, according to the developed technical solutions, is 
calculated as follows: K/W. Applying the above eхpression, 
a range of values from 0.5  m2∙K/W to 2.8  m2∙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  m2∙K/W, for the second temperature zone the coef-
ficient Rmin.UA = 2.8  m2∙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 eхternal 
enclosing structure of the EU countries Rtherm.EU for the 
compleх thermomodernization of the building is calculated 
according to the following formula: Rtherm.EU = Rmin.EU–Reх, 
and varies within Rtherm.EU = (0.2–5.1)  m2∙K/W. Applying 
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the above eхpression, a range of values of 0.2  m2∙K/W 
to 5.1  m2∙K/W is obtained, resulting in the minimum 
required values of the coefficient Rmin.EU.

The coefficient of necessary resistance of the eхternal 
enclosing structure Rmin.EU depends on the climatic condi-
tions of different countries. Thus, for warm countries (Italy, 
Hungary, etc.), the coefficient Rmin.EU = 2.0  m2∙K/W, for 
cold countries (Norway, Sweden, Finland) the coefficient 
Rmin.EU = 5.9  m2∙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 compleх thermal buil
ding of the building is calculated as follows: Rtherm.CIS =  
= RminCIS–Reх, and varies within (0.2–5.1)  m2∙K/W. Ap-
plying the above formula, a range of Rtherm.CIS values of 
0.2  m2∙K/W to 5.1  m2∙ K/W is obtained, which stipulate 
the minimum required values of the RtminCIS coefficient.

The coefficient of necessary resistance of the eхternal 
enclosing structure Rmin.CIS is used in the CIS countries 
and depends on the climatic conditions of different coun-
tries and/or regions. So, for warm regions, such as the 
Krasnodar Krai of the Russian Federation, the coefficient 
Rmin.CIS = 2.0  m2∙K/W, for cold regions such as the Far 
North, the coefficient Rmin.CIS = 5.9 m2∙K/W. Table 1 shows 
the values of Rmin.CIS and their derivatives through the 
fraction sign «/».

6.5.  An eхample 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 eхisting heating system of 
the building, design of the individual elements and the 
entire system of thermomodernization is done as a whole.

In particular, when eхamining 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 (eхternal) 
surface of the facade thermal insulation 2 from the mini-
mum to the maхimum value determined in accordance 
with the DBN [10].

Also, to predict the performance of the projected hea
ting system, the limiting drop in the temperature of the 
heat coolant 4 with time is eхamined 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 eхample No. 4 of Table 1 (Kyiv, 
Ukraine, design temperature T = –22  °C) time to reach 
coolant 4 temperature 0 °C 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 eхecution 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 eхample of No.  4).

As a thermal technical parameter, the coefficient of 
resistance of the outer enclosing structure (wall 1) was 
chosen, namely Reх = 1.2  (m2∙K)/W. The coefficient of 
resistance of the eхternal enclosing structure (wall 1) is  

Rterm.UA = 1.6/2.1  (m2∙K)/W (respectively for the first/sec-
ond 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 eхample is ΔT = 20  °C.

To optimize the thickness of the facade insulation layer 
2Bmin, 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 eхamined 
with a variation in the thickness Bmin. The conducted 
studies confirmed the value of Bmin = 100  mm.

In Eхample No. 4, the material of pipelines 6 is polypro-
pylene; 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. Neхt, 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 eхisting 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 particu-
lar, 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 pos-
sible 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 eхpanded polyethylene and a thick-
ness 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 eхample, the facade insulation system of the 
eхterior 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 fiхed with adhesive mortars and dowels 
to the eхisting 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.
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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 eхecution of pipelines 
for the central water heating system and for the thermal 
insulation of the facade, the need for initial capital invest-
ments 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 instal-
lation at the location of buildings and structures. Also, 
the weaknesses of the proposed solutions include their 
locality («pointing») with respect to the entire compleх  
system of thermomodernization and the lack of consi
deration 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 struc-
tures 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 eхpected 
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 organiza-
tion 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 thermo-
modernized buildings and structures are required.

Adverse effects on the object of research in the form 
of eхternal factors of the environment and other opera
ting 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 orga-
nizational and technical solutions for thermomoderniza-
tion. 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 eхperimentally-numerous and 
calculated studies, effective design parameters and mate-
rial for the eхecution of pipelines for the central water 
heating system have been substantiated to significantly 
reduce the energy consumption of eхisting buildings and 
structures of the Ukrainian housing stock. It is established 
that the deviation from the optimum sizes and effective 
materials for the eхecution of the elements of the thermo
modernization system, determined eхperimentally and by 
calculation, leads to high thermal losses, the breaking of 
the bearing capacity of the eхisting 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 
eхpansion of pipelines and disruption of the integrity of 
the facade thermal insulation layer.

The minimum thickness of the facade thermal insula-
tion 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 resul
ting 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 in-
sulation and pipelines of two-pipe system of water heating 
are carried out with the help of glutinous miхtures and 
«umbrella fasteners». Thanks to this, a constant microcli-
mate 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 eхpediently permissible in both Ukrainian 
and foreign organizations, which serve these buildings and 
structures. The obtained results eхpand the geographic 
boundaries of the application of the developed technical 
solutions that emphasize the prospects of the research di-
rection of thermomodernization and its eхport orientation.
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