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Currently, the problem of energy-saving construction remains extremely relevant. The appli-
cation of thermorenovation measures for existing public and residential buildings is one of the ways to
solve the problem of rational use of fuel and energy resources. In this article, one of the thermo-
renovation measures is considered, in particular, the installation of additional external insulation to
insulate external walls on the example of a general secondary education institution.

The results of the research made it possible to evaluate the thermal stability of the fences as a
result of insulation, so it was established that gas consumption and gross carbon dioxide emissions
when using insulation with a thickness of 150 mm is reduced by almost 4.5 times.

The proposed thermoregulation measures bring buildings into compliance with state regulations
and increase indoor comfort by equalizing the average temperature and eliminating cold bridges.

Keywords — energy saving, thermal renovation, thermal insulation, thermal imaging, mineral
wool, natural gas.

Introduction

Today, the problem of energy independence of our country is acute. According to statistics, the total
consumption of natural gas in Ukraine for 2021 amounted to 26.8 billion m’, in turn, gas production
amounted to 19.8 billion m’. The difference is 7 billion m® (www.epravda.com.ua; www.nova.poltava.ua;
www.zakon3.rada.gov.ua).

It is worth mentioning the situation with a shortage of natural gas in 2021, the price of which in the
countries of the European Union reached record values and reached more than 2,000 euros per thousand
cubic meters.

Considering the situation that has developed in connection with the aggression of the Russian
Federation against Ukraine, we can predict an even greater shortage of energy resources, including
natural gas. Drawing parallels with the situation on the fuel market, we see that prices do not have a
certain “ceiling”. Thus, in 2021, during the heating season, the price of natural gas for legal entities
reached 73.262 hryvnias per 1.000 cubic meters (January 2022). Today, one of the most important
conditions for the economic and social development of the state is the solution to the problems of energy
intensity of production and energy conservation of the economy, which in recent years have threatened
national security in the economic sphere. Today, solving the problem of forming a balanced system of
energy security of the state and bringing Ukraine to the level of energy self-sufficiency remains relevant.
(Zhangabay N., 2022)

One of the problems in the housing sector remains the obsolescence and emergency of residential
real estate, which determines the need for major repairs and thermal modernization in order to bring it
into compliance with the minimum requirements for the energy efficiency of the building, thus ensuring
during the expected life cycle of the building the satisfaction of human needs and the creation of optimal
microclimatic conditions conditions for her stay and residence (Reis A., 2022; Erba S., 2022;
Nasrollahzadeh N., 2021; Pungercar V., 2021). The set of thermal modernization works involves
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improving the thermal performance of the building's enclosing structures, the consumption of energy
resources by engineering systems, and ensuring the energy efficiency of the building is not lower than the
established minimum requirements for the energy efficiency of the building and requires significant
financial investments (Spindler U., 2022). The problem of thermal renovation is acute not only in
Ukraine, this problem is solved with various scientific and technical approaches (Barahona B., 2021;
Fernandez-Luzuriaga J., 2022; Li H., 2022; Mehregan M., 2022; Popescu L. L., 2021) taking into account
ethnic, economic and climatic features in many countries of the world (Echlouchi K., 2022; Gonzalez-
Caceres A., 2022; Milovanovic B., 2022; Ricci M., 2022; Wu H., 2022; Zhang X., 2021). In addition to
the energy-saving effect, thermal renovation measures reduce the negative impact on the environment
by reducing carbon dioxide emissions into the atmosphere (Chen R., 2021; Kalbasi R., 2022; Nema-
tchoua M. K., 2022).

Today, heat consumption in the housing and communal economy of Ukraine is twice as high as in
Belarus and 3—5 times more than in European countries with a similar climate. Almost half of the heat is
lost due to poor insulation of buildings and lack of control and management of heat distribution systems.
All this requires the use of such a reserve as energy saving in all spheres of activity, especially in the
residential and communal sphere. That is why, in the updated version of the Energy Strategy of Ukraine
for the period until 2030, one of the priorities is the formation of an energy-efficient society, the
functional task of which involves energy saving and energy efficiency along with the formation of
energy-efficient consciousness among the citizens of our country (www.epravda.com.ua; www.nova.
poltava.ua; www.zakon3.rada.gov.ua).

Materials and Methods

The object of the research was a public building built in 1829. Today, an institution of general
secondary education of the Ist degree (ZZSO) functions in it. The building has three floors and a
basement. The dimensions of the building are 38.52x14.59 m, the height is 13.5 m. The outer wall
consists of brickwork of solid brick, clay brick, ordinary brick on a cement-sand mortar with a thickness
of 510 mm, reinforced concrete floor slabs with a thickness of 220 mm. The roof is insulated with a layer
of mineral wool 0.2 m thick. Windows and doorways are filled with window and door blocks made of
metal-plastic profiles. The area of the transparent fence does not exceed the value determined by the
current regulatory documents. The general appearance of the building is presented in Fig. 1.

Fig. 1. General view of the school building.
(Source: https://www.google.com/maps/)
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The building is of sufficient age and in the course of its operation current and capital repairs took
place. Today, it does not meet the necessary requirements for external building structures according to
DBN V.2.6-31:2016 “Thermal insulation of buildings”. Therefore, the task was set to evaluate the
effectiveness of thermal renovation measures on the example of this building, since there are still quite a
few such objects in operation today.

Results and discusions

To solve the set goal, the research was carried out in two stages. At the first stage, a thermal imaging
survey of the building envelope and thermal engineering calculation of the existing external protections
were carried out. Surveys were carried out in the cold period of the year during the heating period. On
Figs. 2 and 3 shows the typical results of the work carried out.
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Fig. 2. Results of thermal imaging of an element of the external facade of the building.
a — photo of the element of the facade of the building; b — temperature field of the facade element

During the inspection, it was found that the construction of the outer wall has unsatisfactory
thermal protection. So, in particular, with Fig. 2 (b) it can be seen that at the temperature of the outside air
tout = -3.3 °C, the surface of the outer wall has a temperature, twall, respectively: point 1 — twall; = 10.0 °C;
point 2 — twall, = 9.9 °C; point 3 — twall; = 8.8 °C. This is due to the lack of a layer of thermal insulation
in the structure of the outer wall, which is the cause of excessive transmission heat losses. The thermal
engineering calculation of this structure confirmed the low thermal stability of the external protection,
which consists of solid brickwork with a thickness of 510 mm, and plaster of cement-lime mortar on both
sides (Fig. 3).

It can be seen from the figure that at the temperature of the outside air tout = -19 °C and the
temperature of the air in the room tin = 20 °C, the temperature of the inner surface of the outer wall is
tin.wall = 14.5 °C. This distribution of temperatures indicates intense heat loss and has an adverse effect
on the human body, since the temperature difference is At = 5 °C.

Therefore, after analyzing the conducted research on the basis of thermal imaging and thermal
engineering calculation of the outer wall, it was proposed to introduce one of the thermal renovation
measures — the application of additional thermal insulation from mineral wool, the technical
characteristics of which are presented in Table 1.

Table 1
Physical and technical characteristics of thermal insulation

No. Name of insulation Thermal conductivity coefficient, A, W/mK
1 Mineral wool 0.036
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The application of thermal insulation was proposed to be carried out on the facade of the building
outside the enclosing structure. Fastening of the insulation to the bearing structure of the wall is provided
by gluing with a special adhesive solution, and in characteristic places it is additionally provided with
special dowels. On top of the insulation, it is planned to stick a reinforcing mesh, prime the reinforced
surface and apply decorative plaster.

For this design, a thermal engineering calculation was performed and the temperature distribution
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in the thickness of the proposed protection was obtained (Fig. 4).
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It can be seen from the figure that the installation of additional thermal insulation made it possible
to increase the temperature of the inner surface of the outer mesh from 14.5 °C to 19 °C. This, in turn,
significantly improves the overall thermal condition of the building by raising the average temperature in
the premises. In addition, improving the thermal stability of the outer shell of the building due to the
installation of thermal insulation made it possible to reduce the cost of thermal energy for heating the
building.

The next stage of the research was the implementation of an economic and ecological assessment of
the proposed thermorenovation measure. With the help of the Audytor OZC software complex, the
seasonal consumption of natural gas, which is consumed during the generation of thermal energy to
compensate for heat losses through the external walls of the educational institution, is determined.
Calculations were carried out for thermal insulation with a thickness of 150 mm, 200 mm and 300 mm.
The density of natural gas was assumed equal to 0.723 kg/m’, the lower working heat of fuel combustion
was 45.75 MJ/kg. The arrangement of additional insulation allows to reduce not only the consumption of
organic fuel, but also, accordingly, the emission of carbon dioxide into the atmosphere. The results of the
research are presented in Fig. 5.

Consumption of natural gas and harmful emissions relative to the thickness of
the insulating layer

30000,0
25000,0
20000,0
15000,0
10000,0
- . .
| | []
. . . Mineral wool 150 Mineral wool 200 Mineral wool 300
wWithout insulation
mm mm mm
B Gross emission of carbon dioxide, kg/year 28413,6 63372 5056,0 3616,1
Mass consumption of gas, kg/year 10571,6 23578 1881,1 13454

Fig. 5. Natural gas consumption for heating the school building and carbon dioxide emissions
with insulation thicknesses of 150 mm, 200 mm and 300 mm

It can be seen from the figure that the seasonal consumption of gas and the gross emission of carbon
dioxide when using insulation with a thickness of 150 mm is reduced by almost 4.5 times.

Conclusions

Summarizing all of the above, we can come to the conclusion that thermoregulation measures not
only bring the operation of buildings into compliance with current state norms and standards in
construction in order to reduce the consumption of an extremely important strategic energy resource,
natural gas, the shortage of which endangers the heating season in the state, but also increase comfort in
the premises by equalizing the average temperature and eliminating cold bridges.

Therefore, with constant investments of money in energy rehabilitation, thermal renovation of
buildings of educational institutions, other budgetary institutions, residential buildings, these measures
will ultimately lead to a significant reduction in fuel consumption, release of resources, improvement of
the ecological and economic situation in the country. Thus, having evaluated the thermal stability of
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external protections after their insulation, using the example of one of the schools, it was established that
only one of many possible thermal renovation measures allows to significantly reduce energy
consumption and carbon dioxide pollution of the environment. Applying thermal insulation in the form of
mineral wool with a thickness of only 150 mm makes it possible to reduce the emission of carbon dioxide
and the consumption of natural gas as fuel for the heating system by almost five times.
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Haunionanshuii yHiBepcutet “JIbBiBChKa MOMiTEXHIKA”,
Kadenpa TeruIora3onocTayaHHs Ta BEHTUIISIIT

OIIHKA TEILIOBOI CTIMKOCTI 30BHIIIHIX 3AXUIIEHb TP TEPMOPEHOBAIIII BYIIBJII
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CpOrofiHi OIHUMH 3 HAWBAXIIUBIIIUX YMOB E€KOHOMIYHOT'O Ta COIAJIFHOTO PO3BHUTKY JEPXKABH €
BUpILIIEHHS POOJIEM EHEProEMHOCTI BUPOOHHUIITBA Ta €HEPTETUIHOT0 30€PeKEHHSI EKOHOMIKH, SIKI MPOTSATOM
OCTaHHIX POKIB 3arpoXXKyBaJld HalliOHAIBHIM Oe3meli B €KOHOMiuHiH cdepi. BaxiauBum 3anuimaerbes
BUpIiLIeHHS Mpo0IeMu (HOopMyBaHHs 30aJaHCOBAHOI CHCTEMHU €HEPreTUYHOI Oe3MeKU Jep)KaBU Ta BUBEICHHS
VYkpainu Ha piBeHb €HEPTETUYHOTO CaM03a0e3IIeUeHHSI.

TakoXk aKTyaJbHOIO 3aJIMIIAETHCS MPOOIEMa €HEpProomamrHoro OyAiBHUNTBA. 3aCTOCYBaHHS TEPMO-
PEHOBAIIIHUX 3aXO/iB [UIsl ICHYIOUMX TPOMAJCHKUX Ta JKUTJIOBUX OYAWHKIB € OAHUM 3i IIUISAXIB BUPIIICHHS
po0JIeMH PaliOHaJILHOTO0 BUKOPHUCTAHHSI TAIMBHOCHEPT€THYHHUX PECYPCIB.

Crio)XMBaHHS TeIUIa B YKHTJIOBO-KOMYHAJIBHOMY TOCIONAapCcTBI YKpaiHu B 3—5 pasiB Olnblie HiX y
€BPOINEHChKUX KpaiHax i3 MOAiOHMM KiiMaroM. Maibke IONOBMHA TEIUIOTH BTPAavyaeThCs 4Yepe3 IOoraHe
yTerIeHHs] OyaiBesb 1 BiJICYTHICTh KEPYBAHHS Ta YIPABIiHHA CHCTEMaMH PO3MOILTY TEIUIOTH. Yce i Ho-
TpeOye BUKOPUCTaHHS TAKOTO PE3EePBY SIK CHEPrOOMIAJHICTh y BCIX cepax MisUIBHOCTI, 0COOIHMBO Y KHT-
JIOBO-KOMYHAIBHI# cdepi.

B wmi#i cTarTi pO3IJISIHYTO OAMH i3 TEPMOPEHOBAILIHMX 3aXOfiB, BIANITYBaHHS JOAAaTKOBOI 30B-
HIITHBOT 130JIAIIT U1 YTEIUICHHS 30BHIIIHIX CTiH HA MPUKJIAJ 3aKJIady 3arajbHOl cepenHboi OCBiTH. Pe3yib-
TaTH JOCITI/DKEHb Jajli MOXIIUBICTH OLIIHUTH TEIUIOBY CTIMKICTh OrOpOJPKEHb B Pe3yJbTaTi YTEIUICHHS, TaK
OyJI0 BCTAHOBIICHO, 1[0 BUTPAaTa Ta3y Ta BAJIOBUI BUKHI JIOKCHIY BYIJICHIO ITPU 3aCTOCYBaHHI yTeIUTIOBaYa
TOBHIMHOIO B 150 MM 3MeHIITyeTbCs Maibke y 4,5 pasu.

3anpornoHoBaHi 3aX0IU TEPMOPETYILIT He TIIBKA NPUBOJATH EKCIUIyaTalito OyIUHKIB y BiIOBi/-
HICTh Jiep’)KaBHUM HOpPMaM Ta CTaHAapTaM y OYIiBHHLTBI 3 METOI 3MEHILIECHHS CIIOKHUBAaHHS TPUPOIHOTO
razy, Ae(ilMT SKOTr0 CTaBUTH IIiJ] 3arpo3y ONAIIOBAIBLHHUI CE30H B JIEPKaBi, ajie 1 MiJBUIIYIOTH KOMPOPT Y
MIPUMIIEHHSX 32 paXyHOK BUPIBHIOBAHHS CEpeHbOI TEMIIEPATypy Ta YCYHEHHS MiCTKIB XOJIOLY.

Ki104oBi ci10Ba: eHeproomagHicTb, TepMOpPEHOBaLif, TENJ0BA i30J1if, TenJoBi3iliHa 3liomMKka,
MiHepaJibHA BaTa, NPUPOAHMIi ras.



