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BACKGROUND AND OBJECTIVES. The
most important socio-economic task in the current
period is to transfer Ukraine's economy to an
intensive way of development in order to improve
the level and quality of life of the population and
solve the full range of social problems.
Implementation of such a policy dictates the need
to solve problems of reconstruction and
modernization of buildings and structures,
primarily related to the public sphere (including
higher education institutions), in order to
eliminate the existing inconsistency of the
technical condition and functional and consumer
qualities of public buildings to current standards
and consumer requirements. Therefore, one of the
most urgent directions of development of higher
educational institutions is the task of providing
effective  overhaul and reconstruction of
buildings, increasing their energy efficiency.

METHODS. The theoretical and methodological
basis of the study were the fundamental and
applied developments of leading domestic and
foreign scientists in the theory and practice of
management of energy modernization and energy
reconstruction of buildings, increasing energy
efficiency of buildings. The factual basis of
research were the legislative acts of Ukraine in
the field of energy efficiency, normative and
methodical documents on the modernization and
reconstruction of buildings, Directive 2010/31/EC
in the field of energy saving. When solving
specific tasks the methods of system and
comparative analysis, economic-mathematical
methods of efficiency evaluation of energy

1Kyiv National
Design, Kyiv, Ukraine

University of Technologies and

reconstruction and energy modernization projects
were used.

FINDINGS. The method of calculation of the
reduced resistance to heat transfer of the
enclosing structures and the shell of the 4th
building of Kyiv National University of
Technology and Design as a whole taking into
account the temperature and humidity conditions
in the fencing marginal zones. It is shown that in
the enclosure edge zones the heat protective
properties decrease resulting in a deterioration of
the heat protection of the whole building.
Practical recommendations for the design of
fencing structures of modern buildings taking into
account the temperature-moisture regime are
proposed.

CONCLUSION. For the analysis of complex
processes of moisture transfer in enclosures, a
mathematical model based on the moisture
potential is most convenient. A certain difference
from the thermal potential (temperature) to the
definition of the moisture potential allows to
diagnose the most general assessment of the
moisture regime of exterior and interior fences on
the basis of HUB knowledge on energy
efficiency. At use of this model it is possible to
consider process of moisture exchange in a wide
range of humidity and temperature taking into
account movement of a moisture as a basis of
carrying out energy reconstruction and energy
modernization of operating buildings of the
university.

KEYWORDS: Energy Efficiency Knowledge
HUB; university; energy reconstruction; energy
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INOCTAHOBKA MNPOBJIEMH TA
3ABJAHHS. HaiBaxIuBIIMM COLIAJIBHO-
€KOHOMIYHHUM 3aBIaHHSM y MOTOYHUH TIEpioJl €
NepeBeICHHs] CKOHOMIKM YKpaiHM Ha IHTCH-
CUBHHMHU HUISX PO3BUTKY 3 METOKO MiJIBUIICHHS
PIBHS Ta SKOCTI KUTTSI HACEJICHHS Ta BUPIIICH-
HS MOBHOTO KOMIUIEKCY COLIAJIbHUX 3aBIaHb.
[TpoBeneHHs TaKOi TMOJITHKU TUKTYE HEOOXiJ-
HICTh BUpIMIEHHS TPOOJIEM pPEKOHCTPYKINi Ta
MonepHi3amii  OymiBemb, Ta CHOpPYyd, IO
HacaMIiepe]] HaJexaTh A0 CYCHUIBHOI cdepu
(BUIIMX HABYAJIBHUX 3aKJIAJiB Y TOMY YHUCII), 3
METOIO JIIKBI/1allii HEB1IMOBIAHOCTI TEXHIYHOTO
CTaHy Ta (YHKIIOHAJIHHO-CIIOKUBYUX SIKOCTEH
IrpOMAJChKUX Oy/iBEIb YUHHUM HOpPMaTHBaM
Ta BUMOTaM CIIOKHBAUiB, M0 Mae Mictie. Tomy
OJIHUM 13 HAMOIIBII aKTyaTbHUX HATIPSMIB PO3-
BUTKY BUIINX HaBYAJIBHHUX 3aKJa/liB € 3aBJaHHSI
3a0e3meueHHs]  €(PEKTHBHOTO  KalliTaTbHOTO
PEMOHTY  Ta  PEKOHCTPYKIi  OymiBenb,
iIBUIIICHHS IXHBOT €HEPrOePEKTHBHOCTI.

METOIH. TeopeTuuHOO Ta METOAUYHOIO
OCHOBOIO JOCIIIPKEHHS MOCTY XU (yHIaMeH-
TaJbHI Ta MPUKJIAIHI PO3POOKU MPOBIAHUX BIT-
YU3HSIHUX Ta 3apyOLKHMX HAYKOBLIB Y Taiys3i
Teopii Ta MPAKTHKHU YIIPABIIHHS €HEPTOMOJIEP-
Hi3aIli€l0 Ta CHEPTOPEKOHCTPYKIIIEIO0 OymiBelb,
MiBUIICHHS €HEeproe(eKTUBHOCTI OymiBelb.
DakTHYHOIO0 623010 JOCIHIIKEHHS CTalld 3aKO-
HOJIaBYi aKkTH YKpaiHH B Tairy3i eHeproedek-
TUBHOCT1, HOPMATHBHI Ta METOANYHI JTOKyMEH-
TH 3 NHUTaHb MOJEpHI3alii Ta PEKOHCTPYKIi
oynisenb, JupextuBu 2010/31/€C y cdepi
eHepro3oepexxeHHs. [Ipu BUpIIEHHI KOHKpPET-
HUX 3aBJlaHb BUKOPUCTOBYBAJIHCS METOIHU
CUCTEMHOTO Ta TOPIBHSUILHOTO  aHAJi3y,

! Kuiscokuii nayionanvuuii ynisepcumem mexmono2itl
ma ouzauny, Kuis, Ykpaina

€KOHOMIKO-MaTeMaTUYHI METOIU OLIIHKHU
€(eKTUBHOCTI MPOEKTIB EHEPropeKOHCTPYKIIIT
Ta eHeproMoiepHi3allii.

PE3YJIBTATHU.  Po3pobieHO  METOIUKY
PO3paxyHKy HaBEIEHOTO OMNOpY Terionepeaayl
OTOPOJKYBAJILHUX KOHCTPYKIIH Ta OOOJOHKH
4-ro xoprycy KuiBChbKOTO HaIiOHAJIBHOTO YHI-
BEPCHUTETYy TEXHOJIOTIH Ta TU3aifHy 3arajoM 3
ypaxyBaHHSAM TEMIIepaTypHO-BOJIOTICHOTO
pexuMy y KpalloBux 30Hax oropox. Ilokazano,
0 B KpalOBUX 30HAX OrOPOXK TEII03aXUCHI
BJIACTHBOCTI 3HM)KYIOTBHCS, IO MPHU3BOJAUTH J10
MOTIpIIEHHS  TEIJIO3aXUCTy Bciel  OymiBil.
3anpornoHOBaHO  MPAKTUYHI  peKOMEHJaIli
II0JI0 MPOEKTYBAaHHS OTOPOIKYBAJIbHUX KOHCT-
PYKIiii cydacHHX OyIiBelIb 3 ypaxyBaHHSIM
TEMIIepaTypHO-BOJIOTICHOTO PEXUMY.
BUCHOBKM. [[s anamizy CKJIAIHHUX TPOIIe-
CiB BIIArOMEPEHOCY B OropoXax HaWOUIbII
3py4yHa MaTeMaTHYHa MOJIENb, IO IPYHTYETHCS
Ha moreHmiam BojorocTi. IleBHa BIIMIHHICTH
BiJI TEIUIOBOTO MOTEHIlany (TeMmepaTrypu) 0
BU3HAYCHHS TMOTEHIaly BOJOTOCTI JO3BOJISE
Ha Oa3i XADbB 3HauHb 3 eHeproeeKTHUBHOCTI
JIarHOCTYBaTH HAWOUIbII 3arajibHy OLIHKY
BOJIOTOTO PEKUMY 30BHIIIHIX Ta BHYTPIMIHIX
oropo. [Ipu BUKopucTaHHi 11i€l MOIEI MOKHA
pO3TIISAAATH TIPOIEC BOJIOTOOOMIHY B HIMPOKO-
My Jiara3oHi BOJIOTOCTI Ta TeMIepaTypH 3 ypa-
XYBaHHSIM THEpPEMIIIEeHHs] BOJIOTH SK OCHOBY
MIPOBEJICHHSI €HEeProOpeKOHCTPYKIIi Ta €HEepro-

MOJIEpHi3allii  eKCIUTyaTOBaHMX  OyJliBeJb
YHIBEPCUTETY.
KJIIOYOBI CJIOBA: XAb 3Haub 3

eHEeproe(PeKTUBHOCTI; YHIBEPCUTET; E€HEeprope-
KOHCTPYKIIisl; €HEproMOIepHi3allis.
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INTRODUCTION.

Improvement of energy efficiency is a necessary element of the growth of
energy independence of the country and reduction of energy intensity of the
economy (Abu-Rayash and Dincer, 2020). The energy intensity of GDP in terms
of purchasing power parity in Ukraine is three times higher than in most
European countries (Di Stefano, 2000). Over the past three years, significant
progress has been made in the implementation of the reform (especially in the
residential sector): important laws, by-laws, the process of launching the Energy
Efficiency Fund, etc. has been adopted. However, most of the implementation
work is still ahead (Ganushchak-Efimenko et al., 2018).

The Ukrainian energy system is characterized by high energy dependence
on imported energy resources — one third of primary energy is imported. 44% of
energy is lost during transformation and transportation to the final consumer
(while the EU average is 32%) — with 92 million tons of primary energy supply,
the final consumption is 52 million tons. The largest consumer of energy is the
domestic and industrial sectors — 17.6 million tons (or ~35%) and 15.0 million
tons (or ~29%), respectively. The key sources of primary energy are coal
(~33%), natural gas (28%) and nuclear energy (23%) (Garcia et al., 2021).

The urgency of improving the efficiency of reproduction of housing and
public buildings is determined by the strategic orientation of the economic
development of Ukraine to the formation of energy-efficient economy, both on a
national scale and on the scale of individual regions and municipalities
(Gryshchenko et al., 2017). In the Ukrainian housing sector and public buildings
there is a significant potential to improve energy efficiency (Kaplun and
Shcherbak, 2016). According to the World Bank and Ukrainian researchers
overhaul and reconstruction of existing buildings can bring savings of 30-60%
of the energy consumed for heating purposes, public buildings — up to 50% (Liu
et al.,, 2019). One of the essential potentials of use of energy efficiency have
university buildings, which in most cases are very worn out and have exhausted
their resource (Nayak et al., 2021). Therefore, the relevance of the use of new
university education on the principles of university Knowledge Hub is now
particularly high (Nicola et al., 2020).

The aim of the study is to propose a methodology for energy reconstruction
and energy modernization of internal and external partitions of buildings on the
basis of university Hub of knowledge on energy efficiency. The study was
conducted in 2021 on the basis of the Kyiv National University of Technologies
and Design.

MATHERIALS AND METHODS

For a building envelope consisting of m building envelopes (m > 1), the
reduced heat transfer resistance is calculated by equation (1):
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where n; is the coefficient taking into account the position of the i-th
enclosing structure relative to the indoor and outdoor air.

Assessment of the impact of edge zones on the energy performance of
buildings calculation of the energy performance of the building for the heating
period using the specific energy consumption for the operation of the building
during the heating period is calculated by equation (2):

q={p + q hw + qg, (2)

where gn, Onw, Je are respectively specific heat consumption for heating, hot
water supply and electric energy (direct or reduced to
heat equivalent) for the heating period.

The specific heat consumption for heating is calculated on the basis of the
heat balance of the building for the heating period according to equation (3):

Gh = Qe+ o — N (Gine + q5), (3)

where Qi, Ja, Qini, Os are respectively specific transmission heat losses
through the building envelope, specific heat losses
due to air infiltration and ventilation, specific
internal domestic heat losses, specific heat gains
due to solar radiation;
n < 1 —coefficient of heat gain into the building.

The influence of the peripheral zones of the enclosing structures on the
specific energy consumption is taken into account when calculating the specific
transmission heat losses Q. The total transmission heat loss through the
envelope is the sum of the main heat loss and the additional heat loss through all
the envelope edge zones and is calculated by equation (4):

Q="

0.0864M},,4
RE‘I‘JII

(1+ X, @), (4)

where | is the number of edge zones;
w; = k7A7% /A is the coefficient of additional heat loss through the

J-th edge zone.
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Equation (4) makes it possible to calculate the total heat loss of the
envelope, taking into account the edge zones, and to evaluate the contribution of
each edge zone to the heat loss.

For a building envelope consisting of m building envelopes (m > 1),
specific transmission heat losses are calculated by equation (5):

1
Qer = - 2121 Q1 (5)
where Qr; is the total transmission heat loss through the i-th structure.

RESULTS AND DISCUSSION.

The developed method allows to take into account the influence of
humidity on the temperature field of the structure, the non-stationarity of the
temperature and humidity regime, three-dimensionality of the temperature and
humidity fields, which is in the world trend with the energy saving program in
the university buildings.

For widely used in practice of energy reconstruction and energy
modernization of external and internal enclosures of the 4-th building of Kyiv
National University of Technologies and Design (KNUTD) which contain
marginal zones, there was executed the calculation of temperature and humidity
conditions by the computer program "SOVT-3".

Based on the results of the calculation (Fig. 1-3), the effect of the marginal
zones on the thermal protection properties of the enclosing structures was
assessed.

The study shows that for all types of considered structures in the marginal
zones the localization of temperature and moisture content with the formation of
complex marginal effects due to the joint effect of heat and moisture transfer
processes is noted. Deterioration of the temperature and moisture conditions in
the marginal zones leads to a decrease in the thermal protection properties of
structures. The maximum decrease in thermal protection properties (up to 47%)
is noted in the corner of exterior walls with the placement of a thermal insulating
insert near the inner surface.

The results obtained were used to assess the impact of the marginal zones
of the enclosing structures on the thermal protection properties of the envelope
of the 4th building of KNUTD. On the basis of the developed methodology, the
thermal protection for the design of the 14-storey 4th building of KNUTD and
the design was assessed for the following calculation variants: 1 — without edge
zones (basic); 2 — including edge zones (Table 1).
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Fig. 1. Fields of temperature (top) and moisture content (bottom)

in the outer corner of lightweight concrete walls
Legend: a — without thermal insulating insert; b — with thermal insulating insert at the inner surface of the
corner; ¢ — the same, at the outer surface of the corner

a b
Fig. 2. Fields of temperature and moisture content at the junction

of the window unit with the exterior wall
Symbols: temperature fields with a narrow box (a) and moisture fields with a wide box (b)

Fig. 3. Temperature and moisture fields in a three-layer wall panel
Symbols: temperature fields of the section along the keyhole (a) and moisture content at the junction of the
insulation with the outer protective and finishing layer (b)
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Table 1
Thermal resistance of envelope enclosing structures of the 4th building
of Kyiv National University of Technologies and Design

Thermal resistance, m?-K/Bt

Enclosing structure Square, m? - :
base case including edge zones
Exterior walls 4494 4,06 2,16
Windows, balcony doors 1576 0,68 0,59
Entrance doors 55 0,78 0,78
Covering combined 412 4,22 3,38
Ceiling of warm attic 381 3,68 2,94
Ceiling over the technical floor 793 3,68 2,94

Thermal transmittance of the building envelope: according to the basic
variant — 1.97 m2-K/W, taking into account the edge zones — 1.44 m2-K/W.
Reduction of the reduced heat transfer resistance of the building envelope in
comparison with the basic variant is 26.9%. Calculation of components gh, ghw
and ge is performed on the basis of the Directive 2010/31/€C. The proposed
method has been implemented in the computer program "Energy Passport of a
Building”, developed on the basis of the University Knowledge Hub in the
visual object-oriented programming system Delphi 3—7 for WINDOWS. The
main advantages of the computer program are: calculation of energy
consumption of the building taking into account all its components, including
heat and electric energy consumption; determination of the structure of
transmission heat losses through the fencing edge zones, which allows to
improve the design solutions of energy reconstruction and energy
modernization; possibility to assess the energy efficiency of the building at the
stage of energy reconstruction and energy modernization.

By the example of the project of energy reconstruction and energy
modernization of the building, the study shows that the temperature and
humidity conditions in the marginal zones of the enclosures have a significant
impact on the energy performance of the building. Consideration of the fencing
edge zones increases specific transmission heat losses through the building
envelope by 37%, heat energy consumption for heating by 32%, and energy
consumption for building operation by 13%. Improvement of the structural
solution of the outer envelopes leads to a decrease in specific transmission heat
losses through the building envelope by 29%, the consumption of thermal
energy for heating by 25%, the energy consumption for the operation of the
building by 10%. Thus, the improvement of the edge zones of the building
envelope envelope structures has a high potential of energy efficiency.

In order to confirm the validity of the developed methods, the energy
efficiency of the high-rise 14-storey operating building of the 4th building of
KNUTD was assessed according to the results of the energy audit carried out by
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the author. At the time of the energy audit the duration of operation of the
building was about 40 years. Measurement and recording of heat energy
consumption for building heating was performed by express method according
to Directive 2010/31/€C. Thermal energy consumption for heating and hot
water supply was monitored automatically once a day using a heat meter in the
building of Building 4. The measurement results were used to test the building
energy performance calculation methodology (Table 2).
Table 2
Comparison of calculated and actual specific energy indicators of the
4th building of Kyiv National University of Technologies and Design

Value of the indicator, Deviation of the
Indi MJTx/v3 calculated value of the
ndicator -
actual estimated indicator from the
actual, %
Heat consumption for heating of the building 94.5 92.4 2.2
Heat consumption for hot water supply 29.2 27.3 —6.5
Electricity consumption 22.2 24.1 +8.6
Total 146 144 -1.4

Comparison of the calculated values of the energy indicators obtained by
the proposed method with the actual data confirms the validity of the
methodology. Thus, taking into account the edge zones in the enclosures allows
a more accurate assessment of the thermal protection and energy performance of
buildings during the heating period, conducted on the basis of the University
Hub of Knowledge.

CONCLUSION.

The effect of temperature and humidity conditions in the marginal zones of
the enclosing structures on the thermal protection and energy performance of the
building during the heating period on the basis of the university Hub of
Knowledge was assessed. A methodology for calculating the energy
performance of the building during the heating period was developed. When
determining the transmission heat losses through the building envelope,
additional heat losses in the marginal zones of the enclosing structures are taken
into account. On the basis of this methodology, it is shown that the temperature
and humidity conditions in the enclosure periphery zones have a significant
impact on the building energy performance. Improving the structural solution of
the external envelopes leads to a 10% reduction in the energy consumption for
the operation of the building. Thus, the reduction of heat losses in the marginal
zones of the enclosing structures has a high potential of energy saving of the
4th building of Kyiv National University of Technologies and Design.
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ABBREVIATIONS:

% Percentage

COVID-19 Corona Virus Disease 2019, corona virus infection 2019-nCoV

Eq. Formula of calculation

Fig. Figures

HEI higher education institution

Hub Common connection point

KNUTD Kyiv National University of Technologies and Design
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