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Abstract. When assessing the thermal condition of the building and the parameters
of the microclimate of the premises, the main factors influencing its thermal inertia were
identified and taken into account. An assessment of the influence of the resistance of
enclosing structures on the efficiency of the heating system, taking into account the
influence of external and internal climatic parameters in the dynamic mode. It is shown
that the time factor and depth of regulation, as well as the outdoor air temperature are
important factors. Researches are carried out and the expediency of introduction of a duty
mode of heating of buildings of HIGH SCHOOLS is estimated. The given algorithm of
control of process of heat release (especially in the presence of a point of "breaking™ -
average (them) on the schedule) in addition increases accuracy of the decisions of the
specified problems and reduces a temperature deviation by 4 ~ 6 ° C in comparison with
usual ("linear") dependence that allows to correct more precisely release of the heat
carrier in system of heating of a structure at introduction of a standby mode. It was found
that it took about 6.5 hours to achieve normalized air temperature and space heating in
the forced (after a long stay on duty). It is shown that the heat consumption of the system
in such conditions of its operation compared to the nominal mode increased by 25%
(taking into account the limit value of the specific allowance from table H1 DBN B.2.5-67:
2013 "Heating, ventilation and air conditioning"), but for the entire period the action of
the standby mode savings amounted to about 6-8% of energy consumed.

Taking into account the design of the outer walls of the object of study, the
temperature graph of the heating system was adjusted taking into account the value of the
internal heat capacity of the building when implementing on-duty heating, which,
according to preliminary estimates, will: improve comfort in the room; to reduce heating

138


mailto:ievgeniy_antypov@ukr.net

"Enepzemuka i agmomamuxa'’, Ne6 2022 p.

costs of the educational and administrative building of NULES of Ukraine by 10-12% for
the heating period.

Key words: microclimate, internal heat capacity of a building, standby mode,
heating system, heat loss

Relevance of research. Reducing the cost of utility payments for the operation of
higher education institutions (HEIs) for our country is a promising step on the way to
energy saving. The most important among them are the costs of heating to ensure the
appropriate parameters of the microclimate and the thermal regime of buildings, which is
determined by the arrival or loss of heat through external enclosing structures, the
operation of heating, cooling and ventilation systems, domestic and technological heat
emissions, as well as the thermophysical properties of the materials of building structures.

The calculated parameters of the microclimate of a particular room are determined
depending on its functional purpose and sanitary and hygienic requirements that must be
met during the heating period. The duration of preservation of the microclimate
parameters in the premises of the building during the period, for example, the emergency
shutdown of the heating system or the transition of its operation to the regular mode (non-
working period of the HEI), is determined by a time constant that characterizes the internal
thermal inertia (heat capacity) of the building [1].

The latter is significantly influenced by the heat-shielding properties of the enclosing
structures, the calculated thermal power of the heating system, and the calculated
parameters of the climatic region (temperature zone) of the location of the object under
study. It is interesting that as the thermal insulation characteristics of buildings improve,
the nature of heat loss by individual components also changes. Table 1 shows the data
characterizing the qualitative changes in heat loss in the building that occur during the

insulation of its external enclosing structures.
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1. The structure of heat consumption of public buildings with different levels of heat

transfer resistance of enclosing structures

Heat consumption due to building elements in % of total

Characteristics of heat consumption
the house opaque | transparent basement :
; roof air exchange

walls designs floor
Built before 1995 39 21 15 8 17
Rimp > 1,6 Mm*K/W 27 24 15 8 26
Rinp > 2,1 m*K/W 23 26 14 7 30
Rip > 2,5 m*K/W 19 27 12 6 36
Rinp > 2,8 m*K/W 18 25 12 6 39
Rimp > 3,3 m*K/W 17 23 10 5 45

The analysis of the table shows that with an increase in the thermal resistance of heat
transfer of the enclosing structures of buildings, the share of transmission heat losses
decreases, and the share of losses with air exchange increases, since the need for heat
consumption for ventilation of premises remains unchanged (provided there are no energy-
saving measures implemented in ventilation systems) and even slightly increases due to a
decrease in the share of infiltration losses. In view of the above, the issue of increasing the
efficiency of energy use while maintaining the comfort level of the premises remains
relevant. This result can be achieved, among other things, due to the use of the optimal
mode of alternative heating, i.e. optimal management of the thermal mode of the building
during the non-working period. It is advisable to use alternate heating mode for budgetary
objects and buildings that are used according to the schedule, which also includes the
buildings of HEI.

Analysis of recent research and publications. The analysis of literary sources
proves that the issue of using alternate heating mode has not been studied enough. The
conducted studies do not fully reveal all aspects of the use of alternative heating, but study
only certain aspects of this issue. The alternate heating system is most fully described in
the article [2]. However, this paper did not conduct an experimental study of the thermal
inertia of the room. The results of the study of the influence of the thermal inertia of the
room are given in the article [3], according to which neglecting the heat capacity of the

elements of the heating system leads to an error in the simulation results at the level of
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about 10%. Therefore, it is important to determine the cooling time of the room after
reducing the volume of heat supply and to determine the time to warm up the room. The
authors of works [4-8] previously conducted a number of studies, in particular, on the
analysis of the state of energy consumption at the facilities of the National University of
Life and Environmental Sciences of Ukraine (NULES of Ukraine) in recent years,
monitoring of microclimate parameters in the premises of educational buildings and in
university dormitories. Indoor air temperature profiles were measured both on the floors
and on the facades of the buildings before and after the thermal modernization works,
which consisted in the insulation of external enclosing structures and the modernization of
individual heating points in individual buildings.

According to DBN V.2.5-67:2013 "Heating, ventilation and air conditioning” [9] in
the cold period of the year in public, administrative and domestic and industrial premises
of heated buildings during the period of their non-use (non-working hours) the air
temperature should be taken below the norm, but not less than 12 °C, ensuring the
restoration of normalized temperature before starting to use the room or before starting
work. That is, it is possible to reduce the temperature by 6-10 °C, which is quite a
significant saving of thermal energy. That is, taking into account the above factors, it can
be stated that the adjustment of the heating mode depends on many factors that must be
taken into account when implementing the regular heating mode.

Setting the problem. In order to identify the reasons for the increase in the level of
consumption by the building of one of the buildings of NULES of Ukraine, as well as to
assess the feasibility of implementing a regular heating regime, an analysis of the
efficiency of the heating system was carried out using an ITP with the possibility of
weather-dependent heat release and a controller that, through a three-way valve with an

electric drive (M), provides hourly change of system operation mode (Fig. 1).
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Fig. 1. ITP mnemonic scheme

The principle of the proposed work algorithm is as follows: during the absence of
people in the room, the temperature of the supply coolant (T11) decreases to a value that
will ensure a decrease in the temperature of the air in the room no lower than 12 °C. At
this time, the inflow of thermal energy into the room decreases taking into account the
temperature of the outside air (Tz). The start of heating the room takes place a few hours
before the start of the working day by increasing the volume of coolant supply in the
forced mode (rapid increase of heat release).

Determining the main control parameters (the depth of the coolant temperature drop,
the dynamics of indoor air temperature changes) associated with the simultaneous change
in ambient air temperature is a task that needs to be solved taking into account the
dynamics of the heat supply process.

Research materials and methods. The object of the study is the administrative and
educational building of the National University of Life and Environmental Sciences of
Ukraine.

The external walls are brick, 510-640 mm thick, insulated with mineral wool, 100
mm thick. The exterior is decorated with plaster and decorative relief stucco. There is a

basement floor under the entire area of the building. The roof is gable, the attic is
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unheated, insulated. The windows are metal-plastic with two-chamber glazing and gas
filling and energy-saving coating. The doors are wooden and metal, insulated and closed.

The building is connected to the central heat supply system according to a scheme
dependent on the central heating point, where the ITP is installed with the regulation of the
heat carrier depending on the weather conditions without preparation of water for the
needs of domestic hot water. The indoor heating system is two-pipe. Heating devices -
steel panel radiators with thermostatic heads. There are no heat-reflecting screens.
Stairwells are heated. There are two heat meters for each "wing" of the building's heating
system. Counters on commercial accounting. The ventilation system is mechanical
(exhaust) and naturally inspired.

The schedule of staff and students stay is always on working days, except for
weekends and holidays.

Experimental studies were conducted over 5 days, including weekends.
Measurements were made with the help of temperature and air humidity data loggers -
Trotec BL30. Measurement accuracy (at an ambient temperature of 20 °C) 2%, but not
less: £2°C in the range - 1...50 °C, £3 °C in the range -18...-1 °C.

It was established that the temperature of the external environment significantly
affects the thermal regime of the room. Thus, at an outside air temperature of 0...5 °C, the
temperature of the heating device was 32 °C, at an external air temperature of -5...0 °C, the
radiator heated up to 35 °C, and at a temperature of -8...-15 °C, the temperature of the
device was 38...40 °C. When changing the specified parameters, the air temperature in the
premises fluctuated within £2 °C.

Operation of the system is in standby mode. It has been experimentally confirmed
that an important factor in the implementation of the regular heating mode is the time
interval and the depth of adjustment. The average temperature drop of the heat carrier
during the measurement period (from 18:00 to 04:00) was 8-10 °C at an outside air
temperature of -3 °C. At the same time, the air temperature in the room did not change
significantly, but remained at the level of more than 16 °C with the permitted 12 °C.
Significantly different values were obtained when the heating system was operating in

regular mode on weekends. Thus, when switching to work from 6:00 p.m. Friday to 11:59
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p.m. Sunday, the temperature in the premises of the building dropped to the normalized 12
°C. At the same time, it took about 6.5 hours to reach the normalized air temperature and
warm up the room in the forced mode. Heat consumption by the system under such
conditions of its operation, compared to the nominal mode, increased by 25% (taking into
account the limit value of the specific allowance from table H1 DBN V.2.5-67:2013
"Heating, ventilation and air conditioning™) but for the entire period of operation of the
alternate mode savings amounted to about 6-8% of the consumed energy.

A comparison of the actual consumption of thermal energy with the estimated actual
number of degree-days for the month of November 2018 and the internal temperature in
the premises of the building (Table 2) showed the level of average deviation of the
indicators of the actual temperatures in the premises of the building (-0.8 °C) from the
accepted values (1642 °C) and, as a result, a decrease in the level of actual heat energy
consumption from the calculated value reduced to the actual number of degree-days by -
0.011 Geal.

The given algorithm for controlling the process of heat release (especially if there is a
"break” point - the middle point(s) on the graph) additionally increases the accuracy of
solutions to the specified problems and reduces the temperature deviation by 4+6 °C (see
Fig. 2) compared to the usual ("linear") dependence (typical for buildings in column "A"
in Table 3). This allows for a more accurate adjustment of the release of the heat carrier

into the building's heating system when implementing an alternate mode.
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Fig. 2. The temperature schedule of the building's heating system depending on

the indicator of its internal heat capacity

Taking into account the structure of the external walls of the research object,
adjusting the temperature schedule of the heating system taking into account the value of
the internal heat capacity of the building, when implementing the alternate heating mode,
according to a preliminary assessment, will allow: to improve the comfortable conditions
in the room when the heating system is operating in alternate mode; to reduce heating
costs of the educational and administrative building of NULES of Ukraine by 10-12%
during the heating period.

3. Numerical values of coolant temperatures in the supply pipeline of the

building’s heating system depending on the indicator of its internal heat capacity

o Supply temperature, tspply, °C
texternala C A* B C
-30 °C 45 °C 75 °C 95 °C
-15°C 40 °C 60 °C 90 °C
-5°C 35°C 50 °C 80 °C
0°C 32 °C 45 °C 70 °C
5°C 30 °C 40 °C 60 °C
15°C 25 °C 28 °C 35 °C

* Column "A" of the table corresponds especially to capital buildings with stone or brick walls
(thickness of 2.5 - 3.5 bricks), with a reinforced concrete or metal frame, with a reinforced concrete floor
and a layer of mineral wool insulation on the walls; column "B" - capital buildings with brick walls thick
(1.5-2 bricks) without insulation, with reinforced concrete floors; column "C" - a large-panel, large-block
building with brick walls in one brick without insulation, with reinforced concrete or wooden floors [1].
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System operation in nominal mode. A comparison of the actual consumption of
thermal energy with the estimated degree-days for the month of March 2019 (Table 4) and
the internal temperature in the premises of the building showed that with a slight (+1.3 °C)
level of deviation of the actual temperatures in the premises building from the normalized
values (18£2 °C), an excess of the level of actual consumption of thermal energy from the
calculated value reduced to the actual number of degree-days by 3.73 Gcal was recorded.
One of the reasons for which is considered to be the difference between the readings of the
outdoor air temperature sensor (= +3 °C) and the values of the actual operating
temperatures, which is caused by the wrong choice of location of the sensor (from the
north-west side on the outer wall of the building in place of constant action of drafts).

In addition, the absence of a heat-reflecting screen between the outer wall of the
building and the wall of the heating radiator somewhat affects both the temperature regime
in the room (on average by 0.5-1.0 °C) and the overall efficiency of the heat transfer
system as a whole.

Research results and their discussion. The analysis of data on the comparison of
actual and normative degree-days taking into account the actual number of days of the
heating period (Table 5) under the conditions of operation of the building's heating system
in the nominal mode, showed that the actual number of them did not comply with the
standard for the entire heating period of 2018/2019 by 7, 4%. Bringing the calculated
consumption of thermal energy to the actual number of degree-days of the heating period
(Table 6) showed its decrease by the same percentage. A comparison of the actual
consumption of heat energy (Table 7) with the estimated heating period reduced to the
actual number of degree-days (Table 8) shows that it was exceeded by 4.4% for the same
period. At the same time, a comparison of the actual consumption of thermal energy
with the estimated one reduced to the actual number of degree-days of the heating period
and the internal temperature in the premises of the building (Table 9) indicates that it was
exceeded by 16.5% for the same period, which indicates probable deviation (increasing) in
compliance with the values of the average actual temperature in the premises of the

facility with the established sanitary standards.
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In view of the above, the main reason for the deviations is considered to be the

excess of the actual indoor air temperatures in the premises of the object in the transitional
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stage of the heating period from the value accepted in the calculations. It is proposed to
change the adopted temperature schedule of heat release (the curve of the first temperature
break) in the direction of lowering its initial position, which will allow to reduce the level
of resource consumption in the transitional stage (spring-autumn) of the heating period.

In order to improve the efficiency of the heating system, the following is additionally
offered:

1. Adjust the operation of the ITP controller to ensure a change (decrease by 6-8 °C)
of the temperature regime of the system during non-working (night) hours and weekends
and holidays.

2. To eliminate the difference between the readings of the outdoor air temperature
sensor (= +3 °C) and the values of real operating temperatures, protect it from direct or
reflected solar radiation/draughts, carry out its calibration.

3. Install a heat-reflecting screen between the outer wall of the building and the wall
of the heating radiator, which will increase both the useful heat transfer coefficient of the
latter and the temperature regime in the room by 0.5-1.0 °C.

Conclusions and perspectives. When assessing the thermal condition of the building
and the microclimate parameters of the premises, the main factors affecting its thermal
inertia were determined and taken into account. It is shown that an important factor is the
period of time and depth of regulation, as well as the temperature of the outside air. A
study was conducted and an evaluation of the expediency of introducing a regular regime
of heating of buildings of the HEI was given. In particular, the following was obtained:

1. It was established that the temperature of the external environment significantly
affects the thermal regime of the room. Thus, at an outside air temperature of 0...5 °C, the
temperature of the heating device was 32 °C, at an external air temperature of -5...0 °C, the
radiator heated up to 35 °C, and at a temperature of -8...-15 °C, the temperature of the
device was 38...40 °C. When changing the specified parameters, the air temperature in the
premises fluctuated within £2 °C.

2. The average temperature drop of the coolant during the measurement period
(from 18:00 to 04:00) was 8-10 °C at an outside air temperature of -3 °C. At the same

time, the air temperature in the room did not change significantly, but remained at the
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level of more than 16 °C with the permitted 12 °C. Significantly different values were
obtained when the heating system was operating in regular mode on weekends. Thus,
when switching to work from 6:00 p.m. Friday to 11:59 p.m. Sunday, the temperature in
the premises of the building dropped to the normalized 12 °C.

3. It took about 6.5 hours to reach the normal air temperature and heat the room in
the forced mode. Heat consumption by the system under such conditions of its operation,
compared to the nominal mode, increased by 25% (taking into account the limit value of
the specific allowance from table H1 DBN V.2.5-67:2013 "Heating, ventilation and air
conditioning") but for the entire period of operation of the alternate mode savings
amounted to about 6-8% of the consumed energy.

4. The given algorithm for controlling the process of heat release (especially if there
Is a "break" point - the middle point(s) on the graph) additionally increases the accuracy of
solutions to the specified problems and reduces the temperature deviation by 4+6 °C
compared to the usual (“linear") dependence , which makes it possible to more accurately
adjust the release of the heat carrier into the heating system of the building when
implementing the next mode.

Taking into account the structure of the external walls of the research object,
adjusting the temperature schedule of the heating system taking into account the value of
the internal heat capacity of the building, when implementing the alternate heating mode,
according to a preliminary assessment, will allow: to improve the comfortable conditions
in the room when the heating system is operating in alternate mode; to reduce heating
costs of the educational and administrative building of NULES of Ukraine by 10-12%
during the heating period.
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JOCJIIKEHHSA BIVIUBY I'NNAPOAUHAMIUHUX TA KOHCTPYKTUBHUX
IMAPAMETPIB ICHYIOUYOI CUCTEMHU ONAJIEHHS BYIIBJII TIEPIIIOI'O
HABYAJIBHOI'O KOPITYCY HYBill YKPATHU HA TIOKA3HUKH
KOM®OPTHOCTI NIPUMIHIEHDb

€. O. Aumunoes, A. B. Miwenxo, O. B. Illenimanoea, C. €. Tapacenxo,
/. II. Kosrcan

AHoTauiss. Ilpu oyinyi mennosoco cmawy 0yOieni ma napamempié MIKpOKIIMamy
npUMilyeHb 6CMAHOBIEHI Ma 8PAX08AHI OCHOBHI (hakmopu, wo BNIUBAIOMb HA ii Meniogy
inepyitinicmo. [Ipogedeno oyiHKy 6naugy omnopy 020p00NCY8AbHUX KOHCMPYKYIU Ha
eghexmusHicmeb cucmemu ONANEHHS 3 YPAXYBAHHAM 6NJIUBY 306HIUHIX [ SHYMPIUHIX
KIIMAmMu4Hux napamempie y OuHamiyHomy peocumi. Iloxazano, wo eaxciusumu
Gpaxmopamu € ¢axmop uacy ma 2IUOUHA pe2YNIBAHHA, A MAKONC memMnepamypa
308HIUHB020 noGIimps. [Iposedeno 00cniodHceH s ma oYiHeHO OOYIIbHICHb BNPOBAONCEHHSL
yepe0so2o pedicumy onanents oydieenv BH3. HageOdenuil aneopumm Kepy8aunHs npoyecom
MmenniosudiieHts (0coOIUBO 3a HAABHOCMI MOYKU «0OpuUgy» — cepeonvoi 3a epaghikom),
AKUU 000aMK0B0 NiOBUULYE MOYHICMb PO38 S3KI8 3A3HAUEHUX 3a0aY | BMEHULYE GIOXUNeHHS
memnepamypu Ha 4 <. 6 ° C nopisHAHO 3i 36UUAUHOI0 (IHIUHOWY) 3ANEHCHICIIO, WO
00360JI51€ MOYHIUe KOpUu2y8amu 8UOLNeHHs MEeNJIOHOCiA 8 cucmemi onaneHus 6y008u npu
88€0eHHI pedxcumy ouikysanHs. Bcmanosneno, wo 011 OocseneHHs Hopmanizayii
memnepamypu nogimps ma 00iepi6aHHs NPUMIWEHb ) NPUMYCOBOMY DPeHCUMI NOMPIOHO
onuzvbko 6,5 2ooun. Iloxkazano, w0 MenIOCHONCUBAHHA CUCMEMU 6 MAKUX YMO8ax ii
eKCNIyamayii NOPIGHAHO 3 HOMIHANbHUM PeHCUMOM 30inbuunocs Ha 25 % (3 ypaxyeauHam
2PAHUYHO20 3HAUeHHs numomoi Haobasxku 3 maoauyi HI1 J[FH B.2.5-67: 2013 «Onanenns,
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BeHMUNAYIT Ma KOHOUYIOHYBAHHAY), Ajle 3a 8eCb Nepiod Oii pedcumy OUiKY8AHHSI eKOHOMIsS
ckaana 6auzbko 6-8 % cnosxcumoi enepeli.

Bpaxosyrouu koncmpyxyito 306Hiwmix cmin 00’ €kma 00CiONCeHHS, memMnepamypHuil
epaghix cucmemu OnanieHHs OYI0 CKOPULOBAHO 3 YPAXYBAHHAM 3HAYEHHS GHYMPIUHbLOL
mennoeMHocmi  0y0ieni npu 30IlUCHEHHI Yepe08020 ONAJIeHHs, sKe 3a NONepeoHiMU
OYIHKAMU, 00360JUMb: NOKPAWUMU KOMPOPpM Y NPpUMIWEHHI; 3MEHWUMU sumpamu Ha
onanennsi nepuwiozo kopnycy HYbBill Ykpainu na 10-12 % na onanosanvHuti nepioo.

KurwuoBi cioBa: wmikpoknimam, eHympiuina menaoEmMHicms 0yo0iei, pexcum
OUIKY6aHH3, CUCHEMA ONANIeHHS, 6MPAMU MEna
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