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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 
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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 

Characteristics of 

the house 

Heat consumption due to building elements in % of total 

heat consumption 

opaque 

walls 

transparent 

designs 
roof 

basement 

floor 
air exchange 

Built before 1995 39 21 15 8 17 

Rіпр ≥ 1,6 m²K/W 27 24 15 8 26 

Rіпр ≥ 2,1 m²K/W 23 26 14 7 30 

Rіпр ≥ 2,5 m²K/W 19 27 12 6 36 

Rіпр ≥ 2,8 m²K/W 18 25 12 6 39 

Rіпр ≥ 3,3 m²K/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 ºС, 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 ºС, 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 ºС. 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 °С) ±2%, but not 

less: ±2ºC in the range - 1...50 ºC, ±3 ºC in the range -18...-1 ºC. 

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 °С. 

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 (16±2 °С) 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 Gcal. 

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 °С (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 

texternal, °С 
Supply temperature, tsupply, °С 

A* B C 

-30 °С 45 °С 75 °С 95 °С 

-15 °С 40 °С 60 °С 90 °С 

-5 °С 35 °С 50 °С 80 °С 

0 °С 32 °С 45 °С 70 °С 

5 °С 30 °С 40 °С 60 °С 

15 °С 25 °С 28 °С 35 °С 

* 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 °С) 

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 °С) 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 °С) 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 °С. 

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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ДОСЛІДЖЕННЯ ВПЛИВУ ГІДРОДИНАМІЧНИХ ТА КОНСТРУКТИВНИХ 

ПАРАМЕТРІВ ІСНУЮЧОЇ СИСТЕМИ ОПАЛЕННЯ БУДІВЛІ ПЕРШОГО 

НАВЧАЛЬНОГО КОРПУСУ НУБіП УКРАЇНИ НА ПОКАЗНИКИ 

КОМФОРТНОСТІ ПРИМІЩЕНЬ 

Є. О. Антипов, А. В. Міщенко, О. В. Шеліманова, С. Є. Тарасенко,  

Д. П. Кожан 

Анотація. При оцінці теплового стану будівлі та параметрів мікроклімату 

приміщень встановлені та враховані основні фактори, що впливають на її теплову 

інерційність. Проведено оцінку впливу опору огороджувальних конструкцій на 

ефективність системи опалення з урахуванням впливу зовнішніх і внутрішніх 

кліматичних параметрів у динамічному режимі. Показано, що важливими 

факторами є фактор часу та глибина регулювання, а також температура 

зовнішнього повітря. Проведено дослідження та оцінено доцільність впровадження 

чергового режиму опалення будівель ВНЗ. Наведений алгоритм керування процесом 

тепловиділення (особливо за наявності точки «обриву» – середньої за графіком), 

який додатково підвищує точність розв’язків зазначених задач і зменшує відхилення 

температури на 4 ÷. 6 ° С порівняно зі звичайною («лінійною») залежністю, що 

дозволяє точніше коригувати виділення теплоносія в системі опалення будови при 

введенні режиму очікування. Встановлено, що для досягнення нормалізації 

температури повітря та обігрівання приміщень у примусовому режимі потрібно 

близько 6,5 годин. Показано, що теплоспоживання системи в таких умовах її 

експлуатації порівняно з номінальним режимом збільшилось на 25 % (з урахуванням 

граничного значення питомої надбавки з таблиці Н1 ДБН В.2.5-67: 2013 «Опалення, 

http://journals.nubip.edu.ua/index.php/Energiya/article/viewFile/10596/9329
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вентиляції та кондиціонування»), але за весь період дії режиму очікування економія 

склала близько 6-8 % спожитої енергії. 

Враховуючи конструкцію зовнішніх стін об’єкта дослідження, температурний 

графік системи опалення було скориговано з урахуванням значення внутрішньої 

теплоємності будівлі при здійсненні чергового опалення, яке за попередніми 

оцінками, дозволить: покращити комфорт у приміщенні; зменшити витрати на 
опалення першого корпусу НУБіП України на 10-12 % на опалювальний період. 

Ключові слова: мікроклімат, внутрішня теплоємність будівлі, режим 

очікування, система опалення, втрати тепла 
 

 

 

 

 

 

 


