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Abstract

The article analyzes the data of gas consumption for the heating periods and confirms that for the actual outdoor
air temperatures there is a decrease in gas consumption. Necessary heat loads and gas consumption were determined
to ensure the required indoor air temperature in the premises of the educational buildings with the proposed mode of
gas savings by lowering the indoor air temperature, the so-called economical mode of operation of the boiler room.
The theoretical economy of gas from lowering the temperature regime is determined. To increase the accuracy of the
experiment, the comparison of the amount of gas consumed was performed in terms of working and non-working
periods of the day. Based on these studies, it should be noted that the actual plot can be used to determine the actua
gas savingsin real conditions.
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1. Introduction

Ensuring energy saving in higher education is characterized by its multi-vector nature. Only a detailed analysis
of each of the approaches to solving the problem of energy saving will determine the priority areas to take into
account the specifics of the university. One of the ways to solve the problems of energy saving is the organizational
mechanisms to ensure measures for the rational use of fuel and energy resources, the introduction of measures for
thermal renovation and the introduction of innovative heat supply technologies. It was noted that certain changes in
this mechanism give rise to its adaptation to international regulatory levers and improvement, which provides a
certain level of deregulation of energy saving policy, stimulates economic sustainability and implementation of
initiatives of individual higher education institutions [1].

In [2] the issues of increasing the level of energy security of higher educational institutions were considered. The
author argues that for the full realization of the potential of energy efficiency of universities requires a purposeful
policy of university management, which will allow for systematic control and management of energy resources of
universities. The main tool for energy management can be a program-targeted method, the use of which is due to the
complex nature of the problem and the need to coordinate the actions of all departments and services of higher
education and contribute to the development of general technical policy and efficiency of budget resources.

There are works [3] which consider in detail the main energy saving measures that can be implemented in higher
education, in particular: replacement and modernization of power supply and lighting systems; re-equipment and
change of modes of operation of heating, hot water supply, ventilation and air conditioning systems, modernization of
boiler equipment. Unfortunately, the implementation of these measures for the university budget remains too high,
despite significant energy savings.
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An important point is the use of aternative energy sources for energy supply of universities. Thus, in order to
reduce the consumption of traditional fuel and energy resources, solar hot water supply systems (SS GWP) have been
installed at the Petro Mohyla Black Sea State University on the main building and dormitories, which partially meet
the needs for hot water. The introduction of solar hot water systems in educationa institutions is of particular
importance for their promotion among students and staff through free solar energy on a rea example — the
introduction of solar systems for hot water supply. The use of solar energy instead of electricity for hot water supply
can reduce electricity consumption at the university for the year by 4.6 % [4]. Unfortunately, the use of solar energy
to meet the needs of hot water in relation to the time of its maximum need is problematic, because the time with the
greatest solar radiation falls on the holiday period.

The expediency of using another type of alternative energy sources — a heat pump — was analyzed. The combined
use of aheat pump and electric heating in the premises of educational institutions was considered [5]. The use of such
systems is most appropriate in temperate climates. As aresult of operation, the heat pump takes over 70 % of the heat
load during the heating period. And only in the event of cold weather with low temperatures (=15 °C and below) it is
necessary to use an electric boiler. As a result of the operation of combined heating systems, operating costs are
reduced and the appropriate level of comfort is maintained. Unfortunately, for geographical areas with relatively low
outdoor temperaturesin the cold season, the use of such systemsis not very effective.

An integrated approach to energy supply is aso very effective. Thus, in particular, Oles Honchar Dnipropetrovsk
National University implemented an innovative project aimed at improving the energy efficiency of the lecture hall, which
was supposed to save energy by reducing the consumption of fossil fuels through the use of energy from alternative sources,
hesat recovery and exhaust emissions, heating, ventilation and air conditioning of the training unit [6].

The proposed technical solutions are characterized by a comprehensive approach to solving several problems:
the use of solar radiation energy; accumulation of heat in the seasonal soil accumulator; organization of heat
extraction from outside and exhaust air; heat recovery in the supply and exhaust ventilation system. New in the circuit
solution is the use of energy-efficient fences to solve the above problems.

In the works [7]-{9] the analysis of influence of the administrative decisions directed on introduction of
resource-saving technologies in activity of higher educational institutions is carried out. The expediency of applying a
comprehensive approach to energy efficiency management of universities, which combines economic, social and
environmental factors, is substantiated. It was emphasized that achieving a real increase in energy efficiency of
universities should be based not only on technical solutions, but also on more modern sustainable system management, as a
tool that can save money through a competent resource-saving policy at al levels[7], [8].

The energy management system is also one of the components of the overall management system [10]. The
introduction of the organization of management of energy consumption and energy saving (PEE) in the field of
education requires its systematic implementation in higher education [11], [12]. The authors propose a conceptual
model of PEE management, which provides: creation and support of appropriately adapted systems for collecting and
monitoring information on energy consumption, methods of assessing energy efficiency with their support and
adjustment to the conditions of practical implementation, use of in-depth energy audit schemes based on integrated
energy models, and the development of detailed instrumental and computational studies of the energy condition of building
elements. Studies were conducted taking into account the factors that affect the heat consumption of educational
buildings, in particular: the duration of the heating season; glazing coefficients of buildings; the number of peoplein
the buildings; values of thermal resistances of externa protections and many others. Statistical methods of data processing
were used [13], [14]. Such measures require consistency in solving complex management tasks, completeness and
reliability of information on energy and operational performance of subordinate facilities.

The application of such a scientific and methodological approach aimed at improving energy efficiency in
educationa ingtitutions makes it possible to rank buildings depending on energy efficiency; plan the volume of
energy consumption and identify premises with atypical energy consumption; to carry out a rapid assessment of the
implementation of energy efficiency measures and to receive an assessment of the effectiveness of the implementation of
measures before the energy audit. In addition, software platforms and database management systems used in
automated energy efficiency management systems are offered [15]. Software forms of input-output of information, its
collection and analysis of energy use of objects are created. Management decisions allow optimizing the educational
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process taking into account the efficiency of the university's auditorium fund and control of energy costs, especially
during the heating period [16]-{18]. To this end, it is necessary to introduce monitoring of the effectiveness of the use
of the auditorium fund of the university to ensure the best planning of the functioning of energy supply systems and
management of energy expenditures in the face of significant tariff increases. It is necessary to actively implement
cost-effective organizational methods of regulating energy consumption by shifting the training and production
processin time —in daylight (saving electricity for lighting) and warm part of the year (saving heat), extending winter
holidays and reducing summer proportions.

2. Goal of research work

Having conducted an in-depth analysis of the current state of use of energy-saving technologies in universities,
we can conclude that the problem remains very relevant and requires further study and a comprehensive approach to
reducing energy consumption.

The most common way of saving is the introduction of the so-called intermittent mode of heat supply of the
premises, the essence of which is that during working hours the room temperature is maintained in accordance with
sanitary norms 18 °C, and during non-working hours (night and weekends) leads to a reduction in the consumption of
fuel and energy resources. A few hours before the start of the working day, the temperature of the coolant increases
above the level typical for working hours, in order to ensure the temperature in the premises in accordance with
sanitary and hygienic standards. However, this mode saves up to 5.7 % of thermal energy [19].

Given the relatively small percentage of thermal energy savings, there is a need to study and implement more
radical methods of saving heat and gas by introducing long vacations in schools.

The object of the research is the heat supply system of the educational buildings of Lviv Polytechnic National
University, which are heated by its own gas boiler house. In total, the heat consumption system consists of 17
educational buildings. The total heat load of educational buildings is 8.0091 Gcal / h. The boiler house from which
heat supply is carried out is equipped with two hot water boilers with a heat productivity of 8.3 Geal / h each.
Passport efficiency of the boiler is 90 %.

3. Presentation and discussion of resear ch work results

In accordance with the requirements of paragraph 5.3. DBN B2.5-67: 2013 “Hesting, ventilation and air conditioning”
[3] theinternal temperature of the premises was reduced by 33.33 % from +18 °C to +12 °C.

Maintenance of the required temperature in the premises of educational buildings was carried out with the help
of individual heating points, which are equipped with weather-dependent automation. The measurement of the
internal temperature in the premises of the educational buildings was carried out using a temperature meter TESTO,
by daily monitoring.

During the experiment in the boiler room every hour with the help of electronic meters were measured outside
air temperature, coolant parameters, as well as recorded the hourly gas flow using a gas corrector “Universal-2M”.
The parameters of the boiler coolant were carried out in accordance with the schedule of qualitative regulation of the
coolant temperature converted to the indoor air temperature in the room equal to +12 °C.

Experimental studies were conducted during the heating season of 2019. The evaluation of the results of the
experiment was carried out in two ways.

» Determination of theoretical gas savings from lowering the temperature;

» Determining the actual gas savings by plotting the hourly gas consumption for previous periods, according to
gas consumption data for previous similar periods, in the range of outdoor air temperatures from +8 °C to -19 °C and
comparing them with the actual gas consumption during the experiment. To increase the accuracy of the experiment,
the comparison of the amount of gas consumed was performed in terms of working and non-working periods of the
day and month, which were used in previous periods.

According to the schedule of qualitative regulation of temperature of the heat carrier (Fig. 1) the main (working)
mode of release of the heat carrier was supported from midnight to 01:00 pm on weekdays, and the saving mode of
release of the heat carrier was maintained from 01:00 pm till midnight and at the weekends.
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Fig. 1. The schedule of qualitative regulation of temperature of the heat carrier in the giving highway from a boiler room.

Therefore, on the graph of the actual use of gas for previous periods (Fig. 2), two graphical dependencies were
built — for the main and savings mode of heat release from the boiler room. Experimental data on the actual hourly
gas flow rate at specific measured outdoor air temperatures during the experiment were compared with the amount of
gas consumed at similar outdoor air temperatures according to the graphs in Fig. 2. Thus, the difference between the
amount of hourly gas consumption for previous periods and the amount of gas consumed during the experiment will
be equal to the value of the actual savings.

In the process of determining the theoretical gas economy, the hourly heat load of the boiler room was calcul ated
for each point of the schedule of qualitative regulation of the coolant temperature (Fig. 1) in the range of outdoor air
temperatures from +8 °C to —19 °C. For this purpose, the average hourly heat flux for heating needs during the
heating period Qmid. [21], [22] was calculated:

Qmid_ — QmaxX(fin—Cout.hp) , Gcal/h, (1)

(tin—tout.c)

where Qnax is maximum heat load, Geal / h; t;,, is estimated indoor temperature (t;;, = 18 °C); t,yenp iS average air
temperature of the heating period (0.7 °C); t,,.. IS calculated outdoor air temperature °C).
Asaresult of calculations, it was found that the average hourly heat flux for heating was 3.74 Geal/h.

Then the hourly heat load Q,,;qnboiler room for each point of the schedule of quality control of the coolant
temperature can be determined by the formula:

Qumidn = Qmid.X‘(tin._f_tout.hp.f) ) Gcal/h, (2)
(tm.f tout.c)

where t;, s is the actua average indoor temperature in the premises per hour (for the operating mode ¢;, = 18 °C,
for the economy mode during the holidays t;,, ;= 12 °C); toyenp s IS the actual average outdoor temperature per hour
(+8 °Cto-19 °C).
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In asimilar way, the required heat loads for the range of internal temperatures t;,, » from +18 °C to +12 °C were

determined. According to the results of calculations, a graphical dependence of the heat |oad of the boiler room on the
outside air temperature is constructed (Fig. 3). The graph shows that when t;,, » decreases from +18 °C to +12 °C, the

heat load at an outdoor air temperature of —19 °C decreases by 16.2 %, and for an outdoor air temperature of +8 °C —
by 59, 7 %. The average percentage reduction in heat load in the range of outdoor air temperatures from +8 °C to
—19°Cis 37.95 %.

As aresult of research, it was found that to meet the needs of educational buildings in heating at t;,, ;= + 18 °C
enough one boiler TVG-8 M, which is confirmed by actual data from shift logs and gas metering data.

The determined heat loads were then used to determine the required amount of gas required to maintain a
particular temperature in the premises, depending on the accepted work schedule at the university.

Based on the calculated needs for thermal energy for heating educational buildings, the hourly gas consumption
was determined to provide heat load taking into account the temperature schedule in the range of outdoor air
temperatures from +8 °C to —19 °C using the dependences [23]:

_ 9midhXx1000000 3
Vg - QnXNpruto m /h1 (3)
where V; is hourly gas consumption, m¥h; @, is lower heat of gas combustion (8050 kcal/m3); 1y, is boiler
efficiency, relative units (0.9).
The result is a graphical dependence of the hourly gas consumption in the boiler room in the temperature range
tinys from +18 °Cto +14 °C showninFig. 4.
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Fig. 4. Dependence of boiler gas consumption on the outside air temperature
and indoor air temperatures from + 12 °C to + 18 °C.
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It can be seen from the dependences that when the t;, sdecreases from +18 °C to +12 °C, the hourly gas
consumption decreases by 16.1 % for the external temperature of —19 °C, and for the external temperature of +8 °C —
by 59 .9 %. The average value of the reduction of natural gas consumption by the boiler house for the range of
outdoor air temperatures from +8 °C to —19 °C is 38 %.

Analysis of gas consumption data for previous periods confirmed that for the actual outdoor air temperatures
toutnp.s SUCh gas consumption was indeed observed, which is evidence that the calculations were performed
correctly.

Similarly, the required heat loads and gas consumption were determined to ensure the indoor air temperature
ting=+ 12 °C in the premises of the educational buildings at the proposed mode of gas savings by reducing the air
temperature in the premises from ¢, .= + 18 °C to ¢t;, ;= + 12 °C, the so-called economical mode of operation of the
boiler room.

It should be noted that the above theoretical studies were compared with the actual data of the graph in Fig. 2, for
the main mode of operation of the boiler, as a result it was found that the gas flow rate at ambient temperature
touthp.r=— 19 °C differs by 3.17 %, and the gas flow rate ty,. np s= + 8 °C differs by 6.56 %. The greater difference
in the values of gas consumption at lower ambient temperatures can be explained by the fact that the actual gas flow
corresponds to the required coolant temperature of 38 °C according to the quality control schedule, respectively in
this case the efficiency of the boiler islower.

Based on the above, it should be noted that in order to increase the accuracy of calculations, the actual graph can
be used to determine the actual gas savingsin real conditions when t;,, » dropsfrom +18 °Cto +12°C.

4. Conclusion

During the experiment during January-February 2019, indoor air temperatures in educational buildings were
measured in gas saving mode, and the actual gas consumption for each specific outdoor air temperature was
compared with the data of the actual schedule of gas consumption for previous periods. During the experiment, the air
temperature in the premises of educational buildingsranged from +10 °Cto +13 °C. And gas savings were:

* For January 2019 — 43.74 %, with an average monthly outdoor temperature of —2.6 °C (according to boiler
temperature meters);

* For February 2019 (from 1 to 21 February) — 54 % at an average monthly outdoor temperature of +3.2 °C
(according to boiler room temperature meters).

« Introduction of methods of saving thermal energy and, accordingly, natural gas by introducing long vacations
in educational ingtitutions allows obtaining savings in the range from 43.74 % to 54 %, which significantly exceeds
the results of savings when using the intermittent heating mode. When the internal temperature of the premises in
educational buildings drops from +18 °C to +12 °C, the theoretica reduction in the need for thermal energy at an
outdoor temperature of —19 °C is 16.2 %, and at an outdoor temperature of +8 °C is 59.7 %. The obtained results of
actual gas savings of 43.74 % in January 2019 and 54 % in the period from 1 to 20 February 2019 are in the range of
theoretical savings from 16.2 % to 59.7 %, which indicates the coincidence of theoretical calculations and actua
results. The value of gas savings as a percentage will increase as the outside air temperature increases from 16.2 % at
—19 °C, t0 59.7 % at +8 °C. The discrepancy between the actual and theoretical data on gas consumption will be in
the range of 3.17 % at an outdoor temperature of —19 °C and 6.56 % at an outdoor temperature of +8 °C. Based on the
above, we can conclude that the maximum possible gas savings by lowering the indoor temperature in the premises
from +18 °C to +12 °C is 59.7 % when using district heating and energy conversion efficiency of boilers 90 %, and
its specific value will be determined by outdoor temperatures within the period of lowering the indoor temperature in
buildings.
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Ouinka 3ax0/iB €KOHOMIl MPUPOAHOIO ra3y
B JIePKABHUX HABYAJIBHUX 3aKJIa1AX

Bonogumup [Mamkesud, IOpiit @ypaac, Bonogumup KpaitoBcrkuii, Bacuns Kenmnx

Hayionanvuuii ynieepcumem “ Jlvgiecoka nonimexnixa” , eyi. C. Banoepu, 12, Jlveis, 79013, Vrpaina

AHoTanis

VY crarTi mpoaHai3oBaHO BiIOMOCTI BUTPATH a3y 3a MEepioau ONATOBAaHHS 1 MATBEPIKEHO, IO U (PaKTHIHUX
TEeMIIepaTyp 30BHIIIHBOTO TOBITPA CIIOCTEPIra€ThCS 3MEHIICHHS BUTPATH Ta3y. bynu Bu3HaueHi HEOOXiTHI TEIUIOBi
HaBaHTAXXCHHS 1 BUTPATH Ta3y JUId 3a0e3MedeHHs] HeoOXiHOT TeMIIepaTypy BHYTPILIHBOTO MOBITPST B MPUMIIICHHIX
HaBYaJBbHUX KOPIYCIB MPH 3alPOIIOHOBAHOMY PEXHUMI SKOHOMII ra3y 3a paXyHOK MOHIIKEHHS TEMIIEpaTypH MOBITPS
B NPHUMIMICHHSAX, TaK 3BaHUH €KOHOMHHUI peXHM POOOTH KOTEIbHI. BH3HAYEHO TEOpPETHYHY EKOHOMIIO Ta3zy Bif
MOHIDKEHHS TEMIIEPATypHOTO peXuMy. JJJis MiABUIIEHHS TOYHOCTI EKCIIEPUMEHTY MOPIBHSIHHS KIIBKOCTI CIIOXKUTOTO
ra3y MpOBOAMJIOCH B po3pi3i poOoUYux i HepoOOUMX MmepiodiB go0u. Ha OCHOBI IMX JOCHTIKEHb BapTO 3a3HAYWTH,
moOynoBaHni (pakTHIHIHA Tpadik MOKHA BUKOPUCTOBYBATH IS BH3HAUYCHHS (DAaKTUYHOI €KOHOMIi Ta3y B peabHIX
YMOBax.

Kaio4oBi ciioBa: KoTelbHS; TeMIlepaTypa MoBiTps; KOTEIILHUN ra3; IPUPOAHUM ra3.



