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INCREASING THE EFFICIENCY OF USING CENTRALIZED
HEAT SUPPLY SYSTEMS IN THE RECONSTRUCTION
OF HEAT NETWORKS

O.. Knumuyk, O. Byosyo, €. bBabaes, M. Cepeecs, 1. Axcbornosa. TlinBuiieHHsi e()eKTHBHOCTI BUKOPHCTAHHS LEHTPATi30BaHUX
CHCTeM TeNIONOCTAYAHHS MNPH PEKOHCTPYKNii TemIoBHMX Mepexk. B poOOTi mpoBeaeHO aHa3 ICHYIOHOrOo CTaHy CHUCTEM
TEIJIONOCTa4aHHS KUTIOBUX MacHBiB. [loka3aHo HEOOXIIHICTh ypaxyBaHHs Cy4acHHX BUMOT JI0 TEPMOMOJEpHI3allii OyaiBenb pi3HOTO THITY
[PH3HAYCHHS, a TaKOX PEXMMIB CGKCIUTyaTalii BHYTDILIHIX CHCTEM TCIUIONOCTAYaHHs IPU PI3HUX BHAAX TEIUIOBOTO HABAHTAKCHHS
(omasieHHs, raps4e BOAONOCTAa4aHHs, BEHTHIALIS). [TokazaHO OCHOBHI THIM OyJiBelb, 1[0 MOXXYTh PO3TALIOBYBATHCh B )KHTIOBUX MacHBax
(OaraTornoBepxoBi JKUTIOBI OYAWHKH, TYPTOXKUTKH, KOTEIDKI, aAMiHICTpaTUBHI OyaiBii Ta odicu, HaBYabHI 3aKJIaay, TOPTiBENIbHI HEHTPH,
MIANPUEMCTBA Xap4yyBaHHS TOLIO) Ta OXapaKTEPH30BaHO OCOOJIMBOCTI poOOTH iX cuCTeM TemonocradaHHs. Ha ocHOBI mpencraBieHOL
METO/IMKH TPOBEICHO PO3PaxyHOK J000OBOrO Ta TIIKHEBOro rpadiky CHOXKHBAHHS TEIUIOTH JUI JBOX y3arajlbHeHHUX THIIB OyaiBelb:
JKUTIIOBOT (0araTonoBepXiBKHU, KOTEMIXKI, T'YPTOKUTKH, TOIIO) Ta TPOMAICHKOTO MPU3HAYCHHS (aAMiHICTpaTHBHI Oy/iBIi, HABYAJBHI 3aKJIa/IH,
odicu Tomo). Ha 0cHOBI po3paxyHKIB CKJIAJCHO y3aralibHEHHUH rpadik TEMIOBOTO HABAHTAXKEHHS VIS BOX THIIIB OyIiBENb 3 ypaxyBaHHIM
B3a€EMHOT0O BIUIMBY Ha MaKCHMAJbHY IOTY)XXHICTh Kepena TeIioTH. Ha OCHOBI OTpHMaHMX pe3yNlbTaTiB IPOBEACHO PO3PAXyHKH Ta
CKIageHO a000Bi Tpaikd y3arajJbHEHOTO CIIOKMBAaHHS TEIUIOTH OYAIBISAMH pPI3HOTO THUIY 13 YpaxyBaHHSM Cy4acHHX BHMOT
eHeproe()eKTUBHOCTI (ABOMEPIOJHUI PEXUM ONaleHHs Ta TepMoMmoaepHizamii). [Toka3aHO HOLIJIBHICTE 3aCTOCYBaHHS aKyMYJISTODIB
TEIUIOTH Y TEIUIOBUX IMYHKTAX JUI 3IVIa/PKYBaHHS IIKiB CyMapHOTO HaBAaHTAXKEHHS Ta 3MCHIICHHS MaKCHMAJbHOI IOTY)XKHOCTI JKepena
TermoTy. [Toka3aHo BiporifiHe 3HUKEHHS! MaKCUMAIILHOT ITOTY)KHOCTI CUCTEM TEIUIONOCTaYaHHs Ta HAJIAHO PEKOMEHIallii 11010 PO3paxyHKiB
CHCTEM TEIUIONOCTAYaHHsI IPH iX PEKOHCTPYKIISX Ta MOAEPHI3alii.

Kniouogi cnosa: cucTeMu TEIUIONOCTAYaHHS, aKyMYJIATOPH TEIUIOTH, IPadiKy CIIOKMBAHHS TEIIOTH, CHEProeeKTHBHICTh

O. Klymchuk, O. Vudvud, Ye. Babaiev, M. Serheiev, |. Aksyonova. Increasing the efficiency of using centralized heat supply
systems in the reconstruction of heat networks. The paper analyzes the existing state of heat supply systems of residential areas. The need
to take into account modern requirements for thermal modernization of buildings of various types of purpose, as well as operating modes of
internal heat supply systems with different types of heat load (heating, hot water supply, ventilation) is shown. The main types of buildings
that can be located in residential areas are shown (high-rise residential buildings, dormitories, cottages, administrative buildings and offices,
educational institutions, shopping centers, catering enterprises, etc.) and the peculiarities of their heat supply systems are characterized.
Based on the presented methodology, the calculation of the daily and weekly schedule of heat consumption for two generalized types of
buildings: residential (high-rise buildings, cottages, dormitories, etc.) and public (administrative buildings, educational institutions, offices,
etc.) was carried out. Based on the calculations, a generalized heat load schedule for two types of buildings was drawn up, taking into
account the mutual influence on the maximum power of the heat source. Based on the obtained results, calculations were made and daily
schedules of generalized heat consumption by buildings of various types were made, taking into account modern energy efficiency
requirements (two-period mode of heating and thermal modernization). The expediency of using heat accumulators in thermal points for
smoothing the peaks of the total load and reducing the maximum power of the heat source is shown. A probable decrease in the maximum
power of heat supply systems is shown, and recommendations are given regarding the calculations of heat supply systems during their
reconstruction and modernization.

Keywords: heat supply systems, heat accumulators, heat consumption graphs, energy efficiency

1. Introduction

Centralized heat supply systems of cities were designed and installed for the most part during the
times of Soviet power. The total power of the heat source was usually calculated from the condition of
covering the maximum load at the calculated temperatures of the external environment [1], as well as
taking into account the perspective of the development of residential areas [2].

Heating networks and central heating points were also calculated from the condition of passing
the coolant to cover the total needs at peak loads with quality regulation. These factors led to an exag-
geration of the capacities of heat sources and oversizing of heat networks, which in turn affected the
efficiency of heat supply systems and increased their capital investment and the cost of operating
costs. Nowadays, the issue of modernization of heat networks and reconstruction of heat supply
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sources is becoming acute. At the same time, the existing housing estates, as a rule, are no longer ex-
panded, that is, there is a concept of their condition, as well as the modes of operation of existing
buildings. In addition to the above, the requirements for the energy efficiency of the use of heat by
buildings have also changed, which in turn has led to a decrease in heat supply needs. The operation of
a number of heating networks also showed the inability to adhere to the schedule of quality regulation
(150/70 at the calculated temperatures of the external environment). In turn, heat sources (water heat-
ing boilers) are technically and morally obsolete. It is necessary to replace them with the reconstruc-
tion of thermal circuits according to modern technologies. Another factor that significantly affects the
technical characteristics of heat supply systems is the mutual influence on the heat supply capacity -
heat supply modes of buildings of different types of purpose. At the same time, it is worth noting the
unevenness of heat consumption both daily and weekly, which in turn affects the total heat capacity.
All the specified factors must be taken into account during reconstruction and modernization of exist-
ing heat supply systems, which will lead to a significant reduction of capital investments in reconstruc-
tion and will significantly increase the efficiency of heat energy consumption.

2. Analysis of literary data and formulation of the problem

Conventionally, for residential areas, the types of buildings according to their purpose can be di-
vided into multi-story residential buildings; administrative buildings (office centers) and educational
institutions; trade enterprises; food establishments. Each of the specified categories differs in the ratio
of the shares of heat consumption by types of heat load and organizational and operational modes of
buildings [2].

Heat consumption by multi-apartment buildings, as a rule, has pronounced heat load peaks in the
morning and evening. This is explained by a sharp increase in hot water consumption during this peri-
od [3]. However, these peaks can be prevented by installing hot water storage tanks in the heating sta-
tions. It should be noted that in recent years, additional factors have appeared that also affect the mode
of operation of the heat supply system in the apartments of these buildings, namely individual electric
boilers and heat meters with automatic temperature control in the room.

These factors significantly affect the thermal regime of buildings and lead to an increase in the
amplitude of fluctuations in daily heat consumption.

Administrative buildings (office centers) and educational institutions usually have an even
schedule of heat consumption for hot water supply needs during the working day, while the percentage
of the indicated load is relatively small [3]. Ventilation systems work only during the working day
and, usually, in recent years, they are equipped with recuperators, which allows to significantly reduc-
ing the share of heat for heating the outside air. The heating system works throughout the day and its
thermal power depends on the outside air temperature. Shopping complexes work throughout the week
and day, in many cases, therefore, irregularity in the specified period is usually not observed [4]. It is
not always possible to equip ventilation systems with recuperators, so the share of heat for heating the
outside air increases. Hot water supply systems have a peak consumption in the morning and an in-
creased mode of consumption in the evening. The heating system works 24 hours a day. In shopping
complexes, it is possible to use the heat of condensation of refrigerating machines for heating the
premises and preparing hot water.

In catering facilities, depending on the direction of operation (cafes, canteens, restaurants, etc.),
unevenness is observed throughout the day and week [4]. The peak load on ventilation and hot water
supply occurs during the period of greatest occupancy of the hall (for cafes and canteens it is the lunch
break, and for restaurants and some cafes it is the evening). When the dining hall is fully occupied, the
heating load is significantly reduced. In the technological premises during the day, the load on ventila-
tion increases sharply, while the load on heating decreases significantly.

In works [3, 5, 6], the authors analyze the operation of heat supply systems for individual build-
ings, and indicate ways to improve the efficiency of local systems, without taking into account the in-
fluence of the operating modes of buildings of different purposes on the heat supply system.

On the other hand, the authors [1, 2, 7, 8] consider the problems of centralized heat supply sys-
tems without taking into account the possibility of deep thermal modernization of buildings and inter-
nal heat supply systems.

The analysis of the current state of the existing centralized heat supply systems of the existing resi-
dential areas determined the setting of the main task of this study — the study of the operating modes of
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buildings of different types of purpose, their mutual influence on the heat supply systems in order to in-
crease the efficiency of their use and reduce capital costs for the main equipment and materials.

3. The purpose and objectives of the research

The main goal of this study is to obtain modeling data that characterizes the operation of the heat
supply system of existing residential areas, taking into account the operating modes of buildings of
different types of purpose.

To solve the set goal, the following tasks must be solved:

— generalize heat consumption regimes by type for buildings of different types of purpose;

— conduct modeling of the mutual influence on the heat supply system of operating modes of
buildings of different types of purpose;

— provide proposals for the reconstruction of existing heat supply systems of residential areas.

4. Methods of conducting research and processing experimental data

Determination of the maximum thermal load of the building is calculated according to the formu-

la [1]:
Q =0y +Q +Quy 1)
where Q, — heat consumption for heating, W;
Q. — heat consumption for ventilation, W;

Qy,, — heat consumption for hot water supply, W.
Generalized heat consumption for heating [1]:

Qi =@A+waV(t-t,), )

where p — infiltration rate;
0n — specific heat loss, W/(m°K) (26 W/m® [1]);
V — volume of the building in terms of external dimensions, m® (3608 m®);
t; — estimated internal air temperature, °C (+12 °C);
t, — calculated outside air temperature, °C.
Generalized calculation of heat consumption for ventilation [1]:
Q\; = vaCv (li. - tov)’ (3)

where Q, — heat consumption for ventilation;
m — air exchange rate, 1/s;
V, - ventilated volume of the building, m*;

C, - volumetric heat capacity of air is equal to 1260 W/(m® K) or 0.3 kcal/(m® “C);
tj — the temperature of the heated air supplied to the room, °C;

toy — outside air temperature, °C.

For ease of calculation, formula (3) is reduced to the form [1]:

Q\; = qvv (tl _tov)’ (4)
where g, — specific heat consumption for ventilation, i.e. heat consumption per 1 m?® of a ventilated
house according to external measurements and per 1°C difference between the average calculated air
temperature inside the ventilated room and the temperature of the outside air;

V — external volume of the ventilated house, m?;

tj— average internal temperature, °C.
Heat consumption for hot water supply (HWS) [1]:

1 ,
Q. =vne(t,, —t,,) ;Xde Qs (%)

where v — specific water consumption, I/person;
n — number of residents, pers;
¢ — heat capacity of water J/(kg-K);
tnw— temperature of hot water, °C;
t.w—cold water temperature, °C;
T — estimated duration of heat supply for hot water supply, s/day;
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yw— coefficient of weekly unevenness of heat consumption;
va— coefficient of daily unevenness of heat consumption.
Expressions [7] were used to determine the power value of heating and ventilation systems:
t —t,
= ! y 6
Q=Qii (6)
ti — to
=Q/ : 7
Q=Qr Y
The equation of the temperature graph for direct connection [7]:
0.758
Y ti _to ’ ’ ti _to
t =t +0.5(t -t) +0.5(t +t; - 2t,) : 8)
ti _t(,) ti _té
Y 1:i _to
L=t -({-t) ©)

0

where t,, t| —water temperature in the supply main of the heat network at any outside air temperature
and at the calculated outside air temperature, (150 °C is accepted) °C;

t,, t, —water temperature in the return main of the heating network at any outside air tempera-
ture and at the calculated outside air temperature, °C (70 °C is assumed);

t, t' —current and calculated value (corresponding to the city specified by the option) of outside

air temperature, °C.

5. Results of studies of the processes of heat supply by a centralized heat supply system, tak-
ing into account the modes of operation of buildings of different types of purpose

The mode of heat consumption during the week is mainly influenced by the purpose of the build-
ing [9, 10]. Two main types of buildings were chosen for the analysis of heat supply modes: residen-
tial and public buildings.

Calculations of heat consumption during the week (Figs. 1, 2) and during the day (Figs. 3, 4)
were carried out for the indicated types of buildings.
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Fig. 1. Diagram of heat consumption during the week  Fig. 2. Diagram of heat consumption during the week
by a residential building by a public building

Analysis of graphs (Fig. 1, 2) shows that the weekly maximum for residential buildings occurs on
weekends. During this period, there is a significant decrease in heat load needs for public buildings.

The mode of heat consumption during the day is also mainly influenced by the purpose of the
building. The same buildings were chosen for the analysis of heat supply modes (Figs. 3, 4).

As can be seen from the diagrams (Figs. 3, 4), in all types of buildings, there is a drop in thermal
load during the night period of the day. The graphs also show the zone of the working period, which is
characterized by a load drop in residential buildings and a peak in public buildings. In turn, in the
evening, the picture changes on the contrary. This makes it possible to ask the question of load redis-
tribution for buildings with different types of purpose during the day.

It should be noted that for centralized heat supply systems, a real energy saving factor is the pos-
sibility of realizing a useful phenomenon — “self-compensation” of the heat load. Self-compensation of
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heat needs is possible if there are buildings of various purposes (public, residential, commercial and
entertainment, etc.) in the neighborhood, capable of mutually compensating redistribution of heat con-
sumption. This is possible due to the fact that heat consumption peaks for buildings of different types
occur on the heat load graphs at different time intervals, so there is a possibility of mutual compensa-
tion of heat needs. For example, the increase in heat needs of residential buildings on weekends can be
compensated for by reducing the heat consumption of public buildings when they implement an inter-
mittent heat supply regime. In addition, “self-compensation” of heat load due to the rational redistribu-
tion of heat needs between houses of different types leads not only to energy saving, rational use of
heat generators, but also to a reduction of the load on heat networks without additional monetary costs.
To assess the possibility of compensating load peaks of one type of building with load dips of other
types of building, we will calculate the relative need for heat under the condition of the total ratio of
heat supply capacity for two types of buildings in a residential area of 50/50 (Fig. 5).
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Fig. 3. Diagram of heat consumption during the day by a residential building
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Fig. 4. Diagram of heat consumption during the day by a public building
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As can be seen from the graph, the total power of the heat supply source, taking into account the
operating modes of buildings of different types of purpose and their mutual influence on the total load
of the heat supply system, allows reducing the maximum power by 10 %.

These calculations do not take into account modern requirements for thermal modernization of build-
ings and do not use the variable mode of the building heating system. Taking into account the possibility of
alternative heating mode in public buildings during non-working hours, and in residential buildings during
working hours, an additional reduction of the total load percentage is possible (Fig. 6).
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Fig. 6. Diagram of heat consumption during the day by houses of different types
of purpose when using the regular heating mode

As can be seen from the graph, the use of alternate heating allows reducing the maximum load by
10 %. However, over the past 30 years, the requirements for the level of thermal modernization have
become much stricter, which leads to the need for thermal modernization of existing buildings. In a
relative comparison of the old requirements with the new ones, it is known that only compliance with
the new requirements for thermal modernization can at least halve the costs of heating and ventilation
(Fig. 7).
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Fig. 7. Diagram of heat consumption during the day by houses of different types of purpose when using the
regular heating mode and complying with the requirements for thermal modernization of buildings

The analysis of the results allows us to determine that the maximum heat load, relative to the
primary one, is slightly more than 50 %. At the same time, a reduction of up to 40 % is possible if heat
accumulators are used in central heating points (or in individual heating points), which will accumu-
late heat at night and compensate for peaks during working and evening hours.

Such a reduction of the maximum heat load on heat supply systems allows to reduce the power of
the heat source and reduce capital costs for equipment and materials of heat networks. The specified
approach must be adapted to specific tasks, taking into account local conditions (number of different
types of buildings and modes of their operation).

Conclusions

Based on the results of the work, the following conclusions can be drawn:
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— The study of heat consumption regimes and their generalization made it possible to identify op-
portunities for reducing heat consumption by buildings of various types of purpose, including when
applying a two-period heating regime and thermal modernization of the building in accordance with
existing norms;

— The results of simulation of heat supply regimes by buildings of different types of purpose and
the study of their mutual influence on the system of centralized heat supply of residential areas show
the possibility of significantly reducing the maximum power of the heat source (up to 50 %) and sig-
nificantly saving costs for the main equipment and materials of heat networks;

— When modernizing the heat supply system, it is necessary to take into account the modes of op-
eration of buildings of different types of purpose, their influence on the operation of the centralized
heat supply system, to apply a two-period mode of operation of the heating system in buildings, to
conduct calculations for the heat supply system in accordance with the current norms of thermal mod-
ernization, and to use heat accumulators in heat points to smooth out peaks thermal load.
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