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IMPROVING THE RELIABILITY OF HEAT SUPPLY
SYSTEMS IN THE CONDITIONS OF POWER OUTAGE

O. Kmumuyk, I Ilozousakosa. IlinBUIIEHHSI HAJIAHOCTI POOOTHM CHCTEM TeIUIONMOCTAYAHHI B YMOBaX BiIK/JIIOYeHHS
ejeKkTpoeneprii. B po0oTi mpoBeaeHO aHaNi3 Cy4acHOrO CTaHy KOMYHAIIBHOI TEIUIOCHEPreTHUKM i3 IIEHTPaNi30BaHUMH CHCTEMaMH
TEIUIONOCTAYaHHs. B yMOBAaxX aBapiiHUX BiIKIIOYCHb eneKTpoeHeprii. IIpOBeAeHO OrVIsA iCHYIOUHX MiAXOAIB 10 BHPILICHHS MHTaHHS
HaIiHOTO 3a0€3MEeYeHHS ENIEKTPOCHEPTI€I0 LIEHTPATi30BaHi JuKepena TemoTd. HaBeneHo akTyalbHICTh KOMIUIEKCHOTO BUPILIEHHS POOJieM
HagiifHOCTI eHepro3abesnedyeHHs 00’€KTiB KOMYHAJIBHOTO TOCHOJAPCTBA K TEIUIOM TaK i1 enektpoeHeprieto. [Ipy 1bOMy 3aIpOIOHOBAHO
MIHIMIi3yBaTH MiCLs PO3TalllyBaHHSI T€HEPATOPIB TEIUIOTH Ta €IEKTPOCHEPTil, Y3rOAUTH PEKUMH CHOKUBAHHS PI3HUX BUJIIB €HEPrOpECypCiB.
OpHuM i3 HampsIMKiB BHPILICHHS IIOCTaBJICHUX IUTaHb 3allPOINOHOBAHO 3aCTOCYBAHHS KOTCHEpAIiWHMX YCTAaHOBOK, SKi 31aTHi
3a0e3meuyBaTH 00 €KTH KOMYHQIBHOTO TOCIIOJAapCTBa HE JIMINE TEIUIOTOI, a TaKOX eNeKTpUYHOIo eHepriero. [Ipiopurerom mo
pO3TanryBaHHIO KOTCHCPALIHHX YCTAHOBOK 3alPOIIOHOBAHO OIAIIOBAJbHI KOTEIbHI, B SKMX OpraHi30BaHO OCEPEAKOBAHWII BHKHI
MPOMYKTIB 3TOPSIHHS, a TAKOXK CHCTEMa PO3MOAIICHHS TEIUIOHOCITB. J{ys BUpilIEHHs BKa3aHUX MUTaHb OyJIO po3poOJIeHO cXeMy iHTerpaii
KOTeHepaliiHOl YCTAHOBKH B IIEHTpai30BaHy CHCTEMY TEIUIONOCTayaHHsS Ha 0a3l paifloHHOI OnamoBalIbHOI KOTENBbHI Ta 3aCTOCYBaHHIM
TEIIOBUX HacociB. [lopiBHAHMI aHai3 eHepreTMYHO! e(EKTUBHOCTI 3alpOIOHOBAHMX DILIEHb 3IMCHEHO 3a BEIHMYMHOKI KoedilieHTa
BHUKOPHCTAHHS TEIUIOTH MajMBa. 3TiJHO IOCTaBJICHOI 3aqa4l MPOBEICHO aHalli3 3aCTOCYBaHHs KOTCHEpAIiiHUX YCTAaHOBOK B CHCTEMax
€Hepro3ade3MneueHHsIX KOMIUIEKCIB KOMYHAJbHOTO TOCIIOAApCTBA. 3alpONIOHOBAHO JUIA MiABHINEHHS e(pEKTHBHOCTI POoOOTH CHCTEMH
CYMICHOTO BUJJOOYTKY TEIJIOTH Ta €JIEKTPOCHEPTii 3aCTOCOBYBATH TEIUIOBI HacocH. J{i1s 0OpaHuX peKUMiB pOOOTH 3aPOIIOHOBAHOI CUCTEMH
MPOBEJCHO aHalli3 e()eKTUBHOCTI KOMOIHOBAaHOrO BUAOOYTKY TEIUIOTH Ta eiekTpoeHeprii. [lokazaHo, 0 3aCTOCYBaHHS B CXEMi TEIIOBOTO
HAcOCy 3[aTHO 3a0e3IeYUTH 3pPOCTaHHS YaCTKU JONATKOBHX kepen Temia 1o 50 % y GanaHCi KOTEeNBHI, Ta, BiINOBiIHO, 30LIBIIHTH
MOKa3HUK €HEepreTuuHol eeKTuBHOCTI y 1,3 pasu.

Knouosi cnosa’ KorenepariiiiHa yCTaHOBKa, TEIIOBI HACOCH, LIEHTPaIi30BaHi CUCTEMH TEIUIONOCTAYaHH

O. Klymchuk, G. Pozdnyakova. Improving the reliability of heat supply systems in the conditions of power outage. The paper
analyzes the current state of municipal heat power engineering with centralized heat supply systems in emergency power outages. An
overview of existing approaches to solving the issue of reliable provision of electricity by centralized heat sources is carried out. The urgency
of complex solution of problems of reliability of energy supply of communal services objects both heat and electricity is given. At the same
time, it is proposed to minimize the location of heat and electricity generators, to coordinate the modes of consumption of different types of
energy resources. One of the directions of solving the questions proposed the use of cogeneration plants that are able to provide utilities not
only heat, but also electricity. The priority for the location of cogeneration plants is offered by heating boiler houses, which organized a cell
release of combustion products, as well as a system of distribution of heat carriers. To solve these issues, a scheme for integrating the
cogeneration plant into a centralized heat supply system based on the district heating boiler house and the use of heat pumps was developed.
The comparative analysis of energy efficiency of the proposed solutions is carried out by the value of the coefficient of fuel heat use.
According to the task, an analysis of the use of cogeneration installations in energy supply systems of communal services complexes was
carried out. It is proposed to use heat pumps to improve the efficiency of the system of joint heat and electricity production. For the selected
modes of operation of the proposed system, an analysis of the efficiency of combined heat and electricity production was carried out. It is
shown that application in the heat pump scheme is able to provide an increase in the share of additional heat sources to 50% in the boiler
room balance, and, accordingly, to increase the energy efficiency index by 1.3 times.
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1. Introduction

The current state of municipal heat power engineering is forced to accept rather tough challenges.
It is necessary to provide thermal energy to consumers of different types, both residential areas and
critical infrastructure. At the same time, it is necessary to constantly receive electricity to power the
main elements of heat supply systems (pumps, boilers, automation, etc.) [1]. In conditions of unstable
energy supply, there is a need to install decentralized sources of electricity, which are able to provide
electricity to the source of district heating [2].

In practice, there are already a number of solutions to these issues [3, 4]. One of the most popular
is the installation of diesel generators. However, this solution has a number of drawbacks, first of all, a
significant supply of diesel fuel is needed. More interesting is the installation of gas generators, which
are connected to the gas networks of heating systems. This solution is more efficient and environmen-
tally friendly [5].

These solutions are able to provide heat in the winter, which is extremely important for maintain-
ing the regulatory temperature values in the premises and social factor. However, these solutions are
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not able to provide electricity to utilities, including critical infrastructure. It should also be noted that
the use of local diesel generators, although partially solve the problem of energy supply of certain ob-
jects, but significantly adversely affect the environmental state.

The question arises of a comprehensive solution to the problems of reliability of energy supply of
communal services, both heat and electricity [6, 7]. At the same time, it is necessary to minimize the
location of heat and electricity generators, to coordinate the modes of consumption of various types of
energy resources [8, 9].

One of the directions of solving the questions may be the use of cogeneration plants that are able
to provide communal services not only with heat, but also with electric energy.

2. Analysis of literary data and formulation of the problem

The use of cogeneration plants has extensive experience. Usually, cogeneration plants are used
for energy independence from external thermal and electrical networks for individual objects and in-
dustrial enterprises. In a number of cases, cogeneration plants provide separate settlements, and set-
tlements at enterprises, or at deposits of natural fuel [10, 11].

The issue of coordination of electricity consumption and heat consumption schedules has a num-
ber of solutions. The simplest solution is to meet the needs of consumers in electricity, heat production
is directed to heat networks, which reduces the total heat production [12, 13]. However, this option is
not quite rational for situations where the ratio of electricity production and heat energy is not within
effective limits, while it depends quite significantly on the schedules of electricity consumption. This
is especially true of decentralized heating systems.

The use of cogeneration plants (CP) as an add-on in district heating boilers has a certain distribu-
tion [14]. The main purpose of such application is to provide for the needs of the boiler house in elec-
tricity and improve the economic indicators of heat generation by using the recycled heat of the CP.

However, the analysis of the energy balance of such systems shows that for heating boilers for
every 100 Gcal/h of installed thermal capacity, on average, 2 MW of electrical power is connected to
all its own needs [15]. With electric capacities up to 10 MW, the use of gas piston CP economically
has an advantage [16], for which the ratio of electrical and thermal power lies within 1:1.5...1:2.0. That
is, at the electric power of KU 2 MW, the recycled heat is 3 Gcal/h.

Since the average heat load of the boiler house is 40...50% of the installed capacity (40...50
Gcal/h with 100 Gcal/h inserted), the share of heat from KU in the total heat balance will be respec-
tively 6...8%, which is relatively insufficient to affect the efficiency of heat generation.

Further increase in the share of recycled heat from the CP requires a corresponding increase in
the electrical power of the CP and, accordingly, additional consumers of electricity. External consum-
ers with specific load schedules are undesirable, since this greatly complicates the coordination of the
electrical and thermal load of CP | turns the boiler into a mini-CHP, which translates it into another
status of energy supply facilities.

A more rational scheme is that provides for the direction of residual electricity to heat production.
In this scheme, electricity is regulated taking into account the needs of heat supply and the direction of
electricity residues for heat production using electric boilers.

This scheme has a significant drawback — electric boilers are not the most effective in terms of
generating heat from electricity. A more effective option is to use heat pumps (HP) as an additional
source of heat. With a conversion factor of HP about COP=3.0 for each additional 1 MW of electrical
power of CP can be obtained (taking into account the heat) on average 4.5 Gcal/h of thermal power.

That is, with a total electrical capacity of CP 5...7 MW for a boiler room with an average heat
load of 40...50 Gcal/h, the share of heat from CP and HP will be 16...25 Gcal/h (40...50%), which
will have a significant impact on the efficiency of heat generation while autonomous electricity gener-
ation for the boiler room.

3. The purpose and objectives of the research

The main purpose of the study is to develop effective schematic solutions for the implementation
of cogeneration plants in existing power supply networks, taking into account the modes of heat ener-
gy consumption and electricity.

To achieve this goal, it was necessary to solve the following tasks:

—to analyze the use of cogeneration units in energy supply systems of communal services;

—to develop a scheme for the use of cogeneration plants for joint production of heat and electricity;

— to analyze the effectiveness of the proposed scheme of cogeneration installation.
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4. Methods of conducting research and processing experimental data

The use of cogeneration facilities for municipal utilities of cities with a developed network of
both heating systems and electric networks is quite rare.

The peculiarity of cogeneration plants is that it is aimed at generating electricity and the rest of
the fuel energy is directed to the extraction of heat. At the same time, the ratio of electricity production
to thermal energy varies from 1:1 to 1:4. At the same time, if thermal energy is required more than
electricity, the rest of the electricity should be given to external power grids.

Another issue of minimizing the location of cogeneration plants is on the one hand the approach
to the main local electric networks, on the other hand to the district heating boiler. The priority for the
location is the heating boiler houses, which organized a focal release of combustion products, as well
as the distribution system of heat carriers.

To solve these issues, a scheme for integrating the cogeneration plant into a centralized heat sup-
ply system based on the district heating boiler (Fig.1) and the use of heat pumps (HP) was developed.
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Fig. 1. Thermal scheme of the combined power supply system
of the boiler room with a heat pump and cogeneration unit

According to the scheme, the flow of the reverse network water is distributed between the water
boiler (WB) and additional heat sources. The first stage of heating network water is HP, since such a
temperature regime contributes to its high energy efficiency. The return water temperature at the en-
trance to the HP t' = 50...55 °C, at the output of HP = 60...65 °C. The second stage of heating is the

cooling system of the CP engine and the heat exchanger-gas recovery from CP. The second stage of
water is about 5...7 °C and thus the temperature of the water at the exit from the system of additional
heat sources will be t° =70 °C. WB in the scheme plays an important role, because it allows to carry

out, if necessary, water heating up to 90 °C.

In addition, thanks to the WB, the main task is solved when using CP — matching the heat and
electric load schedules. According to the considered conditions of CP works according to the electric
schedule of load (the need for electricity of boiler house and power supply of HP) with the corre-
sponding amount of the disposed heat. Maintaining the thermal balance of the entire system lies on the
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WAB. At the share of WB in the thermal balance from 50% or more of its capacity is enough to main-
tain the temperature chart of the boiler room.

A comparative analysis of the energy efficiency of the proposed solutions is proposed to be car-
ried out by the value of n_, the coefficient of fuel heat utilization, which is usually used in assessing

the effectiveness of CP [17]:

E+Q
ncof: Wt !
B-Q

where E, Q.- respectively electric and thermal power of CP;

B — fuel consumption (gas) on the CP;

Q" — heat of burning gas.

For comparison, consider the energy efficiency in three variants of the boiler configuration:

1. Conventional configuration — heat supply from the WB connected electrical power from the
external grid,;

2. Heat supply from WB, an add-on from CP for autonomous provision of the boiler room needs
in electricity with heat utilization of CP;

3. The configuration with a scheme with additional heat sources is proposed in the work.

According to each variant, the expression for the calculation n, will look like:

v _ QutNe

T.lcof - !
B!+

tpp
where Q,, is the thermal power of WB;
N, — connected electric power to the general needs of the boiler;
n,, — Electric efficiency of thermal power plants on which electricity is generated taking into
account transportation losses:
= QutNL+Q,
(B, +By,) O

where NP, Q,, — respectively electric and thermal power of CP;
B, B, —accordingly, fuel consumption (gas) at the WB and CP:
= Q,, + N2 + N -COP +Q,, |
(B, +B,,) 0"
where N2, N/ — according to the share of the electric power of the CP for the own needs of the

boiler room and the power supply of the HP;
COP - Conversion coefficients of HP.
Input data on the calculation of energy efficiency of the proposed options:

1. Average thermal power of WB Q,, =40 Gcal/h, when using additional heat sources
Q.,, = 20 Gcal/h (50% in the heat balance);

2. Combined electric power boiler N =2 MW,

3. Heat of gas combustion Q" = 32 MJ/m?;

4. Electric efficiency of thermal power plants taking into account transportation losses
Ny, = 0-35;

5. The share of the electric power of CP for own needs of the boiler house N©,=2N;” MW and

the power supply of HP = 4 MW;
6. Conversion coefficient of HP COP = 3.0;

ENERGETICS



52 ISSN 2076-2429 (print)

IMpaui Oxecbkoro noniTexHiyHOro yHiBepcutety, 2024. Burm. 2(70) ISSN 2223-3814 (online)

7. Thermal power of CP Q,=3Gcal/h (when only the boiler room is powered) and
Q,, = 9 Gcal/h (when the boiler room and TN is powered);
8. Efficiency WB n,,, = 0.9; total efficiency of the CP n,,=0.9.

5. Results of experimental bench research

The analysis of the obtained results (Fig. 2) shows that options No. 1 and No. 2 (without CP and,
respectively, with CP as only a superstructure) have commensurate values of the fuel heat utilization
coefficient — respectively n_cof*1=0.845 and n_cof"2=0.9.

Therefore, the use of CP according to option 2 is important as an autonomous source of electricity for the boiler
room with a slight increase in overall thermal efficiency.

Option No. 3 (with CP and HP) has a significantly higher overall thermal efficiency at
n_cof*3=1.08, i.e. provides not only autonomous electricity for the boiler room, but also a significant
increase in overall thermal efficiency.

The value of 1_cof*3 greater than 1.0 is conditional for the purpose of comparing options, i.e.
during the calculations in the heat balance of the fuel, the heat from the external low-potential energy
source at the entrance to the HP was not taken into account, because it is not an organic fuel for heat
generation.

n_cof

0.8
0.6
0.4
0.2

0

1 2 3
boiler room configuration options

Fig. 2. Energy efficiency of additional heat sources of the heating boiler

These calculations do not take into account the significant dependence of the energy efficiency of
the boiler house on the temperature of the external air, but demonstrate a general trend in averaged
data. This may be directed further studies of the effectiveness of the proposed scheme.

Conclusions

The paper analyzes approaches to improve the reliability of heat supply systems in the conditions
of power outage for district heating boiler with the use of cogeneration and heat pump technologies.
According to the task, an analysis of the use of cogeneration plants in energy supply systems of com-
munal services was carried out, schematic solutions for the use of cogeneration plants for joint produc-
tion of heat and electricity were proposed, an analysis of the effectiveness of the proposed scheme of
cogeneration installation was carried out. According to the results obtained, the following conclusions
can be drawn:

— The use of cogeneration plants to ensure reliable operation of heat supply systems in the condi-
tions of power outage as an add-on of the boiler house is a very effective and technological solution
for autonomous power supply;

— The heat from the cogeneration plant is up to 10% in the heat balance of the heating boiler, so it
can not significantly affect the increase in its energy efficiency;

— It is proposed to increase the energy efficiency of the cogeneration plant due to its joint use to-
gether with the heat pump, which will increase the share of additional heat sources to 50% in the boil-
er's balance, and, accordingly, increase the energy efficiency index by 1.3 times.
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