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JUSTIFICATION OF THE NEED
TO MODERNIZE THE EXISTING
CENTRAL HEATING POINTS
IN UKRAINE

The object of the research is central heating points (CTP) in Ukraine. The problem that is being solved in the
work is the need to modernize and automate existing CTPs. The importance of the problem is the presence of
a large number of CTPs in Ukraine, which require urgent modernization of morally outdated equipment and
automation of management of their work modes, which must be carried out in stages without removing them from
operational status.

The need for modernization and further automation of the existing CTPs in Ukraine is substantiated, which is that
this will allow increasing the efficiency of the CTPs through the use of modern technical equipment, software and
trained specialists in the automated management of the process of heat supply to consumers. And it will also allow
to reduce the cost of heat supply tariffs due to the reduction of non-production costs and to reduce the number of
service personnel who manage work modes in manual mode. During the martial law, the timely resolution of problems
with high-quality heat supply of the population acquires special importance.

The result of the conducted research is a theoretical analysis of the quality work of CTPs in the EU countries,
realization of their capabilities and prospects for further use in order to transfer their experience to Ukraine.
A theoretical analysis of the number and modern technical equipment of CTPs in Ukraine at the present time was
also conducted.

As a result of the research conducted on the existing CTPs in Ukraine, a survey of their technical condition was
carried out, specific directions for the phased modernization and automation of their equipment were developed
and proposed, and additional measures were taken regarding the thermal modernization of main pipelines and
modern thermal insulation of buildings and structures.

The possibility of practical implementation — step-by-step modernization and automation of the CTP, increasing
the technical and technological capabilities of the equipment and reducing the tariffs for heat and water supply
Jfor consumers.

Keywords: central heating point, obsolete equipment, modernization, automation, water supply, heat energy,
electricity, consumers.
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1. Introduction

Today, centralized heat supply plays a very important
role in providing heat energy to consumers in many coun-
tries of Europe, Asia, and America, because it is the most
widespread form of combined production of heat and elec-
tricity [1-4].

The source of production of such combined energy
is thermal power plants (CHPs), which allow savings in
the production of primary fuel up to 40 %, a reduction
in electricity consumption by 11 %, as well as a general
saving of final energy consumption in the industry by 6 %.
Therefore, CHPs, unlike other sources of energy production,
are elements of the local market for the supply of thermal
energy in limited areas.

According to expert estimates [5, 6], there are currently
more than 80,000 such thermal energy markets in the world,
of which:

— 50,000 are located on the territory of russia;

— 24,000 come from China, Ukraine, Belarus, Kazakh-

stan, the USA, etc.;

— 6,000 are located in the countries of the European

Union.

According to experts from the American consulting com-
pany Global Market Insights, the global market for centralized
heating in 2021 [7] was estimated at more than 150 billion USD.
It is expected that the annual global consumption of thermal
energy will exceed 14,000 PJ already in 2026.

Based on such data, experts predict that the district
heating market will grow by 1.66 % during 2022-2026 |5, 8].
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This is a world trend that is supported by the aggressive
climate goals of the global economy and is based on esti-
mates of the production indicators of heat supply enterprises,
which are increasingly using modern high-tech equipment,
which allows to raise energy production to a very high level.

As for the relevance and prospects of the development
of centralized heat supply, along with the constantly evolv-
ing traditional types and forms of heat energy production,
in the near future modernized markets of centralized heat
supply will be integrated into a single energy supply system
of all types of energy.

The aim of this paper is to investigate the need for a step-
by-step modernization of the district heating system (DHS)
in Ukraine. For this purpose, it is proposed to use automated
means of managing CTP work modes to implement the tasks
of increasing the real efficiency of their work in order to
maintain quality living conditions of consumers.

2. Materials and Methods

District heating provides the supply of thermal energy
in the form of hot water and steam from the CHP through
a distributed network of pipelines with very high insula-
tion to residential, industrial and commercial premises.
The distribution between heat energy consumers directly
depends on the heat load of these premises, industries and
existing production processes. Therefore, the use of such an
additional element as a heat point in the chain of centrali-
zed heat supply to consumers is a necessary condition.

The more powerful the technical potential of centralized
heat points will be, the wider will be the application of
centralized heat supply capabilities for consumer require-
ments (even industrial level).

Centralized heating (also called «<heat networks» or <heat
heating») is a system of centralized heat distribution that
allows the production of coolant in a centralized place. The
method of transporting the coolant is through well-insulated
pipes to the place of consumption (to domestic and com-
mercial consumers) in the form of heated water and space
heating. The source of heat production is organic fuel.

The centralized heat supply system (Fig. 1) consists of:

— powerful central boiler (CHP);

— systems of well-insulated pipes, through which the

coolant is, supplied both in the forward and reverse

directions. As a rule, the pipes run parallel to the street

— CTP, with the help of its technical means (heat
exchanger, water pumps, boiler) preparation and dist-
ribution of coolant to various heat consumers is car-
ried out.

CTP capacity depends entirely on the degree of its
automation and equipment.

The degree of automation completely depends on the per-
formance of the following actions or modes of CTP operation:

— automated forecasting of heat loads based on cus-

tomer data, operational data of technical equipment;

— automated planning of heat loads based on the weather

forecast, data on calendar dates (number of working

days, weekends and holidays).

These actions help to optimize and plan heat production,
reduce heat consumption and avoid peak loads. Also, due
to increased automation, the possibilities of using intelli-
gent algorithms for searching and finding malfunctions in
pipelines, such as detection of coolant leaks, replacement
of inefficient/worn heating systems and errors related to
the failure of technical means or elements of technical
systems, are expanding.

Also, the analysis of literary sources showed that almost
60 million EU citizens receive heat precisely thanks to
the centralized heat supply system, and another 140 mil-
lion citizens live in cities where one or more centralized
heat supply systems are located. According to statistical
reports of the EU [5, 9-11], currently, with the help of
central heat supply, about 11-12 % of the total demand
of all heat consumers is met at the expense of 6,000 km
of centralized heat supply networks.

Denmark has a great deal of experience and tradition
in the use of centralized heat supply for the population
and favorable conditions for its development using CHP.
Yes, 80 % of the country’s population lives in cities. The
climatic conditions of the country require a very high an-
nual consumption of thermal energy during the long heating
season. Characteristically, all large CHP plants in Denmark
are located in the immediate vicinity of these cities, so
district heating is the most common source of heat there.
CT systems exist in more than 450 cities.

Since the 90s of the 20th century, Denmark has achieved
great success in the implementation of state energy pro-
grams, which allowed to increase the share of produced
heat in centralized heat supply systems with a combined
method of obtaining thermal and electrical energy from

or under it; 33 % to 64 % [5, 8—11].
: Housing
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Fig. 1. Scheme of the centralized heat supply system
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Centralized heating is also the main method of heating
in Finnish cities. Today, the share of providing the country’s
population with heat due to centralized measures is 45 %,
and in large cities it is more than 80 %. In the capital
of Finland, Helsinki, the degree of centralized heating of
the population is the highest in Western Europe and is at
the level of 92 % of the total. Central heating systems are
operated in more than 250 cities and towns of the country.
At the same time, more than 70 % of the total heat is
produced by thermal power plants. The total length of the
country’s central heat supply networks is about 8,000 km.

In Sweden, district heating accounts for 42 % of the
total heat energy market, and in cities this share reaches
90 %, supplying mainly the municipal sector. The need for
heat supply for the municipal and industrial sectors is 37
and 4 TW per year, respectively. Industrial consumers use
the received thermal energy only for heating. Centralized
heat supply systems are mainly under municipal supervision
and are responsible for providing consumers with thermal
and electrical energy. The total length of the country’s
CT is about 10,000 km. The share of heat supplied by
the CHP is 25 % with the combined supply of thermal
and electrical energy. In the capital of Sweden, Stockholm,
the central heating system supplies the population with
heat for about 60% of the total need for heating and hot
water supply of the city [5, 8—11].

The system of centralized heat supply in Norway is 3 %
of the total supply of heat energy to domestic consumers.
The main source of energy for the production of heat sup-
plied by the CT system is waste (49 %), another important
source is oil (20 %) and thermal water, while the share of
electricity is 11 %. In some regions of the country, connec-
tion to the CT system is mandatory. Currently, the total
length of heat networks in Norway is 303 km. Oslo, the
capital of Norway, is only 10 % supplied with heat from
a centralized heat supply system. This feature of Norway’s
thermal power industry is connected with the share of hy-
dropower, which reaches about 97 %.

Among the mentioned large European cities, such large
cities as Berlin, Prague, Warsaw, Riga, Vilnius, Kaunas,
Tallinn and others are equipped with sufficiently large
systems of centralized heat supply.

Analysis of the development of central heat supply sys-
tems in European countries [5, 8—11] showed that the main
direction of increasing the efficiency of heat supply to con-
sumers in cities is the use of combined production of thermal
and electrical energy, taking into account new technological
methods during the reconstruction or construction of these
systems. The use of modern technologies of production and
heat transfer will allow several times to reduce the costs
of operation and repair of equipment, as well as to reduce
heat costs during transportation.

Maintaining relations between the manufacturer and all
heat consumers will allow for a unified policy in matters
of energy saving, efficient distribution of power from heat
sources, connection of additional consumers, reduction of
cases of irrational use of heat.

Increasing the efficiency in the operation of centrali-
zed heating points with the help of modern technologies
should ensure a reliable and high-quality supply of thermal
energy to all consumers.

The formation of centralized heat supply systems in
Ukraine began in the second half of the 1930s in large
cities, while the main systems in other cities were built

in the 1950s and 1970s. In connection with the transi-
tion to gas heating, individual coal-fired boiler houses
were closed, and they were replaced by district gas boiler
houses and heating CHPs, which became the CT basis.
The construction of centralized heat and hot water supply
systems for homes ended in the early 1990s, when they
switched from mass construction to individual construction.
For almost 45 years, a very extensive infrastructure of
the CT system was built in 420 cities of Ukraine [9, 11],
which consisted of 28,000 boiler rooms, 42 CHPs and
about 100,000 km of two-pipe CT.

After the collapse of the USSR, a lot has changed in
Ukraine, namely: due to the rapid increase in the cost of
organic fuel, the period of destruction of the central heating
model, which was built in the 90s of the XX century, has
come. A market economy came to Ukraine, which radically
changed the relations between the state, municipalities,
companies, CT and consumers. At the same time, the CT
profitability decreased sharply, because the constant increase
in fuel prices did not allow allocating funds for modernization
and development. CT systems were operated without the
necessary investments for about 60 years, so they became
very old morally and physically. The wear and tear of heat
networks negatively affected their general condition: cases
of coolant leaks, burst pipes, accidents, and, as a result,
non-receipt of heat supply services by consumers became
more common. The technical condition of the heating sta-
tion equipment has also deteriorated.

A separate negative impact on the state of centralized
heat supply systems in Ukraine was exerted by the state
tariff policy, which in many respects discredited the system
of centralized heat and hot water supply and made many
heating enterprises bankrupt [7, 12].

In order to obtain a complete picture of the negative
transformation of central heating systems in the cities of
Ukraine over the past 30 years, it is necessary to identify
and consider the main negative changes that have occurred
during this period, to assess the identified problems and
threats in the industry in order to develop a further plan
of specific actions aimed at modernization and development
of the system as a whole.

3. Results and Discussion

The analysis of literary and statistical sources made
it possible to identify the main negative changes in the
field of centralized heat supply of Ukrainian cities that
have occurred over the past 30 years. These include:

1. Mass refusal of industrial consumers from centralized
heat supply services.

In connection with the rapid growth of energy prices,
industrial enterprises of Ukraine were the first to refuse ex-
pensive CT services. Thus, during the period 1991-2010, the
industry lost more than 20 % of thermal energy sales (com-
pared to 1990) [7, 12].

The transfer of industrial heating power plants to com-
munal or private ownership led to the mass construction of
private boiler rooms (block-modular, roof-mounted, built-
in/attached to the building, etc.). This led to a decrease
in heat loads and a drop in the profitability of the CHP.

2. Reducing the demand for hot water from centrali-
zed sources.

The state policy, focused on the transition of consumers
from centralized heating to electric and thermal energy,
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forced the majority of consumers to abandon centralized
hot water supply in 25 years. The population began to mas-
sively install private electric boilers (apartment and home).
Sales of hot water in the CT industry decreased by 70 %.

Also, during this period, the CT industry lost about
25 % of thermal energy sales, which led to the bankruptcy
of CHPs in 420 cities of the country. Today, only 20 large
cities of Ukraine have centralized hot water supply.

In Fig. 2, using the example of the city of Zaporizhzhia,
Ukraine, the process of reducing the demand for the use
of hot water for the period 2005-2023 is shown [11-13].

3. Construction of gas-fired boiler rooms at the sites of
operating CHP plants.

In the initial period of operation of boiler plants, which
worked on natural gas, and with the then low gas prices, the
profitability of CTP operation was high, while the profitability
of operation of thermal power plants, the source of which
was coal, at the same time, fell sharply. Therefore, in the 90s
of the XX century the strategy of local authorities (in order
to reduce costs) was the gradual disconnection of CHP
plants from consumers, their subsequent bankruptcy and
closure due to unprofitability. Such a trend could be ob-
served in such large cities of Ukraine as Kyiv, Kharkiv,
Zaporizhzhia, Simferopol, Donetsk, Lviv, and others.

It should also be noted that in recent years, the ten-
dency to use individual heating systems (autonomous boiler
rooms) in new buildings has spread, which has led to the
complete abandonment of CT in areas of modern buildings.

Thus, the conducted analysis of the use of centrali-
zed thermal energy in the cities of Ukraine showed that
approximately 20 % of its sales, compared to 1990, have
already been lost, and this process continues to spread.
However, almost 80 % of consumers continue to use the
services of centralized heat and

water supply, the quality of which ~ Thousands of Geal

Secondly, modernization of the technical equipment of
the CTP with further automation of their work modes. The
experience of the EU countries shows that over 20 years
of gradual modernization of the CT system, these mea-
sures will reduce the load on the system by approximately
8—-10 times, reduce the costs of heat producers, which will
make it possible to balance tariffs for the population, and
improve the quality of services provided to consumers.

Thirdly, thermal modernization of buildings. Direc-
tive 2010/31/EU of the European Parliament and Council of
May 19, 2010 on the energy performance of buildings [15], to
which Ukraine has joined, defines directions for improving the
energy performance of buildings within the EU, taking into ac-
count external climatic and local conditions, as well as require-
ments regarding the indoor microclimate and cost effectiveness.

Fig. 3 presents the directions of step-by-step moderniza-
tion of the CT system in Ukraine.

The first stage of modernization concerns the main pipes
that connect the CHP and CTP - their thermal insulation
through the use of modern heat-saving materials along the
entire distance. The materials that are most often used in the
thermal insulation of pipes at the present time are mineral
wool, expanded polystyrene and polyurethane foam. Based on
the results of the study, it is proposed to use modern materials
such as Al Plast — normaizol, among which foamed rubber
and foamed polyethylene, as thermal insulation of main pipes.

In addition, simultaneously with the thermal insulation of
pipes diverted from the CTP to the buildings and structures
of consumers, it is proposed to install thermobarometric
modern temperature and pressure sensors (marked with the
letter «D» in Fig. 3) at a calculated distance from each other
for automated control of these indicators in real time (with
taking into account real climatic conditions).

must meet the established stan-
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Fig. 3. Directions of step-by-step modernization of the CT system in Ukraine
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The installation of temperature and pressure sensors on
the pipeline will be carried out according to the results of
the study, which was carried out regarding the measure-
ments of these indicators at different distances, starting
from the CHP, to the entrance to the CTP. Depending
on the climatic temperature of the environment and the
distance from the heat supply source (CHP boilers), the
dependence of the drop in temperature and pressure of
the heat carrier on the normative value was deduced.
The dependence of a sharp drop in temperature and pres-
sure indicators in the event of an emergency situation
with subsequent determination of the location of the ac-
cident (leakage or rush) on the pipeline was also deduced.
Thus, the correct installation of sensors on the pipeline
will allow constant automatic control of temperature and
pressure indicators and timely determination of emergency
situations. Information from the sensors will be constantly
sent to the dispatching center of the CTP. This will allow
specialists to make timely decisions regarding the situa-
tion that develops on a real time scale on the pipeline.
Such studies are already being conducted, their results
will be presented in the following articles.

The second stage of modernization concerns the problem
of gradual replacement of outdated technical equipment of
the CTP: modern technical means with elements of com-
puter technology and appropriate software to increase the
degree of automation of technological process management
should come to replace the outdated equipment at the CTP.

During the implementation of this stage of equipment
modernization, it is planned not only to replace outdated
equipment with new ones, but also to install additional new
equipment, which is specially developed for this purpose.
For this purpose, it is proposed to implement a set of
additional technical means for the equipment of the heat
exchanger of the CTP, namely: first, specialized intelligent
temperature sensors for constant determination of the tem-
perature of the heat carrier in the heat exchanger and the
temperature of the environment. The need for this is due
to sharp fluctuations in the ambient temperature in our
area (frequent temperature crossings through climatic zero).
The second is a programmable controller that will constantly
receive information from temperature sensors, compare them
and issue decision options for preparing the temperature
of the coolant in the heat exchanger. The third is an elec-
tromagnetic valve, which should separate the supply of
coolant with a sufficiently high heating temperature from
the heat exchanger. This will make it possible to sharply
reduce the consumption of electricity by energy-intensive
equipment of the CTP (pumps, valves, etc.), the consump-
tion of the amount of coolant, the consumption of cold
water to lower the temperature of the coolant, and reduce
the general tariffs for heat supply for consumers, which is
relevant in wartime.

This will make it possible to significantly increase the
reliability of the heating stations and their efficiency, which,
in turn, will allow to reduce the number of service person-
nel, reduce the economic costs of preparing and supplying
the heat carrier to consumers. Such work has been started,
equipment is gradually being replaced at the CTP. Currently,
our scientific team, in co-authorship with the employees of
the CT system, is developing a general methodology for
selecting the necessary technical equipment and appropriate
software, conducting experiments on their consistency. After
the end of the experiment, the results will be published.

As for the difficulties in preparing and conducting the
experiment, there are certain limitations in terms of practical
installation of expensive modern equipment and software, tech-
nical problems of installing sensors on the pipeline (currently
for the pilot project it is planned to install them on the thermal
frames of the CTP) and training specialists for the operation
of new equipment. During the implementation of the pilot pro-
ject, there was also a serious problem with attracting sponsors.

The third stage of modernization applies directly to
consumers’ buildings: by increasing the efficiency of heat
carrier supply, each consumer will be able to independently
control the microclimate in its room and timely regulate the
costs of heating the home. However, the need for thermal
insulation of buildings is decided by consumers individually.

As for the direct modernization of the equipment of the
thermal power plants themselves, studies show that the mo-
dernization stages that have already been initiated are very
similar to the CTP modernization.

The practical significance of the obtained results lies, to
a large extent, in reducing the costs of consumers for services
for heat supply and electricity consumption of their buildings,
especially this applies to the difficult period of martial law,
which Ukraine has been in for almost two years. Shelling
of critical infrastructure, which includes heating points and
heating networks, accelerated the pace of research and expe-
rimental work, namely scientific works on the introduction
of modern technologies into the operation of heating points.

4. Conclusions

As a result of the study, the following scientific results
have been obtained:

— The dependence of the coolant temperature drop

on the normative values at a significant distance from

the heating source is calculated.

— The dependence of a sharp drop in temperature and

pressure indicators in the event of an emergency situa-

tion with subsequent determination of the location of
the accident (leakage or rush) on the pipeline is derived.

— A complex of additional technical means for the

equipment of the CTP heat exchanger is proposed.

— A complex of software tools for automating the opera-

tion of modern equipment of the CTP heat exchanger

is proposed.

According to the authors of the article, these innova-
tions will allow to increase the reliability of CTP work
and the efficiency of their work, which, in turn, will al-
low to reduce the number of service personnel, reduce
economic costs for the preparation and supply of coolant.
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