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Methodical approach to estimating the potential 
of thermal energy production by heat pump plants 
in case of their implementation in regional district 

heating systems 
 

The results of the estimation of the annual potential for thermal energy production using 
heat pumps (HPs) in district heating systems (DHS) for the regions of Ukraine and the 
country as a whole are given. This study is relevant due to the high level of DHS develop-
ment in Ukraine, which reaches 52 %. Today, the outdated equipment of DHSs in Ukraine 
needs significant technological modernization. Also, in the near future, it will be necessary 
to restore DHSs destroyed as a result of the total destruction of the civil infrastructure by 
the russian aggressor. The post-war reconstruction of Ukrainian cities has a unique chance 
to radically update DHSs using renewable energy sources and innovative technologies, in-
cluding HPs. The authors propose a new methodical approach for the regional determination 
of the forecast implementation scope of HPs in DHSs. Using this approach, the economically 
available energy potential of thermal energy production by HPs in DHSs from various low-
potential heat sources (LPHS) was determined, both for the regions of Ukraine and for the 
country as a whole. As of 2020, this energy potential for DHSs of Ukraine is 62.601 million 
Gcal/year (262.1 PJ/year): 22.2 % is provided by natural LPHS (heat of air (2.2 %), river 
water (16.9 %), ground and groundwater (3.1 %)) and 77.8 % is provided by anthropogenic 
LPHS (heat of ventilation emissions of buildings connected to the DHS (43.0%), sewage 
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water (9.7 %), flue gases from boilers and combined heat power plants (14.3 %), cooling 
water of technological processes (10.8 %)). The calculated energy potentials for the thermal 
energy production by HPs from various LPHSs for DHSs of 24 regions of Ukraine are pre-
sented also. Information from scientific publications, regulatory documents, annual reports 
of the State Statistical Service of Ukraine and other government agencies used as the initial 
data for calculations. Approved methods of heat engineering calculations, methods of statis-
tical and calculation-comparative analysis using Microsoft Excel computer software used to 
calculate and visualize the results. Methodical recommendations for determining the priority 
and locations for the implementation of HPs in regional DHSs of Ukraine, which developed 
by the authors of the article, are presented. Bibl. 48, Fig. 2, Tab. 4. 
Keywords: district heating systems, heat pumps, low-potential heat sources.  
 

Introduction 
 
District heating systems are one of the effective 

and promising means for providing thermal energy 
to consumers. In Ukraine, the level of centraliza-
tion of heating systems is quite high, although the 
demand for thermal energy from DHSs has been 
gradually decreasing since the mid-90s of the last 
century: from 146.6 million Gcal in 1997 to 
49.8  million Gcal in 2015. Today, the main tech-
nical equipment of the DHSs of Ukraine needs sig-
nificant modernization due to insufficient funding 
during the last 30 years [1], and it will also be 
necessary to build new DHSs in the areas where 
hostilities are currently taking place due to the to-
tal destruction of the civilian infrastructure. The 
post-war reconstruction of destroyed cities with 
their heating systems and new construction will re-
sult in densification of the existing buildings, 
which will cause an increase in the heat load den-
sity of the DHSs. As a result, their efficiency will 
improve and the level of competitiveness will in-
crease. This will be a unique chance to radically 
update them with the use of renewable energy 
sources (RES) and innovative technologies, in-
cluding heat pump plant (HPP). At the same time, 
the cost of thermal energy for the consumers of the 
DHSs will significantly decrease. 

As shown by previous studies carried out by the 
authors [2], heat pumps are one of the heat-gener-
ating technologies that should be used in DHSs of 
Ukraine. The operation of heat pumps in the mode 
of daily regulation of the electrical load in energy 
systems is also economically beneficial. 

The expediency of implementation HPP, which 
using different types of low-potential heat sources 
(LPHS), in the DHSs is the subject of many stud-
ies in the world [3–13], in particular, thermal at-
lases have been created that describe the current 
needs in heat and the potential for the development 

of centralized heat supply in such countries as Ger-
many, Great Britain, Denmark [14]. In Ukraine, 
the problem of implementing HPP was also studied 
[15–21]. 

According to the European project “Heat 
Roadmap Europe”, in the future, up to 25 % of the 
energy from heat pumps (HP) may feed to the 
DHSs. It is assumed that thermal and electrical 
systems with low temperatures of supply and re-
turn water will be integrated in the 4th generation 
DHSs, and they will also interact with district 
cooling systems [22]. These problems are discussed 
also in detail in [14, 23]. 

Currently, the 5th generation DHSs are already 
being developed, which will be integrated and 
smart controlled and will apply innovative tech-
nologies using various types of renewable and sec-
ondary energy sources, in particular LPHS, ther-
mal and electric storage systems, etc. [24–26]. 

Today, HPPs are used in DHSs in many coun-
tries. For example [9, 27–29], in Germany, in the 
town of Bergheim, the heat of sump water from 
the mining pit is used by two HPs of 293 kW each 
in the first DHS and one HP of 865 kW in the 
second DHS. In Finland, the return line of the 
DHS is the heat source for the HP of 158 kW in 
the town and municipality of Mänttä-Vilppula, 
and waste heat from the data center is used for the 
HP of 3.6 MW in the city of Mäntsälä. In Den-
mark, waste heat from the local paper factory is 
used for the HP of 5.3 MW in the town of Skjern, 
and from a food industry enterprise in Lille-
Skensved for the HP of 7–4 MW (winter/sum-
mer). In Norway, seawater heat is used for the 
13.2 MW HP in the municipality of Drammen and 
two HP with the total heating capacity of 16 MW 
in Forne-bu/Rolfsbukta. In Lausanne (Switzer-
land) the heat source for the HP of 4.5 MW is the 
water of Lake Leman. In Budapest (Hungary) sew-
age energy is used for two HPs (heating capacity 
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is 1.69 MW, cooling capacity is 1.748 MW) in 
heating system of district with more than 100,000 
habitants. In Milan (Italy) the underground water 
is a heat source for two HPs of 850 kW each, and 
at the same time, the excessively high level of 
groundwater is reduced. In Great Britain, in Lon-
don, 500 houses in the Islington district use waste 
heat from the subway (Bunhill 2 network) for dis-
trict heating. 

 
Basic material 

 
As you can see from the given examples, it is 

possible to use HPPs of different types in the 
DHSs, depending on the available LPHS. LPHSs 
can be of natural or anthropogenic origin. LPHS 
of natural origin is external air, surface waters of 
reservoirs (rivers, seas, lakes), underground wa-
ters, ground and rocks of the upper layer of the 
Earth, and solar energy; LPHS of anthropogenic 
origin is discharge (waste) water, air from heating 
and ventilation systems, flue gases, heated air and 
heated water or other liquids of cooling systems of 
technological processes, etc. 

In European countries, large HPs use seven 
main types of LPHS [30, 31], the features of which 
are given in the table 1. Generalized characteristics 
of heat pump technologies that use the mentioned 
above LPHSs are given in [31]. 

The use of LPHSs of anthropogenic origin for 
the operation of HPPs makes it possible to solve 
two tasks at the same time: reducing the negative 
impact on the environment and improving the en-
ergy efficiency of heat and cold production. This 
approach corresponds to the EU Strategy 2020 [32], 

which provides for the development of low-temper-
ature DHSs, connecting local demand with RES 
and LPHS of anthropogenic origin, as well as with 
electricity and gas networks. 

In [33], it is shown that it is advisable to use 
the heat of LPHS of both anthropogenic and nat-
ural origin for the DHSs of Ukraine. An estimate 
of the thermal potential of the above-mentioned 
sources for the HPPs of the DHSs is given in [34]. 

A new methodical approach was developed to 
estimate the potential of thermal energy produc-
tion by HPPs in regional DHSs, which differs from 
the existing ones in that it takes into account the 
coverage of the region by DHSs and the possibili-
ties of HPPs to access LPHS. According to this 
approach, a calculation model (formula (1)) was 
created. This model enables to determine the cur-
rent and forecast economically achievable output 
of thermal energy ( )τQ  by HPPs in DHSs for cit-

ies of the country: 
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where n = 1,..., N is the sequence number and the 
total number of regions in the country; m = 1,..., 
M is the sequence number and the total number of 
cities with district heating systems in the region n;  
j = 1,..., J is the sequence number and total num-
ber of LPHS types; ( )0 τjnmSPF  is the (average an-

nual) seasonal performance factor of energy trans 
formation in the city m, region n, LPHS of type j

 
Table 1. Heat sources used for HPPs in European countries and their features [30] 
 

Type of Heat 
Source 

Capac-
ity, 
MW 

Percentage 
of Total 
Capacity, 

% 

Number 
of Units 

Average 
Capacity 
Per Unit, 

MW 

Temperature 
Range, °C 

Temperature Stability/ 
Security 

Proximity to 
Urban Areas 

Sewage water 891 56 54 17 10–20 H H H 
Ambient water 390 24 34 11 2–15 M H H 
Industrial waste 
heat 129 8 28 5 12–46 H L M 

Geothermal heat 97 4 19 5 9–55 H H L 
Flue gas 40 2 7 6 34–60 H M M 
District cooling 30 < 2 4 7 0–9 L M H 
Solar heat storage 4 < 1 3 1 10–35 H H M 
Total 1580 – 149 – 0–60 – – – 
Note: H — high, M — medium, L — low. 
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in year τ; ( )τcav
nmk is the coverage coefficient by 

DHS for the region in the year τ; ( )τac
nmk  is the 

access ratio in the city m of the region n to LPHS 
of the type j in the year τ; tr

jk  is the conversion 

factor of the HPP heat exchanger from LPHS of 
the type j; ϕ p

jnm  is the economically feasible energy 

potential of LPHS of the type j in the city m of 
the region n in the year τ, Gcal/year. 

It should be given some explanations about the 
estimated average seasonal performance factor 

0SPF . Thus, Article 10 of the Law of Ukraine “On 
Alternative Energy Sources” [35] contains the gen-
eral conditions for classifying heat pumps as re-
newable energy equipment: “Aerothermal, geother-
mal, and hydrothermal energy obtained with heat 
pumps should be considered as obtained from re-
newable sources, provided that the final energy 
output significantly exceeds the consumption of 
primary energy, which is necessary to drive heat 
pumps". The Directive (EU) 2018/2001 [36] es-
tablishes the criterion for classifying HPP as re-
newable energy equipment — it is the minimum 
acceptable value of 0SPF , which is equal to: 

 

                  0 1.15 /η=SPF ,                (2) 
 

where η is the efficiency factor of the energy sys-
tem for electricity production, which means the 
“the ratio between total gross production of elec-
tricity and the primary energy consumption for the  
production of electricity and shall be calculated as 
an EU average based on Eurostat data” (Directive 
(EU) 2018/2001, ANNEX VII [36]). Calculations 
of the electrical efficiency of the energy system of 
Ukraine according to the Eurostat methodology 
given in [37] and in accordance with the data of 
the State Statistics Service of Ukraine regarding 
the energy balance of the country for 2010 [38] 
provide the 0SPF  of 3.2 [39]. 

Based on the mentioned above and taking into 
account the information given in [40] and [41],  
the value of 0SPF  was calculated for different 
LPHSs, and assumptions were made regarding the 
access factors for LPHSs and transfer coefficients 
of HPPs heat exchangers. The results are shown in 
the table 2. 

The coverage coefficient  ( cav
nmk ) by DHS for the 

region was determined according to [42]. 
Economically feasible potentials of LPHS are

Table 2. The estimated average efficiency factor 
of HPP and coefficients for calculations 

 

Heat Pump Plant 0SPF  
ack  

trk  
Air — Water* 3.5 0.5 0.6 
Ventilation emissions — Wa-
ter* 3.5 0.5 0.6 

Flue gas — Water 4.5 1 0.7 
Process heat — Water  4.2 0.3 0.7 
Sewage water — Water 3.8 0.7 0.5 
Rivers, reservoirs — Water 3.3 0.02 0.75 
Ground and groundwater — 
Water 3.5 0.3 0.7 

Note. * It is assumed that HPPs air-water and HPPs 
ventilation emissions-water will operate together during 
the heating period, therefore the air will be diluted by 
ventilation emissions of buildings and its temperature 
will rise. In the non-heating period, ventilation emis-
sions will not be used, but only air. 
 
calculated as follows. 

The amount of heat S
nm
DHQ  discharged to the 

outside by the ventilation systems of the apart-
ments connected to the DHS in the city m of the 
region n during the heating period can be deter-
mined by the following formula [34]: 

 

6
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= ⋅ ⋅ ⋅ − ×
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v hp
кnm n nm
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Q k V C t t
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where k is the proportionality factor, 0.2388; 

S
nm
DHV  is the volume of apartments connected to the 

DHS, m3; ρ  is the air density (reference data), 
1.204 kg/m3; C  is the mass heat capacity of air 

(reference data), 1.007 kJ/(kg·K); av
кt  is the av-

erage temperature of air indoors, 18 °С is accepted; 
p

nm
ht  is the average ambient air temperature in the 

city m of the region n during the heating period; 
τnm  is the duration of the heating period in the 
city m of the region n, days; n is the rate of air 
circulation in apartments, once per hour; 24 is the 
number of hours in a day. 

The thermal energy potential of air was deter-
mined by the formula [34]: 
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t

p
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ϕ
ϕ ϕ

ϕ
= ⋅ ,                 (4) 

 

where ϕ p
е is the economically feasible air potential
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in the region n; ϕ p
t  is the technically achievable air 

potential in the region n; ϕ t
c , ϕ e

c  is the techni-
cally achievable and economically feasible air po-
tentials in the country, respectively [43, 44]. 

The available thermal energy potential of river 
water a

mE  (GJ/year) is calculated according to the 
formula [34]: 

 

                   wm
a

rC p tE W= ⋅ ⋅ ∆ ⋅ ,              (5) 

 
where wC  is the specific heat capacity of water, 

4190 J /(kg∙°С) at 15 °С; p  is the water density, 

998 kg/m3 at 15 °C; ∆t  is the change of the river 
water temperature in the heat pump condenser, 
2 °С is accepted; rW  is the annual flow (volume) 
of river water, km3/year. 

The potential of waste heat of boiler houses and 
combined heat power plants (CHPPs) is 

 

                  ,

100
fg CHP B
nm nmQ Qτ τ

δ
= ⋅ ,             (6)  

 
where τ

fg
nmQ  is the waste heat potential of flue 

gases of boilers and CHPPs; δ  is the weight-aver-
age loss of thermal energy with flue gases, 8.6 %; 

,CHP B
nmQτ  is the thermal energy output of boilers and 

CHPPs in the year τ. 
The economically feasible potential of waste 

water, ground and groundwater, and thermal sec-
ondary energy resources in industry was deter-
mined according to [21, 45, 46], respectively. 

The economically feasible potential of seas is 
limited only by the presence near the DHS, acces-
sibility, technical and financial capabilities of the 
heat supply company. 

Information on the production of product types 
in the regions is presented by the State Statistical 
Service of Ukraine as confidential, therefore the 
potential of thermal secondary energy resources 
(TSER) was determined for the country as a 
whole. The total annual energy potential of TSER 
will be 32,075.8 thousand GJ, or 7,660.8 thousand 
Gcal. The access factor is taken as 0.3, and the heat 
exchanger conversion factor is 0.7, 0SPF = 4.2. Then 
the amount of thermal energy produced by HPP in 
DHS will be 6756.8 thousand Gcal/year. 

Using this model, the above-mentioned poten-
tial was calculated for Ukraine as a whole (Fig. 1)

 
 

Figure 1. The total energy potential of thermal energy 
production of HPPs in DHSs of Ukraine and 
distribution by its components: 1 — Air — Water; 2 — 
Ventilation emissions — Water; 3 — Flue gas — Water; 
4 — Process heat — Water; 5 — Sewage water — 
Water; 6 — Rivers, reservoirs — Water; 7 — Ground 
and groundwater — Water. 
 
and at the level of its regions (Fig. 2) for 2020. 

Fig. 1 shows that, as of 2020, the total potential 
of thermal energy production by HPP in DHS of 
Ukraine may reach 62.601 million Gcal/year, 
which is equivalent to 8.9 million tons of stand-
ard coal per year. The distribution of the energy 
potential of thermal energy production from 
LPHSs of various origins is: from natural LPHSs 
— 13.894 million Gcal/year (22.2 %), from an-
thropogenic LPHSs — 48.707 million Gcal/year 
(77.8 %). Natural LPHSs are the heat of air (1.367 
million Gcal/year or 2.2 %), river water (10.599 
million Gcal/year or 16.9 %), and ground and 
groundwater (1.931 million Gcal/year or 3.1 %); 
anthropogenic LPHSs are the heat of ventilation 
emissions of buildings connected to DHSs (26.938 
million Gcal/year or 43.0 %), sewage water 
(6.053 million Gcal/year or 9.7 %), flue gases of 
boiler houses and CHPs (8.959 million Gcal/year 
or 14.3 %), and cooling water for technological 
processes (6.757 million Gcal/year or 10.8 %). 
For comparison: in 2020, the total thermal energy 
output of all heating systems of Ukraine (autono-
mous, decentralized, moderately centralized, and 
centralized) was 88.954 million Gcal [47], in par-
ticular, 46.256 million Gcal (52 %) from DHSs. 

The considered 24 regions of Ukraine are char-
acterized by the disproportionality of LPHSs: in 
regions with large cities and developed heavy and 
chemical industry, the potential of anthropogenic   
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Figure 2. The potential of thermal energy production by HPPs in regional DHSs: 1 — Heat of ventilation emissions; 
2 — Heat of ground and groundwater; 3 — Heat of flue gas; 4 — Heat of sewage; 5 — Heat of air; 6 — Heat of 
rivers. 
 
LPHS is greater than in regions with agrarian in-
dustry (Fig. 2). 

Undoubtedly, it will be impossible to fully re-
alize such thermal potential in the DHSs because 
of the following reasons: 

— in the process of DHSs development, in ad- 
dition to HPPs, other thermal energy generation 
technologies will be used — solar collectors, 
CHPPs, biofuel boilers, electric boilers. Accord-
ingly, these technologies will compete with each 
other, and it is not a fact that HPPs will occupy 
the entire thermal energy market; 

— processes of decentralization will continue, 
especially in the field of hot water supply due to mass

installation of individual water heaters (boilers); 
— the efficiency of production, transportation, 

and consumption of thermal energy will increase; 
— the population of Ukraine will decrease; 
— global climate change (warming) will occur. 
As a result of these and other reasons, as it is 

shown in [2], the demand for thermal energy of 
the DHSs will steadily fall and will reach the level 
of 35 million Gcal/year in 2050 (28 % less than 
in 2020), and thermal energy production will be 
38.8 million Gcal/year. At the same time, the 
share of HPPs will be about 38.7 % (about 15 mil-
lion Gcal) [48]. In fact, this is the predictive po-
tential that will be used. 
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As a result of the financial analysis of the 
projects of the use of HPPs in the DHSs with 
various LPHSs, a profitability index was deter-
mined and used as a measure for their ranking. The 
profitability index was calculated by the formula: 

 

                    = i

i
i

NPVI
IC

P ,                     (7) 

 

where iPI  is the profitability index of the project 

i, iNPV , iIC  are the net present value and initial 
cost of the project j, respectively. 

The ranking results are given in the table 3. 
Of course, it is advisable to implement projects 
with the best financial indicators in the first place. 
According to the table 3, they are HPPs, which 
use waste heat of boiler houses and CHPPs, tech-
nological processes, and ventilation systems as 
LPHS. An additional advantage of these LPHSs is 
that they are anthropogenic. It is also advisable to 
include projects for the implementation of HPPs, 
which use the heat of sewage water, in the list of 
priority implementation, despite the fact that they 
are less effective than projects with natural LPHS 
(heat of the sea and rivers). This is due to their 
convenient location (in every quarter of the city), 
high heat and temperature potential, heat flow sta-
bility, accessibility, and a decrease in their impact 
on the environment. The priority of implementing 
HPPs, which use low-potential heat from sources 
of anthropogenic origin, is also explained by the 
direct proximity to the DHS, greater specific heat 
capacity and relatively greater temperature poten-
tial (15 °С to 45 °С). Whereas sources of natural 
origin have a lower temperature potential (5 °С to 
20 °С, and for outdoor air in winter and below 
–10 °С). Open reservoirs are not always located 
within the settlements with DHS, and the air and 
topsoil have a low specific heat capacity, which 
requires the use of significant volumes of air and 
land areas to extract the necessary heat capacity 
from these sources. 

The use of the LPHSs discussed above for the 
mass implementation of HPPs in the DHSs will 
enables make their projects typical and carry out 
wholesale purchases of equipment, which will re-
duce investment costs. The use of natural LPHS 
(heat of the sea, rivers, ground and groundwater) 
will be limited and has a single character. 

An ideal place for HPP location is a place close 
to LPHS and DHS networks. CHPPs meet these  

Table 3. Profitability index of using HPPs with 
different LPHS 

 

Low-potential heat source 
Capacity 
of HPP, 

MW 
PI 

Waste heat of boiler houses and 
CHPPs 1.0 5.6 

Waste heat of boiler houses and 
CHPPs 2.2 5.0 

Waste heat of technological pro-
cesses 2.2 4.5 

Heat of sea 8.016 3.3 
Ventilation emissions, air 0.1 2.8 
Ventilation emissions, air 1.0 3.0 
Heat of rivers 1.0 2.7 
Sewage water 1.0 1.5 
Sewage water 14.7 2.6 
Ground and groundwater 1.0 1.3 

 
criteria. CHPPs, according to their purpose, 
should operate according to the heat schedule. 
When the heat output of CHPP changes, its elec-
tric output proportionally changes, and this can be 
used to provide auxiliary (system) services to 
power systems. To do this, HPP should be in-
stalled on the CHPP territory. When the heat out-
put of CHPP changes, the heat balance in the DHS 
will be maintained by the HPP and, if necessary, 
by gas boilers. 

HPPs can also be implemented in district and 
quarterly boiler houses. In this case, it is attractive 
that: 

— the majority of boiler houses are located in 
the center of heat loads;  

— there are no problems with heat accumulators, 
because main heat networks can be used as them; 

— near the boiler houses, as a rule, sewer col-
lectors are located, which can be used as LPHS 
for HPP;  

— according to statistical data, boiler houses 
have a significant excess of installed capacity, and, 
accordingly, boiler units. Therefore, there are no 
problems with the HPP placement, they can be 
placed on the sites of dismantled outmoded and 
worn-out boilers; 

— an increase in the electrical load of boiler 
houses in the case of HPP introduction is not prob-
lematic. 

In addition to the LPHSs mentioned above, the 
heat of cooling and condensation of steam of flue 
gases from boilers and the outside air can be used
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as a LPHS for HPPs. 
HPPs can be located on the roofs of residential, 

public, and administrative buildings, which are 
connected to the DHS. Ventilation emissions of 
these buildings and ambient air can be used as 
LPHS. 

Another variant of HPPs implementation is in 
heat distribution systems. This option provides for 
the installation of HPPs in central heating points, 
heat distribution stations (heat substation). Dur-
ing the heating period, the technology can be used 
for heating and/or hot water supply. The heat pro-
duced by the HPPs can replace the energy pro-
duced by the boilers in the boiler house or be ac-
cumulated in the main return line. The heat of sew-
age, the collectors of which are located in every 
residential area of large cities, and air (if there are 
no others nearby) can be used as LPHS. 

Taking into account the significant unevenness 
of hot water consumption, the use of this technol-
ogy in the non-heating period is possible only if a 
heat accumulator is installed in the heat substa-
tion, or a branch of the main network connected 
to the heat substation is used as an accumulator. 

The technology of using HPPs in heat distribu-
tion systems can be used to increase the heat load of 
the existing DHS (in case of new consumers). Let's 
consider it on the example of Kharkiv CHPP-5. Ac-
cording to the project, it was supposed to supply 
heat to the city through three main pipelines, but 
only two of them were built. Therefore, part of the 
installed heat capacities turned out to be actually 
“closed” due to the insufficient transmission capac-
ity of the existing heating networks. As a way out 
of this situation, there is installation of HPP, 
which will obtain heat from the return lines of ex-
isting networks, on the consumer side in the heat 
distribution systems. In this case, the heat carrier 
flow rate will not change, and its temperature in 
the return lines will decrease that indicates the re-
lease of additional heat. Thus, funds for the laying 
of additional pipelines will be saved. HPP in-
stalled in heat distribution systems can be used to 
control the load of energy systems. The algorithm 
of operation is as follows. At low load in the power 
system (night-time valley), HPPs operate with 
maximum productivity, and at high load — with 
minimum productivity, up to their complete shut-
down. In this case, the heat balance in the DHS of 
the residential area is provided with the heat of the 
main pipelines. In this technology, both electric 
heaters and HPP can be used. LPHS for HPP can  

Table 4. Locations of HPPs in the DHS 
 

Locations of HPPs 
in the DHS Available LPHS 

Roofs of residential, 
public, and admin-
istrative buildings, 
which are connected 
to the DHS 

Ventilation emissions of build-
ings, air 

Heat distribution 
systems (heat sub-
station) 

Sewage, air, ground and 
groundwater, energy of the re-
turn line of CHPP (in case of 
additional heat load) 

Boiler houses and 
CHPPs 

Flue gases, sewage, process wa-
ter, air, ground and ground-
water 

Separately located 
HPPs 

Rivers and lakes, sea water, 
ground and groundwater, sew-
age, air, waste heat of indus-
trial enterprises 

 
be sewage, the collectors of which are located in 
each residential area of large cities. The places of 
possible location of HPP in DHS are summarized 
in the table 4. 

 
Conclusions 

 
A new methodical approach is proposed for the 

regional determination of the forecast implementa-
tion scope of heat pump technologies in the DHSs. 
During the period of post-war renewal of Ukraine, 
this approach enables to estimate the economically 
available energy potential of HPPs in the case of 
using different LPHS in each region, taking into 
account the consequences of Russia's military inva-
sion of Ukraine. This methodical approach takes 
into account the regional features of the use of heat 
pump technologies with different types of LPHS 
and their changes over time for perspective fore-
casting: seasonal (average annual) calculated coef-
ficient of energy transformation from the LPHS, 
coverage of the DHS region; access to LPHS; heat 
transfer efficiency of the HPP heat exchanger from 
the LPHS; economically feasible energy potential 
of the LPHS. 

The total achievable potential of heat produc-
tion by HPPs in the regional DHSs of Ukraine was 
calculated: 62,601 thousand Gcal/year, which is 
almost twice the annual release of these DHSs in 
2020. 

The post-war reconstruction of destroyed cities 
with their heating systems and new housing const-
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ruction will result in densification of the existing 
buildings, which will cause an increase in the heat 
load density of the DHSs. As a result, DHS’s effi-
ciency will improve and their level of competitive-
ness will increase. This will be a unique chance to 
radically update DHSs using RES and innovative 
technologies, including HPPs. At the same time, 
the cost of thermal energy for the consumers of the 
DHSs will significantly decrease. 
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Методичний підхід щодо оцінювання потенціалу 
виробництва теплової енергії теплонасосними 

установками у разі їх впровадження в регіональних 
системах централізованого теплопостачання 

 
Наведено результати оцінки річного потенціалу виробництва теплової енергії з викорис-
танням теплових насосів (ТН) у системах централізованого теплопостачання (СЦТ) для 
регіонів України та для країни в цілому. Актуальність цього дослідження обумовлено ви-
сокім рівнем розвитку СЦТ в Україні, який досягає 52 %. На сьогодні застаріле облад-
нання СЦТ України потребує суттєвої технологічної модернізації. Також вже у найближ-
чий перспективі необхідно відновлення СЦТ, зруйнованих внаслідок тотального знищення 
цивільної інфраструктури російським агресором. Повоєнне відновлення міст України має 
унікальний шанс радикально осучаснити СЦТ із використанням відновлюваних джерел 
енергії та інноваційних технологій, у тому числі й ТН. Запропоновано новий методичний 
підхід щодо регіонального визначення прогнозних масштабів впровадження ТН у СЦТ. З 
використанням цього підходу визначено економічно доступний енергетичний потенціал ви-
робництва теплової енергії ТН у СЦТ від різних джерел низькопотенційної теплоти (ДНТ) 
як за регіонами України, так і для країни в цілому. Станом на 2020 р. цей енергетичний 
потенціал для СЦТ України дорівнює 62,601 млн Гкал/рік (262,1 ПДж/рік): 22,2 % 
забезпечується природними ДНТ (теплота повітря (2,2 %), води річок (16,9 %) та ґрунту 
і ґрунтових вод (3,1 %)) та 77,8 % забезпечується антропогенними ДНТ (теплота вентиля-
ційних викидів будівель (43,0 %), які приєднані до СЦТ, стічних каналізаційних вод 
(9,7 %), димових газів котелень та ТЕЦ (14,3 %), води охолодження технологічних процесів 
(10,8 %)). Наведено розраховані енергетичні потенціали виробництва теплової енергії ТН 
від різних ДНТ для СЦТ 24 областей України. Як вихідні дані для розрахунків викорис-
товувалася інформація з наукових видань, нормативних документів, щорічних звітів ста-
тистичної служби України та інших державних органів. Для обчислювання та візуалізації 
результатів застосовувалися апробовані методики теплотехнічних розрахунків, методи ста-
тистичного та розрахунково-порівняльного аналізу з використанням комп’ютерного забез-
печення Microsoft Excel. Наведено методичні рекомендації щодо визначення пріоритетнос-
ті та локацій впровадження ТН у регіональних СЦТ України, які розроблені авторами 
статті. Бібл. 48, рис. 2, табл. 4.  
Ключові слова: централізоване теплопостачання, теплові насоси, джерела низькопотен-
ційної теплоти.  
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