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Abstract: Currently, the district heating (DH) in Poland is facing many challenges. The business model used
hitherto was very simple—in most cities, heating plants produced heat, and centralized heating systems sup-
plied the "product” at a price approved annually by the president of the Energy Regulatory Office (URE). How-
ever, recent years have brought significant changes on the market. EU regulations force the elimination of old
coal-fired plants that were still built in the Polish People's Republic (PRL), moreover, high prices of CO2 emis-
sion allowances aggravate the financial situation of companies. In addition, in the heating sector, the trend
observed in the power sector is becoming increasingly visible—limiting the role of large sources in favor of
energy generated locally, closer to the customer. One of the biggest challenges is achieving the targets set by
the EU for the share of renewable energy sources (RES) in the heating sector. The war in Ukraine and problems
with the supply of coal and gas are an additional impulse to turn to RES. Thus, the development of sustainable
and innovative solutions for energy production and supply at the level of urban networks is currently one of
the main technical challenges. The purpose of the paper is to present the current situation and perspectives of
development of district heating systems in Poland with a view to the status of district heating in the world, and
some deeper insight into European conditions. The review presents energy sources with particular emphasis
on renewable energy sources (RES) and their cogeneration for heat production. The examples of existing heat-
ing network solutions using renewable energy sources, based on the selected published case studies, are also
discussed.

Keywords: district heating; renewable energy sources; heat demand prediction; energy storage; low
carbon heating

1. Introduction

On 15 November 2022, the world’s population reached eight billion people and it is projected to
reach nine billion until 2037 [1]. According to [2] this dynamics of growth in population is expected
to result in an increase in the number of households from 1.9 billion in 2010 to 3.2 billion in 2050.
With respect to all households in U.S. and Europe, and their total energy consumption, the residential
and commercial buildings are responsible for the consumption of 40% and 26% of energy, respec-
tively [2,3]. The inevitable consequence of such a state of affairs is the emission of carbon dioxide
(CO2), which is at the level of 38% for U.S. and 36% for Europe. Furthermore, the rapid increase in
urbanization is associated with undesirable effects, e.g., in the form of urban heat islands [4,5]. There-
fore, the statistics provide a rationale for the necessity of a global objective to reduce CO: emission
by half by 2050 on a global scale with emphasis on Pathway to Net Zero in 2050, which, however, is
associated with the fact that emissions must fall by 8% each year [6]. The outlook [6] forecasts also
that the demand shock of the pandemic and the supply shock that came with Russia’s invasion of
Ukraine, despite having caused a temporary slowdown, exert little long-term influence over a tran-
sition that will be rapid and extensive. The flagship documents regulating the energy transformation
and reduction of CO:z emissions in the European Union are Fit for 55 package [7] and RePowerUE [8],
and in Poland —the Polish Energy Policy until 2040 (PEP2040) [9] as well as the National Energy and
Climate Plan (KPEiK) [10].

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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It was noticed that cities used two-thirds of global final energy and produced 75% of COz emis-
sions on our planet [11], thus cities play an important role in mitigating climate change. The transfor-
mation of district heating networks is the key to local energy transformation, as district heating net-
works provide a large proportion of heating and cooling services in many urban areas around the
world. For example, in countries such as Iceland, Denmark, Sweden, Finland, Estonia, Latvia, Lithu-
ania, Poland, Russia and northern China, more than 50% of local energy demand is met by district
heating [12]. Therefore, the decarbonization of district heating is of utmost importance to promote
the transition to carbon neutrality in countries and cities where district heating is a major part of the
energy infrastructure.

There is a great potential for decarbonizing the district heating (DH) sector, in particular in terms
of heat sources. The district heating system is relatively flexible and permits the use of various energy
conversion technologies to produce heat. Typical characteristics and categorizing of DH with regard
to geographical location, scale, heat density, end-user demand as well as ongoing advancements and
main limitations of the existing methods can be found in [13-15]. An extensive review of the imple-
mentation of heating and cooling systems in the US was carried out in [16]. The involvement and
market potential of new technologies and technology coupling in order to improve the profitability
of thermal enterprises and the development of renewable energy sources were revised in [17]. The
optimal planning of future district heating systems has been taken up in [18]. To reduce the harmful
emissions in DH systems smart technologies can be applied. Simulation results for Metropolis GZM,
that is Gérnoslaska-Zaglebiowska Metropolia, have been discussed in [19], whereas smart asset man-
agement for DH systems in the Baltic Sea region—in [20]. A case study in Italy concerning the efficient
DH in a decarbonization perspective can be found in [21].

The authors of [22], on the basis of the results of the conducted analyzes, emphasized the positive
role of innovative cogeneration (CHP) solutions securing the supply of electricity and heat, the im-
portance of network congestion management with the use of flexibility resulting from the intercon-
nection of sectors and the necessary network expansion plans. The article presents a comprehensive
analysis of Germany's coal withdrawal plans by 2038. The current status and DH challenges for the
UK can be found in [23].

The renewable energy sources (RES) in the heating sector are of the greatest interest, especially
in the context of low-temperature district heating networks [24,25]. An opportunity for the develop-
ment of heating and achieving efficiency is power to heat, i.e. the use of electricity produced by wind
farms to produce heat. The numerous benefits of this solution based on 34 projects and an overview
from the 1950s are presented in [26].Integration of solar heat [27], heat pumps [28], nuclear reactors
[29], or geothermal energy [30,31] in DH cause what is inevitable, namely radical technological
change [32].

The main goal of the paper is to provide an overview of the state of district heating in Poland as
well as future development prospects with a focus on global trends and a view on the European
situation. The review presents short history of DH with an emphasis on the evolution of the Polish
heating network over the years. The energy sources with particular focus on renewable energy
sources (RES) and their cogeneration for heat production are discussed. The examples of existing
heating network solutions using renewable energy sources, based on the selected published case
studies, are also presented.

2. District Heating Systems

2.1. History of DH

The first DH in the world is considered to be the geothermal hot water distribution to about
thirty houses and a church in Chaude-Aigues, France, in 1334 [33]. By the end of the 19th century, a
few new systems had been developed around the world, although key features remained unchanged
[34]. Modern heating started in the middle of the nineteenth century in the United States, where the
inventor Birdosill Holly first tested a central heating system in his own home, then started a district
heating company and expanded it in downtown Lockport, New York, and after a few years, 65 homes
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were connected to it [35]. Soon after, there were New York, Chicago and a dozen other cities in the
USA. Heating also gave rise to changes in architecture —the Empire State Building, a centrally heated
skyscraper, could have been built. In Europe, the first district heating systems were built in Germany,
in Hamburg, Berlin and Dresden, in the 1920s. Then Copenhagen, Paris and Zurich joined. Europe
mainly focused on water-powered systems, the US—steam-powered, while the system created in
1930 in Reykjavik used geothermal energy [36]. China introduced DH in the 1950s, the current state
has been described in [37]. Evaluations, reviews or investigations of DH in the world have been ac-
cessible since the 1930s [38, 39] and in Europe since the late 1940s [40—42]. At present, DH grids op-
erate in many cities around the world, just to name a few: New York, Seoul, Warsaw, Berlin, Ham-
burg, Prague, Paris, Copenhagen, Helsinki, Stockholm, Beijing, Vienna and Milan. Out of a total of
80,000 estimated systems [43], 6000 are located in Europe.

In Warsaw, Poland, at the beginning, heating installations were intended for individual build-
ings. In 1841, the first building heated in this way was erected at Jan Mitkiewicz Square [44]. Built at
the beginning of the 20th century, the Infant Jesus hospital complex on Lindley Street and the Warsaw
University of Technology were equipped with their own combined heat and power plants and a
heating system [45]. In the 1920s and 1930s, a modernist Warsaw housing estate for workers in Zoli-
borz was built, with a central boiler house heating the blocks of flats. The heating boom in the capital
of Poland appeared during its reconstruction after the WW2. Currently, the Warsaw heating network
is the largest system of this type in the European Union, it is about 1800 km of networks, which
provide heat to 19,000 facilities in Warsaw, covering 80% of the capital's needs [44]. The Warsaw
heating system is supplied from four sources and its ring structure guarantees the security of heat
supply in the city [46].

Pre-war Krakéw, Poland, was heated mainly by stoves in apartments. Occasionally, there were
boiler houses for individual buildings or small housing estates. They gave rise to the Municipal Heat-
ing Company (MC), which was established in 1953. The company took over the management of these
boiler houses. There were a total of twelve of them, and the total heat distribution network was only
30 km long. In the following years, MC took over the management of subsequent local heating plants,
and in 1962 it was transformed into the Municipal Heat Energy Company (MPEC) [47]. In the early
1960s, Krakéw was heated mainly thanks to the heat produced by the Lenin Steelworks. In 1970, a
new large heat and power plant was launched, and in the mid-1980s, the heating system in Krakow
was once again revolutionized [44].

In the interwar £6dz, Poland, power plants were primarily built for the needs of individual in-
dustrial companies. In order to meet the demand of the textile industry for a technological steam and
initiate the start of the city's heat supply system, a plan was created to build four heat and power
plants and adopt the existing historical one—EC-1. However, despite the fact that the history of L.6dz
professional energy sector dates back to 1907, the power plant began to give up the steam for the
industry in 1953. In 1957, the £.6dz District Heating Plant (ZSC) was created. In subsequent years,
steam networks were dynamically expanded, connecting industrial customers to them. In 1959 an-
other heat and power plant was launched —EC-2, then, in the 60s and 70s another tens of kilometers
of heating network were built and two more EC-3 and EC-4 heat and power plants were built [44]. In
1989, a company managing the whole district heating system in £.6dz was established [48]. Today it
is based on two heat and power plants and over 820 km of heating networks.

In Poznan, Poland, as in most cities, the beginning was electricity production. Already in 1904,
the first power plant, Grobla, was built here, another one was launched 25 years later in Garbary.
However, the Poznan II Karolin heat and power plant, built in the 1970s, provided opportunities to
meet the challenges of the rapidly developing capital of Greater Poland. Along with it, in 1967, the
Municipal Heat Energy Company (MPEC) was established. Today, under the name of Veolia Energy
S.A. [49], it offers its customers comprehensive solutions in the field of electricity, heat and industrial
media supplies as well as technical service of installations.

The beginnings of the heating industry in Lublin, Poland, date back to the late 1950s and 1960s,
when the Department of Heat Management started operating at the Municipal Board of Residential
Buildings. Then, under the name of the Municipal Heat Energy Company, took over the tasks of
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operation and development of the heating system in Lublin. The current name, Lublin Heat Energy
Company (LPEC) has been in use since 1974. The result of the centralization of the Lublin heating
sector in the 1970s was the elimination of local and regional boiler houses and connecting as many
facilities as possible to the municipal network. In the 1980s, the company sought to combine all heat
sources and create the so-called ring heating system. LPEC [50] has become one of the pioneers in the
automation of heat energy transmission, distribution and the energy conversion [44].

In Wroclaw, Poland, the decision to build a power plant for municipal purposes was made in
the 1890s. Electricity began to be produced in 1901. After the WW2, in 1947, the power plant was
handed over to Polish management. First, it was rebuilt from war damage, and in the 1950s it was
transformed into a combined heat and power plant. At the same time, the Czechnica Power Plant
was modernized and included in the network, which was transformed into a combined heat and
power plant in the early 1980s [44]. In 1999, the entire district heating system in Wroctaw was con-
centrated in the Wroctaw Heat and Power Plant Group [51].

Municipal Heat Management Company in Szczecin, Poland, was established in 1962 on the basis
of local coal-fired boiler houses. There were as many as 160 of them scattered throughout the city. In
the mid-1970s, a company that managed networks in the entire Szczecin voivodship was established.
Therefore, it was given the name of the Voivodship Heat Energy Company (WPEC). Heating systems
became the property of the communes in 1997 and since then the recent history of the company
named Szczecin District Heating (SEC) [52] begins.

The 1970s also marked the beginning of heating in Opole, Poland. One of the most dynamically
operating companies on the Polish heating market, Opolszczyzna District Heating (ECO), was
founded and developed here [53]. The basis for the establishment of ECO was a pioneering organi-
zational solution, which consisted in creating a company based on the heating assets of the communes
of the Opolskie Voivodeship.

The end of the 1990s and the beginning of the 21st century is a new period in the Polish district
heating sector. Foreign capital with new know-how and a strategy for the development of modern,
energy-efficient heating systems appears in many companies. In addition, there are new opportuni-
ties related to access to EU funds for network modernization and construction of new heat sources.
Along with the Baltic countries, Poland can boast the most extensive heating networks. 50% of the
population uses system heat [44]. At the same time, heating companies and heat producers face new
challenges —meeting the requirements regarding environmental protection and the share of RES in
energy production. This is a challenge for the next years of the energy history of our country.

2.2. DH Sources

An exceptionally important feature of district heating is its versatility with the use of various
heat sources. Lots of different centralized and decentralized sources can be connected to a district
heating network for reliable operation and flexibility thanks to basic control strategies. Considering
economical, energy and environmental factors, the most common technologies for generating heat
have been ranked in [54]. The authors applied a fuzzy comprehensive evaluation method and ar-
ranged these technologies in the following order, starting from used most often: Combined heat and
power (CHP), gas boiler, water source heat pumps, coal boiler, ground source heat pumps, solar
energy heat pumps and the last one—oil boilers. In the light of decarbonization, renewable and waste
sources are certainly the most valued [55], especially that they can be utilized in a low temperature
heat grid [56]. Waste heat can be obtained from industrial or agricultural processes [57-59] as well as
from combustion the waste, which is called Energy from waste (EfW) [60-62]. Bioenergy, sourced
from wood pellets and chips as well as from biofuels, biogas in particular, is a developed technology
to be applied in a district heating network on a larger scale [63-66]. Bioenergy is commonly used as
co-fired or as a replacement to fossil fuels in CHP plants. Solar thermal energy is the conversion of
solar radiation into heat and it is a very promising alternative energy that can be harvested in two
forms: solar thermal energy or electrical energy. This technology can be incorporated in both large
scale and small scale setups [67-70]. The role of heat pumps in supplying energy to the DH network
is of increasing interest. Due to the source from which the heat is obtained one can distinguished heat
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pumps extracting low temperature heat from e.g. geothermal water [71-74], seawater [75-77] or air
absorption [78-80].

Thermal storages are the option for energy accumulation in periods of lower demand, and, on
the other hand, at times of high demand can serve as the heat sources. The energy storages are ex-
pected to be an integral part of DH to eliminate the effects of unpredictable fluctuations in the supply
of energy from RSEs [81]. Heat storages have mainly the form of large hot water tanks [82], especially
in the context of centralized storing [83]. The estimated efficiency of the energy storage is within 20—
60% [84]. Different types of energy storage are listed and characterized, according to [85], in Table 1,
and the main concept of each is shown in Figure 1 [86].

Table 1. Types and characteristics of seasonal heat storage.

Type Reservoir . Re.:servmr . Ground battery . Batter¥
in a soil excavation in an aquifer
English name Tank thermal en- Pit thermal energy Borehole thermal Aquifer thermal en-
and abbreviation ergy storage (TTES) storage (PTES) energy storage ergy storage
used (BTES) (ATES)
Storage potential
KWh/m? 60-80 30-80 15-30 3040

A water reservoir  Storage of heat in
Ground or semi- formed in a pit dug the ground by sup- Heat storage in aq-
Characteristics underground water in the ground filled plying and receiv- uifers, access via

reservoir with water or water ing heat through two wells
and gravel boreholes
Tank thermal energy storage (TTES) Pit thermal energy storage (PTES)

Borehole thermal energy storage (BTES) Aquifer thermal energy storage (ATES)

| L] | 2 i

TPy .y

Figure 1. Different thermal energy storage types.

2.3. DH Generations

In the first heating networks, called the first generation networks, which were created at the end
of the 19th century in the USA and Western Europe, the heat carrier was steam with a temperature
above 150 “C [87]. In the second generation district heating systems, the heat carrier was pressurized
water with a temperature above 130 °C, sent through steel pipes without good insulation, which ran
in concrete channels. This technology has been used since the 1930s and it was popular until the
1970s, especially in socialist countries, including Poland [87]. Transmission losses were high for both
of these technologies. The third generation of heating systems has been developed in the 1970s in
Scandinavia—the water temperature was lowered below 100 °C, pre-insulated pipes dug into the
ground were used. This technology currently serves as the basis for the vast majority of networks
worldwide [88] with supply temperatures of 70-120 °C and return temperatures of 40-70 “C [89].
Transmission losses are much lower and network construction is cheaper compared to the two pre-
vious generations.
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After the third generation, the time has come for the fourth generation in the heating sector—
the water temperature drops below 70 °C, the municipal heating, energy, sewage and gas infrastruc-
ture are integrated into one system. In this generation, the importance of the central heat source, e.g.,
the main heat and power plant, is decreasing. Its place is taken by RES installations (solar collectors,
geothermal sources, wind farms), and also waste heat transferred to the grid from industrial plants
(see Figure 2 [90]). Low-temperature district heating networks develop, among others, Denmark,
Sweden, Finland and Germany [91]. Low-temperature networks require new infrastructure—energy
storage and IT systems to regulate the operation of many energy sources. Heat is also to be provided
by buildings with a positive energy potential. The heating system will be profiled for the recipient
and his needs, which will enable the creation of energy solutions, e.g. for selected districts, shopping
centers, public utility buildings. District heating, similarly to roads and highways, is an investment
for years. The networks being built now will be operational by the middle of the century. Therefore,
it is worth investing in modern systems.

— (ULTDH <50°C)

1G: STEAM 2G: IN SITU 3G: PREFABRICATED 4G: 4th GENERATION
s A Steam system, steam pipes Pressurised hot-water system Pre-insulated pipes Low energy demands
H in concrete ducts Heavy equipment Industrialised compact Smart energy (optimum
- Large “build on site” stations substations (also with insulation)  interaction of energy
g Metering and monitoring smérces, dnsmbu(v)on
8 X and consumption)
g DH flow <200°C 2-way DH
g
E
b3
>
9
é
4
S .
£ DHretumn — <100°C
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]
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Figure 2. Directions of development of heating systems.

3. Heating State in Poland

According to the annual publication by the Energy Regulatory Office (URE) [92], as of the last
day of 2020, there were 387 licensed energy companies dealing with heat supply in Poland. The po-
tential of these enterprises was the installed capacity of 53,271.1 MW in the generation sources of
these enterprises and the distribution networks with a length of 22,123.1 km. Among the surveyed
enterprises, 8.4% did not have a network, 65.8 % had nets longer than 10 km, 1/3 of which were over
50 km long. In 2020, licensed companies sold 344,712,640 GJ of heat. Information on the production
of licensed heat, as well as the volume of heat supplied to the network from recipients is presented
in Figure 3 [93].
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257,377 GJ

D

Heat delivered to recipients
224,501 GJ

Figure 3. Basic parameters of heat supplied to the network in Poland.

Another 5 MW of capacity is ordered from energy companies that are not included in the li-
censed companies. It is estimated that these companies sell 50,000,000 GJ of heat to their customers.
Further 500,000,000 GJ of heat is produced for own needs by households and local heating plants that
meet the thermal needs of residents of multi-unit buildings. Also the industry that generates over
200,000,000 GJ of heat cannot be forgotten.

With such ambitious goals of the European Union's climate and energy policy and the adopted
Polish Energy Policy until 2040 [9], it should be indicated that the process of diversification of fuels
used for heat production is progressing very slowly, in particular in the situation of the energy crisis
caused by the Russian military attack in Ukraine.

The data published by the Energy Regulatory Office [92] shows that:

° Coal fuels continue to dominate, the share of which in 2020 accounted for almost 69% fuels used
in heat sources (in 2019 it was 71%, in 2018 —72.5%, and in 2017 —74%);

e  Since 2002, the share of coal fuels has decreased by 12.8 pp. At the same time, the share of gase-
ous fuels is increasing—by 6.9 pp. and renewable energy sources—by 7.2 pp. since 2002;

e In 2020, the total debt decreased and the financial liquidity of enterprises in the sector increased;

e  Intheyears 2002-2020, a significant increase in the replacement rate of fixed assets was recorded.
This value increased by 37.5%, which indicates a high degree of investment, exceeding the level
of depreciation of fixed assets;

e In 2020, more than 90 % of all surveyed heating companies dealt with the production of heat.
They generated, including heat recovered in technological processes, almost 394,000 T] of heat,
which means a decrease in production by 1.6% compared to the previous year;

. In 2020, the share of heat from cogeneration was 65.2% of total heat production;

e 370 companies producing heat participated in the study, 128 of them also generate heat in co-
generation (i.e. 34.6%);

e  The average single-component price of heat in 2020 amounted to PLN 55.95 / GJ and was higher
by 7.7 % than the 2019 price (PLN 51.93 / GJ), and by 13.1% (PLN 49.46 / GJ) comparing to the
2018 price;

e In 2020, the total volume of heat sales by licensed heating companies (including resale to other
enterprises) amounted to approx. 344,000 T] and was 0.3% lower than in 2019;

e In 2020, the average price of heat sold from all licensed heat generating sources amounted to
PLN 44.33 / GJ, thus showing an increase by 8.2%. compared to 2019 (PLN 40.97 / GJ), with the
average price of heat sold from licensed heat-generating sources without cogeneration being
PLN 51.87 / GJ, and the average price of heat sold from licensed heat-generating sources in co-
generation was 41.32 PLN / GJ.
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3.1. The Structure of Heating Companies in Poland

According to the data of the President of the URE published in [94] as of December 31, 2020, a
license to conduct activities in the field of generation, transmission and distribution and trade in heat
was held by 387 companies (a total of 797 individual licenses for a given type of activity in the field
of supplying heat to consumers) . As reported, the first research of the heating sector was carried out
by the Energy Regulatory Office in 2002. Since then, the number of licensed heating companies in
Poland has decreased by more than a half, which was mainly caused by the change in the Energy
Law and had an impact on the size of the regulated heat market. Analyzing the data in Table 2 re-
garding the installed thermal power, it can be indicated that the total amount of thermal power in-
stalled by producers has decreased since the first study in 2002 by 25%, and has the value of 53,271.1
MW. The stabilization has been observed in recent years. Licensed heating companies had 22,123.1
km of networks in 2020. This amount included heating networks connecting heat sources with heat
nodes and low-parameter networks—external receiving installations. Out of the surveyed enter-
prises, 8.5% did not have networks, 67.9% of enterprises had networks over 10 km long, and 31.4%
had networks over 50 km.

Table 2. The number of licensed enterprises, installed and ordered capacity and network lengths in

2002, 2019 and 2020.
Tasks 2002 2019 2020 Dynamics 2020/02 Dynamics 2020/19
(%) (%)
Number of licensed heating
. 894 396 387 43.29 97.73

companies
Number of enterpri

HIMDET Of Enterprises 849 404 399 47 98.76
participating in the survey
Installed capacity (MW) 70,953.80 53,560.80 53,271.10 75.08 99.46
Power ordered (MW) 38,937.00 34,408.00 34,665.54 89.03 100.75
Network length (km) ! 17,312.50 21,701.20 22,123.11 127.79 101.94
Employment in full-time jobs 60,239.00 29037 28737 47.70 98.97
Total heat sales (TJ) 469,355.50  344,712.64  343,690.65 73.23 99.70
Heat transferred to the grid (T]) 336,043.00  258,909.40  257,377.29 76.59 99.41

! Since 2004, the length of the network also includes low-parameter networks.

According to [94], from 2022 a significant change in the legal structures of heating companies
can be observed. The trend of changing the structure, shown in Table 3, has an impact on the trans-
formation of the ownership of individual enterprises.

Table 3. Changes in the structures of legal forms of heating companies in the years 2002-2022.

Limited liabil-

Share Local govern- Joint-stock Housing State-owned Other compa-

(%) ment units (%) companies (%) ity co(r;I;anles companies (%) enterprises (%)  nies (%)
2022 9 26.1 54.4 2.7 3.4 4.4
2020 0.8 18 77.4 774 0 2.8

In 2020, enterprises generated heat from sources of various sizes, with a quantitative predomi-
nance of small sources up to 50 MW (44.6% of enterprises). Only ten enterprises had the achievable
power of sources exceeding 1000 MW each. The structure of enterprises is shown in Figure 4.
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Figure 4. Structure of heating companies by MW installed capacity in heat sources in 2020.

3.2. Fuel Consumption for Heat Production.

As mentioned in the introduction, in line with the URE, the diversification of fuels used for heat
production is progressing, albeit very slowly. Unfortunately, coal fuels are the dominant source, the
share of which in 2020 accounted for almost 69% of fuels used in heat sources (in 2019 it was 71%, in
2018 —72.5%, and in 2017 —74%). Very detailed data can be found in [95]. Table 4 summarizes the
structure of fuel and energy consumption for total activity in enterprises of the energy sector and

other enterprises producing and selling heat.

Table 4. Structure of fuel and energy consumption for total activity in enterprises of the energy sector

and other enterprises and selling heat.

Commercial Power Pro‘du(‘StIOI‘E Other heat producing
] and distribution X
Energy carrier Industry . companies
%) companies %)
(%)
Overall 2019 100 100 100
2020 100 100 100
. 2019 51.1 73.09 4.68
Energetic hard coal ), 49.15 712 433
. 2019 - - 11.55
Coking coal 2020 i i 10.38
Hard coal 2019 - - -
briquettes 2020 - - -
Lignite 2019 33.6 0.08 0.03
2020 33.39 0.07 0.02
- . 2019 - - -
Lignite briquette 2020 ) ) )
Coke and semi- 2019 - 0.01 0.29
coke 2020 - 0.01 0.32
Firewood 2019 2 4.23 0.75
2020 2.26 4.71 0.82
Petroleum and 2019 - - 40.45
gasoline 2020 - - 39.07
. . 2019 0.18 0.17 0.16
Light fuel oil 2020 0.15 0.18 0.16
. . 2019 0.28 0.12 0.96
Light fuel oil 2020 03 012 1
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. 2019 0.07 0.08 1.18
Dieseland (ON) 509 0.06 0.08 1.06
. . 2019 - - 0.01
Other diesel oils 2020 ) ) 012
Petrol engine fuels 2019 0.02 0.01 0.3
(excl. aviation) 2020 0.01 0.01 0.2
.. 2019 - - -
Aviation fuels 2020 ) ) )
2019 - - -
Jet fuel 2020 i i i
. . 2019 - - 0.19
Liquefied gas 2020 ) ) 0.2
High-methane 2019 2.03 4.43 10.57
natural gas 2020 3.23 5.13 11.05
Nitrogen-rich 2019 14 0.3 221
natural gas 2020 1.48 0.31 2.21
Gas from mine 2019 0.24 0.93 0.08
methane drainage 2020 0.28 0.76 0.1
Dry post-refinery 2019 - - 1.96
gas 2020 - - 1.88
Coke oas 2019 0.71 0.95 1.68
& 2020 0.5 0.94 1.55
2019 1.18 0.01 -
Blast furnace gas 2020 1.04 0.02 )
Heat in steam and 2019 1.27 10.42 8.88
hot water 2020 1.34 10.5 8.96
Electricit 2019 4.44 3.14 5.82
ectiaty 2020 4.85 3.08 5.72
2019 0.1 0.36 2.04
Waste fuel 2020 0.1 0.45 4.03
Biowas 2019 0.24 0.06 0.18
& 2020 0.28 0.07 0.18
Semi-processed 2019 - - 0.97
crude oil 2020 - - 1.26
2019 1.15 1.6 5.06
Other products 2020 1.55 2.36 531

Production and distribution companies include distributors and professional producers of heat,
i.e. companies that have only district heating (distribution) networks or district heating and heating
networks or combined heat and power plants (distribution and generation) or only heating plants or
combined heat and power plants (generation). Companies which are heat producers do not deal with
distribution. In the group of producers, heat is produced for own use in combined heat and power
plants and is sold only as surpluses.

The share of coal as a heating source has decreased by 12.8 pp. since 2002 [94]. At the same time,
the share of gaseous fuels increased in the same years by 6.9 pp. and renewable energy sources by 7.2
pp- On the other hand, heat from cogeneration amounted to 7% in 2020 from 65.2% of total heat
production. The data is presented in Figure 5.
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Figure 5. Structure of fuels used for heat production in 2002 and in 2020, and for heat production in
cogeneration in 2020.

Enterprises producing heat in cogeneration are characterized by a more diversified fuel con-
sumption for heat production. Unfortunately, coal fuels also dominate in the group of these enter-
prises, but one third are other fuels, including 10.1% of renewable energy sources, 10.6% of natural
gas and 4.8% of heating oil, which is presented in Table 5.

Table 5. Fuel consumption for heat production in 2020 in Poland.

Total Fl..lel consump.tlon Heat ’ Heat .
Fuel GJ) in cogeneration %) in cogeneration
(G)) ° (%)
Coal 28534506645  201,428,781.97 67.72 62.42
Lignite 4,916,154.41 4,347,275.31 1.17 1.35
Light fuel oil 1,226,226.07 1,070,092.40 0.29 0.33
Heavy fuel oil 18,996,757.45 18,978,012.08 451 5.88
High-methane 36,257,839.32 29,113,523.84 8.60 9.02
natural gas
Nitrogen-rich
8,425,678.24 8,048,812.44 2.00 2.49

natural gas
Biomass 41,548,379.86 36,921,746.47 9.86 11.44
Biogas 175,368.53 175,368.53 0.04 0.05
Other renewable 721,500.30 0.0 0.17 0.0
energy sources
Solid municipal 7,762,979.37 7,761,746.17 1.84 241
waste
Non-renewable in-

, 1,207,719.95 1,207,719.95 0.29 0.37
dustrial waste
Other fuels 14,794,759.45 13,653,837.21 351 423

The consumption of fuels to generate heat varies depending on the voivodeship. The greatest

differentiation can be observed in the Mazowieckie voivodeship. The leaders in the share of renewa-
ble sources are three voivodeships: Kujawsko-Pomorskie, Podlaskie and Pomorskie, while in the Lu-
buskie voivodeship over 95% of heat is produced from natural gas. Hard coal definitely dominates
in nine voivodeships: Dolno$lgskie, Swigtokrzyskie, Lodzkie, Opolska, Matopolskie, Lubelskie,
Warminsko-Mazurskie, Wielkopolskie and Zachodniopomorskie, and the share of consumption is
over 80%, with the highest share in Lower Silesia—nearly 90.4% [93,95].


https://doi.org/10.20944/preprints202305.1687.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 24 May 2023 do0i:10.20944/preprints202305.1687.v1

12

According to the Energy Forum report [96], the heating is still based to a great extent on coal,
moreover, individual heating uses technology from the 1950s and 1960s and the society suffers huge
costs of air pollution—the consequences of damage to health cost Polish society PLN 120 billion an-
nually [96]. In order to meet the assumptions of the country's policy to obtain effective heating, a
change in technology based on solutions from renewable energy sources is necessary and inevitable.
According to [92], the dependence on coal fuels in Poland is still much higher than that of other EU
Member States, which is why a fair transition is so important to Poland, which means taking into
account the starting point, the social context of the use of carbon fuels.

2.3. Sale and Sale Prices for Heat.

The European Emissions Trading System, Just Transition, Supply Diversification and Network
Expansion of Natural Gas, Russia's Gas War are issues that are often discussed in the media and in
many analyzes. The heat sector, which has been a bit neglected so far, is becoming one of the key
transformation sectors. Assumptions and, e.g, the amendment to the building law lead to an increase
in the share of district heating. According to [92], by 2030 about 1.5 million new households are to be
connected to the heating network. At the same time, changes in technology must go hand in hand to
achieve the goal of at least 85% of systems (heating or cooling) with a capacity exceeding 5 MW by
2030 to meet the criterion of an energy-efficient system.

The price of heat will play an important role in the entire transformation. According to the URE
data [94], in 2020 the average price of heat sold from all licensed heat generating sources was PLN
44.33 / GJ, which means an increase by 8.2% compared to the price in 2019 (PLN 40.97 / GJ). At the
same time, the average price of heat sold from licensed heat generating sources without cogeneration
amounted to PLN 51.87 / GJ, while the average price of heat sold from licensed heat generation
sources in cogeneration was PLN 41.32 / GJ (see Figure 6).

Remaining fuel

Other renewable energy sources

Biomass

Nitrogen-rich natural gas

High-methane natural gas | ——
Heavy fuel 0il S '
Light fuel ol | ——————————
Lignite e
Coal '

Average price of heat generation

0 10 20 30 40 50 60 70 80

2020 m 2019 m 2018 PLN/GJ

Figure 6. Heating prices in Poland depending on the sources in 2018-2020.

The following years show a significant increase in prices. According to the data published by
URE in 2021 [97], the average sales prices of heat generated in units owned by licensed heating com-
panies amounted to PLN 51.91 / GJ in units fired with coal fuels, PLN 75.66 / GJ in units fired with
fuel oil, PLN 72.02 / GJ in units fired with gaseous fuels and PLN 46.12 / GJ in units representing
renewable energy sources. The selling price depending on the type of fuel are shown in Figure 7. In
2021, compared to 2020, the price of coal fuel and gas fuel is growing, only the prices of heating oil
and fuel from RESs have decreased.
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Figure 7. Average sales prices of heat in generation units, with division into source type in 2009-2021
in PLN net / GJ.

When analyzing the fuel price, one should mention the constantly growing cost of COz emission
allowances in the total production costs. As reported by PSE [98], the average price of CO: in July
2022 ranges from PLN 370.96 / MG CO:z to PLN 413.59 / MG COz. The recorded rapid increase in the
price of allowances means an increase in the price of energy. It should be noted that the prices of CO:
emission allowances have been rising for several years. In recent months, a significant acceleration in
price growth has been observed. Early in 2022, markets struggled with record commodity prices,
which was especially felt in the case of gas. It was undoubtedly the result of the Russian invasion of
Ukraine. Another factor were the quotations of CO2 emission allowances, rubbing against nearly EUR
100/ t. This situation certainly translated into even higher costs of heat production in 2022, thus wors-
ening the results of enterprises.

According to the data of the Energy Regulatory Office [94], in 2020 the revenues generated by
the licensed heating companies did not cover the costs of conducting activities related to supplying
heat to consumers. The recorded gross financial result amounted to PLN () 473 million. As a result,
heating companies have become unprofitable with profitability parameters in (-) 2.4% (in 2019 it was
(=) 2.9%). The main reason for such poor profitability in these years are the very high costs of pur-
chasing CO: allowances. According to the figures presented in the charts (see Figure 8), a decrease in
carbon dioxide and other gas emissions can be seen in the period from 2002 to 2020. However, it is
necessary to maintain this downward trend, which requires constant restructuring and financial out-
lays. Figure 9 shows the profitability of heating companies in the period from 2010 to 2020. It can be
seen that in 2020 most companies in the heating sector were unprofitable. In 2020, the profitability of
companies generating heat without cogeneration was (+) 2.49, and with cogeneration () 6.25. This
proves the great financial outlay that had to be expended in order to restructure the company.

ton/ TJ 0.73
ton /TJ] 0.8
0.6
0.4 0.26
0.14 0.13 0.16
02 0.02
0
dust emission  the intensity of the SO2 emission
intensity NOx emissions intensity
2002 w2020
2002 2020
(@) (b)

Figure 8. Energy efficiency index for heat: (a) COz emission intensity; (b) index value.
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Figure 9. Index of profitability of warmer energy [95].

In accordance with the opinion of the President of URE [99], high CO:2 prices and forecasts of
their further increases raise justified concerns of all market participants, due to their practically direct
impact on the prices of both electricity and heat. At the same time, failure to undertake the necessary
investments in emission reduction, modernization, and change of the method of generation in indi-
vidual sources may, in the long term, result in a permanent increase in heat prices and, consequently,
a reduction in the use of district heating for the purposes of supplying customers with heat. It is
indisputable when analyzing the galloping prices of fuels and CO:z emissions, the only right thing to
do is to develop a technology based on renewable energy sources, biomass and hydrogen.

4. Development goals

4.1. Goals of the European Union and Poland

The vast majority of district heating systems in Poland still remain ineffective. The current defi-
nition of an effective heating and cooling system states, that it is a system in which heat or cold is
used to produce:

e atleast 50% of energy from renewable sources or
e atleast 50% of waste heat, or

e  atleast 75% of heat from cogeneration, or

e  atleast 50% combination of such energy and heat.

Since 1996, the European Union has adopted many guidelines regulating the energy transfor-
mation, which, as stated by Institute of Renewable Energy (IEO) [98], can be summarized in Figure
10.
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1996 1st Energy package

2003 2nd Energy package

2003 EU ETS

2011 Low-carbon ROADmap 2050
2011 Energy Roadmap

1996-2011

¢ 2012 EED Directive

2014 The 2030 climate and energy package (Council of
Europe)

2015 Energy Union

2018 Clean Energy Package

2018 RED II Market Directive

2018 Climate - neutral Europe 2050

2012-2018

2019 European Green Deal
2020 Just Transition Fund
2020 Invest EU

2020 KPO

2021 Fit for 55

2022 REPower EU

2022 Declaration of Versailles

Figure 10. Legislative timeline of RES directives and regulations [95].

The directions of transformation of the entire heating sector have been strongly emphasized in
two basic strategic documents for the Polish energy sector, namely the National Energy and Climate
Plan for 2021-2030 (KPEiK) [10] and Poland's Energy Policy until 2040 (PEP2040) [9]. All actions in-
dicated by PEP 2040 are to be based on three pillars. The first one says that only the transition, where
energy poverty is eradicated and jobs related to the extraction of fossil fuels is eliminated, is supple-
mented by new industries related to renewable energy sources (also in heating) and nuclear energy.
The second pillar indicates that a zero-emission energy system, in which, apart from offshore wind
energy and nuclear energy, a prominent place takes local and community energy, which, for heat,
may mean the revival of prosumer activity not less than that observed recently in electricity genera-
tion. Finally, the third pillar emphasizes good air quality, which makes it necessary to transform
heating, especially local heating, and thus heat generated in home furnaces.

Moreover, PEP 2040 includes the guidelines, as the key elements, for district heating.

1. By 2040, the thermal needs of all households are to be covered by system heat and by zero-
emission or low-emission individual sources;

2. There should be a significant increase in the installed capacity of photovoltaics, approx. 5-7 GW
in 2030 and approx. 10-16 GW in 2040, which will enable low-cost use of electricity used to drive
heat pumps and switch to heat generation from electricity auto producers and prosumers;

3. Itis expected that natural gas will be a bridge fuel in the energy transformation, and in 2030 the
capacity to transport a mixture containing about 10% of decarbonized gases via gas networks
will be achieved, which will enable low-emission heat generation in cogeneration, both in eco-
nomic activity and in own needs. The possibility of using decarbonized fuel will facilitate the
transformation of energy companies towards effective heating systems (an appropriate share of
heat from cogeneration, heat from RES or waste heat in the system;

4. The low-emission direction of transformation of individual sources should be implemented
through the use of heat pumps, solar collectors and electric heating, which will facilitate the
achievement of the goal of abandoning coal combustion in households in cities by 2030, and in
rural areas by 2040;

5. The most anticipated innovations for heating may be:
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e  heat storage technologies that will allow for the optimization and effective operation of
sources generating heat and electricity in cogeneration, regardless of the passing peaks of
the demand for these products, which will increase the operational safety of the entire
power system;

e  electricity storage facilities, which will allow for further dynamic development of sources
based on solar and wind energy, as they will eliminate their most serious disadvantage,
instability and dependence on natural conditions;

e  hydrogen technologies, especially technologies enabling the production of "green hydro-
gen", which will allow the development of local hydrogen clusters based on local produc-
tion of hydrogen associated with decentralized production of renewable energy (including
"green heat") and local demand, and the dedicated hydrogen infrastructure can use hydro-
gen for the production and supply of heat to residential and commercial buildings.

In addition to energy security as well as competitiveness and energy efficiency, the goal of PEP

2040 is a limited impact of the energy sector on the environment. Therefore, with regard to heating,
specific objectives were included, the leading of which are:

e  The need to cover heat needs on an individual basis by using sources with the lowest possible
emission (heat pumps, electric heating, natural gas—preferably with decarbonized gas) and the
coal phase-out—in cities by 2030, and in rural areas by 2040;

e  The assumption that approx. 1.5 million new households will be connected to the heating net-
work by 2030;

e  Heating or cooling systems, in which the ordered capacity exceeds 5 MW, at least 85% in 2030
will meet the criteria of an energy-efficient heating system (currently it is approx. 10%);

e  Assumption that in the next decade there will be an increase in heat generation from RES by at
least 1.1 pp. every year, which, according to the (KPEiK), gives the expected 28.4% share of re-
newable sources in the entire heating sector in 2030.

One cannot forget about the challenges of Fit for 55 [93]. The package consists of several legisla-

tive proposals related to greenhouse gas emissions and is intended to enable the EU to achieve a

higher net greenhouse gas emission reduction target of at least 55% in 2030. The district heating sector

is mainly influenced by the following directives: Energy Efficiency Directive (EED) [100], Renewable

Energy Directive (RED III) [101] and the Energy Performance of Buildings Directive (EPBD) [102].
The Energy Efficiency Directive states:

e there is a new criterion to introduce a limit for direct COz emissions (for units using fossil fuels)
of less than 270 g CO2 per kWh of combined heat and power (combined heat, electricity and
mechanical energy). The direct emissions limit will apply from the entry into force of the recast
directive, while its role will be particularly important from 1 January 2026, when the criteria in
the definition of an efficient heating and cooling system will refer directly to high-efficiency co-
generation;

e  prevent coal-fired cogeneration from maintaining its high-efficiency status and, at the same time,
introduce an emission limit for gas-fired units. The entry of the new criterion will mean that
coal-fired cogeneration units, which will not be modernized by the end of 2025, will lose the
status of high-efficiency cogeneration, which in the vast majority of systems will also translate
into the loss of the status of an effective heating and cooling system. The draft EED directive
does not explicitly define the methodology for calculating the new emission criterion. This is
important in the context of the operating conditions of cogeneration units, including the seasonal
change in the heat curve and system services provided for the power system —factors affecting
the level of direct CO2 emissions.

The abovementioned criteria pose a high risk for the heating sector in Poland. In the event of
failure to implement new technologies and decarburization strategies, enterprises may lose financial
support resulting from subsidies from the European Union.

The Renewable Energy Directive changes the definition of district heating and cooling in order
that in the following years it meets the following criteria:

* by 31 December 2025, a system using at least 50% renewable energy, 50% waste heat, 75% co-
generation heat or 50% a combination of such energy and heat (existing definition);
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e from 1 January 2026, a system using at least 50% of energy from renewable sources, 50% of waste
heat, 80% of heat from high-efficiency cogeneration or at least a combination of such heat sup-
plied to a network with a renewable energy share of at least 5%, and the total share of renewable
energy, waste heat or heat from high-efficiency cogeneration is at least 50%;

¢ from 1 January 2035, a system using at least 50% of energy from renewable sources and waste
heat with a share of energy from renewable sources of at least 20%;

e from 1 January 2045, a system using at least 75% of energy from renewable sources and waste
heat, with a share of energy from renewable sources of at least 40%;

e from 1 January 2050, a system using only renewable energy and waste heat with a share of en-
ergy from renewable sources of at least 60%.

This criterion will enable heating plants to become effective only in the case of an increase in the
share of renewable energy and waste heat. In addition, gas cogeneration with a large admixture of
hydrogen or only hydrogen will be the preferred technology (in the case of green hydrogen). Taking
into account the conditions of Polish heating, the success and postulate of the European Commission
is to divide the systems into smaller installations.

The Energy Performance of Buildings Directive assumes:

* anational building renovation plan to replace long-term renovation strategies. One of the ele-
ments of the plan is to identify policies and measures to decarbonize the heating and cooling
sector through district heating and cooling, and phase out fossil fuels in these sectors with a view
to their complete phase-out by 2040 at the latest;

e complete gas elimination by 2040 —target inconsistent with overall policy objectives;

* inability to connect new buildings after 2030 to efficient heating systems that are not completely
decarbonized.

The idea behind the implementation of RED and a fair energy transition requires a combination
of technological solutions with more open decision-making, based on reliable analysis, knowledge in
the field of engineering, spatial planning and social sciences [103]. However, the new EU climate
package "Fit-for-55" prepares a change of the definition of an effective heating system and excludes
heat from sources with emissions above 270 kg CO2 / MWh [104], which means that it is impossible
to obtain investment support by gas cogeneration (this is also confirmed in the principles of the so-
called green taxonomy). Therefore, cogeneration does not fully meet the idea of a transitional fuel, as
it is inflexible, poorly controllable and does not eliminate the limitations of solar and wind sources,
while being constantly emissive and dependent on the rapidly growing price of gas fuel. Cogenera-
tion systems must undergo a strong transformation towards zero-emission systems in the near future.
To be competitive, they will also have to be emission-free and operate flexibly in the heating system,
in synergy with the operation of weather-dependent sources.

4.2. The Involvement of Renewable Energy Sources in Heat Engineering and Potential Directions of
Development

The share of renewable energy in district heating in selected EU Member States was discussed
in [105] and is shown in Figure 11. According to these data, it can be concluded that heating compa-
nies in Poland, compared to other countries, face a major challenge in implementing the requirements
of the directives. This transformation is time-consuming and requires a large financial investment.
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Figure 11. Share of renewable energy in district heating.

The very right and accurate goals of technology change for the energy sector in the context of
the impact of the European Union's policy in the perspective of 2025 and 2030 were set by the Cham-
ber of Commerce Polish District Heating [106], namely:

*  Generation of energy from emission-free sources;

¢  Energy storage;

¢ Development of decentralized production of energy from renewable sources;
®  Electrification of the heating sector;

* Promoting more sustainable and efficient technologies and solutions;

*  (Closer integration of the electricity and heating sectors;

®  Use of waste for energy production;

¢ Development of modern, low-temperature heating systems;

¢ Improving the energy infrastructure and making it resistant to climate change;
*  Adapt infrastructure with intelligent and cybersecurity digital solutions.

The directions of the development can be found in Figure 2.1. However, according to the Insti-
tute for Renewable Energy [107], large cities are forced to spread the energy transformation process
towards zero-emission ones over a longer period and rely on the import of low-emission energy car-
riers, at least until zero-emission (green) hydrogen becomes popular or until the share of renewable
energy sources is 100% in electricity generation. The period of this perspective for the next 20 years
will still result in high costs of heat generation, and thus high heat prices for consumers. Smaller cities
look different, as their location gives greater access to other fuel sources, including renewable energy.

In the climatic conditions of Poland, from 1 km? allocated to the production of energy from re-
newable sources can be obtained respectively [108]:

e 1440 TJ from solar thermal energy (solar collectors, efficiency 40%);

e 360 TJ from solar photovoltaic energy (efficiency 10%);

* up to 150 TJ from wind energy (with a high density of windmills of 20 MW / km?);
* up to 15 TJ from biomass (with the most efficient energy crops).

According to the research carried out by IEO in cooperation with the Chamber of Commerce
Polish District Heating, as part of the work for the National Fund for Environmental Protection and
Water Management [109], recent years have shown an increase in the acceleration of energy transfor-
mation towards RES in smaller towns. Heating companies intended to invest and use various
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renewable energy sources (also other than biomass, which, as a result of the EU policy on taking into
account its carbon footprint, is losing significantly) not used so far, see Figure 12.

PC—HEAT PUMPS (GEOTHERMAL AND PtH) 28%
GPtH—POWER TO HEAT 37%
KB—BIOMASS BOILERS 65%
KS—SOLAR COLLECTORS 35%

TES—DAILY HEAT STORAGE 39%

STES—SEASONAL HEAT STORAGE 33%

Figure 12. Interest in individual renewable energy and heat storage technologies in the surveyed
group of companies. STES—seasonal heat storage, TES—daily heat storage, KS—solar collectors,
KB —biomass boilers, GPtH —(green) power to heat, PC—heat aid (geothermal and PtH).

The research also showed great interest among enterprises in small towns in daily heat storage
and in the Green Power-to-Heat (PtH) technology, which allows, for example, the use of unbalanced
wind energy in heat plants, which is very popular. We still do not have the technologies imple-
mented. This requires large financial outlays. This is what the research programs of the National
Center for Research and Development [110] under pre-commercial procurement are to serve.

4.3. New Technologies for Construction

Rising energy costs from fossil fuels generates great interest in devices that use renewable en-
ergy. Heating companies more and more often choose biomass as fuel. Biomass is considered a re-
newable energy solution. The most popular types of biomass for boilers are: wood chips, pellets and
lump wood. A case study of heating solutions based on renewable energy sources in France was
presented in [111]. Heat pumps or biomass centralized installations are resistant to different future
conditions, while current natural gas domestic heating is underperforming compared to renewable
technologies. It should be noted that the RED III directive imposes a reduction in the use of biomass
after 2020. According to the opinion of IEQ, biomass boilers can complement hybrid installations.

When replacing new technologies, one should remember about solar collectors and geothermal
energy. Geothermal energy is a beneficial solution that does not adversely affect the environment.
Unfortunately, it depends on the company's location and is still limited by high financial outlays and
the lack of technology [96]. On the other hand, solar collectors are the most popular innovative tech-
nology. Its universality and availability translates into low costs. In Poland, the largest solar collectors
that produce electricity for district heating are in Olsztyn, Itza [112]. It is worth emphasizing that
solar collectors can work with central heating boilers or heat pumps, on a large scale and on a smaller
scale as home systems.

Fuel cells are very interesting and becoming increasingly popular technologies. The cell gener-
ates electricity from the oxidation of the fuel constantly supplied to it. Fuel cells, according to the
electrolyte used, can be divided into [113]:

e Alkaline (AFC— Alkaline Fuel Cell);

e With molten carbonate (MCFC—Molted Carbonate Fuel Cell);

¢  With phosphoric acid (PAFC—Phosphoric Acid Fuel Cell);

e  With a proton exchange membrane (PEMFC—Proton Exchange Membrane Fuel Cell);
e Oxide (SOFC—Solid Oxide Fuel Cell).
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The use of cells is very wide. They can be used in individual and collective transport, in P2G—
power to gas technology, where the source is hydrogen, in combined systems generating electricity
and heat for heating and cooling purposes, in large cogeneration units and micro, energy storage
[114]. The power to gas (P2G) technology makes it possible, using hydrogen as a carrier, to store the
resulting surplus electricity. The direction of the development of the Power to gas technology was
presented in [115].

Fuel cells in combination with a pump or cooling can form a total micro-combined heating, cool-
ing and power (CCHP) system [114]. A study [116] explored the potential of installed heating, cooling
and power systems to support grid flexibility for each of the seven US Independent System Operators
(ISO) / Regional Transmission Organizations (RTOs) using their operational data on three time scales
(i.e. yearly, monthly and hourly). The results revealed that regardless of ISO / RTO, sector or season,
more than 40% of installed combined heat and power (CHP) capacity has not been fully utilized and
may be available to increase network flexibility. The available CHP power ranged from 0.7 to 8.7 GW
and accounted for 1-9% of the peak electricity demand in the relevant ISO / RTO. Using this available
cogeneration capacity it would be possible to avoid installation costs of up to USD 16.4 billion for
new peak load plants to meet peak demand, growing capacity or other needs related to increasing
levels of renewable energy generation. Due to reduced cold start cycles and part load operations, the
installed CHP systems can reduce criteria pollutants and greenhouse gas emissions than those new
peak installations. While this study focused on seven US ISO / RTOs, the approach could be applied
in more local situations.

The development of technology would not be possible without the development of heat storage
technology. Thanks to the storage, one can use energy that depends on the weather. According to the
IEQ, thermal stores have a significant advantage over electric ones, which can only store energy in
hourly cycles and are more expensive. In [117] different types of magazines were presented.

On December 7th, 2021, the Polish Hydrogen Strategy until 2030 [118] with a perspective until
2040 was announced. In accordance with the policy, "green" hydrogen is a fuel that can very effec-
tively replace gas and coal and appears as a remedy for the current problems of heating companies.
The main assumptions of the Strategy are the objectives: implementation of hydrogen technology in
the energy and heating sectors, as well as the use of hydrogen as a fuel for transport supporting the
decarbonization of the industry. In order to achieve the goals in line with the Policy the following
actions should be taken:

¢ Implement hydrogen technology in the energy sector along with the definition of the legal
framework;

¢ Launch a P2G class 1 MW installation—support for stabilizing the operation of distribution net-
works; such installation will produce 3150 MWh of hydrogen / year;

¢ Implement the possibility of co-firing hydrogen in gas turbines (depending on the technical ca-
pabilities of the turbine);

e  Start up cogeneration and polygeneration installations, e.g., medium-sized combined heat and
power plants (50 MWt), where the main fuel will be hydrogen (demand around 580 GWh per
year);

e  Start using hydrogen as an energy store;

e Installation of polygeneration berths for apartment blocks, small housing estates and public util-
ity buildings from 10 kW to 250 kW with the use of fuel cells.

5. Future of DH —Selected Case Studies

5.1. Berlin, Germany

A fifth-generation district heating network is to be built on the site of Berlin's Tegel Airport,
which will be transformed into a modern office and residential district after its closure. The low-
temperature network (LowEXx) is to be 20-40 degrees Celsius and operate in a decentralized manner.
It will receive surpluses of heat and cold produced in homes and offices that will not be used on site.
The entire heating system is to integrate prosumers, energy storage, heat pumps, photovoltaic farms,
cogeneration and geothermal installations [91].

do0i:10.20944/preprints202305.1687.v1
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5.2. Albertslund, Denmark

Building new generation networks in place of old heat pipelines is difficult, but not impossible.
A good example is the Danish town of Albertslund (with a population of 30,000), which decided to
implement low-temperature networks based on the already existing district heating infrastructure,
which was built in the 1960s and 1970s. The decision was preceded by an ambitious renovation and
thermal modernization program —most of the buildings in the municipality were built at the same
time as the old district heating network. This made it possible to connect successive buildings to the
heat network at a temperature of 55 °C in stages. The old network, operating at a temperature of 90
degrees, is still functioning, but it is gradually being replaced by a new one. Albertslund wants all
heat and electricity supply to be COz-neutral by 2025 [91].

5.3. Malmdé, Sweden

The use of modern IT technologies will make it easier for cities to build energy self-sufficient
districts. Swedish Malmé (340,000 inhabitants) opted for such solutions. In 2011, the city authorities
decided to build a climate-neutral district of Hyllie, where smart devices control energy and heat
demand. The project consisted of two elements: an agreement between the city and the energy sup-
plier to achieve 100% the share of RES in energy supplies for Hyllie by 2030 and the creation of a
smart grid network. Thanks to it, houses are equipped with smart meters and energy storage, and
residents can optimize energy consumption using applications on their smartphones. Investments in
the construction of new smart infrastructure have so far amounted to EUR 100 million. In order to
finance them, the city decided, among others, to issue the green bonds [91]. Following this invest-
ment, Malmd's CO2 emissions fell from 2.21 million tons in 2010 to 1.37 million tons in 2016, which
gives a 38% decrease [119].

5.4. Ostréw Wielkopolski, Poland

An example of successful use of biomass in cogeneration is Ostréw Wielkopolski. The local mu-
nicipal heating company, in place of the liquidated coal boiler, built a modern cogeneration unit pow-
ered by wood biomass with a capacity of 11.4 MW. At the same time, the heat and power plant was
connected by a distribution network to the local public transport depot, which enabled the chargers
for electric buses to be powered with locally produced green electricity. This is the first case of a city
in Poland that has created its own system of powering bus chargers with energy from RES. Annual
savings from the implementation of this system are estimated at PLN 0.5 million with four electric
buses and are expected to increase to PLN 1 million with ten vehicles [91].

5.5. Watcz, Poland

The project of Heat Energy Plant Ltd. (ZEC) in Watcz is planned with the collaboration with the
Danish investor Eurowind Energy Ltd. and it will involve the construction of a wind [120] and pho-
tovoltaic farms within a radius of 30 km from Walcz. The KR2 boiler houses in Walcz will be supplied
with a direct power line. With the use of a private off-grid network, green energy from RES farms
will be delivered directly to the boiler house in Watcz, where an electrode boiler will transform it to
create thermal energy, assuming 100% efficiency. The electrode boiler is constructed as a cylindrical
high-pressure tank to which electricity is supplied with the voltage of 10-11 kV for the 10 MW boiler.
The temperature in the boiler circuit is 130 © C/95 ° C. The details of the boiler operating principles
can be found in [121]. It is predicted that 99.8 MWh of heat will be sent from 100 MWh of electricity
transmitted from the wind farm to the Watcz district heating network. It means that the production
efficiency of the boiler in discussion is 99.8%, whereas the efficiency of coal boilers is 84% and gas
boilers 95% [121].

6. Conclusions

The real problems faced by the heating industry, especially the difficult time for investment im-
plementation, the increase in the energy awareness of the society for the consent and acceptance of
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the transformation, gives the green light to heating companies to undertake their own development
strategies based on renewable energy. EU and national regulations should create conditions for the
safe operation of heating companies, as well as the development of the entire energy industry. Alt-
hough there is currently an accumulation of so many unfavorable business phenomena, the invest-
ment effort made will not be wasted. There is also the issue of financing this transformation, and here
remains a large role for the EU and the Polish government. It is important to emphasize that on March
9, 2023, an act amending the act on investments in wind farms and some other acts was adopted [122].
The act allowed the location of wind turbines within 700 m from the nearest residential development.
The introduced change will allow for an increase in the number of wind projects in Poland, which
will have the consequence of increasing the potential possibilities of developing power to heat pro-
jects and carrying out the expected restructuring of the heating sector, i.e., the process of generating
thermal power used for heating and cooling, usually utilizing heat pumps or boilers.

While analyzing the goals of the European Union, the transformation of the heating sector is
inevitable. Such a large reform requires, on the one hand, financial outlays, and, on the other hand,
knowledge of potential directions of development and products available on the market. Therefore,
it is necessary to expand engineering knowledge and develop technology. The ambitious pace can
lead to a capacity shortage.

Along with technological development and reaching for new solutions, legislative support and
a modern (pro-development) industrial policy are necessary. It is not enough to focus on large do-
mestic enterprises, but small and individual heat engineering should be supported. The nation
should have a sense of security, no fear of galloping prices, and awareness of the purpose of the
transformation being implemented, i.e. the need to increase the role of decarbonization of heating.

The increase in the role of renewable energy sources with the simultaneous change in the struc-
tures of fuel demand in heating, reducing the heat demand by 21% should be a key factor in the
current times of pandemic and war restricting access to sources. It is worth remembering Stephen
Covey's sentence "The best way to predict the future is to create it".
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Abbreviations
ASHP air source heat pump
ATES Aquifer thermal energy storage
BTES Borehole thermal energy storage
CCHP combined heating, cooling and power
CHP Combined heating and power
ECO Opolszczyzna District Heating
EED Energy Efficiency Directive
EfW Energy from waste
EPDB Energy Performance of Buildings Directive
GPtH green power to heat
GSHP ground source heat pump
IED Industrial Emissions Directive
IEO Institute of Renewable Energy
LPEC Lublin Heat Energy Company
MC Municipal Heating Company
MPEC Municipal Heat Energy Company
KB biomass boilers
KPEiK National Energy and Climate Plan
KS solar collectors
PC heat pumps

PEP2040 Polish Energy Policy up to 2040
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PRL Polish People's Republic

PSE Polish Power Grids

PTES Pit thermal energy storage

PV photovoltaics

RED III Renewable Energy Directive

RES renewable energy sources

SEC Szczecin District Heating

STES seasonal heat storage

TES Thermal energy storage

TTES Tank thermal energy storage

URE Energy Regulatory Office

WTG wind turbine generator

WPEC Voivodship Heat Energy Company

ZEC Heat Energy Plant in Watcz

ZsC L6dz District Heating Plant
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