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Abstract The article presents the present state of the electric-
ity sector and the hard coal mining sector in Poland. Priorities
for the future structure of electricity generation have been
determined in the context of trends in the EU climate policy.
Poland has significant reserves of coal, which will be used to
produce electricity in order to secure the country’s energy
security and to make use of indigenous resources. Despite
the current economic and financial difficulties of mining enti-
ties, the government has declared its support for hard coal
mining industry. This is due to the fact that enormous invest-
ment outlays, exceeding the financial capabilities of the ener-
gy sector and the country, would be needed in order to funda-
mentally change the fuel structure of the sector. Due to the fact
that coal-fired power plants, which now account for more than
46% of all power generation capacity, are deeply decapitalized
and do not meet the EU emission requirements, the possibility
of upgrading the existing units in order to improve their gen-
eration efficiency and extend their service life for the next
several dozen years is explored. The Polish energy transition
towards a low-carbon economy is largely based on energy-
saving ideas and efforts to increase the energy efficiency.
There has also been a great increase in the production of re-
newable energy, especially wind power, which, however, is
the reason for problems with the stability of power grids and
the balance of supply and demand. The development of re-
newable energy sources used in local energy clusters is the

preferred option. The presented scenarios have not yet been
confirmed in the official documents of the Polish government.
The government faces the task of building the long-term en-
ergy policy and energy transformation strategy that should
take into account internal and external determinants and pri-
orities. At the same time, it is important to negotiate the path of
development that is consistent with the direction of the chang-
es proposed by the European Union and takes into account the
capabilities of Poland.

Keywords Hard coalmining . The structure of electricity
generation . Low carbon economy

Introduction

Energy transformation is linked to changes in the production
and use of energy and is driven by progress. The coal was the
basis for the industrial revolution in the eighteenth century. At
the turn of the nineteenth and twentieth centuries, crude oil has
contributed to the development of the automotive industry.
Natural gas has proved to be a versatile raw material, not only
in power industry, but also in the chemical industry, only after
the Second World War. Nuclear power was introduced in the
second half of the twentieth century. The last decade of the last
century has started the process of dissemination of renewable
energy. It is believed that this is the next stage in the global
energy development.

In the light of global climate change and the limitation of
non-renewable fossil fuel resources, sustainable development
has to play an increasingly important role in securing energy
needs, in which the necessities of the present generation must
take into account the wellbeing of future generations. The
energy and climate policy gradually implemented in the
European Union is focused on the issue of emission reduction
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from, among others, the energy sector, while the energy trans-
formation is often implemented (e.g. in Denmark, Germany,
and France) by eliminating fossil fuels in favor of the power
industry based on renewable energy sources. An additional
argument for the development of renewable energy, besides
limiting the impact of the traditional energy sector on the
environment, is that renewable sources have a local character,
help to diversify energy supplies, and strengthen the energy
independence of the country (IEA 2016).

The concept of transformation is naturally associated with
innovation and new technologies. An important element in
making a change is not only the availability of technology
but also the development of such an energy policy that will
enable the relatively inexpensive (for the society to benefit
from it) and least environmentally damaging uninterrupted
energy supply (energy security).

In a broader sense, energy transformation is associated with
the promotion of low-carbon energy sources based on low-
carbon and efficient (energy-efficient) energy production tech-
nologies. Another element of energy transformation is the
development of energy-saving ideas, that is the improvement
of energy efficiency in various sectors of industry and services
(e.g., insulation and thermal efficiency improvement, energy-
saving lighting, cogeneration—combined heat and power
generation, and energy recovery in industrial processes)
(Mlynarski et al. 2017). Therefore, not only the energy supply
in the right quantity and quality, but also the volume of de-
mand that can be influenced are both of great importance.

The article presents the present state of the electricity sector
and the hard coal mining sector in Poland. In the context of
trends in the EU climate policy, the Polish energy economy,
based on the generation of electricity from solid fuels, requires
a deep transformation. An outline of the planned activities
differs from the pathways adopted in other EU countries.
This is due to the specific conditions of Poland.

Comparison of electricity production systems
European Union countries

In 2014, 48% of electricity produced in the European Union
countries came from burning combustible fuels (such as gas,
coal, and oil) while more than half came from emission-free
sources: 27% from nuclear power and 25% from renewable
energy sources. Among these renewable energy sources, the
highest share of electricity came from hydropower plants
(13%), wind turbines (8%) and solar power (3%) (EC 2016b).

Poland was at sixth place as concerns the amount of elec-
tricity produced in the EU with about 5% share of total, after
Germany (19.7%), France (17.6%), UK (10.6%), Italy (8.7%),
and Spain (8.6%) (Table 1).

The sources of electricity production vary among the
Member States (Fig. 1): Estonia and Poland are the two

countries with over 80% of electricity production from solid
fuels. Statistical data from 2014 (EU 2016) show that Poland
produced 129 TWh of electricity from coals while Germany
with the share of production from solid fuels produced more
than twice as much electricity (274 TWh) from coals.
Combustible fuels dominate in the similar Polish percentage
also in Malta, Estonia, Cyprus, but the amount of electricity
produced was much smaller there. Over three quarters (77%)
of electricity production came from nuclear power plants in
France, followed by 58% in Slovakia and 54% in Hungary.
The highest share of renewable energy sources was in Austria
(82.2%) followed by Croatia (74.2%): both countries with
almost 70% of electricity produced from hydro power plants.
High shares of renewable energy in the country’s production
structure of Portugal (61.4%) and Denmark (55.9%) came
from wind energy (EC 2016b).

Out of 808.7 TWh produced from solid fuels in the EU
countries, over 62% of solid fuel-based electricity came from
three countries: Germany (33.9%), Poland (16.0%), and UK
(12.5%). Germany is also a leader in production of electricity
from renewables. 18.1% of the total EU renewable electricity
production came from Germany. Additionally, with over 11%
of production in nuclear plants and high share from non-RES
wastes Germany’s electricity production structure is highly
diversified and more sustainable than the Polish one.
Looking at the shares of electricity production of the major
EU producers, energy mix of Poland is unique.

The situation of the Polish energy sector

The Polish energy mix is unique in Europe because it is based
on domestic solid energy resources (hard coal and lignite).
Electricity consumption is characterized by a slight upward
trend. The share of hard coal in electricity production, despite
a downward trend, is still over 50% (Table 2).

The structure of installed capacity in the domestic power
system in the year 2016 is presented in Fig. 2. Out of 41.4 GW
of the total installed capacity, 32.4 GW (78.3%) is installed in
the commercial power industry, including 19.2 GW in hard
coal-fired power plants. The production structure changes are
introduced slowly. In 2011, the share of professional solid-fuel
power plants in the power structure of the National Power
System was 79.7%, which means that in 2016, this share has
decreased by 10.9 percentage points to 68.8%. With a 4 GW
increase in the total installed capacity, a 1.3 GW decrease in
the share of solid-fuel power plants is accompanied by an
increase in the case of all other energy sources, especially
wind power and other renewable sources, where a total
4.4 GW capacity increase was recorded.

Due to the extensive use of coal, the energy sector is char-
acterized by high emissions. In addition, despite partial mod-
ernization, most of the existing production capacities are
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obsolete units with low efficiency. The age structure of boilers
and turbosets used in power plants is highly variable, while
many of them are already over 30 years old (Szczerbowski
2016). According to a government document from 2009 (PEP
2009), in the perspective of 2030, almost 15 GWof the capac-
ity installed in the power system should be decommissioned,
while almost 6 GW should undergo a deep modernization.
Assuming an inevitable increase in electricity demand, it is
estimated that the required new investments in the system
should amount to 25.9 GW (Duda et al. 2014). The need to
replace and upgrade such a significant part of the power gen-
eration units is, on the one hand, a chance for qualitative
changes, but, on the other, is associated with huge investment
needs.

For several years, the lack of current energy policy of
Poland can be observed. The last government document was
published in 2009 and includes an action plan covering the
period up to 2030 (PEP 2009). This document assumes the
diversification of the fuel mix of the power industry through,
inter alia, the development of nuclear power. For various rea-
sons, there have been significant delays in the implementation

of the program. In addition, the development of the EU energy
and climate policy and the government change in Poland
make it necessary to redesign the energy policy of the country
until 2050. Current investments in the power sector include
the construction of several new coal-fired units (Kozienice—
1075 MW, Opole—2 × 900 MW, and Jaworzno III—
910 MW), which means continuing to use domestic coal to
meet the country’s energy needs. However, no long-term ac-
tion plan was implemented.

The main argument in favor of coal based power industry is
the energy security of Poland, as the coal resources (both hard
coal and lignite) are abundant, and the well-developed coal
mining industry currently employs nearly 100,000 people.

The situation in the hard coal mining sector

Coal has always been an important energy source in Poland.
In the market economy (after the change of political system in
Poland), the coal industry turned out to be unsuited to compe-
tition. Hence, in the entire period since 1989, a continuous
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Fig. 1 Production of electricity
by source in the EU countries, %.
Source: own elaboration based on
EU (2016)

Table 1 Gross electricity
generation in the European Union
and leading electricity producers
in 2014

Gross electricity
generation

Shares of particular energy sources, [%]

TWh Solid
Fuels

Nuclear Renewables Gases Petroleum and
products

Wastes
non-RES

EU 28 3190.7 25.3 27.5 29.2 15.4 1.8 0.7

Germany 627.8 43.7 15.5 26.8 11.6 0.9 1.2

France 562.8 1.7 77.6 17.3 2.7 0.3 0.4

UK 338.9 29.8 18.8 19.9 30.0 0.5 1.0

Italy 279.8 15.5 0.0 43.7 34.6 5.1 0.9

Spain 278.8 15.7 20.6 40.9 17.5 5.1 0.2

Poland 159.1 81.4 0.0 12.8 4.6 1.0 0.0

Sweden 153.7 0.4 42.2 55.9 0.5 0.2 0.8

Source: own elaboration based on EU (2016)
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restructuring of the sector is taking place. Poland has large
coal reserves—at the current level of production, the reserves
should last for 153 years (Szuflicki et al. 2017). At the same
time, the domestic demand for coal is decreasing (Table 3).
Over the 5 years, the consumption of coal has decreased by 14
million tons; while the downward trend applies to all sectors
of the economy, the largest decrease in the use of coal has been
reported in heat engineering (23.4%) and other market seg-
ments (26.2%) including the industry, agriculture, and
households.

As a result of lower consumption, the domestic market of
Polish steam coal producers has shrunk. The domestic de-
mand was partially met by imported coal, which effectively
competed on the Polish market.

In the second decade of the twenty-first century, the over-
production and low prices on the international coal market can
be observed. The reason is the increase in production of coal
accompanied by a decrease in demand for this raw material
due to slowing down the pace of development in countries that
are major users and importers of coal. As a result, the coal
prices in 2016 year were lower than those observed between
2008 and 2009 during the global financial crisis. In 2015, the

worldwide coal production has dropped by 3.5% but was 6%
higher than in 2010, while the global steam coal trade has
decreased by about 8%. Coal prices have been on a downward
trend for the fifth year in a row. In 2015, they decreased by
21% compared to the average of the previous financial year
(Lorenz and Ozga-Blaschke 2016).

This had a major impact on the economic efficiency of
Polish producers of this raw material (Fig. 3). Since 2012, a
rapid decrease in the demand for steam coal can be observed.
In the previous years, with improving financial results related
to a rapid increase in the selling prices of coal mining compa-
nies, coal production costs were also increasing. However, the
rate of increase in costs has not been slowed even after the
rapid drop in prices and sales volume. Once again, the Polish
mining industry was on the verge of bankruptcy.

The government has taken steps to save a number of coal
mines. Although the official program for the coal industry has
not yet been announced, organizational and ownership chang-
es in mining entities were carried out.

The changes included the consolidation of all Upper
Silesian coal mines that produce steam coal, with the excep-
tion of a few mines owned by the energy companies, into a
single state-owned entity. Mines or parts of mines that are
considered to be permanently unprofitable are to be closed.

In 2016, although a slight improvement was observed, the
overall financial performance remained negative.

The aim of further restructuring efforts is to achieve sus-
tainable economic efficiency of the sector and to maintain
rational use of the existing internal potential of coal mining,
including: resource, social, and economic potential. It is obvi-
ous that hard coal mining in Poland has the potential for de-
velopment (strengths), but a number of features (weaknesses)
limit the ability to effectively achieve goals and success
(Gawlik 2017). The declaration of government support and
the government’s favorable policy based on the conviction
that the energy security of Poland can be strengthened by

Table 2 The structure of
electricity production in domestic
power plants, the volume of
electricity exchange with foreign
countries, and the energy
consumption in Poland in 2011
and 2016, GWh

No. Item 2011 2016 Dynamics, %

1. Total production 163,153 162,626 − 0.32

1.1 Commercial power plants 151,319 140,727 − 7.00

1.1.1 Commercial hydropower plants 2529 2399 − 5.14

1.1.2 Commercial thermal power plants 148,790 138,328 − 7.03

1.1.2.1 Hard coal power plants 90,811 81,348 − 10.42

1.1.2.2 Lignite power plants 53,623 51,204 − 4.51

1.1.2.3 Gas power plants 4355 5776 32.63

1.2 Other renewable power plants 35 146 317.14

1.3 Wind power 2798 11,623 315.40

1.4 Industrial autoproducers 9000 10,130 12.56

2. The foreign exchange balance − 5243 1999 − 138.13

3. The domestic electricity consumption 157,910 164,625 4.25

Source: PSE (2017)

Fig. 2 The structure of installed capacity in the domestic power system.
Source: Report (2016)
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the use of indigenous resources is essential for achieving this
objective.

The greatest threat to the future of coal mining in Poland is
the long-term climate change policy of the European Union
set out in the Roadmap for moving to a competitive low car-
bon economy in 2050. (EC 2011a), Energy Roadmap 2050
(EP 2013), and in WHITE PAPER Roadmap to a Single
European Transport Area (EC 2011b).

The consistently implemented EU policy towards reducing
greenhouse gas emissions is targeted at fossil fuels, especially
solid fuels (hard coal and lignite), as those associated with
high emissions. In the so-called BWinter Package^ (EC
2016a) the European Commission proposes changes to reor-
ganize the electricity market, revisions to the Renewable
Energy Directive and Energy Efficiency, and a CO2 limit of
550 g of CO2 per kilowatt hour for power plants, which would
exclude coal-fired power plants from CAT mechanism
eligibility.

The prospects for the development of coal market are un-
favorable due to the increasing competitiveness of other ener-
gy carriers on both domestic and foreign electricity markets.
The tightening of environmental standards is slowly becom-
ing a fact, and this means that an increase in CO2 emission
charges is expected, which will affect the coal power industry.

For the consolidated mining industry, it is essential to de-
termine the possible long-term demand for coal. The ability to

sell coal in the domestic market is decisive for determining the
size of the industry and for evaluating the restructuring efforts.
The sales of steam coal offered by Polish producers in the
domestic market have significantly decreased from around
63–65 million tons in 2007–2008 to 60.8 million tons in
2011 and around 53–54 million tons in 2015 and 2016.
Compared to 2008, the sales of coal in the domestic market
in 2016 have decreased by 14%; the decline affected particu-
larly the commercial power industry, where it exceeded 23%
(ARP 2016).

The reduced consumption of coal in the Polish economy is
clearly visible. It is estimated (Project 2017) that the demand
for hard coal in Poland in 2030 may be 20% lower than in
2015 unless measures aimed at strengthening the role of coal
in the domestic market are taken.

The decrease in the use of coal in other, besides the power
industry, segments of the coal market is inevitable.
Approximately 50% of the demand for heat is met by district
heating, while the primary fuel used to produce heat is hard
coal. The future position of district heating is influenced by the
EU energy and climate legislation. The heating sector is com-
mitted to taking measures to improve the energy efficiency of
energy processes, increase the share of renewable energy
sources, and reduce pollution, mainly air pollution. District
heating companies must be prepared for EU regulations on
industrial emissions. They impose SO2, NOx and dust emis-
sion limits (IED 2010), which will take effect from 2025 and
exclude units not complying with the new regulations in this
area. The restrictions also apply to combustion plants with a
rated thermal input of 1 to 50 MW (MCP 2015). The national
support system includes the generation of heat in high-
efficiency cogeneration, which means that heat production in
commercial and industrial heating plants will be reduced. The
pace of moving away from coal will depend on investment
opportunities in the power industry (cogeneration), the possi-
bility of substitution of coal fuel in the heating system, and the
development of thermal insulation and energy-saving ideas.

In other sectors of the economy, coal is mainly used in
households. The problems associated with low-stack emis-
sions are the dominant element forcing the move away from
traditional coal-fired boilers used for space heating. The

Table 3 The consumption of
steam coal in the domestic market
in the years 2010–2015, thousand
tons

Item 2010 2011 2012 2013 2014 2015

Power coal 72.452 71.623 64.443 66.185 61.008 58.464

Including: Commercial power plants and
CHP plants

44.134 43.450 40.059 40.364 37.120 37.450

Industrial and municipal heating
plants

4.319 3.718 3.808 3.750 3.373 3.308

Other market segments
consuming steam coal

23.999 24.455 20.576 22.071 20.515 17.706

Including: Households 11.900 10.640 11.020 11.076 9.900 9.750

Source: own work based on Central Statistical Office of Poland (GUS 2009–2016) and Industrial Development
Agency (ARE 2009–2016)
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furnaces will be replaced by high-efficiency coal furnaces or
furnaces using other fuels, while the more and more popular
thermal efficiency improvement and passive and energy-
efficient buildings will also contribute to reducing the use of
coal.

These already established trends are the reason why the
volume of the domestic demand for coal has become, and will
be even more, dependent on the development model of the
commercial power industry in the future. There are several
good premises for the mining industry, including the question
of energy security, which should affect decisions on the model
and coal-dominated fuel mix of the commercial power
industry.

The model of commercial energy sector

As already mentioned, the installed capacity in Poland will
have to be systematically replaced due to the age of power
plants and technologies that make it impossible to meet emis-
sion standards. Decommissioning of obsolete units may be
further accelerated due to environmental standards imposed
on the sector through the implementation of the Directive on
Industrial Emissions - IED (2010), and the related restrictions
resulting from the detailed Best Available Techniques conclu-
sions (BAT 2016) adopted by the European Commission in
August 2017.

It is obvious that, despite the energy-saving measures, the
development without an increase in demand for electricity
would not be possible in Poland. An example of this is the
launch of processes aimed the development of the electric
vehicle market, which will increase the demand for electricity
over the next 20–30 years and thus will result in the need to
increase the currently installed capacity.

The question is what are the new technologies to be phased
in? The current government bases its strategy on linking coal-
fired power generation with the construction of new large-
scale coal-fired plants, which, thanks to long-term contracts
with Polish mines, will ensure an outlet for Polish coal. It is
also emphasized that the new energy facilities will have a high
efficiency of up to 46%.

The basic argument is the energy security. Diversification
towards increase the share of natural gas in the energy mix is
seen in many countries as a transitional step towards a low-
carbon energy sector. Under Polish conditions development of
gas sources means the need to increase imports. Domestic
natural gas production, i.e., 5.1 billion m3 in 2016, accounts
for about 12% of the total consumption of this raw material in
the economy of the country (GUS 2016), the rest is imported
mainly from the east. The high import prices of this raw ma-
terial limit the effectiveness of its use in the power sector, and
the dependence on one supplier (Gazprom) poses a threat to
their reliability. Partial diversification of supplies was

achieved by putting into operation in 2016 an LNG terminal
with a regasification capacity of 5 billion m3. There are plans
to expand its capacity to 7.5 m3. Further projects include the
construction of the Baltic Pipe, which will supply natural gas
from Norway to Poland. These investments, however, require
time and at the earliest in 2022, when the long-term gas supply
agreement from Russia will expire, it will be possible to talk
about safe and diversified import opportunities for this raw
material.

Energy transformation through the development of wind
power has recently been slowed down by wind farm location
constraints (Act 2016a) and a reduction of subsidies for ener-
gy production from renewable sources (Act 2016b).
Renewable energy sources will be deployed as demonstrating
the economic efficiency and if they find funding.

Still, no decision regarding the construction of nuclear
power plants with a total capacity of 6000 MW has been
taken. At the same time, substantial costs of such investments
and the unfavorable public perception of nuclear energy are
being pointed out.

Therefore, Poland has to focus on coal. Both the develop-
ment of the power industry and the restoration of the efficien-
cy of hard coal mining require a lot of financial resources;
however, the question is whether to invest in the development
of mining or to invest even more money in decommissioning
of mining operations and create a huge social problem related
to the unemployment of miners.

It is obvious that the move away from coal within 10 or
even 20 years is not possible. However, there are ongoing
efforts aimed at finding alternatives to the development of
capacity based on coal, although the demand for electricity
will increase due to the growing demand for cooling and
heating services and the expected emergence of electric cars.

One of the ideas is the modernization of the existing coal-
fired power units with a capacity of 200 MW (ME 2016). One
of the following solutions should be used for the selected units
in order to improve the efficiency and reduce the CO2 emis-
sions of the system:

& A combination of two modernized boilers with one
turboset and the development of a 500 MWunit of higher
efficiency and a lower technical minimum (at about 20%
of rated power),

& The pre-gasification of coal slurry (coal sludge) or munic-
ipal waste as an additional power supply for the unit,

& Conversion of coal-fired units into biomass-fired units,
& The use of oxy-combustion with CO2 capture, e.g. for the

purposes of supporting oil and gas extraction. This would
reduce emissions by as much as 80%.

The efficiency of such units would be 2–3 percentage
points lower than the new ones, but it was estimated that the
cost of such upgrades would be significantly lower than the
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construction of new units with the same total capacity.
Another advantage is the fact that these upgrades can be made
by Polish companies, while the development of new units
would require the import of technology. The discussed mod-
ernization would mean the continuation of the use of coal for
about the next 20 years, while the construction of new coal-
fired units would result in the next 40 years of coal based
power industry in Poland. Shorter service life of a power plant
is paradoxically an asset rather than a burden, also when tak-
ing into account negotiations with the European Union.

Another important area is cogeneration. An emphasis was
placed on cogeneration using hard coal, including the partial
shift from commercial and industrial heating plants towards
the commercial power industry. Polish heating plant operators
argue that it is possible to add 7000 MW to the Polish power
system by switching the current heating capacity to cogenera-
tion capacity. This applies to both large and small (including
local) sources (Biznesalert 2017).

Such a solution would allow highly efficient use of coal
and gas, which would translate into lower emissions. At the
same time, the district heating targeted at a larger customer
group means partial elimination of low-stack emissions in the
household sector. The scale of possible changes is shown by
the following figures: in 2015, the share of hard coal in the
heat generated by the licensed heating companies was 73%; in
the case of cogeneration, the share of heat produced from hard
coal was 81%. The consumption of coal for heat production
amounted to 13.5 million tons (ERO 2016).

It should be noted that, although a lot remains to be done to
reduce emissions from the production of electricity, power
plants and combined heat and power plants systematically
reduce the emission of pollutants into the environment
(Table 4).

Possible models of distributed generation

The planned development of distributed generation, based on
renewable energy sources, will serve to supplement large coal-
fired units. In small towns and in rural areas, it is planned to
develop agricultural biogas plants, working independently or
as support for unstable wind power. Biomass boilers can play
a similar role. These local, sustainable energy sources will
allow coping with blackouts that are prevalent in underdevel-
oped areas. In cities—biogas is obtained from sewage waste
or as a result of gasification of organic parts of municipal
waste and can be used for the production of electricity or
System Heat, especially in high-efficiency cogeneration.

Land-based wind turbines are not currently supported be-
cause of their unstable operation and the resulting problems
with energy balance in the national power grid, but the
installed capacity will gradually increase. Increasingly lower
investment costs lead to the development of photovoltaic

systems by prosumers that is customers who produce electric-
ity primarily for their own needs; however, the inclusion of
photovoltaic plants into the national power grid is also
discussed in light of the growing demand for energy for
cooling during the summer months.

In addition, the concept of local energy clusters has also
emerged. These are agreements between entities offering ser-
vices in the area of production, distribution, storage, and sup-
ply of energy and fuels in the local area. The aim is to increase
the energy security of regions while maintaining economic
viability and sustainable development. The main objective is
to balance the needs of the local community and the potential
for the development of distributed energy sources, including
prosumer sources. The task is to stimulate local communities
to cooperate and generate renewable energy for their own
needs and in order to distribute it locally to medium voltage
networks.

An important element of this concept is using local renew-
able energy resources in coordinated way with a current de-
mand. This will reduce the cluster’s demand for energy from
the National Power Grid and decrease the demand for supply
of transmission services in high-voltage networks. It is possi-
ble to use local renewable resources, such as solid waste bio-
mass, which can be used to heat homes and small utilities, or
to recycle industrial and municipal waste through thermal
treatment, which will also improve the quality of the environ-
ment. Apart from limiting the demand for fossil fuels, mainly
coal, the cluster economy will help to reduce emissions, in-
crease energy efficiency, and reduce the cost of supplying the
region with electricity and heat. On the local scale, it is possi-
ble to improve the quality of power, mainly by the reduction
of voltage drop and phase deformation, thus increasing the
utility values of electricity. Local energy production will lead
to the reduction of transmission capacity, and the improve-
ment of quality can affect also neighboring regions.

It is not without significance to stimulate economic devel-
opment outside the areas of larger agglomerations. On the
national scale, this is primarily to build energy security for
less urbanized areas and to more independent from external
supplies of raw materials and energy.

Table 4 Emission of environmental pollution from commercial energy
sector—comparison of the 2013 and 2016 year

Kind of emission 2013 2016 Change

Thousand tons %

CO2 146,947 140,181 6766 4,6

SO2 304,141 162,779 141,362 46,5

NOx 205,538 150,581 54,957 26,7

Fly ash 15,847 10,934 4913 31,0

Source: ARE (2017)
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In the concept of economy transformation, more and more
emphasis is placed on research and development activities and
the creation of innovative solutions in the area of clean coal
technology. The economic priorities in the mentioned R&D
activities and innovative solutions include the National Smart
Specializations on sustainable energy.

In the longer term, the coal-based power industry will be
supplemented by renewable energy sources, possibly stable or
supported by energy storage (e.g., P2G technology). In the
field of nuclear power, the construction of small modular nu-
clear reactors (SMRs) in the years 2035–2040, which would
replace the obsolete coal-fired power plants (200 MW, which
are currently planned to be included in the revitalization pro-
gram) (ME 2016). The advantage of such a solution is the fact
that the size and modular structure of these reactors allows
them to replace the production capacity of obsolete units when
needed and to spread the investment costs over time. In addi-
tion, they can be located in different parts of the country,
creating a more distributed grid than in the case of the con-
struction of large power plants.

Conclusions

The presented directions of hard coal mining and energy de-
velopment are based on statements by government represen-
tatives and fragmentary studies. They have not yet been con-
firmed in the official documents of the Polish government.

There is no officially known program for hard coal mining
and although the measures taken and the improvement in the
global coal markets have contributed to a gradual improve-
ment in the financial performance of the industry, it is difficult
to assess whether the mentioned actions are sufficient for a
long-term financial efficiency of the mining sector. The direc-
tion aimed at linking the coal mining industry with the power
sector has its implications in determining the energy sector
development path. This, in turn, is in contradiction with the
EU’s objective to achieve the goals of a low carbon economy
in the perspective of 2050. The path followed by Poland is
longer and more difficult. While meeting the requirements of
the energy and climate package by 2020 seems not to be
threatened (3 × 20 × 20—a 20% reduction of greenhouse
gas emissions, a 20% increase in the share of renewable ener-
gy sources (RES) in energy production, and a 20% increase of
the energy efficiency), the objectives set out by the European
Union for the year 2030 and, especially, 2050 are difficult to
accomplish for Poland. This stems from the historically con-
ditioned dependence of the Polish economy on coal.
Reconstruction in the direction of transformation, understood
as the elimination of fossil fuels and replacing themwith zero-
emission sources, does not meet the conditions of sustainable
development of the country. There are not enough investment
funds, while the mentioned reconstruction leads to irrational,

often irreversible, waste of own resources, and reduces the
energy security of the country. In addition, such transforma-
tion is related to the need to incur huge financial costs of the
development of power industry (including transmission infra-
structure). In addition, substantial funds would be required for
the liquidation of the mining industry (hard coal and lignite)
and to cope with social problems in former mining regions.

The model of change presented here extends the possibili-
ties of using coal in the power industry and at the same time:

– Reduces emissions from the energy system. Thus, the
Polish way of energy transformation implementation is
aimed at reducing the environmental burden despite lim-
ited investment resources.

– Is in line with the doctrine of the energy security of the
country thanks to the use of own primary energy carriers,

– Results in the decentralization of the national energy sys-
tem, which would be based on smaller units spread across
the country.

In further transformation efforts, Poland has to continue to
rely on coal (at least for the time being) while improving the
efficiency of power units by investing in the technological
process of coal combustion and thereby reducing carbon di-
oxide emissions. At the same time, there is a need to develop
new sources of low-carbon energy, green industry, and distrib-
uted energy. Poland has to continue the efforts towards low-
carbon economy, while the development of advanced technol-
ogies reducing CO2 emissions and improving the energy effi-
ciency is the right course of action.

The government faces the task of building the long-term
energy policy and energy transformation strategy that will
take into account internal and external determinants and pri-
orities. At the same time, it is important to negotiate the path of
development—consistent with the direction of the changes
proposed by the European Union but that would take into
account the capabilities of Poland.

Open Access This article is distributed under the terms of the Creative
Commons At t r ibut ion 4 .0 In te rna t ional License (h t tp : / /
creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give appro-
priate credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.
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