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Abstract

Research background:Energy policy is closely linked to economic devefamt. Therefore, its
optimization is an important issue especially ia tontemporary European environmental condi-
tions. EU regulations enforce a reduction of cardmxide emissions and the abandonment of
non-renewable energy resources. Instead, they peorsaewable energy sources. In this way,
new legal and environmental circumstances are biegpthe main reason for the transformation
of energy balances, which is a real economic aohknigogical challenge. This transformation
requires a strategic and effective approach, ealyecn those countries which until now have
used mainly hard coal in the energy sector.

Purpose of the article: According to above justification, the main purpagethe article is to
identify the strategies for the transformation oEmgy balances that were implemented in the
years 1990-2017 by chosen European countries atkeéyl u

Methods: The study period covers the years 1990-2017, amdubject of the research at first
applies to all European countries, and then touht@es selected due to their high share of bitu-
minous coal in energy balance in the first yeathefanalysis, treated as the initial point of trans
formation (1990). As a result of this selectiorE® members and Turkey with the largest share
of coal in energy production in the year 1990 ai@wined. Particularly, an analysis of the trends
in their energy balances in the years 1990-201cbmslucted. The research uses data on non-
renewable energy consumption and renewable enespurces and the total energy consump-
tion. The research methodology includes: analysith® structure and dynamics, evaluation of
trends and comparative analysis and presentaticewélopment strategies. At the end of the
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article, a comparative analysis is carried outgt@nomic consequences of identified changes are
assessed, and recommendations are formulated aitngutimizing the structure of the energy
balance in the future.

Findings & Value added: Generally, there are four theoretical and empirgatterns of trans-
formation strategies of energy balances with domtir@al consumption: 1) using other non-
renewable energy resources; 2) replacing non-rellevenergy resources with renewable ones;
3) using nuclear energy instead of coal; 4) inéngasoal consumption as available and efficient
energy resource. It was found that the examinedtc@s implement mainly the strategy in which
the decreasing share of coal is made up for byhareasing share of gas. Additionally, we can
observe an increase in the share of nuclear energsance, the Czech Republic and the United
Kingdom. In Spain and Germany, despite the useuofear power plants for the production of
energy, the share of nuclear energy in the eneatgnbes has systematically decreased in time. In
all analyzed countries, we can also observe arasing share anewable sources in energy
balances, however, this growth is very slow.

Introduction

Economic and civilizational development is strictigsociated with the
efficiency of obtaining electrical and heat energgich constitutes the
driving force of all branches of industry and tigtecisive in terms of the
quality of life of households. In the current Eueap conditions, use of
basic energy media depends not only on their awéilg but also on envi-
ronmental regulations applicable in the Europeaiotlnrhose regulations
assume a shift from non-renewable energy sourceéscamplete liquida-
tion of carbon dioxide emissions associated witirthse until 2050. Such
an ambitious environmental objective is a difficthtallenge for contempo-
rary economies and their energy security. It ieihy complicated in the
case of those countries which widely used and isenimous coal and
lignite for the purpose of generation of energy aedting, since their use
is associated with the highest emission of carlioxide to the atmosphere.
Poland is also among those countries, since c@atbastituted the domi-
nant source of electrical and heating energy iemsrgy balance for many
years now.

The process of transforming the energy balancetedta the last dec-
ade of 28 century and now we could observe its first resdltsey show
how particular countries coped with the UE envirental requirements.
The results may create the best practices or nighd warning for non-
changing economies. They also contribute to crgairergy polices for the
future.

Having regard to the aforesaid circumstances, tam purpose of this
article is to identify the strategies for the trianshation of energy balances
that were implemented in the years 1990-2017 bgeadcuropean coun-
tries and Turkey. The aforementioned objectiveriplemented in a theo-
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retical aspect through determination of all pogsibptions of transfor-
mation and in the practical aspect by studyingtthasformation patterns
applied in particular European countries and Turkey

The study uses comparative analysis in relationh® possibility to
shape the energy balance. Moreover, the researtihodwtogy includes
structure and dynamic indicators, as well as tremalysis. The study peri-
od covers the years 1990-2017, and the subjetieofesearch at first ap-
plies to all European countries, and then to 7 t@siselected due to their
high share of bituminous coal in energy balancehi first year of the
analysis, treated as the initial point of transfation (1990).

The structure of the article was appropriately &spo implement the
research objective indicated above. Its first elethage literature studies
related to the conditions of the European enerdystry and strategies of
its development. Then, it presents the study metlogy including detailed
stages of the analysis. The further part coversrétieal and practical
strategies of transformation of energy balancekidiieg specification of
determinants and consequences of their implementaiihe summary
formulates recommendations for the expected chaimgéise energy bal-
ances of studied European countries.

Literature review

Currently, the source literature most often diseasthe issues associated
with the development of energy balances in two exstrelated to envi-
ronmental aspects. The first one relates to thel@mo of reducing carbon
dioxide emissions (Moutinhet al, 2018, pp. 605-622; Shahsavari & Ak-
bari, 2018, pp. 275-291), while the second onéé¢oeffficiency of use of
renewable energy sources (Papat al, 2018, pp. 918-934; Schmidt &
Sewerin, 2019; Sharvimit al, 2018, pp. 257-266; Vehmatal, 2018).

In addition to the environmental issues, the lii® also discusses
problem associated with internal energy safetytaedisk associated with
changes in the energy policy (Lupton & Cullen, 201%. 176-188;
Matsumotoet al, 2018, pp. 1737-1748). It must be emphasizeddbeit
sions regarding transformation of the existing gpesupply structure have
long-term consequences and require significanastfuctural changes that
are associated with high investment expenditurés $thand includes pub-
lications related to individual national energydrales and methods of their
development, which constitute peculiar case studfeparticular energy
policies (Chomakhidzet al, 2018, pp. 581-587; Szymonik & Bielecki,
2013).
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Moreover, there are many publications regardingréiations between
economic development and energy policwKB& Michalak, 2018, pp.
155-174; Cheret al, 2018, pp. 94-105; Shahbat al,, 2018, pp. 282—
301), including issues associated with functionofgorganized energy
markets (Leeet al, 2018, pp. 218-232; Vriesb, 2019, pp. 264-278yKo
alska-Stycze et al, 2018, pp. 1-30; Stankiewicz-Mré6z, 2015, pp. 793—
798) and planning of national energy needs.

The Polish source literature focuses on issueteckta use of coal as an
energy source due to its long-term domination édhergy balance. In the
past and currently, there were and are numeroulgcptibns regarding the
strategies of development of the Polish energy strgu(Kudetkoet al,
2008, pp. 5-16; Gawlik, 2013, pp. 71-72; Turek,@0Bpatek, 2014; pp.
538-548). The majority of them treat coal as tlaelileg energy source due
to its availability, amount, and social and poétisupport for coal mining
(Tureket al, 2015, pp. 155-170; Jonek-Kowalska, 2015; Bsiii& Tu-
rek, 2017, pp. 1-12). Currently, the governmenal# preparing a new
energy policy (assumptions of the existing poliéyttee Polish energy in-
dustry until 2030 are largely obsolete) until 20&@jch, however, does not
assume a complete abandonment of coal, but mestbymareduction of the
share of this resource in the energy balance.

Meanwhile, the environmental policy of the Europé&hamon is explicit,
and one of its key objectives is the eliminatiorcoél from energy balanc-
es in the European Union and in the countriesdbpire to enter the com-
munity. The de-carbonization in the European Umi@s started by the so-
called Climate package of 2008, which assumesefample, the follow-
ing: (1) reduction of emission of greenhouse g&#se20%, (2) an increase
of energy efficiency by 20%, (3) as well as achigvk0% of the share of
energy generated using renewable energy sourcef1kh, the aforemen-
tioned limits were increased to: 40%, 27% and 2ié&pectively, and 2030
was set as the deadline for their implementatiamtil 2050, the European
Union plans further, radical reduction of emissimingreenhouse gases,
ultimately by 80%. In all indicated assumptions9Q9s the point of refer-
ence to the level of reduction (Elshurafiaal, 2018, pp. 122-134; dbek
& Wolniak, 2016, pp. 399-420; Kmieciak & Michna,18) pp. 559-572;
Michalak & Dziugiewicz, 2018, pf237-240; Ryszko, 2016, pp. 1-20).

Maintaining the share of coal at the previous leréhcreasing its share
in the energy balances constitutes a significamatito implementation of
the aforementioned objectives, therefore, thisclartanalyzes theoretical
and practical changes in energy balances of thetdes that use and used
bituminous coal as one of the key energy sourcessiih analysis has
been carried out so far, and its crucial advantadgcation and assessment
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of particular economies and their energy policrethe context of environ-
mental requirements of the European Union.

Research methodology

As mentioned before, the point of reference fomges in climatic packag-
es is the year 1990, and this is the year that sntr& beginning of the
analyses conducted in this article. The studieewarried out in the fol-
lowing stages:

1. Analysis of consumption of coal for power supplyeaiives based on
energy consumption in Europe (analysis of trenadicators of dynam-
ics).

2. Determination of the structure of countries of thghest coal consump-
tion in relation to the total European coal constiampusing indicators
(structure indicators).

3. Presentation of the strategies used for transfoomat energy balances
of significant share of bituminous coal.

4. Determination of practical paths of transformatafrenergy balances in
the studied countries of significant share of binous coal (compara-
tive analysis in international aspect and in relato identified theoreti-
cal possibilities).

5. Indication of economic consequences of selectiospetific options of
transformation of energy balances and recommendaaimed at their
compliance with the current environmental condiion
The aforementioned stages aim to implement the wigjiective, which

is to identify the strategies for the transformatf energy balances that
were implemented in the years 1990-2017 by seldetedpean countries
and Turkey. The research sample was selected mgtako account the
largest share of coal consumption in 1990 in Eurapmuntries which was
directly covered by the UE environmental regulagiofihe author is trying
to answer the following research questions:

1. How has coal consumption changed in Europe in dmext of decar-
bonization?

2. Which countries used the most coal in the ener¢gnica in 19907

3. How have these countries managed to transform é#reirgy balances
and adapt them to EU requirements?

4. Will the examined economies meet the growing EUirenmental re-
guirements in the future?
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Results
Coal consumption in Europe in the context of energgds

The first stage compares consumption of energy @al as an energy
source in Europe in the years 1990-2017. Resuttsiding appropriate
functions of the trend are presented in Figure 1.

According to the data, the energy consumption syatieally increased
until 2008. After the economic crisis, we can olieea reduction of energy
consumption below 2,000 Mtoe in 2009; a clear upwarend of this vari-
able began only in 2014, which confirmed mutualremtion of the pros-
perity cycle and energy policy. Irregularity of thbserved changes of en-
ergy consumption in the analyzed period is alsdigoad by weak match-
ing of the linear upwards trend %9.3117).

In turn, coal consumption in Europe in the entinalpzed period is re-
flected by a well-adjusted linear downwards treff=0.7797), which
shows efficiency of the anti-coal policy and gradesignation from use of
this raw material for power supply purposes. livisrth mentioning that
energy consumption in Europe has increased by 6¥erand coal con-
sumption has decreased by nearly 40% within thdieduperiod of 28
years.

Coal consumption in the European countries in 180860 2017— selection
of the sample for further studies

The further studies focus on the countries thatvetiaracterized by the largest
share in the total coal consumption in Europe @nfitst year of the analysis, which
is also the point of reference in the climatic pplin the European Union (Table
1).

In accordance with data included in Table 1, binoos coal was and is
used in many economies of the European Union. Nesfesss, the share of
the vast majority of them in the total coal constiopdoes not exceed 3%.
In 1990, the following countries were among thdestdhat consumed the
largest amounts of this resource: Germany, Poladdmited Kingdom; in
2017, Poland and Germany remained in the leadweend joined by Tur-
key. The share of the United Kingdom in the totaalcconsumption in
Europe decreased by over four times in the analypesibd. However, in
order not to restrict further studies to only 3 wimes, for the purpose of
the planned analytical goals, the economies whbaessin the total coal
consumption in Europe in 1990 exceeded 3% werectseleand it was
decided to treat this value as significant in relato considerable disper-
sion of the share in the remaining countries. Tioeee the following coun-
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tries were included in the research sample: theclc®epublic, France,
Germany, Poland, Spain, Turkey and the United KamgdThe amount of
coal consumption in the mentioned countries inybars 1990-2017, in-
cluding trends associated with them, is presemtdtgure 2 and 3.

According to data presented in Figure 2 and 3ptheninous coal con-
sumption in six out of seven studied countries esystically decreased,
which was reflected by mostly well-adapted line&nt functions. Coal
consumption as an energy source increased in tnyaro Turkey, whereas
the growth since 2010 has been quite intensive aoeapto the previous
twenty years of the analysis.

The reduction of consumption of bituminous coahe analyzed period
was the highest in France and the United KingdorowéVer, due to
changeable energy poli@nd no final decision to give up coal in the UK,
the coal consumption was varied in the analyzedogeMoreover, the
consumption of this raw material was reduced by 49%e Czech Repub-
lic and Germany. The lowest reduction was achigme@oland and Spain.
In turn, in Turkey — as mentioned before — the coahsumption has
almost doubled. However, it should be noted thedpde significant limita-
tion of use of coal, the share of studied counirighe European consump-
tion of this resource still exceeds 3% (the largedtiction in this share was
recorded in the United Kingdom). It is worth addihgt the energy policy
in Spain was very changeable in analyzed period,ana result we can
observed intense fluctuation in coal consumptiomtilU2010 the coal
mines had been closed, and coal was replaced byHgagever, in 2011,
after the disaster in Fukushima, the prices ofigaseased and Spain, for
economic reasons, decided to resume coal mining.

Identification of paths of transformation of enetgglances with significant
share of coal

Countries which use coal for energy and heat gépargurposes to
a large extent can potentially choose three stiedegf energy balance
transformation:
I. replacing coal with other non-renewable resources:

a) oll,

b) gas.
Il. replacing coal with nuclear energy,
. replacing coal with renewable resources:

a) water energy,

b) wind energy,

c) solar energy,
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d) geothermal energy,

e) biomass and other.

The common feature of all mentioned strategiebasréduction of car-
bon dioxide emissions, as even in a situation wdoal is substituted with
another non-renewable energy source, the levelna$ston will still be
lower. The first strategy is relatively the easi@sé to implement due to the
availability of remaining non-renewable resourcexlgding both those
possible to be extracted and purchased), commomhéssir usage and the
possibility to use existing power supply infrasttre and already devel-
oped technological solutions.

Replacing coal with nuclear energy is a signifigantore complicated
venture, due to two key factors. Construction afualear plant is costly,
time-consuming, and is not easily accepted socaldty ecologically.

Undoubtedly, the best solution, from the point igfw of the current Eu-
ropean climatic conditions, is the third strateigywhich coal is substituted
with renewable energy sources. Nevertheless, itdeimentation largely
depends on the availability and sufficiency of th@surces. That is due to
the fact that the use of solar, water or geotherem&irgy is restricted in
certain regions due to existing and fixed geogregdhionditions. The use
of those sources also requires a creation of namepgupply infrastruc-
ture, which in turn demands additional capital exjrire and causes so-
cial and ecological disputes (for example in caseomstruction of wind
farms or water power plants).

Moreover, each of the aforementioned strategied take into account
the question of energy security, that is the pdgyilof becoming inde-
pendent from supply of energy sources or energy filoe outside to the
maximum extent possible, which significantly coroptes selection of
a specific strategy of transformation of energyahag, since it constitutes
an additional decision criterion. It should alsodmphasized that, regard-
less of the selected strategy, significant changesergy balance are high-
ly time-consuming and require transformation of énéire energy and eco-
nomic infrastructure, therefore, the effects ofrtluise are visible only after
several or several dozen years. Having regardetaldove, the energy poli-
cy must be thoroughly thought over and planned;esits change and/or
modification of the effects of its implementationllwot be possible in
a short term.
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Identification of actual strategies of transfornmatiof energy balances with
significant share of coal

This subsection identifies the actual directiongrahsformation of en-
ergy balances of the analyzed countries. TablegpBe$ent the structure of
their energy balances in five-year intervals in gegiod from 1990 until
2015, and additionally in 2017, as the last yeahefanalysis.

Therefore, in accordance with data included in &&hlthe share of coal
in the energy balance of the Czech Republic wascestl in the analyzed
period from 64.90% to 38.53%. This raw material wegaced with main-
ly substitute non-renewable sources in the forngas and oil (the total
increase of the share by 12.17%). The share ofeauanergy also in-
creased by almost 10 percentage points. Renewabtgyesources had the
smallest share in the energy sources that replemadthe total increase of
share by 4.67 percentage points). Whereby, geottiemnd biomass energy
are the most intensively used renewable energycssuin view of the
above, it can be stated that the Czech Republiteiimgnts mainly strategy
I in version a and b, as well as strategy II, amgptements it with strategy
[l to a small extent. This is a mix in which ineeng share of oil and gas
in energy balance causes a reduction of energypémtience, since the
Czech Republic does not extract those non-renewabltmirces. Neverthe-
less, it should be emphasized that this is partgenup for by increasing
the share of nuclear energy that has been gendratibis country since
1985.

Coal was replaced by nuclear energy to an everiegrestent in France,
in which the share of coal in the energy balancéhéanalyzed period de-
creased from 8.61% to 3.81% (Table 4). At the stime, the share of oil
became significantly smaller. Those changes wecerapanied by an in-
crease in the share of gas (by 4.71 percentag¢spanmuclear energy (5.67
percentage points), and renewable energy source2.@D percentage
points). Water and wind energy are the most intefgiused renewable
energy sources. Due to the above, France mainky stsategy Il, thus also
maximizing its energy security. It additionally ssstrategy | in version b,
despite the fact that it does not extract gassiteitritory.

In 1990, coal and oil dominated in the German endéaance (Table
5). In 2017, the share of coal decreased to 21.2Mite the share of gas
(by 7.79 percentage points) and renewable enengrcaes (by as much as
13.52 percentage points) increased. Wind farmsrhed¢he most important
renewable energy source. Nevertheless, Germanyriently using nearly
all available renewable sources, the share of whah significantly in-
creased compared to 1990. Reduction of the shareudear energy by
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4.53 percentage points should also be noted. Tdrereit may be stated
that Germany implements strategy Ill, mainly iniaat b, based on wind
energy. It is complemented by strategy | a, whiskuames an increasing
use of gas. In the case of the latter, it meareslaation of energy security,
since Germany can on its own meet merely about @D%s demand for

this resource. The remaining part must be impdr@d Russia. Moreover,

Germany does not extract oil or coal, which adddity makes it more

dependent on external supplies.

In Poland, the starting share of coal was the lighmong the analyzed
countries. Until 2017, the share decreased from0P5.to 47.93%, never-
theless, it remains the leading energy sourcea$t mainly complemented
by oil and gas, the share of which in meeting thergy demand was sys-
tematically increasing in the analyzed period. Athe share of renewable
sources has been constantly increasing, whichdedunainly wind energy
and energy generated from biomass, however, thhease was slow and
allowed for achieving the total share of renewaderces in energy gener-
ation at the level of 4.70% in 2017. In view of thieove, Poland imple-
ments strategy | in variants a and b. Whereby, tduhe fact that it does
not extract oil and is able to meet merely abouR2% of its current de-
mand for gas on its own, its energy security de@sa

In 1990, the Spanish energy balance was dominatedilband coal,
complemented by nuclear energy (Table 7). In 2@&7structure became
more differentiated. Oil remained the leading reéseubut the share of coal
decreased from 21.42% to 9.69%, while we can obsi® growth of the
share of gas (by 14.28 percentage points) and i#slevenergy sources (by
7.80% percentage points), including mainly windtewaand solar energy.
Therefore, Spain implemented strategy | in variantat the same time
maintaining dominating share of oil in the energyance. It was comple-
mented by strategy Il of quite differentiated imal structure. Due to the
lack of own gas and oil sources, the energy sgcafiSpain was decreas-
ing in the analyzed period.

In the initial period of the analysis, the Turkishergy balance (Table 8)
was dominated by oil and coal, the share of whiels wystematically de-
creasing in time together with the increase ofdhare of gas (growth by
22.34 percentage points). Therefore, Turkey impleeek strategy | in var-
iant b. The share of renewable sources has naifisajitly changed since
1990 (growth by 1.58 percentage points), neverdiseldue to significant
use of water energy, and later also wind energyas one of the highest
increases among analyzed countries, despite thetHat Turkey is not
a member of the European Union, so it is not diyembliged to apply its
climatic restrictions. It should also be noted ttaé to increasing demand
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for energy, despite decrease of the share of ncahérgy balance, the total
consumption of this resource significantly increhse Turkey, which was
emphasized at the beginning of this article.

In 1990, the share of non-renewable resourceseirettergy balance of
the United Kingdom constituted over 92% with thenitance of oil and
coal (Table 9), whereby the share of the latterabsed in 2017 from
22.01% to 4.70%. Decreased use of coal was replaithchigher share of
gas (increase by 13.39%) and renewable energy eouiocrease by
11.09%), including mainly wind and geothermal eyeas well as energy
from biomass. Therefore, the United Kingdom implated strategy | in
variant b complemented by strategy Ill, wherebye thuthe ability to cover
approximately 50% of its demand for gas and oilitsnown, it was not
associated with radical reduction of energy segurit

Discussion

On the basis of the results of conducted studies;am state that the use of
coal as an energy source systematically decreasEsirope due to anti-
coal policy of the European Union. Nevertheless, ¢buntries that con-
sumed and consume the largest amounts of thisnesmclude: the Czech
Republic, Germany, France, Poland, Turkey, Spaid,the United King-
dom. The energy balances of those countries hage bevered by a de-
tailed analysis in order to identify strategiedladir transformation. On the
basis of this analysis, it was found that the slofrenal in meeting energy
demand is decreasing in all analyzed economiedewlaiticular countries
implement mainly strategy | b, in which the dechegsshare of coal is
made up for by an increasing share of gas. Alsa;ameobserve increase of
the share of nuclear energy in France, the Czeglulite and the United
Kingdom. In Spain and Germany, despite the useuofear power plants
for production of energy, the share of nuclear gyan the energy balances
systematically decreased in time.

In all analyzed countries, we can also observenareasing share of re-
newable sources in energy balances, however, iibwetlg is very slow, and
strategy Il is most intensively implemented ontyGermany, where it is
treated equally to strategy | and Il. In the rermancountries it merely
constitutes an addition to non-renewable and/olean@nergy sources.
The summary of transformations of energy balansesdluded in Table
10, which shows that non-renewable resources daentha energy balanc-
es in all analyzed economies, however, their sHaceeases in time. Also,
the share of renewable sources visibly increasegparced to 1990. The
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greatest progress in the use of ecological enesgyces was recorded in
Germany and the United Kingdom. Double digit shafréhose sources in
energy balance can also be observed in Turkey pathS

In the case of Poland, the starting share of noeweble sources was
the highest, and its decrease was the lowest irarlaé/zed period. Also,
the share of renewable energy sources is the loWest means that Poland
is the least efficient in implementation of thewdite objectives, despite the
fact that the use of coal in the Polish economyesyatically decreases. It
should also be noted that the lack of oil depasiid limited possibilities in
terms of obtaining gas reduce the Polish energyritgc

Referring to the two required environmental pathimergy balance
transformation described in the literature studieshe beginning of this
article, it should be noted that all examined cdastare trying to reduce
the use of coal, and as a result reduce carbomdéi@missions in the ener-
gy sector. Nevertheless, the share of non-renewab&rgy sources is
growing very slowly and there is no majority or evagnificant replace-
ment of non-renewable sources by renewable soumncasy of the ana-
lyzed economies. This confirms the difficulties using green energy
sources described in the literature and observeuactice, which include:
low sufficiency, cost-effectiveness and strong aelemce on geographical
and climatic conditions. Slow resignation from caat low use of renew-
able sources is a serious threat to the implementat EU environmental
goals in examined countries, especially in Polahdne the changes are the
least radical and where in literature studies arattwe the coal still re-
mains the main energy source.

The identified trends and strategies also allostébe that the priority of
energy security dominates in shaping energy batafidee examined econ-
omies are not giving up coal completely and aréac#pg it with in-house
non-renewable and renewable sources. They continugly on their own
energy supplies because they know and see the iciesdependence of
the energy balance and economic development exposled introduction.

Conclusions

The presented study results relate mainly to chamgehe structure of
energy balance of particular economies and theiseguences for the en-
ergy security and the natural environment. On tagisof the conducted
analysis, we can clearly state that the share af @® an energy resource
used to meet demand for energy in current Europeaditions systemati-
cally decreases in the analyzed countries. Nevegsgein none of the ana-
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lyzed cases can we talk about an explicit pro-@mvitental direction of the
changes, since coal is replaced by other non-rdslewasources, mainly
gas.

Those results confirm low sufficiency of non-renéleaenergy sources,
and partially also their low efficiency, as wellthg fact that the process of
increasing their share in energy balances is tiamsaming. Furthermore,
the reduction of the share of coal — which contstgwwn energy source
— resulted in lower energy security in the majoofythe analyzed coun-
tries, due to the fact that oil and/or gas thataegd it are imported. There-
fore, it can be stated that the objectives of démaolicy in the analyzed
countries are not fully implemented, and the changeenergy balances
take place at the expense of loss of energy indkyee.

The presented research refers only to aggregadtstistal data. The au-
thor does not analyze the internal causes of clsaageé individual energy
policies. The research also does not take intowatdbie direct economic,
environmental and social effects of using the iffiedt strategies. The
availability of renewable and non-renewable resesiis also not assessed
in detail. All the mentioned circumstances are th&n research limita-
tions.

Having regard to the above results and currentrenmiental condi-
tions, in the future we should focus on diverstiiea of energy sources and
on increasing the share of renewable sources igghalances, and at the
same time by optimizing energy security. Potemt#gdabilities in this scope
should be subject to further detailed studies drategjic considerations.
Further research should also analyze the sociahossic and environmen-
tal effects of using described strategies andegias planned for the near-
est future. In this context, one of the most imaottchallenge is assessing
and improving the availability and efficiency ofneaable sources and
their energy mix in energy balances. The challgogeheory and practice
is also preparing legal regulations and financigdp®rt for implementing
green energy sources in examined countries, edjyani®oland.
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Annex

Table 1. Share of particular countries in the total coalstonption in Europe in
1990 and 2017 [in %)]

Country Share in 1990 Share in 2017

Austria 0.83 1.06
Belgium 2.16 0.98
Bulgaria 1.77 2.12
Croatia 0.17 0.14
Cyprus 0.01 0.00
Czech Republic 6.40 5.41
Denmark 1.24 0.53
Estonia 1.20 1.52
Finland 1.07 1.39
France 3.86 3.06
Germany 26.75 24.04
Greece 1.64 1.64
Hungary 1.27 0.77
Iceland 0.01 0.04
Ireland 0.70 0.64
ltaly 2.86 3.31
Latvia 0.14 0.01
Lithuania 0.16 0.07
Luxembourg 0.22 0.01
Macedonia 0.27 0.29
Netherlands 1.78 3.08
Norway 0.17 0.26
Poland 15.96 16.42
Portugal 0.58 1.18
Romania 2.59 1.92
Slovakia 1.59 1.12
Slovenia 0.32 0.40
Spain 3.91 4.54
Sweden 0.60 0.65
Switzerland 0.07 0.04
Turkey 3.26 15.04
United Kingdom 13.21 3.03
Other European regions 3.21 5.28
Total Europe 100.00 100.00

- countries of the largest share in the coasumption in Europe.

Source: own study based on BP Statistical RevieWaoifid Energy (2017).

Table 2.Change in coal consumption in 2017 compared to Ti@o%]

Country

Czech . United
Republic France Germany  Poland Spain TurkeyKingdom

-49.01 -52.27 -45.81 -37.96 -30.00 178.04 86.16

Change

Source: own study based on BP Statistical RevieWaoiid Energy (2017).



Table 3.Share of particular energy sources in the balah@zech Republic in the

years 19902017 [in %]

Energy source 1990 1995 2000 2005 2010 2015 2017
Qil 17.85 20.14 20.01 23.04 21.58 22.72 23.55
Gas 10.83 16.09 18.33 17.32 18.34 16.00 17.30
Coal 64.90 55.64 52.89 45.52 42.66 41.02 38.53
Nuclear energy 5.88 6.80 7.52 12.58 14.40 14.99  4015.
Hydroelectricity 0.54 111 0.97 1.21 1.43 1.00 1.02
Solar energy 0.00 0.00 0.00 0.00 0.32 1.26 1.19
Wind energy 0.00 0.00 0.00 0.01 0.17 0.32 0.32
Geothermal, 0.00 0.23 0.29 0.33 1.10 2.68 2.69
biomass and other
Total 100 100 100 100 100 100 100

Source: own study based on BP Statistical RevieWaofid Energy (2017).

Table 4. Share of particular energy sources in the balafiderance in the years
1990-2017 [in %)]

Energy source 1990 1995 2000 2005 2010 2015 2017
ol 42.00 38.60 38.13 36.19 34.08 32.88 3351
Gas 11.46 12.41 13.87 15.47 16.64 14.47 16.17
Coal 8.61 6.13 5.49 5.06 450 3.46 3.81
Nuclear energy 32.21 35.71 36.42 38.48 37.87 40.8537.88
Hydroelectricity 5.52 6.92 5.82 4.39 5.54 5.08 4.68
Solar energy 0.00 0.00 0.00 0.00 0.05 0.68 0.87
Wind energy 0.00 0.00 0.00 0.08 0.88 1.98 2.31
Geothermal, 0.20 0.22 0.26 0.33 0.43 0.60 0.76
biomass and other

Total 100 100 100 100 100 100 100

Source: own study based on BP Statistical RevieWaofid Energy (2017).

Table 5. Share of particular energy sources in the balah€eomany in the years

1990-2017 [in %]

Energy source 1990 1995 2000 2005 2010 2015 2017
Oll 36.99 41.47 39.89 37.81 36.60 35.56 35.77
Gas 15.34 19.76 21.02 23.00 23.04 20.47 23.13
Coal 36.81 26.79 25.15 24.08 23.44 24.34 21.27
Nuclear energy 9.66 10.31 11.32 10.93 9.68 6.42 351
Hydroelectricity 1.10 1.44 1.66 1.32 1.44 1.33 1.33
Solar energy 0.00 0.00 0.00 0.09 0.81 2.71 2.69
Wind energy 0.00 0.10 0.63 1.83 2.65 5.64 7.20
Geothermal,
biomass and other 0.09 0.13 0.32 0.96 2.34 3.53 3.48
Total 100 100 100 100 100 100 100

Source: own study based on BP Statistical RevieWaoiid Energy (2017).



Table 6. Share of particular energy sources in the balafideotand in the years

1990-2017 [in %]

Energy source 1990 1995 2000 2005 2010 2015 2017
Qil 15.68 16.28 23.66 25.27 28.10 28.09 31.15
Gas 8.59 9.44 11.39 13.33 13.71 15.39 16.21
Coal 75.40 73.81 64.31 60.05 54.10 50.96 47.93
Nuclear energy 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Hydroelectricity 0.31 0.45 0.54 0.54 0.65 0.43 0.57
Solar energy 0.00 0.00 0.00 0.00 0.00 0.01 0.04
Wind energy 0.00 0.00 0.04 0.44 2.04 2.75 2.73
Geothermal, 0.01 0.02 0.06 0.37 1.40 2.35 1.36
biomass and other
Total 100 100 100 100 100 100 100

Source: own study based on BP Statistical RevieWaofid Energy (2017).

Table 7. Share of particular energy sources in the balarficgpain in the years

1990-2017 [in %]

Energy source

1990 1995 2000 2005 2010 2015 2017
Oll 52.80 56.55 54.85 52.37 49.64 45.93 46.67
Gas 5.54 7.49 11.78 19.52 21.23 18.13 19.82
Coal 21.42 18.41 16.21 13.42 4.71 10.12 9.69
Nuclear energy 13.69 12.18 10.90 8.52 9.51 9.58 794
Hydroelectricity 6.41 5.08 5.18 2.65 6.49 471 3.01
Solar energy 0.00 0.00 0.00 0.01 1.09 2.32 2.34
Wind energy 0.00 0.06 0.83 3.13 6.74 8.25 8.01
Geothermal,
biomass and other 0.14 0.22 0.26 0.39 0.59 0.96 0.99
Total 100 100 100 100 100 100 100

Source: own study based on BP Statistical RevieWaoiid Energy (2017).

Table 8. Share of particular energy sources in the balafceutkey in the years

1990-2017 [in %]

Energy source 1990 1995 2000 2005 2010 2015 2017
Oil 4951 39.10 4351 37.26 30.45 32.15 30.95
Gas 5.82 29.15 16.32 26.04 28.61 28.74 28.17
Coal 33.64 21.80 30.56 26.09 29.20 25.26 28.28
Nuclear energy 0.00 9.25 0.00 0.00 0.00 0.00 0.00
Hydroelectricity 10.99 0.48 9.51 10.54 10.89 11.05 8.39
Solar energy 0.00 0.00 0.00 0.00 0.00 0.03 0.39
Wind energy 0.00 0.04 0.01 0.02 0.61 1.92 2.56
Geothermal, 0.04 0.17 0.09 0.06 0.24 0.85 1.26
biomass and other
Total 100 100 100 100 100 100 100

Source: own study based on BP Statistical RevieWaofid Energy (2017).



Table 9. Share of particular energy sources
in the years 1990-2017 [in %]

in the balafickeoUnited Kingdom

Energy source 1990 1995 2000 2005 2010 2015 2017
Qil 40.14 39.10 36.09 37.48 36.48 38.44 39.89
Gas 22.01 29.15 38.31 36.80 39.68 31.74 35.40
Coal 30.30 21.80 16.15 16.12 14.49 11.92 4.70
Nuclear energy 6.94 9.25 8.46 7.95 6.59 8.19 8.32
Hydroelectricity 0.54 0.48 0.51 0.48 0.38 0.73 0.70
Solar energy 0.00 0.00 0.00 0.00 0.00 0.88 1.36
Wind energy 0.00 0.04 0.09 0.28 1.09 4.69 5.87
Geothermal, 0.06 0.17 0.39 0.89 1.30 3.40 3.76
biomass and other
Total 100 100 100 100 100 100 100

Source: own study based on BP Statistical RevieWaofid Energy (2017).

Table 10. Share of non-renewable, renewable, and nuclearggnsources in
balances of analyzed countries in 1990 and 201%]in

Country

Energy sources Rcezi(l:)rlli c France Germany Poland Spain Tu rke&%r;g%dm
Non- 1990 93.58 62.07 89.15 99.68 79.76 88.98 92.45
renewable 2017 79.38 53.49 80.17 95.30 76.18 87.40 79.99
Nuclear 1990 5.88 32.21 9.66 0.00 13.69 0.00 6.49
2017 15.40 37.88 5.13 0.00 9.47 0.00 8.32
Renewable 1990 0.54 5.72 1.19 0.32 6.55 11.02 0.60
2017 5.22 8.63 13.52 4.70 14.35 12.60 11.69

Source: own study based on BP Statistical RevieWaoiid Energy (2017).

Figure 1. Consumption of energy and coal as an energy sanf€arope in 1990—

2017 (in Mtoe)
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Figure 2. Coal consumption in Germany, Poland, Turkey anduhiged Kingdom
in the years 1990-2017 (in Mtoe)
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Source: own study based on BP Statistical RevieWaoifid Energy (2017).

Figure 3. Coal consumption in Czech Republic, France andrSpaithe years
1990-2017 (in Mtoe)
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