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ABSTRACT: In recent years, changes have been made in the structure of primary energy use in the European
Union In addition, a reduction in the use of primary energy has also been observed. According to
the forecasts of the International Energy Agency, the European energy market will be subject to
further changes in the perspective of 2040. These may include the reduction of the energy con-
sumption and the change in the structure of the energy balance as a result pro-ecological activities.
Natural gas will be the only fossil energy carrier whose role in covering the energy demand will not
change. Along with the changes taking place in the European energy market, global changes can
also be observed. The EU Member States will continue to strive to diversify natural gas supplies.
One of the main elements of diversification of natural gas supplies is the use of LNG regasification
terminals. The reasons for that include the increasing production of natural gas, particularly in the
case of unconventional deposits, the ongoing development of liquefaction terminals, and, as a con-
sequence, an increase in the LNG supply in the global market. The article presents the utilization of
regasification terminals in the EU Member States and plans for the development of LNG terminals.
Europe has the opportunity to import natural gas through LNG terminals. However, until now,
these have been used to a limited extent. This may indicate that in addition to diversification tasks,
terminals can act as a safeguard against interruptions in gas supplies.
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Introduction

One of the major problems of the energy sector, currently discussed in the European Union,
is the future energy demand policy. The discussions and actions carried out concern the energy
balance, the energy carriers used, and activities aimed at improving the energy efficiency. The
ongoing debate is a consequence of climate change and the proposed actions are aimed at reduc-
ing greenhouse gas emissions. Significant differences in the energy balance of individual Mem-
ber States make these discussions extremely difficult. The main demands in the ongoing debate
include a strong reduction of use of coal or a total move away from this primary energy carrier.
Instead, increasing the use of renewable energy sources or natural gas is proposed. The actions
carried out by individual EU countries have led to a decrease in the EU energy consumption in
the last seven years by less than 5%. In 17 EU countries, a reduction in the energy consumption
has been reported. This also applies to the largest energy consumers, i.e.: the United Kingdom
and Italy (a decrease by more than 10%), France (a decrease by more than 7%), the Netherlands
(a decrease by more than 11%), and Spain (a decrease by more than 5%). Meanwhile, in the re-
maining 10 countries, an increase in the energy consumption has been observed. The mentioned
countries include: Germany and Poland (an increase by 2%), Sweden and Bulgaria (an increase
by about 5%), and Estonia (an increase by more than 10%). The energy consumption of the
EU countries in the period from 2010 to 2017 is presented in Table 1. As a consequence of the
reduced energy consumption in the analyzed period in the EU, a decrease in the consumption of
fossil fuels, i.e. coal (a 45.9 Mtoe decrease, which is a 16.4% reduction), crude oil (a 40.2 Mtoe
drop, which is a reduction by 5.9%), and natural gas (a decrease by 46.5 Mtoe, which is a 10.4%
reduction) has been observed (BP Statistical Review of World Energy 2018; International Ener-
gy Agency 2011-2017).

1. The forecasts of energy consumption in the European Union
according to the International Energy Agency

According to the forecasts of the International Energy Agency, by 2040 the energy consump-
tion in the European Union will decrease compared to the year 2016 regardless of the adopted
scenario. Three scenarios are currently under consideration. The Current Policies Scenario ana-
lyzes the impact of the policies and objectives which were adopted by mid—2017. In addition,
the assumption of the scenario is that the least ambitious plans will be implemented. This sce-
nario assumes a careful assessment of the implementation of adopted policies in the absence
of additional government incentives. The New Policies Scenario is the main scenario and as-
sumes the development of the energy industry in accordance with policies adopted by individual
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TABLE 1. The primary energy consumption in selected countries of the European Union in 20102017

TABELA 1. Zuzycie energii pierwotnej w wybranych panstwach Unii Europejskiej w latach 20102017

2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | Changesinthe
Country years 20102018
Mtoe %
Austria 355 | 334 | 350 | 348 | 337 | 337| 349 | 359 13
Belgium 666 | 619 | 595 | 609 | 568 | 580 | 624 | 623 6.6
Bulgaria 179 | 192 | 181 167 | 179 | 191 180 | 188 5.4
Croatia 92 8.1 75 8.2 8.2 7.8 8.1 7.5 ~18.1
Cyprus 2.9 2.9 27 24 24 25 27 2.8 57
Czech Republic 440 | 426 | 422 | 421 | 405| 405 | 398 | 46 5.4
Denmark 197 | 187 | 173 | 181 175 | 169 | 174 | 173 -12.1
Estonia 6.2 6.2 6.3 6.8 6.5 6.1 6.0 6.8 10.7
Finland 319 | 203 | 284 | 280 270| 276| 283 | 276 -135
France 256.0 | 2472 | 2474 | 2503 | 2406 | 2423 | 2389 | 2379 71
Germany 3287 | 3170 | 3213 | 3307 | 3172 | 3233 | 3282 | 3351 2.0
Greece 318 | 310 | 205 | 280 | 264 | 266| 266| 276 -132
Hungary 238 | 229 | 213 | 203 | 203 | 214| 220| 232 26
Ireland 154 | 144 | 142| 140| 139| 148 | 154| 156 1.7
Italy 1749 | 1710 | 1646 | 1580 | 149.1 | 1522 | 1538 | 156.0 -10.8
Latvia 42 3.7 3.9 3.7 34 35 3.8 42 03
Lithuania 5.6 5.9 5.9 5.4 5.2 55 5.6 5.7 1.8
Luxembourg 43 4.1 4.1 3.9 3.7 3.6 3.5 3.7 -12.8
The Netherlands | 97.0 | 929 | 894 | 873 | 82| 833 | 852 861 112
Poland 100.1 | 1006 | 976 | 979 | 943 | 953 | 995 | 102.1 2.0
Portugal 258 | 246 | 225 | 246 | 248 | 247 | 268 | 264 22
Romania 340 | 349 | 337 | 313 27| 328| 328| 339 03
Slovakia 175 | 169 | 163 | 169 | 156| 158 | 158 | 162 74
Slovenia 73 7.1 6.9 6.8 7.0 6.4 6.9 6.9 59
Spain 1466 | 1438 | 143.0 | 1357 | 1333 | 1353 | 1367 | 1388 53
Sweden 51.9 | s18 | ss1| 519 | 520 | s34 | 528 | 544 49
UK 2135 | 2020 | 2045 | 2037 | 1920 | 1944 | 1922 | 1913 ~10.4
EU 17747 | 17166 | 1700.8 | 1690.7 | 16267 | 16492 | 1666.4 | 1689.2 48

Source: own work based on BP Statistical Review of World Energy 2018.
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governments for the development of the sector. It is intended as a source of information for deci-
sion-makers in order to improve the adopted solutions. It covers not only policies and measures
that have already been implemented by governments around the world, but also the likely effects
of the announced policies, expressed in official goals or plans. The Sustainability Scenario was
first introduced in 2017 and has a fundamentally different approach than the above scenarios.
The former are based on certain assumptions about the adopted policies, while the Sustainable
Development Scenario is based on a vision that an integrated approach to achieving energy goals
should take place. This approach should be based on the principles of UN sustainable develop-
ment, while decisive actions in the field of climate protection and the dissemination of access
to modern energy solutions should also be carried out. According to the New Policies Scenario,
energy consumption will decrease by 282 Mtoe (a decrease by 18%), in the Current Policies
Scenario the energy consumption will decrease by 116 Mtoe (a 7% reduction), while in the Sus-
tainable Development Scenario the energy consumption will be 407 Mtoe and will decrease by
up to 26%. Depending on the considered scenario, a change in the structure of primary energy
consumption is also forecasted. Focusing on natural gas, it should be noted that its consumption
will depend on the scenario under consideration. According to the New Policies Scenario, natural
gas consumption will be reduced by 2%, i.e. 8 Mtoe, while in the Current Policies Scenario an
increase in natural gas consumption by 20%, i.e. 75 Mtoe, is expected. Meanwhile, according
to the sustainable development scenario, the consumption of natural gas will decrease by 26%,
i.e. 100 Mtoe (International Energy Agency 2017). In the last 7 years, the share of natural gas in
the EU energy balance has decreased. In 2010 it amounted to 25.6%, while in 2017 to 23.8%.
A slightly greater decrease was recorded in the case of coal — from 15.8 to 13.9%, respectively,
while the share of nuclear energy and hydropower decreased by 0.8 and 0.7%, respectively.

TABLE 2. The structure of the energy balance of the European Union in 2010-2017, percentage value

TABELA 2. Struktura bilansu energetycznego Unii Europejskiej w latach 2010-2017 [%]

Item Crude oil Natural gas Coal Nuclear power | Hydropower RES
2010 38.0 25.6 15.8 11.9 4.8 3.9
2011 37.9 242 16.8 12.2 4.1 4.9
2012 36.7 23.7 17.4 11.9 4.5 5.8
2013 359 23.5 17.2 11.8 5.0 6.5
2014 36.8 21.6 16.6 124 5.3 7.4
2015 36.9 22.1 16.1 11.9 4.7 8.3
2016 373 235 14.5 11.6 4.8 8.3
2017 382 23.8 13.9 11.1 4.0 9.0

Source: own work based on BP Statistical Review of World Energy 2018; Energy BP Statistical Review of World
2011-017; International Energy Agency 2011-2017.
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In turn, the shares of crude oil and renewable energy sources in the energy balance have in-
creased by 0.2% and 5.1%, respectively (BP Statistical Review of World Energy 2018; Energy
BP Statistical Review of World, 2011-2017; International Energy Agency 2011-2017). Table 2
shows the structure of the energy balance of the European Union in the years 2010-2017.

According to the forecast of the International Energy Agency, the change in the amount of en-
ergy consumed by 2040 will be accompanied by a change in the structure of the energy balance.
Table 3 presents the forecasted energy balance of the EU. Among fossil fuels, only natural gas
will increase its share in the energy balance; depending on the scenario, this increase will be up
to 7%. The share of other fossil energy carriers will decrease; in the case of coal from 6 to 10%,
and in the case of crude oil from 7 to 17%. The largest share increase in the energy balance of
the EU, ranging from 8 to 21%, is planned for renewable energy sources (International Energy
Agency 2017).

TABLE 3. The forecasted structure of the European Union’s energy balance until 2040, percentage values

TABELA 3. Prognozowana struktura bilansu energetycznego Unii Europejskiej do 2040 roku [%]

Item 2016 2025 2030 2040 Scenario
29 27 23 New Policies Scenario
Crude oil 33 30 28 25 Current Policies Scenario
28 24 16 Sustainable Development Scenario
26 27 28 New Policies Scenario
Natural gas 24 26 28 31 Current Policies Scenario
27 26 24 Sustainable Development Scenario
13 11 7 New Policies Scenario
Coal 15 14 12 9 Current Policies Scenario
9 7 5 Sustainable Development Scenario
13 12 12 New Policies Scenario
Nuclear power 14 12 11 11 Current Policies Scenario
14 16 18 Sustainable Development Scenario
2 2 3 New Policies Scenario
Hydropower 2 2 2 2 Current Policies Scenario
2 3 3 Sustainable Development Scenario
18 21 27 New Policies Scenario
RES 13 16 18 21 Current Policies Scenario
20 24 33 Sustainable Development Scenario

Source: own work based on International Energy Agency 2017.
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In the last four years, the natural gas consumption in the EU increased by 16%, reaching the
level of 466 bem (billion m?) in 2017, while the production of this raw material in the EU Mem-
ber States has decreased. Only in the last four years it decreased by 14%, reaching 117.8 bem
in the last year. The natural gas needed to cover the demand was imported mainly via pipelines,
while the main suppliers were: Russia, Norway, Denmark, and Algeria.

2. Changes in the global LNG market

One should, however, bear in mind the changes taking place in the global gas market, where,
thanks to the dissemination of LNG technology, the share of liquefied natural gas in global trade
of this raw material is increasing. Figure 1 shows the share of liquefied natural gas in the global
natural gas trade. In the analyzed period, the role of LNG in natural gas trade is systematically
increasing. The ratio of natural gas in pipelines to natural gas in LNG form in 2010 was more
than 2.27, while in 2017 — 1.88. In the analyzed period, the trade volume of natural gas in
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Fig. 1. The share of liquefied natural gas in the global natural gas trade and the comparison of liquefaction and
regasification capacities of LNG terminals
Source: own based on Energy BP Statistical Review of World 2011-2017; International Energy Agency 2011-2017

Rys. 1. Rola skroplonego skroplonego gazu ziemnego w $wiatowym handlu gazem ziemnym oraz zestawienie
mozliwosci skraplajacych i regazyfikacyjnych terminali LNG
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liquefied form increased on average by 4.5% annually, which is more than three times as much
as in the case of gas in pipelines (1.33%). At the same time, one should take increasing the lig-
uefaction and regasification capacities into account. Special attention should be paid to the fact
that the regasification capabilities far outweigh the liquefaction capabilities. In 2010, the ratio of
regasification capabilities to liquefaction capabilities was 2.49, while in 2016 it changed slightly
and amounted to 2.53 (Energy BP Statistical Review of World 2011-2017; International Energy
Agency 2011-2017; Ruszel 2014).

A significant increase in the liquefaction capacity of natural gas started in 2016 and lasted
until the beginning of 2018. Since March 2018, the total liquefaction capacity of LNG export
terminals has been at the level of 480.2 becm/year (369.4 million tons/year) after an increase by
43.16 becm/year (32.2 million tons/year) at the end of 2016. As of today, liquefaction terminals
with a capacity of about 119 bem/year (92 million tons/year) are currently under construction.
A large share of these investments is concentrated in Australia and the United States. It should
be noted that four vessels, which will be used for the liquefaction of natural gas with a total
capacity of 13 becm/year, are currently under construction (International Gas Union 2018). From
2020 on, further investments in liquefaction terminals, with a total capacity of approximately
1137 bem/year (875 million tons/year) are also planned. In the last two years, investments in
liquefaction terminals were on hold, due to the low prices of raw materials and related budg-
etary restrictions. In 2017, liquefaction capacities amounted to approximately 460 bcm/year,
while the average use of liquefaction installations was less than 83% (BP Statistical Review of
World Energy 2018; International Gas Union 2018). Figure 2 presents liquefaction capacities in

120 120
100 100
80 80
g
2 60 60 X
40 40
) I I I I I ’
0 | a 1 I il i,
P I & q;’s q& & @ S EF TS
S o o R SRV
Y}% v& &@ ‘569 Qﬁge\& bco @\‘b ‘e ‘0 S 46&
> & R4 &b
&
&
mmmm |iquefaction capacities «====The use of liquefaction capacities (right axis)

Fig. 2. Liquefaction capacities in individual countries and their utilization in 2017
Source: own work based on BP Statistical Review of World Energy 2018; International Gas Union 2018

Rys. 2. Zdolnosci skraplajace w poszczegdlnych panstwach oraz stopien ich wykorzystania w 2017 roku
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individual countries and their utilization in 2017. Bearing the mentioned increase in liquefaction
capacities in mind, the possible use of liquefaction capacities in the next 5 years should be taken
into account. Figure 3 presents the expected increase in liquefaction capacities and the degree of
use of liquefaction terminals in the period from 2013 to 2023, assuming that: the use ratio is the
ratio of LNG produced to technical liquefaction capabilities, while the maximum utilization rate
is the ratio of the actual liquefaction capacity to the potential liquefaction, taking both planned
stoppages (e.g. maintenance and repairs) and emergency stoppages into account. In the years
2018-2023, an increase in liquefaction capacities of approximately 144 bcm/year is expected,
which should increase the availability of LNG in the market by approximately 110 bem. It is also
expected to reduce the use of liquefaction capacity from 79 to about 70% in 2020 and then return
to values from 2017, i.e. around 79%, in 2023 (International Energy Agency 2018; International
Gas Union 2018; International Group of LNG Importers 2018).
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Fig. 3. Liquefaction capacities and their utilization in the years 2013—-2023
Source: own work based on International Energy Agency 2018; International Gas Union 2018

Rys. 3. Zdolnosci skraplajace oraz stopien ich wykorzystania w okresie 2013—2023

3. European LNG terminals

As already mentioned, the demand for natural gas in the EU is largely met by the import of
this raw material. When analyzing the use of liquefied natural gas in the energy balance of the EU
Member States, the capacities of LNG terminals in the EU should also be taken into account. Cur-
rently, 10 Member States have 21 terminals with a total regasification capacity of 224 bem/year.
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Since 2012, these capacities increased by more than 16%. Table 4 presents the regasification
possibilities in individual EU countries and the amount of imported LNG. Since 2012, 8 to 12%
of the demand for gas in the EU was met by LNG imports. Figure 4 shows the amount of LNG
supplied to the EU. In the analyzed period, the total use of regasification capacities in the EU
ranged from 18% (in 2014) to 29% (in 2012), while in 2017 it amounted to 22%. Assuming that
regasification capacities would be used in 100%, around 42—49% of gas demand would be met
by LNG imports (Gas Infrastructure Europe 2018).

TABLE 4. Regasification capacities in individual EU countries in 2017
and the volume of LNG imports [bem]

TABELA 4. Zdolnosci regazyfikacyjne w poszczegolnych panstwach UE w 2017 roku
oraz ilo$¢ importu LNG [bem]

Item Regasification capacity The amount of imported LNG Consumption
Belgium 15.20 1.119 16.4
France 42.72 9.69 44.7
Greece 7.01 1.49 4.8
Italy 17.56 11.64 72.1
Lithuania 4.28 1.155 22
Poland 5.56 1.711 19.1
The Netherlands 15.73 0.782 36.1
Portugal 6.58 3.646 6.2
Spain 65.21 15.937 32
UK 44.16 5.845 78.8
Total 224.02 53.02 312.4

Source: own work based on BP Statistical Review of World Energy 2018; Gas Infrastructure Europe 2018.

When analyzing the use of regasification capacities in individual countries in the year 2017, it
should be noted that the greatest use took place in Italy — 66%, where LNG covered 16% of gas
demand. The second biggest regasification capacity (55%) was recorded in Portugal, where 58%
of the gas demand was covered by LNG. The use of regasification capacity in Poland amounted
to 31%, putting it in third place, while LNG covered 9% of the gas demand. Given the fact that
the amount of the imported LNG in the period January—July 2018 (1.66 bcm) almost equaled
the amount of imported LNG in 2017 (1.711 bem), the use of the LNG terminal in Swinoujécie
will significantly exceed the current values. If the level of received volumes is maintained, then
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Fig. 4. The volume of natural gas consumption in the EU and the volume of LNG imports
in the period from 2012 to 2017
Source: own work based on Gas Infrastructure Europe 2018

Rys. 4. Wielkos$¢ zuzycia gazu ziemnego w UE oraz wielko$¢ importu LNG w okresie 2012-2017

the use could be as high as 60% at the end of 2018. In the case of the other countries the use of
terminals did not exceed 27%. The lowest use took place in the Netherlands — 5% (Sikora and
Sikora 2018; International Gas Union 2018; BP Statistical Review of World Energy 2018).

Conclusions

The gap between the extraction and consumption of natural gas in the EU has grown in recent
years. In the period 2010—2017, the output of EU countries decreased by over 64 bcm and, as ex-
pected, the downward trend will continue in future. The result is a need to increase imports. De-
spite the expected decrease of energy consumption in the EU countries, natural gas will remain
the main fossil energy carrier. By 2023, the three global players: Australia, the United States, and
Qatar will produce 60% of global LNG supplies. The United States, reaching the liquefaction
capacity of 101 bem per year, will become the second largest exporter of LNG right behind Qatar
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(105 bem/year). The changes taking place in the LNG market increase the energy independence
and affect the competition in the market. The analysis of the objectives concerning the liquefac-
tion infrastructure indicates the development of new LNG terminals in the coming years, which
may result in a decrease of natural gas prices; this applies to both LNG and pipelines. It should
be borne in mind that LNG terminals allow a quick and flexible change of gas suppliers, which
significantly affects both energy security and market competition. Bearing in mind the reserves,
meaening unused regasification capacities in the EU Member States, one should expect an in-
crease in their share in the global LNG trading and thus a change in the current conditions of
natural gas trade in Europe.

This study was funded by Statutory Research of the AGH University of Science and Technology No. 11.11.190.555.
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Piotr JANUSZ, Maciej KALISKI

Perspektywy wykorzystania terminali LNG
do pokrycia zapotrzebowania na gaz ziemny w UE

Streszczenie

W ostatnich kilu latach miaty miejsce zmiany w strukturze uzycia energii pierwotnej w Unii Europe-
jskiej, zanotowano takze jej zmniejszenie. Zgodnie z prognozami przedstawianymi przez Migdzynarodowa
Agencj¢ Energii w perspektywie do 2040 roku, europejski rynek energetyczny bedzie podlegat dalszym
zmianom. Nalezy tutaj wymieni¢ redukcje zuzycia energii oraz zmiang struktury bilansu energetycznego
na skutek prowadzonych dziatan proekologicznych. Gaz ziemny bedzie jedynym kopalnym no$nikiem
energii, ktorego udziat pokryciu zapotrzebowania na energi¢ si¢ nie zmieni. Wraz ze zmianami zachodza-
cymi na europejskim rynku energii obserwowac mozna globalne zmiany. Panstwa cztonkowskie UE dazy¢
beda w dalszym ciagu do dywersyfikacji dostaw gazu ziemnego. Jednym z gléwnych elementow dywer-
syfikacji dostaw gazu ziemnego jest wykorzystanie terminali regazyfikacyjnych LNG. Z uwagi na fakt,
ze wzrasta wydobycie gazu ziemnego, w szczegolnosci ze zldz niekonwencjonalnych, nastgpuje rozwoj
instalacji skraplajacych, a w konsekwencji wzrost podazy LNG na globalnym rynku. W artykule zostat
przedstawiony stopien wykorzystania terminali regazyfikacyjnych w panstwach UE oraz plany dotyczace
rozbudowy terminali skraplajacych. Europa posiada znaczne mozliwosci importu gazu ziemnego poprzez
terminale LNG, jednak do tej pory wykorzystywane one byly w ograniczonym zakresie. Swiadczy¢ to
moze, ze oprocz zadan dywersyfikacyjnych, terminale stanowia zabezpieczenie na wypadek przerw w ga-
zociggowych dostawach gazu.

SLOWA KLUCZOWE: gaz ziemny, LNG, bilans energetyczny



