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Abstract: Amidst the ongoing European energy crisis, the EU has proposed a legislative package to
enhance gas independence from Russia, diversify energy supplies, and increase renewable energy tar-
gets. However, the urgency for energy security has led some countries to prioritise gas independence
over decarbonisation, potentially sacrificing or delaying EU targets. Considering this framework,
this article contributes to the body of knowledge by examining the electricity mix of the six most
significant EU countries in terms of generation capacity, considers their alignment with 2025 energy
transition goals, and analyses the latest legislative trends to evaluate their compatibility with EU
objectives. The findings from these analyses indicate that EU members are currently prioritising
gas independence, which has led to re-starting or extending the lifespan of coal-fired power plants
and an increasing interest in nuclear energy as a low-carbon alternative. These findings have signifi-
cant implications as they reveal how countries are being steered away from their pre-crisis energy
transition paths, resulting in the formation of new perspectives for both the short and long term.

Keywords: decarbonisation; energy independence; policy trends; policy support

1. Introduction

The ongoing energy crisis in Europe has compelled the European Union (EU) to take
new measures in hastening the transition towards a secure and sustainable energy system,
free from external vulnerabilities. The EU has experienced an unprecedented surge in
electricity prices, primarily due to the Ukraine war, which led to a sudden decline in the
availability of Russian supplies [1]. Prior to the conflict, 43% of total natural gas imports
originated from Russia [2], a percentage that had been rising as EU countries shifted from
coal to natural gas for decarbonisation purposes [3]. Initially viewed as a transitional
fuel [4], the EU’s energy transition plan did not account for a reduction in natural gas usage.
However, the current situation requires a shift away from Russian gas, ensuring energy
independence and fostering stability and security in energy markets.

The EU introduced the REPowerEU package as a new energy policy initiative [5]. It
aims to complement existing efforts in energy transition and decarbonisation by enhancing
energy independence, diversifying gas supply, and expanding renewable energy targets.
The urgency of the situation, combined with the REPowerEU package, is driving EU
Member States (MSs) to swiftly implement actions and measures, potentially paving
the way for a more sustainable energy system. However, some of these measures are
controversial and could hinder the decarbonisation process, as discussed in [6], where
electricity markets are analysed from an economic perspective, highlighting the possibility
of a resurgence of coal usage. Moreover, Ref. [7] analyses CO2 emissions in 2022, revealing
a trend towards transitioning from gas to coal, leading to increased emissions from coal
that offset the reductions achieved through natural gas.

Considering the environmental deterioration caused by climate change [8], it is crucial
not to overlook this aspect. As emphasised in [9], the successful deployment of a new energy
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system heavily relies on the policies implemented in individual countries. Hence, under-
standing the current energy situation and legislative trends in EU countries is paramount
for shaping the future. While [10] analyses low-carbon pathways globally, it addresses
Europe as a whole without delving into specific country initiatives. Similarly, Ref. [11]
addresses the conflict between energy security and decarbonisation, but it does not examine
the actual situation in the EU and its countries; instead, it focuses on potential new policies
to tackle the challenges. Additionally, Ref. [12] proposes solutions and alternative paths for
the energy crisis in Europe but does so based on the analysis of a single country, without
considering the overall situation in the EU. The same applies to [13], which focuses solely
on the challenges faced by Italy. To bridge this gap and offer a comprehensive understand-
ing of the energy situation in Europe, this article aims to analyse initiatives and policies
in multiple countries using consistent methodology, thereby providing detailed insights
without losing sight of the broader context. As of now, no study has thoroughly examined
the initiatives of various countries to assess whether current policy trends could potentially
jeopardise energy transition and decarbonisation goals.

To achieve this aim, the study begins by examining the current electricity mix in
different countries and comparing it with the pre-crisis decarbonisation targets. For a com-
prehensive overview, we focus on the EU countries that contribute significantly to the
EU-27 electricity generation capacity. By comparing the current situation with the pre-crisis
targets, we can identify the actions that would be or would have been necessary to achieve
those objectives, which have been impacted by the energy crisis. Subsequently, we conduct
a detailed analysis of the new initiatives and policy trends in the studied countries to assess
their alignment with the EU framework. Therefore, the main contributions of this paper to
the existing knowledge are as follows:

1. Analysis of the current electricity mix situation, comparison with objectives stated
before the energy crisis, and evaluation of actions that would be or would have been
required to meet the objectives.

2. Compilation and interpretation of the latest policies initiatives emerging from the
energy crisis and the Russian gas dependence.

3. Identification of strategic paths and associated technologies for the fulfilment of
countries’ objectives.

4. Evaluation of the likelihood of meeting global decarbonisation and energy indepen-
dence targets considering the new initiatives aiming at ensuring security of supply.

The rest of the paper is organised as follows. Section 2 exposes the methodology
followed in the paper to evaluate current and future energy trends. Section 3 depicts nowa-
days’ energy mix and decarbonisation targets, and Section 4 presents an introduction to the
energy crisis and its causes. Countries’ policy trends, actions and initiatives consequence
of the crisis are detailed in Section 5, and in Section 6 we carry out a discussion on how
the latest policy changes modify the energy framework and whether this modification is
aligned with decarbonisation and independence objectives. Lastly, Section 7 exposes the
conclusions of this work.

2. Methodology

As commented on in the previous section, the first step for carrying out the pro-
posed analysis was to tackle the current capacity mix of the relevant EU-27 countries. This
was achieved by gathering data on generation plants available in the Transparency Plat-
form (TP), a platform created by ENTSO-e to share all available data on European power
systems [14]. In this platform, up-to-date information regarding generation capacity per
technology, bidding zone demand, transmission capacity, and power plant outages among
others can be retrieved. This paper collected, analysed, and summarised the data from the
TP during autumn and winter 2022, and therefore the situation here exposed as “current”
is that which existed at the end of 2022.

The current situation, understood as countries’ energy mix obtained from the TP data,
is compared with the objectives gathered by the Ten Year Network Development Plan
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(TYNDP) [15] in 2020 for 2025 considering environmental EU goals and National Energy
and Climate Plans (NECPs), that is, in their National Trends scenario. In the TYNDP, the
target energy mix per country appears and is taken as reference for the comparison with the
current situation. The TYNDP and the TP, however, do not have a common classification
for generation technologies and therefore it is required to group different generation
technologies to allow for comparison. As the objective of this paper is to gather a general
overview illustrative enough to elaborate a detailed discussion, generation technologies
are grouped as exposed in Table 1. These generation technologies account for 97% of total
generation capacity in the EU. Due to the complexity of TYNDP technology groups, their
description is available in Appendix A.

Table 1. Classification of generation technologies: Nomenclature used in this paper vs. TP and TYNDP.

Technology Group
Used in This Paper TP Technology Groups TYNDP Technology Groups

Coal

Fossil hard coal
Fossil coal-derived gas

Fossil peat
Fossil brown coal/lignite

Hard coal new
Hard coal new bio

Hard coal old 1
Hard coal old 1 bio

Hard coal old 2
Hard coal old 2 bio

Lignite new
Lignite old 1

Lignite old 1 bio
Lignite old 2

Lignite old 2 bio

Oil Fossil oil
Fossil oil shale

Heavy oil old 1
Heavy oil old 1 bio

Heavy oil old 2
Light oil

Oil shale new
Oil shale new bio

Oil shale old

Nuclear Nuclear Nuclear

Natural gas Fossil gas

Gas CCGT new
Gas CCGT old 1
Gas CCGT old 2

Gas CCGT old 2 bio
Gas CCGT present 1
Gas CCGT present 2

Gas OCGT new
Gas OCGT old

Gas conventional old 1
Gas conventional old 2

Gas conventional old 2 bio

Wind Wind offshore
Wind onshore

Offshore wind
Onshore wind

Solar Solar Solar PV
Solar thermal

Hydro Hydro water reservoir
Hydro run-of-river and poundage

Reservoir
Run-of-river

Following the comparison between the current situation and the objectives of the
TYNDP, the most recent legislation and policy initiatives are considered and analysed. At
this point, an analysis of the causes of the energy crisis is also carried out in order to identify
the policy trends that address them more precisely. This analysis is carried out through
a literature search including articles from 2022 and the beginning of 2023 related to the
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aforementioned topic. After this bibliographic analysis of the causes of the energy crisis,
a bibliographic search is also carried out in which the initiatives from the EU and laws and
proposed laws from the countries analysed are collected, as well as the economic incentives
related to energy investment and the decisions to commission/decommission power plants
from the beginning of the energy crisis, in 2021, until the beginning of 2023. Based on the
collected data, strategic trends are identified and a discussion is carried out to appreciate
whether these will modify the previously foreseen energy system and market and if it will
be possible to achieve both decarbonisation and energy-independence objectives.

The EU framework analysed in this paper is constituted by 27 countries. As mentioned
before, the ones more relevant from the point of view of generation capacity were chosen
to carry out the proposed analyses. Considering the interconnectivity between them in
the union framework, these allow to generate a general overview of the situation in the
EU. To choose the specific countries, a threshold of 5% was selected: those countries which
own more than 5% of the total generation capacity in the EU were analysed. Figure 1
illustrates this share of capacities, which was obtained through TP data. The ones with
more than 5% are Germany (DE), France (FR), Spain (ES), Italy (IT), The Netherlands (NL),
and Poland (PL).
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Figure 1. Share of generation capacity in the EU-27.

3. Current Situation

Current generation capacities for each country are gathered from TP and capacity
objectives for 2025 are obtained from the TYNDP National Trends scenario [16]. Table 2
shows these capacities and the percentual difference between both of them. This section
depicts the relative positions of the countries in comparison with 2025 targets.

For gas generation, all countries have more gas capacity than the stated objective
for 2025. The amount of gas plants that would need to be decommissioned is significant,
reaching 46% in Poland. Regarding coal, the situation is slightly different. Germany and
France would still need to decommission an important part of their coal power plants.
France decided to close all of them, whereas Germany still would need to reduce its
capacity by 69%. In contrast, Spain and Poland have almost reached their objectives and
The Netherlands has already less coal generation capacity than initially stated. This is due to
the Dutch government’s plan to phase out all coal power plants by 2030, which was decided
by the end of 2021 [17]. The oil case is more similar to the gas one, as most countries would
still need to decommission an important part or even all of their oil-burning facilities. For
nuclear generation, almost no change is foreseen for 2025 in France, Italy, The Netherlands,
Poland, and Spain. However, Germany stated as an objective the decommissioning of all
its nuclear power plants according to the amendment performed on its Atomic Energy Act
on 30 June 2011 to gradually phase out nuclear power generation by the end of 2022 at the
latest [18].
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Table 2. Generation capacities: current and TYNDP 2025 forecast.

Germany France Spain Italy The Netherlands Poland

G
as

TP (MW) 30,649 11,379 29,926 41,961 18,530 3705
TYNDP (MW) 22,359 7435 24,498 34,577 10,992 2016
Difference (%) −27 −35 −18 −18 −41 −46

C
oa

l TP (MW) 75,396 1816 4641 8417 4492 26,909
TYNDP (MW) 23,062 0 4317 6406 8002 25,991
Difference (%) −69 −100 −7 −24 78 −3

O
il

TP (MW) 3966 2754 669 1490 0 392
TYNDP (MW) 1059 152 0 946 0 0
Difference (%) −73 −94 −100 −37 0 −100

N
uc

le
ar TP (MW) 4056 61,370 7117 0 486 0

TYNDP (MW) 0 61,761 7126 0 486 0
Difference (%) −100 1 0 0 0 0

W
in

d TP (MW) 63,583 17,191 27,734 10,658 11,060 7886
TYNDP (MW) 81,315 29,456 38,956 12,117 10,900 7000
Difference (%) 28 71 40 14 −1 −11

So
la

r TP (MW) 56,567 13,861 14,639 5137 16,074 6035
TYNDP (MW) 73,549 23,870 27,584 26,513 10,900 3500
Difference (%) 30 72 88 416 −32 −42

H
yd

ro TP (MW) 5151 19,815 20,341 14,948 38 790
TYNDP (MW) 5375 22,017 10,394 12,509 43 734
Difference (%) 4 11 −49 −16 13 −7

Regarding renewable energies, which include wind, solar, and hydro generation,
Germany and France would need to significantly increase their generation capacity in
all the technologies to reach pre-energy crisis 2025 objectives. Italy would also require
installing more wind and solar power plants, increasing solar capacity by 416%. This
figure depicts the deceleration in Italy’s renewable energy plans. The policy implemented
before 2014 placed it as the second EU country in the deployment of renewable capacity
generation. However, there is currently a dismantling of the support scheme for renewable
energies focused mainly on photovoltaics (PV) [19] which has caused the country to fall
behind their objectives on solar energy. Italy’s position is however different for hydropower.
Hydro generation has been historically important in the country and covers approximately
15% of the total demand [20]. Therefore, Italy has continued to invest in this technology,
creating 172 new hydro implants between 2018 and 2020 [21,22] and surpassing initial
expectations. The Netherlands is more advanced in its renewable energy plans, with wind
capacity already at the target level and more solar capacity than expected to balance the
rapid phase-out of coal facilities. Indeed, The Netherlands’ solar market is rapidly growing,
having deployed almost 3 GW of PV systems only during 2020 as a consequence of schemes
such as the SDE+ (Stimulering Duramen Energieproductie), which is the main driver for
planned and contracted PV capacity in the country [23,24]. Poland is also in a favourable
position regarding renewables, having surpassed stated objectives for all technologies.
Actually, renewable energy sources’ capacity increased by 31% only in 2021. The highest
increase is in prosumer PV, which accounts for almost 80% of total installed PV capacity [25].
This increase is a consequence of strong regulatory support that includes subsidies, net
metering, direct tax reduction, and offset of personal income tax [26]. The case of Spain is
more similar to the Italian one, with less generation capacity than foreseen in the wind and
solar sectors and more in hydropower. Hydropower in Spain is also historically important
given the country’s terrain and a large number of existent dams [27], although in 2021 more
than 100 dams were demolished as part of the national strategy for the recovery of rivers,
which doesn’t support the promotion of this type of installation in the country [28,29].
Regarding solar and wind power generation, Spain was formerly a pioneer country in their
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adoption but has also carried out a dismantling of renewable energy policies, falling behind
the objectives stated during the peak policy support period [30].

With this analysis it is possible to appreciate that although countries were doing an
effort towards decarbonisation before the energy crisis by dismantling fossil fuel-fired
power plants and implementing renewable energy sources, most of them were still a long
way from 2025 objectives.

4. A Switch on the Foreseen Way: Energy Crisis and Policy Reaction in Europe

The beginning of the energy crisis in Europe can be placed in mid or late-2021. By
that time, global economies were recovering from the COVID-19 pandemic which caused
a low demand, and therefore low supply and energy prices. The fast economic recovery in
countries created a rapid increase in energy demand that disrupted a supply side still not
recovered from the pandemic. This crisis, which also generated supply chain disruptions
and high volatility, affected mainly the oil and natural gas markets [31]. Simultaneously,
France started to unexpectedly shut-down nuclear reactors due to security issues, which
aggravated the energy crisis in Europe [32]. In late 2022, France still had 32 of its 56 nuclear
reactors shut down due to corrosion, small cracks in cement works, or maintenance [33].
This situation already created stress in the electricity market in Europe, drastically increas-
ing electricity prices and market uncertainty. Moreover, the gas storage levels were at
their lowest 10-year filling level, creating a higher risk from the existent uncertainty [34].
The framework worsened at the beginning of 2022 with the deployment of Russian troops
towards Ukraine. Several countries started negotiations to avoid a war situation but this
did not solve the Russia–Ukraine crisis, and the United States responded by imposing
sanctions on the Nord Stream 2 gas pipeline, which directly connects Russia with Germany
for natural gas supply [35]. On February 24, Putin announced the invasion of Ukraine,
and in March the United Nation members voted to condemn Russia’s offensive [36]. As
a response to Russia’s invasion of Ukraine, the EU adopted several packages of sanctions
which included restrictions on economic relations, economic sanctions covering the finance,
energy, transport, and technology sectors, prohibition on transactions with the Russian
central bank, prohibition on all transactions with state-owned enterprises, prohibition on
new investments in the Russian energy sector, prohibition on import of coal, closure of
ports to Russian vessels, etc. [37]. These sanctions directly affected the trading in natural
gas between Russia and Europe. In 2021, Russia supplied the EU with more than 40% of
its total gas imports, and some countries, such as Slovakia, had a dependence of almost
80% on oil imports from Russia. For this reason, the sanctions were likely to increase the
consequences of the existing energy crisis [38]. The described situation did indeed cause an
important impact on the electricity market, with a 500% increase in wholesale electricity
prices from 2021 until mid-2022 [39].

Until now, the EU based its energy landscape and planning on four policy packages:

• Energy Union Strategy [40]: Published for the first time in 2015, this strategy aims
to provide secure, affordable and clean energy through five dimensions: (1) security,
solidarity and trust, (2) integrating the internal energy market, (3) improving energy
efficiency, (4) decarbonising the economy, and (5) enhancing research, innovation
and competitiveness.

• Clean Energy for all Europeans [41]: Firstly proposed in 2016, this package generated
laws to address energy efficiency and renewable generation, creating a binding target
of 32% renewable energy sources in the EU’s energy mix by 2030 and an increase in
energy efficiency by at least 32.5%.

• European Green Deal [42]: This package, adopted in 2019, aims to reduce 55% the
greenhouse gas emissions compared to 1990 level by 2030 and make Europe the first
climate-neutral continent by 2050.

• Fit for 55 [43]: Published in 2021, this package was generated to push and reinforce
measures to achieve the 55% reduction goal by 2030.
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These energy packages focus on the energy transition by encouraging the reduction in
emissions through decreasing the use of fossil fuels, deploying renewable energies, and
increasing energy efficiency. With the current energy crisis, a new policy package was
announced in February 2022: REPowerEU [44]. This package is a response to the disruption
caused in the energy market by Russia’s invasion of Ukraine. It aims at diversifying the
energy supply, moving away from Russian dependence and modifying the transition path
depicted before the energy crisis, also enhancing a stronger deployment of alternative
energy sources [45]. The main energy proposals that appear in REPowerEU are:

• Natural gas supply diversification: To analyse the possibility to import more gas
from other countries and evaluate new gas alliances as well as coordinate with other
gas buyers.

• Boosting renewable energies: A new proposal for increasing the renewable energies
target to 45%. Special focus on solar PV to install new 320 GW by 2025, creating an EU
Solar Strategy and a European Solar Rooftop Initiative. Also, the EU will study the
declaration of ‘go-to’ areas for a fast approval process for renewables deployment.

• Hydrogen promotion: A proposal for a target production of 10 million tonnes of
domestic renewable hydrogen by 2030 and the creation of a European hydrogen bank.

• Biomethane: An initiative to boost sustainable biomethane production to 35 bcm
by 2030.

• Increase the binding target in the Energy Efficiency Directive to 13%.

The application of this policy package will require an additional investment of EUR
210 billion between 2022 and 2027 compared to the investment for previous energy
packages [5]. The EU suggest that the MS integrate the REPowerEU policies into their
existing recovery and resilience plans (RRPs) to accelerate the energy transition [46]. Al-
though the process for the modification of the RRPs has not been completed, MS are already
taking measures and drafting a policy line focused on the mitigation of the impact of the
energy crisis. However, as previously stated targets for decarbonisation are still valid,
currently there are contradictory objectives appearing in some situations which require the
implementation of trade-off solutions.

5. Countries’ Policy Trends

In this section, the current policy trends emerging in Germany, France, Spain, Italy,
The Netherlands, and Poland are analysed to evaluate whether these policies are likely to
fulfil the new REPowerEU and previous decarbonisation objectives.

5.1. Germany

Germany has developed an important dependence on natural gas imports from Russia,
which supplied 55% of total German natural gas imports in 2020 [47]. Germany has now set
the target to reduce natural gas imports from Russia to a maximum of 10% by 2024 [48]. To
do so, the country has recently approved a package to reduce the consumption of gas. This
package includes measures such as the diversification of gas supply and the reactivation
of coal-fired power plants [49]. In fact, some hard coal-fired power stations have already
restarted operations in August 2022 and the German government is preparing a regulation
to restart also lignite-fired power plants which were shut down [50]. German’s energy
policy is also considering the use of oil-fired power plants although it is currently not its
main focus [51]. Despite these actions, natural gas will not go out of the picture for the
German energy system. The country has started (in December 2022 and January 2023) the
operations of two new floating liquified natural gas terminals for the import of natural gas
and four more are planned to be completed by the end of 2023 [52].

The debate has been more intense in the field of nuclear power. As exposed in previous
sections, Germany had the objective to decommission all nuclear power plants by the end of
2022. However, the energy crisis caused the government to announce its plan to keep two of
the three existing nuclear power plants online at the beginning of September 2022 [53]. This
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lifetime extension was concluded in April 2023, when all German nuclear power plants
were finally shut down [54].

Regarding renewables, in April 2022 the government launched a comprehensive
legislation package called the “Easter package” which revises the following acts aiming to
accelerate the transition to renewables: the Renewable Energy Sources Act, the Offshore
Wind Energy Act, the Industry Act, the Federal Requirements Plan Act, the Grid Expansion
Acceleration Act, and further laws and ordinances in the field of energy legislation [55]. As
objectives the “Easter package” sets the achievement of 80% renewable power in the mix
by 2030 and 100% by 2035, with an onshore wind capacity of 115 GW and 215 GW of PV by
2030. The policies supporting the deployment of renewables include freeing up new land
for green power production, speeding up permit procedures and grid connection, higher
remuneration and subsidies for PV generation, new distance rules for onshore wind plants,
and reduction in financing needs for offshore wind [56]. The “Easter package” also includes
incentivisation measures for the production and use of biomethane in highly flexible plants
although the use of biomass for power production will be superseded by its direct use in
transport and industry. Although the policy regarding hydrogen and biogas enhancement
has not been a special focus of interest in this last package, Germany is planning to import
green gas from third countries such as Canada [4]. In addition, Germany has recently
commissioned the biggest green hydrogen plant (8.75 MW) in the country [57].

Germany is making an effort to gain independence from Russian gas although it
is currently still relying on emitting energy sources such as coal and gas from different
countries. Policy support has been developed to deploy solar and wind generation which
will probably grow in next years and alleviate the situation.

5.2. France

The French National Assembly has recently approved a package containing several
measures focused on energy tariffs and energy security. The text proposes action in nat-
ural gas infrastructure investment by building new floating LNG import terminals to
be commissioned over 2023 [58]. The French government is also planning to re-activate
abandoned pipelines to send natural gas to Germany and to strengthen the interconnection
capabilities with other countries [59]. Also, regarding the operation of natural gas power
plants, the state can order them to function under the orders of designated operators and is
enhancing operators to fill gas storage and build security stocks [60]. For coal, the French
government is planning to re-start a coal-fired power plant in north-eastern France which
was already closed. Nonetheless, the government claims that these modification in the
decommissioning process of coal power plans will not affect the complete phase-out of
coal-fired power plants expected by 2025 [61].

The energy crisis is also being tackled by a more intense use of the available nu-
clear power plants at the moment. In fact, the French Nuclear Safety Authority granted
a temporary waiver allowing five nuclear plants across the country to dispense more
than the authorised amounts of hot water into rivers, breaking the established environ-
mental rules [62]. Although this allowance lasted only a few days, it is a symptomatic
demonstration of the priority of energy welfare over environmental protection.

For the future, the government proposes to rapidly exit gas, coal, and oil energy
production by building new nuclear power plants. The latest proposal performed is the
construction of six new nuclear reactors and the study for the possible development
of another eight reactors [63]. The French energy ministry also tried to persuade the
EU to include nuclear among energy sources for the production of the so-called green
hydrogen [64]. However, the EU defined renewable or green hydrogen as that derived from
renewable sources, granting different names, and therefore different funding opportunities,
to hydrogen coming from other sources such as nuclear [65,66].

Concerning renewables, France is encountering difficulties in their deployment, and
investments are at risk due to inflation and higher commodity costs [67]. In [68] it is
claimed that 13 GW of renewable energy projects may not go ahead because of the current
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economic environment. To address this issue, in August 2022 the French Energy Regulatory
Commission published a modified version of all the specifications for two calls for tenders
aiming to accelerate the commissioning of 6 GW of renewable production including wind,
hydroelectric, and self-consumption [69]. These modifications included the possibility for
the new installations to sell electricity directly on the market for 18 months and that projects
can increase their capacity by 40% before their completion. Nonetheless, these measures do
not tackle general renewable deployment but only specific tenders, and measures for the
enhancement of renewables have not been announced during recent months. The industrial
network in France is also reacting to the proposal of defining ‘go-to areas’ from the EC with
moderate enthusiasm, proclaiming that the idea is well-intentioned but drawing on a bad
intuition and pointing out the difficulty of its implementation due to complex procedures
related with the urban development law [70].

In summary, France is pushing hard towards the deployment of more nuclear power
plants to reach decarbonisation while building a stronger gas infrastructure to exchange gas
and future hydrogen with other countries, while the deployment of renewables is currently
not a policy support focus.

5.3. Spain

Spain’s natural gas imports accounted for 30% of total Europe liquified natural gas
(LNG) imports in 2022; 20% of what the country received was exported directly to the
EU [71]. This gas mainly came from North Africa and the United States. The Iberian
country also accounts for one third of the total storage and regasification capacity of
Europe, although the interconnection with the rest of the continent limits the usage of these
resources [72]. For this reason, the Spanish government has created a plan to increase the
export capacity with other EU countries [73]. This plan includes the restart of a regasification
plant in January 2023, the increase in the compression capacity of current pipelines to
France, boosting supply to Italy through small LNG vessels, and new gas pipelines to
France and Italy [74]. Given the relatively favourable gas situation of Spain, no change in
the Spanish policy is foreseen neither regarding the closure of gas-fired power plants nor
of oil-fired plants; it will continue with the plan foreseen before the REPowerEU package.
For coal, the Spanish government is modifying the decommissioning plan of one of its
most important coal-fired power plants due to the energy situation, closing only two of
the planned four generation groups [75]. A coal-fired plant of 589 MW, which was also
on its way to definitive decommission, was put into activity to avoid a higher increase
in the electricity price during 2022 [76]. Regarding nuclear power, Spain currently has
seven nuclear reactors. All of them are planned to be decommissioned between 2027 and
2035 [77]. Although there are voices in the government requesting to consider an extension
of the lifetime of the plants [78], the government reaffirms that the option of prolonging the
operation of nuclear power plants is not on the table [79].

In terms of renewable energies, in May 2022 Spain approved a new package of mea-
sures to boost green energies including solar, wind, and hydrogen technologies [80]. This
package includes a new regulatory framework for floating PV, regulations for the renewable
gases’ pipelines, the release of 10% of grid access capacity to absorb 7 GW for renewables
under a self-consumption regime, and an accelerated temporary process until the end of
2024 to obtain environmental approval of new wind and solar parks. Spain is also planning
to prepare the network for the connection and integration of renewables to achieve 70%
in 2026 and also to multiply the production of renewable gases by 4. These measures,
which address not only solar and wind generation but also hydrogen and green gases, are
a reflection of the interest of Spain to build a gas infrastructure and become an hydrogen
hub in the future [81]. In June 2021 a new Royal Decree-Law was published in which
a promotion of self-consumption including storage capacity appeared and where subsidies
were defined for different types of consumers, from big enterprises to individuals and
public administrations [82].
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Regarding hydro power, the Spanish government is drafting a regulatory plan to
guarantee the existence of investments in hydro power plants at the end of the license
awarded to current management enterprises to assure their continuity [83]. The strategy to
foster energy transition focuses on the development of pumped storage facilities. However,
these storage plants have to undergo a process restricted by the national plan for the
recovery and maintenance of rivers, and projects which introduce new obstacles to the
water flow are being rejected [84]. Indeed, the national plan for the recovery of rivers will
probably cause a decrease in the installed capacity of hydro power given the current trend
of demolishing damns, in which Spain is in the European lead position [85].

These policy trends outline the interest of Spain to become a green gas hub in Europe,
being able to generate green hydrogen from renewable energy sources and exporting them
to the rest of Europe. The Spanish government is also strongly supporting the deployment
of renewables with new incentives including storage and pumped storage, which will allow
to create the needed flexibility in the system.

5.4. Italy

Italy is a strong gas-burning country 45% of whose total gas imports came from Russia
before the Ukraine conflict [86]. As a consequence of the crisis and the increasing electricity
prices, in February 2022 the Italian government approved a decree to maximise the produc-
tion of thermoelectric power plants with a capacity higher than 300 MW [87]. This plan
envisions a 25% increase in the production of six coal and one oil power plant. Nonetheless,
Enel, the biggest energy company in the country, is considering the possibility to convert
coal-fired power plants to gas [88] and a new combined cycle power plant is planned for
completion by 2025 which will be able to be fired with up to 30% of hydrogen [89]. This
increase in the gas capacity would be possible thanks to the gas supply diversification effort
of the government. There is already an agreement to increase the gas supply from Algeria,
which will become the main exporter to Italy, and also an agreement with Egypt to provide
LNG [90].

Regarding nuclear energy, the situation in Italy is complex due to the historical oppo-
sition of the population to nuclear power. There was a strong anti-nuclear movement in
the country in the 1980s as a consequence of worldwide accidents [91]. A referendum was
carried out in 1987 which resulted in the decommissioning of the five nuclear power plants
that Italy had. Despite the nuclear debate having been re-opened between 2005 and 2008,
a new referendum in 2011 rejected nuclear power with 94.9% of the votes [92]. Nonetheless,
nuclear power is in the political plans of several parties [93], and the government has
identified 14 possible sites for the commissioning of new nuclear power plants [94]. Indeed,
companies with expertise in the nuclear field have already signed a letter of intend to
analyse new nuclear developments in Europe including also Italy [95].

For renewables, Italian’s RRP establishes the achievement of 70 GW of renewables
for 2026 as an objective [96]. However, nowadays Italy’s renewable capacity is 33 GW and
has been growing the last six years at a rate of 0.85 GW per year [97]. The 2022 budget
for the country included incentives for citizens for the energy re-qualification of buildings
and also for the installation of renewable energies, being able to obtain a subsidy of up to
50% for rooftop PV [98]. The Italian government also approved a renewable bonus for the
installation of storage systems together with renewable energies, although the beneficiaries
can only be individuals. Enterprises and energy communities can instead benefit from a PV
incentive promote the deployment of solar power generation [99]. The national strategy
for hydrogen provides some guidelines for the deployment of this energy carrier, and
sets a 2030 generation capacity target of 5 GW [100]. To reach this objective, in January
2022 the Official Gazette published a bidding procedure for projects for the production
and distribution of green hydrogen [101] and in February 2022 the Italian government
announced that it will execute a program agreement with the National Agency for New
Technologies, Energy and Sustainable Development covering research and development
activities on hydrogen through the RRP funds.



Energies 2023, 16, 5957 11 of 23

According to these policy trends, Italy is currently employing other emitting energy
sources to compensate for the high price of gas, while it is approving measures for renew-
ables, mainly focused on solar energy.

5.5. The Netherlands

The Netherlands is putting an emphasis on the diversification of the gas supply. The
country deployed two new LNG terminals in September 2022, which were supposed to
double its importing capacity [102]. Despite these efforts in obtaining gas at a lower price,
The Netherlands is also currently opting to increase the operation of its coal-fired power
plants. The government has recently removed the 35% production cap on these plants [103]
and is extending the lifetime of some coal-fired power plants longer than planned [104].
Nonetheless, the government reaffirms that all coal-fired power plants will be shut down
before 2030. For nuclear power, the Minister of Climate and Energy has recently announced
plans for the construction of two new nuclear power stations [105] and for extending the
lifetime of existing nuclear plants to 2033 [106]. These nuclear initiatives appear in the
country’s budget, were funds are being set aside for the construction of the new nuclear
power plants [107].

Regarding renewables, the Dutch government proposes aggressive renewable energies
support strategies and is currently working towards having 21 GW of offshore wind energy
operational by 2030 [108]. There are already projects under construction off the coast which
include 1.5 GW of wind, 1 MW of floating solar panels, and a platform to convert electricity
to hydrogen [109]. To promote individuals’ self-consumption, the VAT rate on residential
solar panels has been lowered down to 0%, and the SDE++ scheme for 2023 is subsidising
companies and organisations that increase their renewable energy production or implement
CO2 reduction techniques [110].

Hydrogen also appears as a strong energy vector in Dutch initiatives. The Netherland’s
current objective on hydrogen production capacity is 500 MW by 2025 and 3–4 GW by 2030
and, to reach it, the government is launching initiatives for the regulation of the hydrogen
market, market development, and infrastructure [111]. Also, some of the offshore wind
capacity is planned to be directly used for large-scale green hydrogen production [112].
The Netherlands is working not only to produce hydrogen but also to import it and supply
it to other European countries. Indeed, the country has already signed a memorandum of
understanding to establish a green hydrogen supply chain between Ireland and Europe
through the Port of Amsterdam [113].

Therefore, The Netherlands is employing coal-fired power plants for the moment
waiting for the deployment of new sources including nuclear power and renewable energies
together with a hydrogen market and infrastructure.

5.6. Poland

At the beginning of 2022, Poland was planning to double the capacity of its gas-
fired power plants to stop its dependence on coal and construct a transition path before
switching completely to nuclear and renewables [114]. Several gas turbines are under
construction [115], some of them to be commissioned in 2025 [116]. To ensure gas supply,
Poland has been increasing imports of LNG from Qatar and the United States and has
opened the Baltic Pipe in October 2022, connecting the country directly to Norway [117,118].
However, during 2022 coal-fired generation was cheaper than gas-fired generation, which
resulted in an increase in the use of coal-fired capacity and the commission of a new unit of
a lignite-fired power plant [25]. In fact, Ref. [119] analyses the investment in natural gas in
Poland and reaches the conclusion that gas investments are not economically justified in
the economic climate at present, suggesting that the coal phase-out may be treated flexibly
at the current stage.

Regarding nuclear power, Poland plans to build six nuclear energy reactors [120].
In order to accelerate the implementation of these nuclear power plants, the Council of
Ministers has recently amended a law to ease nuclear energy investments [121].
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For renewables, Poland has been Europe’s fastest growing solar PV market during
recent years [122]. Nonetheless, the government implemented new regulations in April 2022
which make home installations more complex and financially less attractive and which have
caused a decrease in the demand for solar panels [123]. The government is also planning
to develop the first offshore wind farm of the country at the Baltic coast. Specifically,
a 1.2 GW offshore project is under construction 23 km north of the coastline which will be
commissioned in 2026 [124]. However, general developments of wind farms are inhibited
by the regulatory framework and the forecast for increasing internal grid connectivity may
be a barrier for the deployment of this type of renewables [125]. Hydroelectric power has
also been a topic of interest during recent months. The Polish government announced
investments to convert existent hydroelectric plants into pumped storage facilities [126]
and works have been resumed on what will be the largest hydroelectric plant of the country,
which will also be reversible [127].

Apart from its reputation as coal-fired country, Poland is also the third country in
Europe and the fifth in the world in the production of hydrogen, although it is not green.
The Council of Ministers has recently adopted the “Polish Hydrogen Strategy until 2030
with Outlook until 2040”. As a consequence, plans and funds are set aside for the first
hydrogen production plant [128]. The green hydrogen which could be produced in Poland
is especially attractive since it can be one of the most competitive in Europe together with
hydrogen from Sweden, Croatia, and Ireland [129]. The government is also introducing
the hydrogen vector in the new gas-fired power plants of the country, some of them being
planned to be able to run entirely on hydrogen in the future [117].

From these developments, it can be concluded that Poland has drawn a transition path
which starts with gas-fired power plants, which is uncertain, but which will continue with
nuclear and renewables.

6. Discussion

This section discusses the previously described countries’ actions and legislation
trends considering decarbonisation and energy independence objectives. The objectives of
the EU relative to the electricity sector supply which appear in its energy policy packages
can be very briefly summarised as:

• Reduction in emissions by decommissioning fossil fuel-fired power plants.
• Generation of green electricity through the deployment of renewable energies.
• Generation of green fuel such as hydrogen and biogas to support the decarbonisation

of different sectors, including the electric one.

Table 3 exposes a qualitative evaluation for each country and energy generation
technology regarding whether policy trends on these technologies are aligned with the
EU energy packages. The topics at hand were thoroughly examined through an extensive
discourse among the paper’s authors. They have drawn upon their individual experiences
and the insights gained from direct research related to the submitted article. One author’s
expertise lies in energy management, energy mixes, the environmental impact of energy,
and sustainability aspects, while another has contributed knowledge on public and private
funding streams and projects pertaining to energy management and exploitation. The
third author has provided valuable insights into the European Union’s interests in driving
research initiatives. The last two rows of the table indicate the main objectives of the EC,
decarbonisation and energy independence from Russia, and the evaluation on whether,
based on the trends for the rest of the technologies, these objectives are likely to be achieved
or not. The legend of the table is available as table footer. The legend is a qualitative
categorical classification, grouping tendencies and initiatives in three different states to
appreciate the alignment of countries’ paths with EC objectives. Also, and despite the EU
not defining a specific position regarding nuclear power, this technology has been included
in the analysis adding a scale whose meaning can also be found in the footnotes. The
following paragraphs discuss the findings that can be obtained from Table 3.
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Table 3. Alignment evaluation of countries’ policy trends with EU energy packages 1,2.

Germany France Spain Italy The Netherlands Poland
Gas phase-out
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Given the current energy situation and the significance of gas supply as a crucial con-
cern in the EU, a clear conclusion drawn from the policy analysis is that most countries are
prioritising the avoidance of using gas from Russia, even if the actions taken result in higher
emissions compared to the gas alternative. This can be observed in Table 3, specifically in
the “coal” row; it was foreseen in [6] and can be confirmed with the information gathered
in this paper. It is evident that, apart from Poland, all countries are opting to extend the
lifespan and maximise generation from coal and lignite-fired power plants or are even
reactivating mothballed units to rely on this more affordable energy source. Conversely,
Poland is taking a different approach by currently commissioning new gas-fired power
plants to steer clear of coal usage.

A common trend observed across all countries, evident in the last row of Table 3, is the
concerted effort to diversify gas supply and enhance gas connectivity with other regions.
Despite the need to diversify gas supply having been raised before the energy crisis [130],
only when the crisis began took an increasing effort to diversify gas supply [131]. This
is particularly pronounced in France, Spain, Germany, and The Netherlands, where they
are actively developing new LNG terminals and planning for additional gas pipelines.
While these measures contribute significantly to the goal of achieving energy independence,
they also pose a potential threat to decarbonisation objectives. The increased utilisation
of energy sources that are more pollutant than gas results in higher emissions, which can
undermine efforts to reduce carbon footprints.

Nuclear power has also experienced a change due to the current energy crisis. The
objective for 2025 proposed in the TYNDP was the maintenance of current nuclear power
plants or the decommissioning of all of them. However, France, The Netherlands and
Poland are clearly planning the commissioning of new nuclear power plants, as can be
seen in the “Nuclear power promotion” row of Table 3. The situation in Italy and Spain
is more complex and uncertain, since there are diversified opinions and the continuity or
the commissioning of new nuclear power plants depends on the specific political situation
of the moment. Despite the commissioning of this type of power plants requiring time
and the possibility of them not being completed by 2025, it is highly probable that the nu-
clear generation capacity of some countries will increase considerably by 2050. Extending
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the operation of nuclear power plants or introducing new reactors can lead to reduced
emissions and promote decarbonisation, given that nuclear power is a low-carbon tech-
nology [132]. This is precisely why the “Decarbonisation” row in Table 3, which assesses
the likelihood of achieving decarbonisation targets, shows positive outcomes for France
and The Netherlands. France benefits from its robust nuclear support, which contributes
significantly to its decarbonisation efforts. Similarly, The Netherlands shows promise due
to its strong focus on renewables and recent momentum in adopting nuclear technology as
part of its decarbonisation strategy. Indeed, nuclear power plays a crucial role in providing
a stable base load and serves as a complement to intermittent renewable energy sources.
However, and as mentioned in [133], it is essential to acknowledge that challenges persist
concerning energy security and waste disposal. Aside from these aspects, achieving nuclear
power independence remains a priority for countries as expressed in [134], considering
that the fuel used in nuclear reactors is still sourced from third-party nations. For instance,
while Spain possesses its own uranium reserves, it currently relies on imports from various
countries, with Russia, Canada, Niger, and Kazakhstan being the main suppliers. This high-
lights the need for continued efforts to enhance energy security and establish sustainable
solutions [134].

Regarding renewables, the approach followed by countries is more diversified and can
be appreciated in Table 3’s rows “Wind generation”, “Solar energy”, and “Hydro power”.
On the one hand, The Netherlands and Germany have presented strong policy support
during recent years and will continue to do so in all renewable energy types. In fact, The
Netherlands has already achieved the 2025 target and with the current strategy is likely to
keep the sector growing. Poland has also prioritised a strong increase in renewables and
specially in solar PV. Nonetheless, the country has now disincentivised solar PV invest-
ment and is trying to promote other types of renewables such as wind and hydroelectric
generation. Spain, despite the deceleration of support policies wants to take action again
and has proposed a wide package of measures to promote renewable energy deployment.
In contrast, Italy which also suffered a deceleration in support policies, is carrying out
some actions focused on solar energy although they might not be enough to achieve the
stated 2025 target. All these countries initiatives are aligned both with decarbonisation
and energy dependency objectives and try to achieve the more exigent objectives of the
REPowerEU package. However, it is still unclear whether the implemented proposals will
be more effective at accelerating decarbonisation compared to pre-existent plans and if the
targets can be achieved through these measures [135]. Also, it has to be considered that the
proposed rapid growth of renewable energies will face challenges in a not yet stable supply
chain, which is not directly addressed in the proposed legislation packages [136]. On the
other hand, despite France having implemented some measures to improve the situation of
investment in renewable energies, it has not presented a clear strategy on how to accelerate
the implementation of renewables to achieve the targets and is in a situation where it might
be difficult to do so.

The objective of this article was to comprehensively analyse initiatives and policies in
multiple EU countries and to evaluate whether current trends in energy policy could pose
a risk to energy transition and decarbonisation goals. This approach provides a more com-
prehensive understanding compared to focusing solely on individual countries’ analyses
or considering the EU as a whole with unique policy initiatives. Based on the findings and
analyses presented, it appears likely that the EU will achieve energy independence from
Russia in the near future, thanks to supply diversification and the activation of alternative
power plants. However, achieving decarbonisation objectives proves to be more challeng-
ing and varies depending on each country’s specific strategy. This conclusion has been
derived from a meticulous examination of various countries, representing diverse potential
positions within the EU, thereby addressing the research gap that previously existed in the
literature on this matter.

Looking at the detail of the countries analysed, Poland will probably reach decarbon-
isation later than stated by the EU due to its current movement towards gas as a bridge
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between its current coal situation and a future with renewables and nuclear power. In
contrast, France is basing its energy strategy on nuclear power which does not cause emis-
sions and thus is closer to the achievement of decarbonisation. Germany and Spain are
currently relying mainly on the deployment of renewables to achieve decarbonisation and
are generating a strong policy support strategy to speed up their implementation. Nonethe-
less, they require further developments to maintain system stability. This can be achieved
by adapting the current infrastructure and deploying system flexibility measures by the
intensive use of high-power electronic inverters with the renewable energy power systems
and green hydrogen. Given the fact that green hydrogen and system flexibility are still at
an early maturity stage, their full contribution to the energy system will be feasible only
in the medium to long-term [137,138]. Therefore, coal-fired power plants, hydroelectric
power, and nuclear power plants are still necessary to keep system stability. For Italy the
achievement of decarbonisation objectives is harder than for other countries as it is not
strongly supporting renewables nor another type of low-carbon energy source and the new
government has not yet drafted a clear energy strategy. In contrast, The Netherlands is
encouraging renewables with several incentives and is also planning the commissioning of
nuclear power plants, and therefore may have a low-carbon economy soon enough to meet
stated objectives.

7. Conclusions

This paper provides an analysis of Europe’s energy crisis. In response to the current
geopolitical situation, the EU has introduced a new energy package called REPowerEU
to achieve energy independence from Russian gas and increase renewable energy targets.
However, attaining both energy independence and decarbonisation objectives has led
to conflicting situations that each member state must address. In this paper, the current
specific situation of the six most significant MSs in the EU from a generation capacity point
of view has been analysed. The analysis shows that despite efforts in progressing toward
the achievement of a secure and sustainable energy systems, their current energy mix is
still considerably distant from EU and national plans’ objectives drafted in the pre-crisis
stage. With the new energy crisis and more exigent targets regarding decarbonisation
and independence, preferences have changed significantly. The latest legislative trends
in the countries analysed lead to new strategic directions that can be captured in these
general conclusions:

• The priority in EU countries is nowadays to gain independence from Russian supplies,
even though achieving this causes negative effects on other objectives. This can be
concluded from the fact that some countries prefer to re-start or extend the lifetime
of coal power plants, creating more emissions, rather than continue a dependence on
Russian gas.

• The prioritisation of energy independence and security of supply is modifying the
electricity mix foreseen before the energy crisis. Since gas was foreseen as a transition
gas, it had a crucial role in the way to decarbonisation. However, the sudden cut of
this energy source from Russia is forcing countries to re-design their transition paths,
investing in different energy sources or returning to more pollutant power plants.

• The accomplishment of decarbonisation objectives depends on the technologies promoted.

o The promotion of renewables together with nuclear power provides a suitable
framework to reach a low-carbon economy in the short to medium term, as con-
cluded by several studies in the literature and also supported by the strategic
paths chosen by some of the countries analysed.

o The promotion of renewables without nuclear power currently implies the use
of fossil fuel technologies since an adapted infrastructure, hydrogen, biogas,
and flexibility options are not implemented at a large scale, as can be seen in
the countries in which no nuclear power exists at the moment This makes it
harder to achieve decarbonisation in the short-term but could allow to achieve
it in the long-term if additional energy system measures are implemented.
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o From the two points above, it can be directly concluded that technological deci-
sions based on day-to-day politics can affect how and when decarbonisation
and energy independence goals are achieved.

• The path selected by each country depends on its historical background and supply
infrastructure.

o Countries with ease for the obtention of gas from different sources are more
likely to still rely on this energy carrier. This has been seen in countries such
as Italy, with a good connection to Africa; or in Poland, with a good potential
connection with Norway.

o Countries with a strong nuclear background, like France, are likely to continue
with a nuclear strategy.

Given this overall picture, it becomes evident that achieving environmental sustain-
ability in the short term is uncertain and will require a substantial shift away from fossil
fuels. To expedite the journey towards sustainability, it is imperative to identify and imple-
ment viable alternatives. Hydrogen, biogas, and system flexibility offer promising support
for renewable energy sources, which remain a key focus in the pursuit of sustainable
solutions. However, their current maturity level limits their immediate capacity to fully
bolster renewables, making them more suitable for medium to long-term implementation.

To progress towards a sustainable energy system, it is crucial to engage in discussions
and establish a realistic energy mix for the short term. Promoting these desirable alter-
natives requires proactive efforts in creating the necessary market structures, developing
robust infrastructure, and enacting supportive legislation to facilitate their rapid deploy-
ment. By embracing and accelerating the adoption of cleaner energy options, alongside
continued encouragement of renewables, we can chart a course towards a greener future,
where environmental sustainability becomes an attainable reality.

This study has presented evidence of the shifting energy landscape; however, it was
not without its inherent limitations. One constraint is related to the data sourced from
power plants, which might have certain delays due to data processing, data verification, and
confidentiality processes. Furthermore, energy policies are highly dynamic and change with
public opinion and as new events become known. Particularly during this energy crisis, it is
challenging to predict the exact path that countries can take, which strongly dependents on
day-to-day governmental decisions that affect the current and future energy mix. Although
this study has indeed shed light on countries deviating from their previous plans, the
current data and situation do not allow to state whether environmental objectives will be
achieved. Nonetheless, the study has made it possible to conclude that environmental
objectives are not the highest priorities for countries, and therefore they are not likely to
be achieved if other critical factors appear on the way to decarbonisation. Nevertheless,
despite the mentioned constraints, the research serves as a stepping stone for new research
directions, such as delving into modelling the potential new European energy system,
considering projected technological changes, and investigating the specific implications of
these transformations.
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Appendix A

This appendix exposes the definition of the generation technology groups from TYNDP.
Information has been gathered from [139,140].

Table A1. Description of TYNDP generation technology groups.

TYNDP Technology Group Description

Hard coal new Generation with coal with approx. 46% of efficiency

Hard coal new bio Generation with biomass as a substitute to coal with approx. 38% of efficiency

Hard coal old 1 Generation with coal with approx. 35% of efficiency

Hard coal old 1 bio Generation with Biomass as a substitute to Coal with approx. 32% of efficiency

Had coal old 2 Generation with biomass with approx. 40% of efficiency

Hard coal old 2 bio Generation with biomass as a substitute to coal with approx. 38% of efficiency

Lignite new Generation with lignite with approx. 46% of efficiency

Lignite old 1 Generation with lignite with approx. 35% of efficiency

Lignite old 1 bio Generation with biomass as a substitute to lignite with approx. 25% of efficiency

Lignite old 2 Generation with lignite with approx. 40% of efficiency

Lignite old 2 bio Generation with biomass as a substitute to lignite with approx. 35% of efficiency

Heavy oil old 1 Generation with heavy oil with approx. 35% of efficiency

Heavy oil old 1 bio Generation with biofuel with approx. 35% of efficiency

Heavy oil old 2 Generation with heavy oil with approx. 40% of efficiency

Light oil Generation with light oil with approx. 35% of efficiency

Oil shale new Generation with oil shale with approx. 39% of efficiency

Oil shale new bio Generation with oil shale with approx. 29% of efficiency

Oil shale old Generation with oil shale with approx. 29% of efficiency

Nuclear Nuclear power generation.

Gas CCGT new Combined-cycle gas turbine powered with methane with approx. 60% of efficiency

Gas CCGT old 1 Combined-cycle gas turbine powered with methane with approx. 40% of efficiency

Gas CCGT old 2 Combined-cycle gas turbine powered with methane with approx. 48% of efficiency

Gas CCGT old 2 bio Combined-cycle gas turbine powered with biomethane with approx. 48% of efficiency

Gas CCGT present 1 Combined-cycle gas turbine powered with methane with approx. 56% of efficiency

Gas CCGT present 2 Combined-cycle gas turbine powered with methane with approx. 58% of efficiency

Gas OCGT new Open-cycle gas turbine powered with methane with approx. 42% of efficiency

Gas OCGT old Open-cycle gas turbine powered with methane with approx. 35% of efficiency

Gas conventional old 1 Conventional gas-fired generation with methane with approx. 36% of efficiency

Gas conventional old 2 Conventional gas-fired generation with methane with approx. 41% of efficiency

Gas conventional old 2 bio Conventional gas-fired generation with biomethane with approx. 48% of efficiency
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Table A1. Cont.

TYNDP Technology Group Description

Offshore wind Wind electricity generation at sea locations

Onshore wind Wind electricity generation on land sites

Solar PV Generation of electricity from sunlight through the photovoltaic effect

Solar thermal Generation of thermal power from sunlight

Reservoir Hydraulic generation of electricity in which storage of water in a reservoir is used

Run-of-river Hydraulic generation of electricity which relies on the natural flow of rivers without storing water
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